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Autoimmune disorders are caused due to break down of the immune system, which 
consequently fails in its ability to differentiate “self” from “non-self” in the context 

of immunology. The diseases are intriguing, both clinically and immunologically, 
for their diversified clinical phenotypes and complex underlying immunological 
mechanisms. This book offers cutting-edge information on some of the specific 

autoimmune disease phenotypes, respective diagnostic and prognostic measures, 
classical and new therapeutic options currently available, pathogenesis and underlying 

mechanisms potentially involved, and beyond. In the form of Open Access, such 
information is made freely available to clinicians, basic scientists and many others who 

will be interested regarding current advances in the areas. Its potential readers will 
find many of the chapters containing in-depth analysis, interesting discussions and 

various thought-provoking novel ideas.
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Preface 

Every coin has two sides. The immune system, which protects us from diseases 
otherwise, can itself directly and evidently cause diseases. Due to failure in the process 
of tolerance induction and regulation, immune responses, when mistakenly directed 
against body’s own components (‘self’ antigens), can result in long lasting and 
recurrent pathological damages to the targeted organs and tissues. These are 
collectively known as autoimmune disorders, ranging from various organ-specific 
ones, to those systemic in nature.  

The term autoimmunity signifies the presence of self-reactive immune responses with 
antigen specificity and immunological memory, two key features of the adaptive 
immunity. Autoimmune responses however, are detected not only in patients with 
autoimmune diseases, but frequently in healthy individuals as well. The pathological 
consequence of these reactions depends, often due to lack of certain protective 
mechanisms, on the type of the responses induced. Some of these autoimmune 
reactions can even be beneficial; for example, in removing or dumping off various 
unwanted or aged tissue components. There is also convincing evidence indicating 
that such responses are involved into  fight against tumors, i.e. the ‘altered self’. The 
basis of autoimmunity is still far from being fully understood, although both genetic 
and environmental factors are believed to often contribute to the pathogenesis 
together. A good understanding of the autoimmune mechanisms is therefore 
important for effective diagnosis, as well as better treatment of many autoimmune 
diseases, and even further beyond. 

In this book, thanks to many experts in the field who have made their valuable 
contributions as authors, updated information is gathered on various autoimmune 
disorders. These include some of the most classical and unique disease phenotypes, 
such as Hashimoto’s thyroiditis, Type 1 diabetes, rheumatoid arthritis, systemic lupus 
erythematosus, primary Sjogren syndrome, Sweet syndrome, multiple sclerosis and 
various other neurological and hematological disorders. Importantly, the book focuses 
on current advances and new concepts based on cutting-edge findings from both 
clinical and basic scientific studies. A total of 29 chapters are divided into 5 main 
sections according to the emphasis of their contents: (I) Disease phenotypes (Chapters 
1-7), (II) Diagnostics & prognostics (Chapters 8-11), (III) Therapeutic interventions 
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(Chapters 12-20), (IV) Pathogenesis & underlying mechanisms (Chapters 21-25), and 
(V) Other conceptual advances & new insights (Chapters 26-29).  

The primary aim of this book is to provide most up-to-date information in the 5 
defined aspects as stated above, and in the form of Open Access in particular, to be 
freely available to both clinicians and basic scientists regarding current advances in the 
areas. The readers are also recommended to read another upcoming book with a 
closely related theme and title, i.e. “Autoimmune Disorders – Pathogenic Aspects”, 
edited by Dr Clio Mavragani (ISBN 978-953-308-70-9). I sincerely hope that many of 
them will find the books useful and inspiring for their future applications in clinical 
practice and research studies into autoimmunity. Through the editing process, it has 
been hugely beneficial for me to have the opportunity to learn about the subject in 
more updated details, and in a systemic way.  

I would like to express my sincere gratitude and appreciation to our InTech Publishing 
Process Manager, Ms Alenka Urbancic, her devoted team, and my associate Dr 
Susanne Sattler, for their generous support and intellectual input during the editing 
process. I would also like to thank my family for their constant support and 
understanding. I dedicate this book respectfully to many of my mentors, particularly 
Professor Zhong-Ying Shen, Professor Henry HY Wong, Dr Jocelyn W Dow, Dr 
George BM Lindop, Dr Fiona Miller, Professor Donald Cambell, Professor Laurence C 
Hunter, Professor David I Stott, Professor Eddy FY Liew, and Professor G Gordon 
MacPherson. I also acknowledge the generous funding supports received, especially 
those from the MacFeat Bequest (Glasgow), the Hong Kong Research Grant 
Committee (Hong Kong), and the Arthritis Research UK (UK). Finally, and specially, I 
wish to acknowledge the Shantou University Medical College where I received my 
initial medical education (1977-82), and the Li Ka Shing Academic Foundation which 
has been generously supporting it, and me in the past. 

 
Fang-Ping Huang  

MBBS, MSc, MUA, PhD 
Division of Immunology & Inflammation, 

Department of Medicine, Imperial College, 
Hammersmith Hospital, London,  

UK 
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Autoimmune Disorders Associated to Type 1 
Diabetes Mellitus in Children and Adolescents 

Giuseppe d’Annunzio and Chiara Russo,  
Ramona Tallone and Renata Lorini 

Pediatric Clinic, University of Genoa, IRCCS G. Gaslini Institute, Genoa  
Italy 

1. Introduction 
Autoimmune diseases occur when an individual develops an immune response targeted 
against specific organ or number of organs. Genetic susceptibility and environmental factors 
are the main responsible of the development of the autoimmune process leading to a 
clinically evident disease.  
The majority of organ-specific autoimmune diseases are characterized by an initial 
infiltration by lymphocytes and macrophages, of the organ,  with impaired activity of the 
organ  followed by atrophy. This progressive autoimmune  process takes time, and is T cell 
mediated. Antibodies against specific antigens of the involved gland are detectable in the 
blood before the clinical onset of the specific disease, so they represent a risk marker and 
their screening and follow-up allow precocious diagnosis and treatment of autoimmune-
related disease in genetically susceptible individuals (Allen et al., 2008).  
Genetic factors and autoimmunity are closely related since the developmental maturation of 
T cells occurs through an interaction between HLA antigen and T cell receptor. In 
genetically susceptible individuals, disease-prone HLA molecules are ineffective at binding 
and presenting peptides from tissue-specific antigens, therefore auto-reactive T cells can 
survive and trigger a poorly regulated  immune response thereafter (Van den Driessche, 
2009). 
Patients affected by type 1 diabetes mellitus are at increased risk of developing other 
autoimmune conditions like celiac disease, autoimmune thyroid disease, adrenal 
insufficiency, atrophic gastritis, autoimmune hepatitis, primary ovarian failure.  
The frequency of organ specific autoimmunity in patients with type 1 diabetes might be due 
to multiple immunologic abnormalities, i.e an imbalance in B and T lymphocytes, or a 
tendency to react against specific antigens, or poor ability to develop immune tolerance.   

2. Type 1 diabetes mellitus 
2.1 Background 
Type 1 diabetes mellitus is the most common endocrinopathy to have clinical onset in 
childhood or adolescence, with varied pathogenesis, clinical appearance and outcome,  and 
seriously affects patients’ and families’ life. A combination of genetic, environmental and 
immunological factors exerts to a T-cell mediated autoimmune process targeted against 
insulin-producing -cells in the pancreatic islet of Langerhans (Daneman, 2006).  
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2.2 Epidemiology 
The incidence of Type 1 diabetes is increasing worldwide and may double the burden of the 
disease in youngest children by 2020. Large collaborative studies like DiaMond and 
EURODIAB Registries demonstrated that one century ago childhood diabetes was rare and 
fatal, while at the end of the century a steady increase in several parts of the world has been 
observed. In particular, DiaMond Project reported the trend in incidence of Type 1 diabetes  
from 1990 to 1999; over this period the average annual increase in incidence was 2.8%, with 
a slight higher rate in the last 5 year-period as compared to the first 5-year period. Similarly, 
EURODIAB Study reported a 3.9% annual increase from 1989-2003 (Vehil & Dabelea, 2011). 
The rising incidence of Type 1 diabetes over the past decades is too quick to be attributed to 
an increased genetic susceptibility, since the proportion of newly-diagnosed patients 
carrying the highest-risk HLA genotype (HLA DR3/DR4) seems unchanged.  

2.3 Pathogenesis  
Genetic susceptibility plays an important pathogenetic role in type 1 diabetes mellitus, with 
the HLA -DR and –DQ genes explaining about 50% of the risk. The different penetrance of 
these genes can partially explain the role of environmental factors. Whereas differences in 
incidence between populations may be due to genetic susceptibility or protection genes, the 
increasing incidence is to be ascribed to environmental factors. Studies aimed to analyze the 
temporal changes in the frequency of genotypes associated with type 1 diabetes 
susceptibility reported a decreasing frequency of those higher-risk HLA genotypes (DRB1 
03-DQA1*0501-DQB1*0201/DRB104-DQA1*0301-DQB1*0302) between recently diagnosed 
patients as compared to those diagnosed 50 years before (Hermann et al., 2003). Therefore 
the increasing incidence of type 1 diabetes could be explained by a more permissive 
environment, exerting in increased penetrance of low/moderate risk genotypes or in 
interplay between environmental factors and other non-HLA genes (Nejentsev et al., 2007, 
Todd et al., 2007). On the other hand, several environmental factors such as dietary habits, 
sedentary lifestyle, climate changes, pollution, viral (also maternal) and other infectious 
disease frequency and type, have changed over the past years and deserve attention 
(Oikarinen et al., 2011). 
The immune-mediated -cell destruction occurs over several years and exerts in progressive 
insulin deficiency, leading to various degrees of hyperglycemia up to severe metabolic 
derangement , i.e. diabetic ketoacidosis (Devendra et al., 2004).  
Studies in both humans and animal models are trying to clarify the specific antigenic targets 
involved in the islet cell autoimmunity. Islet cell antibodies (ICA) detected by 
immunofluorescence, were firstly isolated in patients with diabetes mellitus and 
autoimmune polyglandular syndrome (Bottazzo et al., 1974). These autoantibodies are 
transient, being observed in 70-80% of newly-diagnosed cases and tend to disappear 
thereafter. Their positivity in subjects at risk of diabetes (i.e. first-degree relatives) represents 
a useful means to predict the future development of the disease.  
Anti-insulin autoantibodies (IAA) can be detected both by radioimmunoassay (RIA) or by 
ELISA, but the first method is recommended. IAA positivity is inversely related to age at 
diabetes diagnosis (81% in patients younger than 10 and 61% in older ones), and is higher 
and adolescent males (Williams et al., 2003). IAA are the first autoantibodies to became 
positive, and they can later decline. Interestingly, substitutive insulin therapy can be 
followed by an immune response against itself, and this subtype of insulin antibodies can be 
distinguished from anti-insulin autoantibodies.  
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In 1990 Baekkeskov and co-workers reported that the 64,000 M (R) molecule previously 
defined as an antigenic target of Type 1 diabetes was the GABA-synthesizing enzyme 
glutamic acid decarboxylase (GAD) (Baekkeskow et al., 1990). GAD is not expressed 
exclusively on -cells, but also in other islet cells. Anti-GAD autoantibodies (GADA) can be 
detected both by RIA or by ELISA. The prevalence of anti-GAD autoantibodies positivity is 
84%, and is positively related to age and female sex. Their peak level can be reached after 
diabetes diagnosis and persist longer than anti-islet cell antibodies, making them a useful 
marker especially for adult patients.  
In 1994 a cDNA coding a 548 aminoacid protein named ICA-512 was described as a major 
target of humoral immunity by screening an islet c-DNA expression library with patients’ 
sera (Rabin  et al., 1994). Moreover it has been reported that IA-2, a 979 aminoacid 
transmembrane protein of the tyrosine phosphatase family, is a major autoantigen in type 1 
diabetes. IA-2 is a intrinsic membrane protein of secretory granules neuroendocrine cells, 
like pancreatic islets. IA-2 autoantibodies (IA-2A) can be detected by RIA as well as by 
ELISA. Recently a not radio-isotopic method (time-resolved immunofluorometric assay (TR-
IFMA) showed comparable results with RIA. The prevalence of IA-2A has been reported 
about 73%, and no correlation with age was found (Tsirogianni et al., 2009).  
Recently the cation efflux transporter 8 (ZnT8) has been identified as a novel target auto-
antigen in patients with type 1 diabetes. Autoantibodies to ZnT8 (ZnT8 A) are detectable in 
about 70% of newly diagnosed patients, independent of age (Achenbach et al., 2009). 
Patients presenting with a single islet cell autoantibody were also positive for ZnT8 A, 
suggesting that they could be a marker for type 1 diabetes risk stratification. Three variants 
of ZnT8 A have been recognized:  1) ZnT8RA (arginine 325 zinc transporter 8 autoantibody), 
2) ZnT8WA (tryptophan 325 zinc transporter 8 autoantibody), 3) ZnT8QA (glutamine 325 
zinc transporter 8 autoantibody). These 3 ZnT8 variants precede T1DM clinical onset and 
are all detectable by radio-binding assay (Andersson et al., 2011).  

2.4 Diagnosis and treatment 
Diagnosis of type 1 diabetes is based on symptoms of hyperglycemia: polyuria, polydipsia, 
with mild symptoms up to severe ketoacidosis. After intravenous fluid, insulin and salt 
replacement for metabolic imbalance recovery, treatment of type 1 diabetes consists of 
lifelong substitutive subcutaneous insulin therapy, together with correct dietary habits, self-
management of the disease and regular physical activity, as result of a prolonged 
educational intervention starting at the time of clinical diagnosis (Maffeis & Pinelli, 2008, 
Bangstad et al., 2007). Recognition, management and prevention of hypoglycemic episodes 
as well as hyperglycemic spikes is mandatory. Continuous education implementation 
starting at the time of clinical diagnosis, designed for children, adolescents and their 
parents,  is necessary thereafter (Weinzimer et al., 2005).  

2.5 Follow-up 
The most serious problem related to pediatric type 1 diabetes is the risk, even in young 
adulthood, of microvascular and macrovascular complications, i.e. retinopathy, 
nephropathy, neuropathy, cardiovascular and cerebrovascular diseases (Donaghue et al., 
2007). The key role of good glycaemic control to prevent diabetes-related complications has 
been firmly established by the Diabetes Control and Complications Trial  Study, which 
demonstrated the protective role of intensive insulin treatment (DCCT, 1993). Sustained 
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chronic hyperglycaemia and acute blood glucose fluctuations have a deleterious effect on 
the metabolic mechanisms involved in the development of microangiopathy, such as protein 
glycation and oxidative stress. In particular, glucose variability from peaks to nadir, with 
upward as in the postprandial periods, and nadirs, as in the interprandial periods activates 
the oxidative stress (Monnier & Colette, 2008). As regards  pediatric diabetes, despite better 
insulin preparations and strict self-management of the disease few children and adolescents 
maintain mean glycated hemoglobin A1c (HbA1c) levels within the normal ranges, with 
serious impact on metabolic control and subjects’ caregiver quality of life (Rewers et al, 
2009). 

3. Celiac disease 
3.1 Background and epidemiology 
Celiac disease is an immune-mediated disorder, the only one with a well-established causal 
agent, resulting from a permanent gluten intolerance triggered by the ingestion of the 
gliadin fraction of wheat gluten and similar alcohol-soluble proteins named prolamines of 
barley and rye (Di Sabatino & Corazza, 2009). Gluten intolerance exerts a chronic 
inflammatory lesion characterized by flattened villi of the small bowel mucosa and sub-
mucosa, with a diverse clinical heterogeneity ranging from asymptomatic disease to severe 
malabsorption syndrome in genetically susceptible individuals (Branski et al., 2006).  
Once considered a rare childhood disorder, celiac disease is now known to be a very 
common condition, even if it remains widely unrecognized and underdiagnosed worldwide 
both in children and in adults. Availability of new very sensitive and specific serological 
markers (initially anti-gliadin  and anti-reticulin antibodies, and thereafter anti-endomysial 
and anti-transglutaminase antibodies) allowed more efficient screening, independently from 
classical clinical picture. Thanks to these serological markers, celiac disease has been 
identified in a high proportion of children adolescents and adults who did not previously 
received a correct clinical diagnosis. The prevalence of celiac disease was dramatically 
increased, and defined as 1 case in 99 schoolchildren in Finland  (Mäki et al., 2003), and 1 in 
106 in Italy (Tommasini et al., 2004). 

3.2 Pathogenesis 
Celiac disease develops from the interplay between a well-defined environmental factor and 
genetic susceptibility, with the participation of other causative cofactors (drugs like 
interferon-, infectious agents like intestinal rotavirus, modifications in infant-feeding 
timing) (Di Sabatino & Corazza, 2009).  
The causal agent, for CD are specific immunogenic peptides present exclusively in the dietary 
gluten proteins, from wheat and other cereals like rye and barley. Gluten proteins  can be 
divided into 2 fractions, gliadins and glutenins, both characterized by immunogenicity and 
by toxicity. Among gluten immunostimolatory peptides, some are more active than others. 
In particular, a 33 aminoacid immuno-dominant peptide identified from an -gliadin 
fraction has functional  properties attributable to many proline and glutamine residues. 
Proline increases the peptide resistance to gastrointestinal proteolysis, with more strength 
binding with HLA-DQ2 and HLA-DQ8 molecules on antigen presenting cells. Glutamine 
residues are a preferred substrate for transglutaminase-mediated deamination, with 
subsequent increased immunogenicity (Shan et al., 2002).  
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Genetic factors play an important pathogenetic role, as demonstrated by a concordance rate 
of 85% in monozygotic twins and by familiar aggregation. HLA-DQ genes, in particular  
DQ2 variant (alleles DQA1*05/DQB1*02) and DQ8 variant (alleles DQA1*03/DQB1*0302) 
are strongly associated to  CD. Beside the HLA genes (i.e. COELIAC 1, on chromosome p21), 
other non-HLA genes are recognized to confer additional susceptibility: COELIAC 2, on 
chromosome 5q31-33, which contains cytokine gene clusters; COELIAC 3, on chromosome 
2q33, which codes the negative co-stimulatory molecule CTLA4; COELIAC 4, on 
chromosome 19p13.1,  which contains the myosin IXB gene variant encoding a myosin that 
alters actin remodeling (Di Sabatino & Corazza, 2009).  
As regards pathophysiology od CD, it has been demonstrated that gluten peptides, which are 
resistant to digestion by gastric and pancreatic enzymes, after crossing intestinal epithelium, 
are deaminated by tissue transglutaminase and then presented by DQ2+ or DQ8+  antigen-
presenting cells to gluten-specific CD4+ T cells. These cells once activated drive a Th1 
response, characterized by  production of pro-inflammatory cytokines, and responsible for 
the development of celiac lesions, i.e. lamina propria infiltration of inflammatory cells, crypt 
hyperplasia and villous atrophy (Di Sabatino & Corazza, 2009). 

3.3 Clinical presentation and diagnosis 
The clinical range of celiac disease has a wide spectrum, from asymptomatic to severe 
malnutrition, with gastrointestinal and extra-intestinal manifestations. The most common 
feature of celiac disease includes  gastrointestinal symptoms (i.e. abdominal pain, increased 
frequency of bowel movements), weight loss, bone disease, various degree of anemia and 
weakness.  
Different subtypes of celiac disease have been described. Symptomatic or classic celiac 
disease means typical gastrointestinal  symptoms with severe malabsorption syndrome. The 
term atypical celiac disease is applied to cases with mild or absent gastrointestinal 
symptoms (colitis or irritable bowel), and characterized by extra-intestinal manifestations, 
including iron deficient anemia, osteoporosis, failure to thrive. In both cases villous atrophy 
in observed during endoscopy or intestinal biopsies (Alaedini & Green, 2005). More recently 
it has been suggested to define celiac disease as silent, minor or major. Silent celiac disease is 
referred to asymptomatic subjects, sometimes relatives of patients with known celiac 
disease, or subjects eventually found to be positive at screening procedures. Minor celiac 
disease is referred to subjects with transient symptoms (dyspepsia, irritable bowel syndrome 
without malabsorption), anemia, cryptic hypertransaminasemia, infertility, peripheral and 
central neurological disorders, osteoporosis, dental enamel defects, failure to thrive, 
dermatitis herpetiformis. Major celiac disease is referred to patients with major 
gastrointestinal symptoms (Di Sabatino & Corazza, 2009).  
The mechanism underlying the severity of clinical presentation at present remains 
unknown. Researchers have shown that neither the degree of duodenal villous atrophy nor 
the extent of visible enteropathy assessed by capsule endoscopy correlates with presentation 
(Di Sabatino & Corazza, 2009).  
The recognition of a pre-celiac disease state is usually retrospective and this condition has 
been termed latent celiac disease.  
Potential celiac disease is characterized by positive antibodies but normal mucosa; there is no 
evidence to support managing these patients with a gluten-free diet. A higher prevalence of 
potential CD was found in patients with type 1 diabetes, and this observation may be 
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ascribed to the routine screening preformed in these patients, although the influence of 
genetic factors cannot be excluded. (Franzese et al., 2011). 
Refractory celiac disease is relatively rare complication occurring approximately from 2% to 
5% of patients. It is classified as persistent or recurrent symptoms of malabsorption and 
enteropathy. Refractory celiac disease is divided into two key categories, type I and type II.  
As regards celiac disease diagnosis, it has been demonstrated that case-finding by 
serological markers detection followed by histological confirmation on duodenal biopsy is 
an accurate, cost-effective and valid approach for diagnosis, in particular for high-risk 
subjects, like those affected by other autoimmune conditions, like type 1 diabetes mellitus.  
Celiac disease is associated with circulating antibodies against gliadin and endomysial 
tissue. Anti-endoMysial antibodies showed higher specificity and sensitivity than anti-
gliadin antibodies, and represent a useful means for screening procedures. Anti-reticulin 
antibodies screening showed less sensibility and it has been replaced by anti-endomysial 
antibodies. In 1997 the transglutaminase 2 enzyme was found to be the autoantigen for anti-
endomysial antibodies. Both anti-endomysial and anti-transglutaminase antibodies belong 
to the IgA class. The first are detected by immunofluorescence staining antibodies and 
results are qualitative or semiquantitative, while anti-transglutaminase antibodies are 
detected by an enzyme linked immunosorbent assay  (ELISA) or radioimmunoprecipitation, 
and the results are quantitative. Testing for IgG anti-transglutaminase and antibodies and, 
more recently for IgG anti-deaminated gliadin peptides are a useful alternative for patients 
with IgA deficiency (Di Sabatino & Corazza, 2009).  
In subjects with serological markers of celiac disease, a small intestinal biopsy is the “gold 
standard” for diagnosis. The finding of histological picture of villous atrophy with increased 
number of intraepithelial lymphocytes makes sure diagnosis of celiac disease, irrespective of 
serological markers result. The Marsh criteria (Marsh et al., 2005) are commonly used for 
histological staging. 

3.4 Treatment 
The only proven treatment for celiac disease is lifelong gluten-free diet. Foods containing 
gluten from wheat, rye, barley and their derivatives must be avoided since also small 
amounts of gluten are harmful. It has been reported that no more than 10 mg of gluten 
ingested  can be tolerated.  
Compliance to gluten-free diet is sometimes difficult, particularly during adolescence and 
for patients with silent celiac disease diagnosed by means of screening procedures. Dietary 
compliance can be evaluated through anti-endomysial and anti-deaminated gliadin 
antibodies detection. Complications of celiac disease are frequently observed in patients 
with delayed diagnosis and with poor compliance and include non-Hodgkin lymphoma, 
probably due to accumulation in the intestinal epithelium of aberrant and clonal 
intraepithelial lymphocytes (Al-Toma et al., 2007). Other complications include refractory 
celiac disease  and ulcerative jejunoileitis  (Rubio-Tapia et al., 2009).  

3.5 Celiac disease and type 1 diabetes mellitus 
That celiac disease prevalence is higher in patients with type 1 diabetes mellitus as 
compared to general population is universally accepted. After autoimmune thyroiditis, the 
second  most commonly reported autoimmune disease in type 1 diabetes is celiac disease 
(Van den Driessche, 2009).  
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Gluten consumption could be a common causative factor, as confirmed by the possible 
diagnosis of both diseases at the same time (Frisk et al. 2008). Moreover the duration of 
gluten exposure seems to increase the risk of other autoimmune diseases (Ventura et al.., 
1999). Dietary gluten could act as a modifier rather than a determinant causative factor, 
facilitating the progression of other dietary antigens to the small bowel lamina propria, 
where they can activate the immune response against -cells. Based on this hypothesis, the 
removal of gluten from diet has been proposed in subjects at risk as prevention trial to 
reduce the progression to type 1 diabetes mellitus (Pastore et al., 2003). A six-month of 
gluten-free diet in subjects at risk of type 1 diabetes did not influence -cells autoantibody 
titer, but only improved endogenous insulin secretion (Pastore et al., 2003).  
Recently, in samples from the small bowel mucosa from patients with celiac disease and 
type 1 diabetes a low expression of tight junction protein 1 (TJP1) mRNA has been observed, 
indicating an increase in intestinal permeability that might represent a causative factor. 
Furthermore, the highest expression of Forkhead box P3 (FoxP3) mRNA, a marker of 
regulatory T cells was observed, suggesting an increased immunoregolatory mechanisms 
(Uibo et al., 2011).  
The mean prevalence of celiac disease in type 1 diabetes is about 8%, with an extremely 
variable range (from 1% up to 11%) (Kakleas et al., 2010), almost 10-20 fold higher than 
observed in general pediatric population (Maki et al., 2003). The different prevalence data 
could be due to different screening  procedures and diagnostic tests used. The prevalence of 
celiac disease in type 1 diabetes increased over recent decade as compared to the past 
(Salardi et al., 2008), and seems to be related to changes in environmental factors like dietary 
habits or infectious diseases. Another possible explanation of this high association could be 
the same genotypes  involved in both diseases.. Three celiac disease loci, i.e. RGS1 on 
chromosome 1q31, IL18RAP on chromosome 2q12 and TAGAP on chromosome 6q25 were 
associated with type 1 diabetes mellitus. Moreover, the 32-bp insertion-deletion variant on 
chromosome 3p21, the PTPN2 on chromosome 18p11 and CTLA4 on chromosome 2q33 and 
SH2B3 on chromosome 12q24 are shared  by both diseases (Smyth et al., 2008). Younger age 
at diabetes clinical onset, female gender, and coexistence of another autoimmune disease are 
predictive factors for celiac disease development (Cerutti et al, 2004) 
In the majority of patients with type 1 diabetes clinical presentation of celiac disease is 
usually silent,  and thanks to screening procedure is diagnosed (Holmes, 2001, Barera et al, 
2002). On the other hand, a detailed medical history allows to identify several signs or 
symptoms attributable to celiac disease. Extra-intestinal manifestations such as failure to 
thrive, delayed puberty, iron-deficiency anemia, increased levels of liver enzyme tests, 
bleeding tendency, precocious osteoporosis, and unexplained hypoglycemic episodes are 
frequently reported. Gastrointestinal symptoms, i.e. diarrhea and abdominal pain, are 
reported in 28% and 14% of patients, respectively (Bhadada et al., 2011). Symptoms 
attributable to celiac disease are more common in children than in adolescents or adults 
(Larsson et al., 2008).  
Type 1 diabetes precedes celiac disease diagnosis (Holmes, 2001); in a small proportion (up 
to 25%) of cases  type 1 diabetes develops in already diagnosed celiac  patients (Valerio et 
al., 2002).  
In the majority of cases type 1 diabetes precedes celiac disease diagnosis (Holmes, 2001); in a 
small proportion of cases (up to 25%) type 1 diabetes develops in patients with already 
diagnosed celiac disease (Valerio et al., 2002).  
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Positivity for disease-related antibodies allows identification of patients with suspected 
celiac disease who must undergo intestinal biopsy. IgA-transglutaminase antibodies show 
the highest sensitivity and allow to identify around 98% of patients with celiac disease, 
while their specificity is lower, especially at a low titer (Salardi et al., 2008). IgA-anti-
endomysial antibodies show lower sensitivity (98%) but  higher  specificity. Fluctuating 
positivity for anti-endomysial antibodies at a low titer can be detected at time of diabetes 
clinical onset, and in absence of signs or  symptoms related to celiac disease only periodical 
screening is recommended .  
Total IgA screening is mandatory before celiac disease-related antibodies detection. Patients 
with IgA deficiency benefit from IgG anti-transglutaminase antibody detection (Lenhardt et 
al., 2004) and, as recently reported, by IgG anti-deaminated gliadin peptides (Volta et al., 
2010). IgA deficiency deserves attention, since this condition is more frequent in patients 
with celiac disease (1.7%) as compared to control population (0.25%)(Cataldo et al., 1997). 
As regards timing of screening, it has been reported that the serological screening of celiac 
disease allows diagnosing 1% of patients with celiac disease. The frequency of diagnoses 
increases to 5% when screening is performed in the next 5 years after diabetes diagnosis 
(Larsson et al., 2008).  It has been reported that up to 85% of cases of celiac disease is 
diagnosed 2-5 years after type 1 diabetes clinical onset  (Saukkonen et al., 1996). Markers of 
celiac disease can appear within 10 years, so it is recommended to perform screening yearly 
for the first 4 years after diabetes diagnosis, and every 2 years in the following 6 years 
(Kordonouri et al., 2009).  
 

 
Fig. 1. Linear growth in a girl with type 1 diabetes and concomitant celiac disease, who 
developed autoimmune thyroiditis  

Diagnosis of celiac disease by intestinal  biopsy requires a lifelong gluten-free diet.  Major 
problems related to gluten-free diet include quality of life, impairment of social life, poor 
compliance especially in adolescents and in patients with silent celiac disease diagnosed 
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through screening procedures. Moreover, gluten-free diet can exert an increased insulin 
requirement since persistent hyperglycemia can occur. Gluten-free diet exerts in increased 
weight and height (Goh et al., 2010), as well as serum ferritin and hemoglobin (Hansen et al., 
2006). Moreover improvement of bone status in patients with type 1 diabetes and adherence 
to gluten-free diet has been reported (Valerio et al., 2008).  

4. Autoimmune thyroid disease 
4.1 Hashimoto’s thyroiditis 
4.1.1 Background and genetic susceptibility 
Autoimmune thyroid diseases include many thyroid gland disorders, with different 
histological and clinical pictures ranging from the hypothyroidism of chronic lymphocytic 
thyroiditis  to the hyperthyroidism of Graves’ disease.  
As other autoimmune diseases, chronic lymphocytic thyroiditis (also defined Hashimoto’s 
thyroiditis from the physician who firstly described this condition) derives from a 
combination of genetic susceptibility and some environmental trigger factors (Pearce et al, 
2003).   
Hashimoto’s thyroiditis is more frequent in females than in males (3.5 cases/1000 
people/year versus 0.8 cases/1000 people/year, respectively), and global prevalence is 
increasing with age.  
Hashimoto thyroiditis is the most common cause of acquired hypothyroidism in children 
and adolescents (formerly called “adolescent” or “simple” goiter), and usually presents 
itself during early adolescence or among schoolchildren, with or without gout, with a 
prevalence of 1% among schoolchildren (Lorini et al, 2003). 
Susceptibility to Hashimoto’s thyroiditis is determined by individual genetic background, 
including both major histocompatibility complex (MHC) and non-MHC genes. 
Associations have been reported between Hashimoto’s thyroiditis and HLA- DR3, HLA-
DR4, or HLA-DR5. Furthermore, in children and adolescents paternal alleles and antibodies 
status have been shown to influence susceptibility to autoimmune thyroid disease. The 
expression of HLA-DR antigens on thyroid cells have a potential role in perpetuating the 
immune response, related to certain HLA-DR subtypes. As regards non-HLA susceptibility 
genes, several studies demonstrated the association between a polymorphism of the CTLA-4 
gene and autoimmune thyroid disease (Barker, 2006). 
In literature are reported linkage with loci on the X chromosome and on chromosome 20 or 
14. Observations in twins are correlated with a genetic predisposition to thyroid 
autoimmunity. There are several cases of identical twins where one twin showed Graves’ 
disease and the others Hashimoto’s thyroiditis. It is common to find family clusters with HT 
and the incidence in parents or siblings of patient with HT can reach about 25% (Lorini et 
al., 2003). 

4.1.2 Pathogenesis   
There is no evidence that a clear infectious agent is responsible for autoimmune thyroiditis. 
However, long-term follow-up of patients with subacute thyroiditis showed a possible 
reaction to viral infection with signs of persistence thyroid autoimmune disease. To this 
purpose, hepatitis C can act as a trigger for the development of autoimmune thyroiditis 
through thyroid follicular cell apoptosis. Potential mechanisms of infectious triggers include 
cell damage with the release of auto-antigens, expression of new antigens and molecular 
mimicry mechanisms. 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

10

Positivity for disease-related antibodies allows identification of patients with suspected 
celiac disease who must undergo intestinal biopsy. IgA-transglutaminase antibodies show 
the highest sensitivity and allow to identify around 98% of patients with celiac disease, 
while their specificity is lower, especially at a low titer (Salardi et al., 2008). IgA-anti-
endomysial antibodies show lower sensitivity (98%) but  higher  specificity. Fluctuating 
positivity for anti-endomysial antibodies at a low titer can be detected at time of diabetes 
clinical onset, and in absence of signs or  symptoms related to celiac disease only periodical 
screening is recommended .  
Total IgA screening is mandatory before celiac disease-related antibodies detection. Patients 
with IgA deficiency benefit from IgG anti-transglutaminase antibody detection (Lenhardt et 
al., 2004) and, as recently reported, by IgG anti-deaminated gliadin peptides (Volta et al., 
2010). IgA deficiency deserves attention, since this condition is more frequent in patients 
with celiac disease (1.7%) as compared to control population (0.25%)(Cataldo et al., 1997). 
As regards timing of screening, it has been reported that the serological screening of celiac 
disease allows diagnosing 1% of patients with celiac disease. The frequency of diagnoses 
increases to 5% when screening is performed in the next 5 years after diabetes diagnosis 
(Larsson et al., 2008).  It has been reported that up to 85% of cases of celiac disease is 
diagnosed 2-5 years after type 1 diabetes clinical onset  (Saukkonen et al., 1996). Markers of 
celiac disease can appear within 10 years, so it is recommended to perform screening yearly 
for the first 4 years after diabetes diagnosis, and every 2 years in the following 6 years 
(Kordonouri et al., 2009).  
 

 
Fig. 1. Linear growth in a girl with type 1 diabetes and concomitant celiac disease, who 
developed autoimmune thyroiditis  

Diagnosis of celiac disease by intestinal  biopsy requires a lifelong gluten-free diet.  Major 
problems related to gluten-free diet include quality of life, impairment of social life, poor 
compliance especially in adolescents and in patients with silent celiac disease diagnosed 

 
Autoimmune Disorders Associated to Type 1 Diabetes Mellitus in Children and Adolescents 

 

11 

through screening procedures. Moreover, gluten-free diet can exert an increased insulin 
requirement since persistent hyperglycemia can occur. Gluten-free diet exerts in increased 
weight and height (Goh et al., 2010), as well as serum ferritin and hemoglobin (Hansen et al., 
2006). Moreover improvement of bone status in patients with type 1 diabetes and adherence 
to gluten-free diet has been reported (Valerio et al., 2008).  

4. Autoimmune thyroid disease 
4.1 Hashimoto’s thyroiditis 
4.1.1 Background and genetic susceptibility 
Autoimmune thyroid diseases include many thyroid gland disorders, with different 
histological and clinical pictures ranging from the hypothyroidism of chronic lymphocytic 
thyroiditis  to the hyperthyroidism of Graves’ disease.  
As other autoimmune diseases, chronic lymphocytic thyroiditis (also defined Hashimoto’s 
thyroiditis from the physician who firstly described this condition) derives from a 
combination of genetic susceptibility and some environmental trigger factors (Pearce et al, 
2003).   
Hashimoto’s thyroiditis is more frequent in females than in males (3.5 cases/1000 
people/year versus 0.8 cases/1000 people/year, respectively), and global prevalence is 
increasing with age.  
Hashimoto thyroiditis is the most common cause of acquired hypothyroidism in children 
and adolescents (formerly called “adolescent” or “simple” goiter), and usually presents 
itself during early adolescence or among schoolchildren, with or without gout, with a 
prevalence of 1% among schoolchildren (Lorini et al, 2003). 
Susceptibility to Hashimoto’s thyroiditis is determined by individual genetic background, 
including both major histocompatibility complex (MHC) and non-MHC genes. 
Associations have been reported between Hashimoto’s thyroiditis and HLA- DR3, HLA-
DR4, or HLA-DR5. Furthermore, in children and adolescents paternal alleles and antibodies 
status have been shown to influence susceptibility to autoimmune thyroid disease. The 
expression of HLA-DR antigens on thyroid cells have a potential role in perpetuating the 
immune response, related to certain HLA-DR subtypes. As regards non-HLA susceptibility 
genes, several studies demonstrated the association between a polymorphism of the CTLA-4 
gene and autoimmune thyroid disease (Barker, 2006). 
In literature are reported linkage with loci on the X chromosome and on chromosome 20 or 
14. Observations in twins are correlated with a genetic predisposition to thyroid 
autoimmunity. There are several cases of identical twins where one twin showed Graves’ 
disease and the others Hashimoto’s thyroiditis. It is common to find family clusters with HT 
and the incidence in parents or siblings of patient with HT can reach about 25% (Lorini et 
al., 2003). 

4.1.2 Pathogenesis   
There is no evidence that a clear infectious agent is responsible for autoimmune thyroiditis. 
However, long-term follow-up of patients with subacute thyroiditis showed a possible 
reaction to viral infection with signs of persistence thyroid autoimmune disease. To this 
purpose, hepatitis C can act as a trigger for the development of autoimmune thyroiditis 
through thyroid follicular cell apoptosis. Potential mechanisms of infectious triggers include 
cell damage with the release of auto-antigens, expression of new antigens and molecular 
mimicry mechanisms. 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

12

Drugs containing iodine or supplementary dietary iodine can trigger an autoimmune 
thyroiditis in subjects at risk, although the mechanism is still unknown. Accumulation of 
iodine in animal models leads to iodination of thyroglobulin which triggers an immune 
reaction because T-cell-reactive peptides can be more antigenic when iodinated.  Moreover 
dietary supplementation of iodine in the population of iodine-deficient regions such as the 
use of drugs rich in iodine (i.e.  amiodarone) induce cases of thyroiditis, and  a significant 
increase in lymphocytic infiltration by thyroid-specific auto-antibodies. Furthermore, 
patients treated with cytokines such as IL-1 or -interferon can trigger an autoimmune 
thyroiditis, which is more frequent in patients with pre-existing positivity for anti-thyroid 
auto-antibodies. 
Hashimoto's thyroiditis is an organ-specific autoimmune disease, characterized 
histologically by a lymphocytic infiltration of the thyroid gland,  initially characterized by  
hyperplasia and subsequently by infiltration of lymphocytes and plasma cells between 
follicles, then resulting in a follicle atrophy. Lymphocytic infiltration is composed of B 
lymphocytes, about 30%, and T-lymphocytes, about 60%, including CD4+ helper and CD 8+ 
suppressor. Autoimmune thyroiditis is characterized by thyroid cell apoptosis leading to 
follicular destruction, rather than thyroid stimulation and cellular hyperplasia. Thyroid 
gland is  infiltrated  by B- and T-lymphocytes, the later are capable of destroying thyroid 
cells, which express Fas, via apoptosis and release several cytokines that increase the 
damage. The process is exacerbated by the action of auto-antibodies directed against several 
thyroid antigens, like thyroid peroxidase antibodies (TPO-Abs), detectable in 90% of 
patients with Hashimoto’s thyroiditis,  previously considered non-pathogenic, but now their 
role has been shown. They inhibit enzyme activity and stimulate cytotoxicity by natural 
killer. Anti-thyroglobulin antibodies (TgA) are detectable in a small percentage of patients, 
while high levels of thyrotropin receptor-blocking antibodies are often present, particularly 
in patients who develop autoimmune hypothyroidism.  

4.1.3 Clinical picture 
Hashimoto's thyroiditis is the most common cause of acquired hypothyroidism in the 
pediatric population, occurring in about 1% of children and adolescents. Goiter is the 
hallmark of this autoimmune disease, and often may appear either insidiously or variable in 
size, however  is usually enlarged with accentuation of the normal lobular architecture. 
Occasionally goiter gives the sensation of local pressure or causes difficulty in swallowing. 
Hashimoto’s thyroiditis is more frequent in girls than in boys (four to seven times), with 
onset at 3 years but often sharply to 6 years with a peak incidence during adolescence. 
The most common clinical symptoms are related to hypothyroidism, and include 
deceleration in the rate of growth, although some children are apparently asymptomatic, 
and show abnormal values  in laboratory tests only. A few children complain clinical signs 
and symptoms of thyroid hyperfunction, such as nervousness, irritability, agitation, hot 
intolerance, weight loss. Eventually patient with Hashimoto’s thyroiditis can show 
ophthalmopathy in absence of Graves’ disease. The most frequent symptom in Hashimoto’s 
thyroiditis is goiter, followed by menstrual disorders, short stature, and nervousness in 
girls, while constipation and exophthalmos are more frequently reported in boys. Other 
signs are  hot and cold intolerance, weight loss or weight gain and sweating. The clinical 
course of Hashimoto’s thyroiditis is quite variable. In fact, the goiter may reduce or 
disappear, or persist unchanged for years, while the patient remains euthyroid or 
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progressively develops hypothyroidism. Spontaneous remission is frequent in adolescents 
(Lorini et al, 2003). 

4.1.4 Laboratory findings 
In patients with autoimmune thyroiditis high serum levels of thyroid antibodies are present, 
therefore their detection is mandatory. Anti-thyroglobulin antibodies have been reported in 
60% of patients with diffuse goiter or hypothyroidism or both while anti-thyroid peroxidase 
antibodies are detectable in 95% of cases so they represent a more sensitive marker. In 20% 
of cases there are significant antibody titers in the absence of thyroiditis, while lower titer 
are related to other thyroid diseases and in normal population. 
Subclinical hypothyroidism means altered values of thyroid hormones in presence of a 
slightly or moderately elevated TSH. Many children with HT have normal level of TSH 
because the goiter is caused by lymphocytic infiltrations or growth-stimulating 
immunoglobulin. 

4.1.5 Imaging  
On imaging studies, the thyroid gland shows enlargement without specific characteristics. 
High resolution ultrasound may show hypoechogenic micronodules (Fig. 2). Scintigraphic 
findings are variable; in some patients with Hashimoto’s thyroiditis have thyroid gland 
enlarged with dysomogeneous distribution of tracer, in other cases the thyroid scan is 
normal but in most patients the uptake of radioiodine is decreased or increased. The 
perclorate washout is positive in 60% of patients. Often children and adolescents, evaluated 
at diagnosis, show a thyroid ultrasound picture altered.  The definitive diagnosis of HT is 
confirmed by a biopsy of the thyroid, that confirmed the elevated titers of thyroid 
autoantibodies in the serum. High serum TSH concentration can be found in  30-40% of 
cases, associated with  low serum T4, with normal or near-normal serum T3 concentration.  
Thyroid scan exclude thyroid dysgenesis. Elevated level of TSH clarifies if hypothyroidism  
is originated from pituitary or thyroid disease. 
 

 
Fig. 2. Hashimoto’s thyroiditis: thyroid ultrasound showing hypoechogenicity  
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4.1.6 Treatment  
The treatment of autoimmune thyroid follows the guidelines of congenital hypothyroidism. 
If the TSH level is greater than 10 μU/ml, L-thyroxin is the drug of choice. The initial dose is 
related on patient’s age and on patient’s clinical status from 25 μg/day to 100-150 μg/day. 
The therapy required periodic reevaluation, in particular when prominent nodules persist 
despite suppressive therapy, because there is a greater risk of cancer in patients with 
lymphocitic thyroiditis. 

4.2 Graves’ disease 
Graves' disease is the most important cause of thyrotoxicosis in pediatrics and affects about 
0.02% in children and adolescents. Its frequency increases with age: it is rare before the four 
years, gradually rises, reaching a peak during adolescence, with a preponderance for female 
gender (Kaguelidou et al, 2009). The aim of therapy is to reduce the excessive hormone 
production. First, this can be done with anti-thyroid drugs, as tionamides, with side effects 
especially after long-term therapy. Secondly, can be used thyroidectomy; however this 
surgical procedure may be complicated by several problems, such as hypoparathyroidism 
or recurrent nerve injury. Third method, is based on the use of radioiodine,  that has not 
been yet universally accepted in children. Initial treatment, is medication and in the second 
instance, surgery or radioiodine. The goal of treatment is to maintain euthyroidism for a 
period at least 24 month and then discontinue the medical therapy. The positive results, 
with pharmacological treatment alone reaches 25% of cases. In adults  the disease control is 
accomplished through the use of radioactive iodine or with drug for short periods. In 
children, however, use the medication for long periods, and then radioiodine,  is just as an 
alternative option. The average age of onset is at 11 years (from 2.5 to 19 years), with 
preponderance in girls and with more cases of exophthalmos, low BMI, and higher height 
SDS. The goal of treatment is to limit the biosynthesis of thyroid hormones and maintain 
euthyroidism by maintaining a check on lab tests. Adverse effects are recorded in 5-32% of 
cases with skin rashes, transient neutropenia and agranulocytosis. Children have more 
adverse effects but less severe, often reversible spontaneously or with therapy change. 
Alternatively, using radioiodine in patients with hyperthyroidism resistant to drug 
treatment of 4.5 years, there was more remission (about 25% between 2-4 years of follow 
up). Most side-effect of the therapy is a permanent hypothyroidism, which can be treated 
with replacement therapy. The problem of this method is a potential carcinogenic risk 
(thyroid cancer and leukaemia), that declines with age, genetic damage, and a possible 
damage to reproduction. Radioiodine for safety, low cost and morbidity, could be the 
definitive treatment of Graves’ disease in older children and young adolescents, but no in 
children younger than 5 years old (Gruneiro-Papendich et al, 2003).   

4.3 Autoimmune thyroid disease and type 1 diabetes 
Autoimmune thyroid disease is frequently reported in patients with type 1 diabetes 
mellitus, sometimes associated with celiac disease (Ergur et al, 2010). Serological screening 
studies  aimed to evaluate the prevalence of thyroid involvement have gained momentum 
in recent years (Kadiyala et al. 2010).  The prevalence of thyroid autoimmunity in patients 
with type 1 diabetes has been reported to be two to four times more frequent than in control 
population.  
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In control population the prevalence of thyroid autoimmunity ranges from 2.9% to 3.2%, 
while in young patients with type 1 diabetes the prevalence is higher, ranging from 19% to 
23.4% (Kakleas et al., 2009). In children and adolescents with type 1 diabetes, risk factors for 
developing thyroid autoimmunity are quite similar to those reported in adult population, 
and include mainly female gender and increasing age. The role of anti-glutamic acid 
decarboxylase antibody persistence, age at diabetes diagnosis and duration of diabetes 
remains unclear. At-risk haplotypes for autoimmune thyroiditis include HLA-DQA1*0301 
(linked to DR4), DQB1*0301 (linked to DR5) and DQB1*0201 (linked to DR3), which is 
associated with autoimmune hyperthyroidism, while the HLA-DQA1*0501 is associated 
with autoimmune hypothyroidism. The HLA haplotype DR3-DQB1*0201 confers the genetic 
susceptibility to type 1 diabetes mellitus, autoimmune thyroiditis and autoimmune 
polyendocrine syndrome type II. Finally, the HLA-haplotype DQB1*05 seems to be 
protective for  autoimmune thyroid disease development (Kakleas et al., 2009). Other loci, 
i.e. VNTR and CTLA-4  may influence disease phenotype and severity (Van Driessche et al., 
2009). 
A symmetric, painless goitre is usually the first presentation of autoimmune thyroid disease, 
while atrophic thyroid gland is observed in 10% of patients. A subclinical hypothyroidism 
has been reported up to 58% of patients with thyroid autoantibodies. Early recognition and 
treatment of hypothyroidism is important, since the decrease in basal metabolism may exert 
weight gain, dyslipidemia, atheroscleroticheart disease, sometimes goiter, and may 
negatively affect metabolic control. Hypothyroidism is confirmed by low free thyroxin and 
high TSH levels. Compensated hypothyroidism mean normal thyroxine levels with 
increased TSH. Substitutive L-thyroxin treatment exerts normalization of TSH levels and 
goitre regression when present.  Treatment with L-thyroxin in patients with type 1 diabetes, 
thyroid autoantibodies and thyroid enlargement is safe and effective to reduce thyromegaly, 
with no effect on thyroid autoantibodies titer (Brown, 2007, Kordonouri et al, 2007, Karges et 
al. 2007). 
Autoimmune thyroid disease and type 1 diabetes mellitus are sometimes associated with 
chronic urticaria, also in young patients, as a possible consequence of thyroid chronic 
inflammations. However the mechanisms underlying this association have not yet been 
defined, but this association emphasizes the need for a routine screening (Hyman et al., 2008). 
In young patients with type 1 diabetes mellitus overt hyperthyroidism is rarely 
encountered. It may be expression of Graves’ disease or the  transient hyperthyroid phase of 
Hashimoto’s thyroiditis. Unstable metabolic control despite strict compliance, weight loss 
despite regular food intake, agitation, tremors, tachycardia, insomnia, heath intolerance, 
thyroid enlargement and characteristic eye signs  are the main clinical features. Treatment is 
based on anti-thyroid drugs like propylthiuracil and metimazole.During acute 
thyrotoxicosis beta-adrenergic blockers agents are indicated. Persistent hyperthyroidism 
requires surgery or radioiodine (Kordonouri  et al, 2009).  

5. Atrophic gastritis 
5.1 Background 
While the association between type 1 diabetes and celiac disease and/or thyroid 
autoimmunity is clearly documented, particularly in young patients, few data are available 
about the frequency of other autoimmune diseases, like autoimmune gastritis and 
pernicious anemia. 
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Autoimmune gastritis,  firstly described by Thomas Addison in 1849,  is characterized by 
autoantibodies directed against gastric parietal cells,  atrophy of gastric corpus and fundus, 
hypochlorhydria/achlorhydria, hypergastrinemia, iron deficiency anemia and pernicious 
anemia.  
In adult general population the frequency of autoimmune gastritis is about 1-2%, and is 3-5 
fold increased in patients with type 1 diabetes (De Block et al, 2008). As regards children, 
adolescents and young adults with type 1 diabetes, the frequency of parietal cells antibodies is 
15.8%, with a close association with older age and duration of disease (De Block et al, 2008, 
Warncke et al, 2010).  Female gender association is controversial.    

5.2 Pathogenesis  
Antibodies against parietal cells (PCA) and their secretory product Intrinsic Factor (AIF) are 
serological markers for autoimmune gastritis and are targeted towards  H+, K+-ATPase of 
gastric parietal cells and denote autoimmune gastritis, characterized by atrophy of corpus 
and fundus. The chronic auto-aggression to the proton pump exerts in 
hypochlorhydria/achlorhydria and hypergastrinemia and iron-deficiency anemia as a 
consequence of impaired gastric secretion and iron absorption. Moreover PCA are 
responsible for the reduced intrinsic factor secretion with subsequent pernicious anemia due 
to vitamin 12 deficiency.  PCA and AIF are detectable not only in serum, but also in gastric 
juice. PCA titer is positively related to severity of gastric atrophy and negatively related to 
concentration of parietal cells. Low serum levels of pepsinogen I, as a consequence of chief 
cell destruction, represent another early marker of autoimmune gastritis  and pernicious 
anemia. Both pernicious anemia and autoimmune gastritis may predispose to gastric cancer. 
Gastric adenocarcinomas are reported on 1-10 % of adult patients with autoimmune gastritis 
through intestinal meta/dysplasia. (De Block et al., 2003) Helicobacter Pylori infection has 
been reported as a risk factor for autoimmune gastritis, by stimulating granulocytes to 
produce oxygen radicals, which are mutagenic and lead to corpus atrophy (D’Elios et al., 
2004). Molecular mimicry and/or T-helper l-induced expression of HLA-class II and co-
stimulatory molecules on gastric epithelial cells are considered as pathogenic mechanisms 
for Helicobacter Pylori induced autoimmunity  (Lahner et al., 2011). The evidence of a link 
between pernicious anemia and particular HLA haplo/genotypes is not strong. As regards 
type 1 diabetes, a weak association between PCA positivity and the HLA-DQA1*0501-
B1*0301 haplotype, linked to HLA-DR5, has been observed. In mouse models, four distinct 
genetic regions that confer susceptibility to autoimmune gastritis have been identified: two 
loci,  located on distal chromosome 4,  are called Gasa1 and Gasa2;  two other loci, located on 
chromosome 6, are called Gasa3 and Gasa4, respectively. Interestingly, three out of these four 
susceptibility loci are non-major histocompatibility complex genes which co-localize with 
those of type 1 diabetes. This is the strongest concordance identified between any two 
autoimmune disease so far (De Block et al., 2008). 

5.3 Diagnosis  
Parietal cell antibodies are measured using immunoblotting or enzyme linked immunoassay 
(ELISA), which are more sensitive than indirect immunofluorescence technique. Iron 
deficiency anemia is defined as microcytic hypochromic anemia with a transferrine 
saturation of less than 20% and low iron and ferritin levels. Pernicious anemia is defined as 
macrocytic anemia with subnormal vitamin B12 levels and positive levels of PCAs  
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Diagnosis of AG requires gastroscopy  with at least two   biopsies from gastric antrum and 
gastric body. Atrophy of the gastric body mucosa is defined as focal or complete oxyntic 
gland loss and/or replacement by metaplastic pylori or intestinal glands. To each graded 
variable, the scores usually employed are: 0 = absence; 1 = mild;  2 = moderate; 3 = severe  
(Bordi et al., 1997). 

5.4 Treatment  
Therapy of autoimmune gastritis includes supplementation of iron or vitamin B12 or 
removal of pre-malignant gastric lesions. Patients with PCA antibodies and high gastrin 
levels should undergo endoscopy with biopsies.  
Determining risk factors for and early diagnosis of autoimmune gastritis is mandatory to 
prevent and treat iron-deficiency anemia, pernicious anemia and pre-malignant gastric 
lesions.  In all PCA positive patients gastroscopy with multiple biopsies should be 
performed  and subsequent  clinical and endoscopic  close follow-up are mandatory. 

5.5 Autoimmune gastritis and type 1 diabetes 
Autoimmune gastritis is rarely encountered in children and adolescents with type 1 
diabetes, since the prevalence of parietal cell antibodies increases with age and with longer 
duration of disease. It is noteworthy that even young patients with type 1 diabetes are 
positive for parietal cell antibodies, with a frequency about 4%, which is higher than in 
controls (1.9%) (De Block et al., 2008). On the other hand, autoimmune gastritis is more 
frequent in children and adolescents with autoimmune thyroid disorder (Fig. 3 ).   
 

 
Fig. 3. Atrophic gastritis and sessile antral polyp with signs of esophageal candidiasis 
(personal data) 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

16

Autoimmune gastritis,  firstly described by Thomas Addison in 1849,  is characterized by 
autoantibodies directed against gastric parietal cells,  atrophy of gastric corpus and fundus, 
hypochlorhydria/achlorhydria, hypergastrinemia, iron deficiency anemia and pernicious 
anemia.  
In adult general population the frequency of autoimmune gastritis is about 1-2%, and is 3-5 
fold increased in patients with type 1 diabetes (De Block et al, 2008). As regards children, 
adolescents and young adults with type 1 diabetes, the frequency of parietal cells antibodies is 
15.8%, with a close association with older age and duration of disease (De Block et al, 2008, 
Warncke et al, 2010).  Female gender association is controversial.    

5.2 Pathogenesis  
Antibodies against parietal cells (PCA) and their secretory product Intrinsic Factor (AIF) are 
serological markers for autoimmune gastritis and are targeted towards  H+, K+-ATPase of 
gastric parietal cells and denote autoimmune gastritis, characterized by atrophy of corpus 
and fundus. The chronic auto-aggression to the proton pump exerts in 
hypochlorhydria/achlorhydria and hypergastrinemia and iron-deficiency anemia as a 
consequence of impaired gastric secretion and iron absorption. Moreover PCA are 
responsible for the reduced intrinsic factor secretion with subsequent pernicious anemia due 
to vitamin 12 deficiency.  PCA and AIF are detectable not only in serum, but also in gastric 
juice. PCA titer is positively related to severity of gastric atrophy and negatively related to 
concentration of parietal cells. Low serum levels of pepsinogen I, as a consequence of chief 
cell destruction, represent another early marker of autoimmune gastritis  and pernicious 
anemia. Both pernicious anemia and autoimmune gastritis may predispose to gastric cancer. 
Gastric adenocarcinomas are reported on 1-10 % of adult patients with autoimmune gastritis 
through intestinal meta/dysplasia. (De Block et al., 2003) Helicobacter Pylori infection has 
been reported as a risk factor for autoimmune gastritis, by stimulating granulocytes to 
produce oxygen radicals, which are mutagenic and lead to corpus atrophy (D’Elios et al., 
2004). Molecular mimicry and/or T-helper l-induced expression of HLA-class II and co-
stimulatory molecules on gastric epithelial cells are considered as pathogenic mechanisms 
for Helicobacter Pylori induced autoimmunity  (Lahner et al., 2011). The evidence of a link 
between pernicious anemia and particular HLA haplo/genotypes is not strong. As regards 
type 1 diabetes, a weak association between PCA positivity and the HLA-DQA1*0501-
B1*0301 haplotype, linked to HLA-DR5, has been observed. In mouse models, four distinct 
genetic regions that confer susceptibility to autoimmune gastritis have been identified: two 
loci,  located on distal chromosome 4,  are called Gasa1 and Gasa2;  two other loci, located on 
chromosome 6, are called Gasa3 and Gasa4, respectively. Interestingly, three out of these four 
susceptibility loci are non-major histocompatibility complex genes which co-localize with 
those of type 1 diabetes. This is the strongest concordance identified between any two 
autoimmune disease so far (De Block et al., 2008). 

5.3 Diagnosis  
Parietal cell antibodies are measured using immunoblotting or enzyme linked immunoassay 
(ELISA), which are more sensitive than indirect immunofluorescence technique. Iron 
deficiency anemia is defined as microcytic hypochromic anemia with a transferrine 
saturation of less than 20% and low iron and ferritin levels. Pernicious anemia is defined as 
macrocytic anemia with subnormal vitamin B12 levels and positive levels of PCAs  

 
Autoimmune Disorders Associated to Type 1 Diabetes Mellitus in Children and Adolescents 

 

17 

Diagnosis of AG requires gastroscopy  with at least two   biopsies from gastric antrum and 
gastric body. Atrophy of the gastric body mucosa is defined as focal or complete oxyntic 
gland loss and/or replacement by metaplastic pylori or intestinal glands. To each graded 
variable, the scores usually employed are: 0 = absence; 1 = mild;  2 = moderate; 3 = severe  
(Bordi et al., 1997). 

5.4 Treatment  
Therapy of autoimmune gastritis includes supplementation of iron or vitamin B12 or 
removal of pre-malignant gastric lesions. Patients with PCA antibodies and high gastrin 
levels should undergo endoscopy with biopsies.  
Determining risk factors for and early diagnosis of autoimmune gastritis is mandatory to 
prevent and treat iron-deficiency anemia, pernicious anemia and pre-malignant gastric 
lesions.  In all PCA positive patients gastroscopy with multiple biopsies should be 
performed  and subsequent  clinical and endoscopic  close follow-up are mandatory. 

5.5 Autoimmune gastritis and type 1 diabetes 
Autoimmune gastritis is rarely encountered in children and adolescents with type 1 
diabetes, since the prevalence of parietal cell antibodies increases with age and with longer 
duration of disease. It is noteworthy that even young patients with type 1 diabetes are 
positive for parietal cell antibodies, with a frequency about 4%, which is higher than in 
controls (1.9%) (De Block et al., 2008). On the other hand, autoimmune gastritis is more 
frequent in children and adolescents with autoimmune thyroid disorder (Fig. 3 ).   
 

 
Fig. 3. Atrophic gastritis and sessile antral polyp with signs of esophageal candidiasis 
(personal data) 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

18

6. Addison’s disease 
6.1 Background  
In 1849 Thomas Addison firstly described a group of patients characterized by anemia and 
disease of adrenal glands. Addison's disease is an insidious, chronic disorder of the adrenal 
cortex resulting in decreased production of glucocorticoids, mineralocorticoids, and 
androgens. There is a concomitant increased secretion of ACTH from the pituitary gland 
aimed to stimulate the adrenal gland. In developed countries an autoimmune process is 
recognized as the most common etiological factor of adrenal gland insufficiency (70-90%); 
the second cause is tuberculosis of the adrenal gland (10 to 20%). Three clinical forms  of 
adrenal insufficiency are recognized: Addison disease within syndromes characterized by 
autoimmune involvement of several organs and named Autoimmune Polyendocrine 
Syndromes (APS-1 and APS-2), and Addison disease as an isolated condition. 

6.2 Pathogenesis 
Genetically predisposed individuals develop autoantibodies toward the 21-hydroxylase 
enzyme and eventually lose the ability to produce cortisol. Autoantibodies against 21-
hydroxylase are present in the majority of recently diagnosed  patients. Susceptibility is 
conferred through the genes encoding the class II Major Histocompatibility Complex. 
Similarly as for  type 1 diabetes mellitus, there is a strong association with the DR3 
haplotype. The highest risk genotype, occurring in 30% of patients with Addison's disease, 
is represented by DR3/4, DQ2/DQ8 and  the DRB1*0404 /DQ8-DRB1*0301/DQ2 genotype  
occurs at an increased frequency in individuals with isolated AD and in those with AD and 
type 1 diabetes mellitus   (El Fassi et al., 2007).  

6.3 Diagnosis 
Addison’s disease is preceded by a long prodromic, asymptomatic period, followed by 
subtle clinical manifestations up to adrenal insufficiency. Main symptoms are persistent 
vomiting, anorexia, hypoglycemia, unexplained weight loss, malaise, ill-defined fatigue, 
muscular weakness, hypotension, and craving for salt. The most specific sign of primary 
adrenal insufficiency is generalized hyperpigmentation of the skin and mucosal surfaces, as 
a consequence of high plasma concentrations of melanocyte stimulating activity of β-
lipotropin, which origins from the same precursor as ACTH. Laboratory tests can aid in the 
diagnosis: hypoglycemia,  hyponatriemia, hyperkaliemia, acidosis, high levels of ACTH and 
a deficiency of cortisol. Furthermore, adrenal antibodies represent a useful marker, with a 
higher predictive value in younger than in adult patient, being present in more than 90% of 
patients with autoimmune Addison disease. Antibodies are directed against steroidogenic 
enzymes (CYP21A2 and 21 hydroxylase) or adrenal cortex (Adrenal cortex autoantibodies, 
ACA). In addition, hypocorticism may cause frequent  hypoglycemic events (Van den 
Driessche et al 2009). We recommend screening patients with type 1A diabetes, 
hypoparathyroidism, and polyendocrine autoimmunity for 21-hydroxylase autoantibodies. 
If present, yearly monitoring with an ACTH stimulation test is performed to allow early 
diagnosis and prevent an adrenal crisis (Aaron et al., 2008). 

6.4 Treatment 
Addison’s disease treatment consists of urgent lifelong glucocorticoids replacement, with 
clear counseling about the need for stress dose steroids for illnesses and prior to surgical 
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procedures (Aaron et al., 2008). In some cases supplementation with mineralcorticoids in 
mandatory.  

6.5 Addison’s disease and type 1 diabetes 
In adolescents with type 1 diabetes Addison’s disease is rarely encountered, and  symptoms 
are sometimes aspecific. Addison’s disease usually follows type 1 diabetes diagnosis, being 
more frequently  observed within the Autoimmune Polyendocrine Syndrome type 1 and 
type 2 (Kordonouri et al., 2009). Correct diagnosis of Addison’s disease requires a high 
degree of clinical suspicion and since the disease is a life-threatening condition, several 
investigators recommend periodical screening of Addison’s disease in all young patients 
since type 1 diabetes  diagnosis (Brewer et al., 1997). In an adolescent with type 1 diabetes, 
Addison’s disease should be suspected in case of recurrent hypoglycemic episodes, 
unexplained decrease of insulin requirement and improvement of metabolic control, fatigue, 
weight loss, hyponatriemia and hyperkaliemia. Diagnosis confirmation requires low cortisol 
levels after ACTH stimulation test. Screening procedures allow to detect asymptomatic 
children and adolescents with positive adrenal antibodies; where raised ACTH levels 
suggest the presence of adrenal insufficiency. Risk factors for Addison’s disease in patients 
with type 1 diabetes include a history of other autoimmune conditions, in particular thyroid 
disease, and a positive family history for autoimmunity, as reported in a case series of 4 
adolescents with pre-existing type 1 diabetes who developed Addison disease (Thomas et 
al., 2004). Three out of 4 patients showed unexplained hypoglycemia and the other one 
showed unawareness hypoglycemia; all cases reported unexplained improvement in 
diabetes control.  Two out of 4 patients reported skin hyperpigmentation. In all 4 patients a 
positive personal and family history of other autoimmune conditions has been reported, in 
particular celiac and/or thyroid autoimmune diseases and Autoimmune Polyendocrine 
Syndrome type 2. A more recent study in 491 newly diagnosed children with type 1 diabetes 
aimed to define the prevalence of additional autoimmune conditions reported 1% positivity 
of antibodies to 21-hydroxylase, while overt Addison’s disease was found only in 20% of the 
positive patients (Triolo et al.; 2011). Noteworthy, all young patients with type 1 diabetes 
and adrenal autoantibodies develop Addison’s disease during the follow-up period, with a 
progression to overt adrenal failure much more rapid than in adults, indicating that 
different autoimmune responses may be evoked at different age periods (Betterle et al., 
1997).   

7. The Autoimmune Polyglandular Syndromes (APS) 
From the time of Addison’s original description of his disease onwards, it has been apparent 
that multiple autoimmune endocrine disease can affect individual patients and their families 
in recognizable clinical clusters.  
Twenty years ago, the autoimmune polyglandular syndromes (APS) were classified into 
three basic types based on the patient’s age at onset, their clinical associations with specific 
endocrinopathies and HLA typing. 
Type I APS, called also APECED (Autoimmune PolyEndocrinopathy-Candidiasis-
Ectodermal Dystrophy) is a rare autosomal recessive disorder originally identified through 
the typical association of mucocutaneous candidiasis with Addison’s disease and 
hypoparathyroidism. These symptoms usually constitute the first manifestation of the 
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6.4 Treatment 
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clear counseling about the need for stress dose steroids for illnesses and prior to surgical 
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procedures (Aaron et al., 2008). In some cases supplementation with mineralcorticoids in 
mandatory.  
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In adolescents with type 1 diabetes Addison’s disease is rarely encountered, and  symptoms 
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levels after ACTH stimulation test. Screening procedures allow to detect asymptomatic 
children and adolescents with positive adrenal antibodies; where raised ACTH levels 
suggest the presence of adrenal insufficiency. Risk factors for Addison’s disease in patients 
with type 1 diabetes include a history of other autoimmune conditions, in particular thyroid 
disease, and a positive family history for autoimmunity, as reported in a case series of 4 
adolescents with pre-existing type 1 diabetes who developed Addison disease (Thomas et 
al., 2004). Three out of 4 patients showed unexplained hypoglycemia and the other one 
showed unawareness hypoglycemia; all cases reported unexplained improvement in 
diabetes control.  Two out of 4 patients reported skin hyperpigmentation. In all 4 patients a 
positive personal and family history of other autoimmune conditions has been reported, in 
particular celiac and/or thyroid autoimmune diseases and Autoimmune Polyendocrine 
Syndrome type 2. A more recent study in 491 newly diagnosed children with type 1 diabetes 
aimed to define the prevalence of additional autoimmune conditions reported 1% positivity 
of antibodies to 21-hydroxylase, while overt Addison’s disease was found only in 20% of the 
positive patients (Triolo et al.; 2011). Noteworthy, all young patients with type 1 diabetes 
and adrenal autoantibodies develop Addison’s disease during the follow-up period, with a 
progression to overt adrenal failure much more rapid than in adults, indicating that 
different autoimmune responses may be evoked at different age periods (Betterle et al., 
1997).   

7. The Autoimmune Polyglandular Syndromes (APS) 
From the time of Addison’s original description of his disease onwards, it has been apparent 
that multiple autoimmune endocrine disease can affect individual patients and their families 
in recognizable clinical clusters.  
Twenty years ago, the autoimmune polyglandular syndromes (APS) were classified into 
three basic types based on the patient’s age at onset, their clinical associations with specific 
endocrinopathies and HLA typing. 
Type I APS, called also APECED (Autoimmune PolyEndocrinopathy-Candidiasis-
Ectodermal Dystrophy) is a rare autosomal recessive disorder originally identified through 
the typical association of mucocutaneous candidiasis with Addison’s disease and 
hypoparathyroidism. These symptoms usually constitute the first manifestation of the 
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disease in early childhood; other endocrine and non-endocrine disorders can be associated: 
thyroiditis, autoimmune hypogonadism, hypophysitis, chronic active hepatitis, atrophic 
gastritis, pernicious anemia, alopecia, vitiligo and ectodermal dystrophy (Mazza et al., 2011). 
The disease results from the inheritance of recessive genes (AIRE gene) mapping to 21q22.3 
and it is not linked to genes within the HLA-DR/DQ genetic region of chromosome 6.  
Type II APS is more common than type 1 APS, the prevalence is 1/20,000 with a female 
preponderance (male/female ratio = 1/3) and has a peak incidence between the ages of 20 
and 60 years, mostly in the third or fourth decade (Van den Driessche et al., 2009). It is 
defined by the association of Addison’s disease with thyroid autoimmunity, type 1 diabetes 
and sometimes pernicious anemia, vitiligo and hypogonadism. Type II APS is HLA-
associated (DQB1*0302/0201), while Hashimoto’s thyroiditis itself is associated with HLA-
DQB1*0301. Multiple antigens have now been identified for the component disease of type 
II APS ie: thyroperoxydase and thyroglobulin in Hashimoto’s thyroiditis; TSH receptors I 
Graves’ disease; insulin, GAD and IA-2 and IA-2B in type 1 diabetes mellitus; 21 
hydroxylase in Addison’s disease; 17 hydroxylase and SCC (all p450 enzymes) in 
hypogonadism; tyrosine in vitiligo; H+K+ATPase an intrinsic factor in pernicious anemia 
and the calcium sensing receptor (CaSR) in hypoparathyroidism. Indeed the autoantibody 
that reacts to CaSR does so through its external domain, suggesting that the respective 
autoimmunity (hypoparathyroidism) may be antibody dependent. In mice, such immune 
responses proceeded through a T cell helper-2 (Th2) pathway; whereas those that results in 
cell mediated pancreatic β-cell loss are though to occur through a Th1 pathway. It could be 
that APS I results from an inherited defective Th1 responsiveness resulting in uninhibited 
Th2 overactivity. On the other hand, APSII/III appears to results from Th1 autoimmunity, 
perhaps explaining why APS-I does not co-exist with APS-II or  III. 
CD4+ T helper (Th) cells play important roles in regulating immune responses including 
that of immunological tolerance to self. When these regulatory processes go away, one or 
more organ-specific autoimmune disease may develop. One prevailing theory developed in 
the mice is that immunoresponsiveness follows at least two polarized pathways. While one 
track (Th1) promotes cellular immune responses, the other (Th2) pathway favours antibody 
or allergic immunoresponsiveness. Such differentiated Th cells can be distinguished based 
upon their cytokine phenotypes.  

8. Conclusions 
It is now established that patients with type 1 diabetes are at increased risk of other 
autoimmune diseases as compared to general populations (Michels & Eisenbarth, 2010). 
Besides islet-cell autoantibodies, other antibodies against numerous non -cell antigens have 
been frequently reported. Clinically-evident diseases are rarely observed in young patients 
with type 1 diabetes, and can be considered as the tip of the iceberg. Latent forms of these 
autoimmune-associated diseases, characterized by the presence of circulating 
autoantibodies with mild or no  symptoms,  are more frequent.  Early detection of 
antibodies and latent organ-specific dysfunction are advocated to alert physicians to take  
appropriate actions aimed to prevent full-blown disease. Moreover patients and their 
relatives should be instructed to recognize subclinical signs and symptoms attributable to 
these autoimmune-associated diseases. Several risk factors have been identified for a group 
of autoimmune diseases like genetic background, gender, age, age at clinical onset and 
duration of diabetes.   
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1. Introduction 
Hashimoto’s thyroiditis (HT) is an autoimmune disease with genetic background. It is also 
named as autoimmune thyroiditis or chronic lymphocytic tiroiditis. Hashimoto's thyroiditis 
is the most common cause of thyroid diseases in children and adolescents and it is also the 
most common cause of acquired hypothyroidism with or without goiter. Hashimoto’s 
thyroiditis was rst described in 1912 by Hakura Hashimoto in a series of patients with 
diffusely enlarged, rm thyroid glands with distinct pathologic features, classied as 
chronic lymphocytic thyroiditis (1). The characteristic histologic features include diffuse 
lymphocytic inltration, atrophic follicles, well-developed germinal centers, and brosis. 
Hashimoto's thyroiditis is the most important cause of hypothyroidism in children and 
adolescents. In an American population with age between 11 and 18 years, five new cases were 
detected out of 1,000 adolescents screened every year. It is more common among girls, varying 
from 4:1 to 8:1 depending on the geographical region. Although the disease can be seen before 
three years of age, it is usually seen after six years of age and its peak ages are 10 and 11 years 
(2). The prevelance of Hashimoto's thyroiditis between 6-18 years old is 3% in Japan. Thirty-
40% of the cases have familial history of thyroid disease. It occurs far more often in women 
than in men (between 10:1 and 20:1), and is most prevalent between 45 and 65 years old. 
Autoimmune thyroid disease (AITD) has two clinical forms: a goitrous form more common 
in young age groups, in whom goiter may be the only clinical expression (3), often referred 
to as classical Hashimoto's disease, and an atrophic one often called atrophic thyroiditis (4). 
Both are characterized by circulating thyroid autoantibodies and varying degrees of thyroid 
dysfunction, differing only by the presence or absence of goiter. 
The prognosis is not known very well, and studies reporting about long-term outcome of 
the disease are scarce (3,5). Thyroid function tests show variations at the time of diagnosis; 
mostly euthyroid or hypothyroid and rarely hyperthyroid. Hypothyroidism is thought to be 
a permanent sequelae of HT. Patients with overt hypothyroidism may have been 
recommended lifelong levothyroxine (LT4) therapy but it should be checked after puberty if 
LT4 therapy is still necessary or not.  

2. Etiology 
Hashimoto’s thyroiditis is inuenced by both genetic and environmental factors (6). Family 
and twin studies support the evidence for genetic susceptibility (7-9). Dittmar et al. (10) have 
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the disease are scarce (3,5). Thyroid function tests show variations at the time of diagnosis; 
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a permanent sequelae of HT. Patients with overt hypothyroidism may have been 
recommended lifelong levothyroxine (LT4) therapy but it should be checked after puberty if 
LT4 therapy is still necessary or not.  

2. Etiology 
Hashimoto’s thyroiditis is inuenced by both genetic and environmental factors (6). Family 
and twin studies support the evidence for genetic susceptibility (7-9). Dittmar et al. (10) have 
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shown the increased familial risk especially for the first-degree relatives and females.  In 
particular, children and siblings of patients with Hashimoto’s thyroiditis had a 32-fold and 
21-fold increased risk, respectively, for developing immunthyroiditis. In comparison, the 
risk for developing Graves’ disease has been enhanced 7-fold in both children and siblings 
(10). The high prevalence of AITD in rst degree, foremost female, and relatives of patients 
with AITD demonstrates the importance of family history for developing AITD. This genetic 
susceptibility shows necessity of familial regular screening. 
Candidate gene analysis, whole-genome linkage screening, genome-wide association 
studies, and whole-genome sequencing are the major technologies that have advanced this 
eld, leading to the identication of at least seven genes whose variants have been 
associated with AITD (11). Using these techniques, 6 AITD susceptibility genes have been 
identied and conrmed, HLA-DR, CD40, CTLA-4, PTPN22, Thyroglobulin (Tg) and TSH 
receptor. The AITD susceptibility genes identied so far can be divided into two broad 
groups: immune modulating genes and thyroid specic genes. The rst group includes the 
HLA-DR, CD40, CTLA-4, and PTPN22 genes, while the second group includes the Tg and 
TSH reseptor genes (12). In our previous study, we have studied an association of three 
polymorphic markers of CTLA-4 gene, namely, C(-318)T, A49G, and (AT)n dinucleotide 
repeat, which is known the relation with Graves' disease and we reported that A49G 
polymorphism may increase the susceptibility for Hashimoto’s thyroiditis (13). 
It is clear that additional genes contribute to the genetic susceptibility to AITD, as well as to 
the different phenotypes of AITD, disease severity, and, possibly,  response to therapy but 
HLA-DR and Tg genes have stronger relation with HT than the others (14). 
Several environmental and non-genetic triggers have been implicated in the etiology of HT. 
These include smoking, stress, iodine excess, medications, bacterial, and viral infections, 
irradiation, pollutants, and pregnancy. The mechanisms by which certain environmental 
agents induce thyroid disease could involve interference with thyroid function, direct toxic 
effects on thyrocytes, or immune stimulation, as well as other effects. It is often difficult to 
directly link an environmental exposure with thyroid autoimmunity, as disease may be 
associated with a combination of factors and can manifest over a long period of time. When 
an environmental exposure triggers HT in individuals with pre-existing thyroid 
autoantibodies, this may indicate gene-environment interaction, as the presence of thyroid 
antibodies is usually a surrogate marker of genetic susceptibility (15). 

3. Iodine 
Iodine is one of the most important precipitants of thyroid dysfunction. Although essential 
for normal thyroid function, excess iodine supplementation can be associated with the onset 
of thyroid autoimmunity. Potential mechanisms by which iodine can induce autoimmunity 
in the thyroid include direct stimulation of immune responses to the thyroid, increased 
immunogenicity of highly iodinated Tg, and direct toxic effects of iodine on thyrocytes via 
free oxygen radicals generation (16). A few studies have demonstrated increased incidence 
of autoimmune thyroiditis in regions where iodine consumption is high according to 
regions with low consumption (16-18). 

4. Selenium 
Selenium is a trace element that plays an essential role in thyroid hormone synthesis, 
because two enzymes involved in thyroid hormone production are selenoproteins: the 
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deiodinases and glutathione peroxidase. Selenium influences the immune system probably 
by enhancing plasma glutathione peroxidase and thioredoxin reductase activity and by 
decreasing toxic concentrations of hydrogen peroxide and lipid hydroperoxides, resulting 
from thyroid hormone synthesis (19,20). A deficit of selenium results in increased 
intrathyroidal levels of hydrogen peroxide, which possibly increase the activity and 
immunogenicity of Thyroid Peroxidase (TPO) (21). Low selenium blood levels cause 
increased thyroid volume and thyroid hypoechogenicity, a marker for lymphocytic 
infiltration (22). 

5. Medication 
Several medications may play a role in the development of HT. Interferon-α, interleukin-2, 
lithium, amiodarone, and highly active antiretroviral therapy are the agents most commonly 
associated with thyroid dysfunction (23). 

6. Infections 
Several infections have been implicated in the pathogenesis of HT including Helicobacter 
pylori, Borrelia burgdorferi, Yersinia enterocolitica, Coxsackie virus, and retroviruses. 
Furthermore, recent studies but not all have substantiated a strong association between HT 
and HCV (24,25). 
Seasonal and geographic variations also support infection as a trigger of HT (11,23). Various 
mechanisms have been proposed to explain induction of autoimmunity by infection but it 
seems that three possibilities may be important in individuals susceptible to developing 
autoimmune disease: molecular mimicry (perhaps to retroviruses); polyclonal T cell 
activation (by an endogenous superantigen or an infecting organism); and MHC class II 
antigen induction (26). Although infections may promote HT, they can also be partially 
protective, as suggested by the hygiene hypothesis. According to this hypothesis, the 
immune system builds tolerance to repeated infectious exposures, and this may explain a 
lower prevalence of thyroid antibodies in those of lower socioeconomic class (27). 

6.1 Environmental toxins 
Many environmental pollutants, such as polyaromatic hydrocarbons, perfluorinated 
chemicals, phthalates, and bisphenol A, have been shown to be toxic to thyroid cells and 
promote the onset of HT (15). These chemicals are widely used in various industrial and 
consumer products and may specifically have thyroid-disrupting properties (28,29). 
Polyaromatic hydrocarbons, including polychlorinated biphenyls and polyhalogenated 
biphenyls, are organic compounds produced from coal and found in air and water, and they 
can possibly trigger thyroiditis. Polyhalogenated biphenyls are commonly used compounds 
in products including adhesives, lubricants, and flame retardants, while polychlorinated 
biphenyls are found in plasticizers. A high prevalence of hypothyroidism was observed in 
individuals exposed to polyhalogenated biphenyls with an associated elevation in 
antimicrosomal antibodies and anti-Tg antibodies (30). In view of the evidence that many of 
these chemicals can interfere with thyroid function, there is a growing concern about their 
effects on neurological development during embryonic life (15,29). Exposure during  
pregnancy, for example, which itself is a risk factor for HT, can have hazardous effects on 
the developing fetus in which normal thyroid hormone levels are crucial for normal growth 
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and brain development. It is important, therefore, to be aware of environmental triggers of 
HT and to monitor thyroid functions closely in susceptible women during pregnancy 
(15,23). 

7. Pathogenesis 
The activation of CD4 T-lymphocytes specic for thyroid antigens is believed to be the rst 
step in pathogenesis. Once activated, self-reactive CD4 T cells recruit cytotoxic CD8 T cells 
as well as autoreactive B cells into the thyroid. T cells play a crucial role in disease 
pathogenesis by reacting with thyroid antigens and secreting inflammatory cytokines. 
Besides the others, mutations in the Tg gene and CTLA-4 are associated with HT (31,32). 
The three main targets of thyroid antibodies are Tg, TPO, and the TSH receptor. It is 
believed that these autoantibodies are secondary to thyroid follicular cell damage induced 
by T cells Anti-TPO antibodies have been shown to inhibit the activity of the enzyme in 
vitro, but direct cytotoxicity by CD8 T cells is believed to be the main mechanism of 
hypothyroidism in vivo. Thyroid peroxidase is the major autoantigen and autoantibodies to 
TPO are closely associated with disease activity. Although this has not been proven in 
children Anti-TSH receptor antibodies of the blocking type may contribute to 
hypothyroidism in a minority of adult patients with the atrophic form of autoimmune 
thyroiditis. Histologically, HT is characterized by diffuse lymphocytic inltration with 
occasional germinal centers. Thyroid follicles may be reduced in size and contain sparse 
colloid. Individual thyroid cells are often enlarged with oxyphilic cytoplasm. In contrast, the 
gland of atrophic autoimmune thyroiditis is small, with lymphocytic inltration and brous 
replacement of the parenchyma (5). 

8. Clinical manifestation 
Hashimoto’s thyroiditis is one of the most common organ specic autoimmune diseases 
(33). Weetman (34) reported clinical HT prevalence rate at 1 in 182 or 0.55% in the US. In the 
UK, Tunbridge et al (35) reported an overall HT prevalence of 0.8%. However, diagnosis 
based fine needle aspiration biopsy study; the cytology of HT seems to be much more 
prevalent, at 13.4% (36). This difference may be partially explained by the fact that for 
diagnosing clinical HT, abnormally elevated TSH, low thyroid hormones (34,35) and the 
confirmatory presence of thyroid autoantibodies are usually accounted for. 
The most common clinical manifestations are goiter and hypothyroidism related findings. 
The goiter may appear insidiously and may be small or large. In most patients, the thyroid is 
diffusely enlarged, firm, and nontender. In about 30% of patients, the gland is lobular and 
may seem to be nodular (37). Most of the affected children are clinically euthyroid and 
asymptomatic; some may have symptoms of pressure in the neck. Some children have 
clinical signs of hypothyroidism, but others who appear clinically euthyroid have laboratory 
evidence of hypothyroidism. A few children have manifestations suggestive of 
hyperthyroidism, such as nervousness, irritability, increased sweating, and hyperactivity, 
but results of laboratory studies are not necessarily those of hyperthyroidism (37). In one 
study from iodine replete area with 140 patients with HT, the most common complaint was 
goiter (55%). Upon admission, 18.6% of patients had complaints related to hypothyroidism 
(7.4% growth retardation, 4.9% weight gain and 6.3% other complaints related to 
hypothyroidism). Eighteen patients (11.1%) were diagnosed incidentally upon detection of 
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goiter during routine examination (38). Staii et al. reviewed 761 patients for which 
ultrasound guided thyroid fine needle aspiration biopsy were performed for nodule. The 
HT cohort consisted of 102 (13.4%) patients (659 out of 761 did not have cytological 
Hashimoto’s diagnosis) for which 46 (6%) were identified as having clinical disease (i.e. 
diagnosed hypothyroid on thyroid hormone replacement and with cytological Hashimoto’s 
diagnosis), 9 (1.2%) as having subclinic hypothyroidism and 47 (6.2%) as having euthyroid 
autoimmunity (36). Occasionally, the disorder may coexist with Graves’s disease. 
Ophthalmopathy may occur in lymphocytic thyroiditis in the absence of Graves’s disease. 
Hashimoto’s encephalopathy is a rare condition and the estimation of incidence and 
prevalence is difficult. One prospective study examining cases of unexplained 
encephalopathy that had detectable antithyroid antibodies, estimated a prevalence of 
2.1/100 000 subjects (39). Adequate information is not available about the frequency of 
Hashimoto’s encephalopathy in children (40). The clinical picture of a relapsing and 
remitting encephalopathy in a female characterised by seizures, stroke-like episodes, 
neurological signs such as myoclonus and tremor, cognitive disturbance and hallucinations, 
and other psychotic symptoms is highly suggestive of Hashimoto’s encephalopathy (41). 
Normal routine investigations, nonspecific neuroimaging and CSF findings (apart from 
elevated protein), and encephalopathic EEG can be supportive of the diagnosis. Thyroid 
hormone studies are not helpful, but may identify subclinical thyroid dysfunction (41). 
Detection of antithyroid (in particular anti-TPO) antibodies confirms the diagnosis. As anti-
TPO antibodies are detected in as many as 10 % of the general population, (42) high titres 
(usually over 100-fold normal (43)) of these antibodies in conjunction with the clinical 
features of Hashimoto’s encephalopathy are necessary before a diagnosis can be made. 
Thyroid antibody levels should be measured even in the setting of normal thyroid function 
and the diagnosis of Hashimoto encephalopathy has to be considered in patients with Down 
syndrome who present with rapid cognitive decline, particularly in association with 
myoclonus and an abnormal EEG result (44). Corticosteroid responsiveness can also support 
the diagnosis (45). 

9. Related disorders 
HT may be the initial presentation of an autoimmune polyglandular syndrome, and the 
possibility of coexisting autoimmune diseases such as type I diabetes, celiac disease, 
Addison’s disease, and pernicious anemia must be addressed by the past medical history 
(46). In a study performed on 268 children with type I diabetes mellitus, the percentage of 
those who presented with circulating thyroperoxidase and Tg antibodies was signicantly 
higher than those with celiac disease (47). In another study performed in Bratislava, 40-50% 
of patients with different types of diabetes had autoimmune thyroiditis (48). The incidence 
of histologic ndings of autoimmune thyroid disease in diabetic patients increases with age 
(49). Several other studies have conrmed the coincidence of autoimmune thyroiditis and 
latent or overt diabetes (50) and relatives of patients with type I diabetes have an increased 
incidence of HT (51). In a recent study, genetic susceptibility between autoimmune 
thyroiditis and diabetes was investigated among 448 individuals. Three loci in 
chromosomes 2q, 6p and Xp were identied (52). 
Hashimoto’s thyroiditis sometimes may be associated with connective tissue, cutaneous, 
hematologic (pernicious anemia, idiopathic thrombocytopenic purpura), gastrointestinal 
(autoimmune liver disease, celiac disease), genetic (autoimmune polyglandular syndrome 
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and brain development. It is important, therefore, to be aware of environmental triggers of 
HT and to monitor thyroid functions closely in susceptible women during pregnancy 
(15,23). 

7. Pathogenesis 
The activation of CD4 T-lymphocytes specic for thyroid antigens is believed to be the rst 
step in pathogenesis. Once activated, self-reactive CD4 T cells recruit cytotoxic CD8 T cells 
as well as autoreactive B cells into the thyroid. T cells play a crucial role in disease 
pathogenesis by reacting with thyroid antigens and secreting inflammatory cytokines. 
Besides the others, mutations in the Tg gene and CTLA-4 are associated with HT (31,32). 
The three main targets of thyroid antibodies are Tg, TPO, and the TSH receptor. It is 
believed that these autoantibodies are secondary to thyroid follicular cell damage induced 
by T cells Anti-TPO antibodies have been shown to inhibit the activity of the enzyme in 
vitro, but direct cytotoxicity by CD8 T cells is believed to be the main mechanism of 
hypothyroidism in vivo. Thyroid peroxidase is the major autoantigen and autoantibodies to 
TPO are closely associated with disease activity. Although this has not been proven in 
children Anti-TSH receptor antibodies of the blocking type may contribute to 
hypothyroidism in a minority of adult patients with the atrophic form of autoimmune 
thyroiditis. Histologically, HT is characterized by diffuse lymphocytic inltration with 
occasional germinal centers. Thyroid follicles may be reduced in size and contain sparse 
colloid. Individual thyroid cells are often enlarged with oxyphilic cytoplasm. In contrast, the 
gland of atrophic autoimmune thyroiditis is small, with lymphocytic inltration and brous 
replacement of the parenchyma (5). 

8. Clinical manifestation 
Hashimoto’s thyroiditis is one of the most common organ specic autoimmune diseases 
(33). Weetman (34) reported clinical HT prevalence rate at 1 in 182 or 0.55% in the US. In the 
UK, Tunbridge et al (35) reported an overall HT prevalence of 0.8%. However, diagnosis 
based fine needle aspiration biopsy study; the cytology of HT seems to be much more 
prevalent, at 13.4% (36). This difference may be partially explained by the fact that for 
diagnosing clinical HT, abnormally elevated TSH, low thyroid hormones (34,35) and the 
confirmatory presence of thyroid autoantibodies are usually accounted for. 
The most common clinical manifestations are goiter and hypothyroidism related findings. 
The goiter may appear insidiously and may be small or large. In most patients, the thyroid is 
diffusely enlarged, firm, and nontender. In about 30% of patients, the gland is lobular and 
may seem to be nodular (37). Most of the affected children are clinically euthyroid and 
asymptomatic; some may have symptoms of pressure in the neck. Some children have 
clinical signs of hypothyroidism, but others who appear clinically euthyroid have laboratory 
evidence of hypothyroidism. A few children have manifestations suggestive of 
hyperthyroidism, such as nervousness, irritability, increased sweating, and hyperactivity, 
but results of laboratory studies are not necessarily those of hyperthyroidism (37). In one 
study from iodine replete area with 140 patients with HT, the most common complaint was 
goiter (55%). Upon admission, 18.6% of patients had complaints related to hypothyroidism 
(7.4% growth retardation, 4.9% weight gain and 6.3% other complaints related to 
hypothyroidism). Eighteen patients (11.1%) were diagnosed incidentally upon detection of 
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goiter during routine examination (38). Staii et al. reviewed 761 patients for which 
ultrasound guided thyroid fine needle aspiration biopsy were performed for nodule. The 
HT cohort consisted of 102 (13.4%) patients (659 out of 761 did not have cytological 
Hashimoto’s diagnosis) for which 46 (6%) were identified as having clinical disease (i.e. 
diagnosed hypothyroid on thyroid hormone replacement and with cytological Hashimoto’s 
diagnosis), 9 (1.2%) as having subclinic hypothyroidism and 47 (6.2%) as having euthyroid 
autoimmunity (36). Occasionally, the disorder may coexist with Graves’s disease. 
Ophthalmopathy may occur in lymphocytic thyroiditis in the absence of Graves’s disease. 
Hashimoto’s encephalopathy is a rare condition and the estimation of incidence and 
prevalence is difficult. One prospective study examining cases of unexplained 
encephalopathy that had detectable antithyroid antibodies, estimated a prevalence of 
2.1/100 000 subjects (39). Adequate information is not available about the frequency of 
Hashimoto’s encephalopathy in children (40). The clinical picture of a relapsing and 
remitting encephalopathy in a female characterised by seizures, stroke-like episodes, 
neurological signs such as myoclonus and tremor, cognitive disturbance and hallucinations, 
and other psychotic symptoms is highly suggestive of Hashimoto’s encephalopathy (41). 
Normal routine investigations, nonspecific neuroimaging and CSF findings (apart from 
elevated protein), and encephalopathic EEG can be supportive of the diagnosis. Thyroid 
hormone studies are not helpful, but may identify subclinical thyroid dysfunction (41). 
Detection of antithyroid (in particular anti-TPO) antibodies confirms the diagnosis. As anti-
TPO antibodies are detected in as many as 10 % of the general population, (42) high titres 
(usually over 100-fold normal (43)) of these antibodies in conjunction with the clinical 
features of Hashimoto’s encephalopathy are necessary before a diagnosis can be made. 
Thyroid antibody levels should be measured even in the setting of normal thyroid function 
and the diagnosis of Hashimoto encephalopathy has to be considered in patients with Down 
syndrome who present with rapid cognitive decline, particularly in association with 
myoclonus and an abnormal EEG result (44). Corticosteroid responsiveness can also support 
the diagnosis (45). 

9. Related disorders 
HT may be the initial presentation of an autoimmune polyglandular syndrome, and the 
possibility of coexisting autoimmune diseases such as type I diabetes, celiac disease, 
Addison’s disease, and pernicious anemia must be addressed by the past medical history 
(46). In a study performed on 268 children with type I diabetes mellitus, the percentage of 
those who presented with circulating thyroperoxidase and Tg antibodies was signicantly 
higher than those with celiac disease (47). In another study performed in Bratislava, 40-50% 
of patients with different types of diabetes had autoimmune thyroiditis (48). The incidence 
of histologic ndings of autoimmune thyroid disease in diabetic patients increases with age 
(49). Several other studies have conrmed the coincidence of autoimmune thyroiditis and 
latent or overt diabetes (50) and relatives of patients with type I diabetes have an increased 
incidence of HT (51). In a recent study, genetic susceptibility between autoimmune 
thyroiditis and diabetes was investigated among 448 individuals. Three loci in 
chromosomes 2q, 6p and Xp were identied (52). 
Hashimoto’s thyroiditis sometimes may be associated with connective tissue, cutaneous, 
hematologic (pernicious anemia, idiopathic thrombocytopenic purpura), gastrointestinal 
(autoimmune liver disease, celiac disease), genetic (autoimmune polyglandular syndrome 
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type II/III, ovarian failure, Down syndrome, Klinefelter’s syndrome, Turner’s syndrome), 
infectious (Hepatitis C infection), neurologic (Miller Fisher syndrome, Guillain-Barre´ 
syndrome, multiple sclerosis, myasthenia gravis) and renal diseases (minimal change 
glomerular disease) (53). 
The coexistence of papillary thyroid carcinoma and HT is not known exactly, but it is 
reported to range from 10% to 58% in various studies (54,55). The prevalence of HT in 
patients with papillary thyroid carcinoma has been reported to be signicantly higher than 
with benign thyroid tumours (56). Patients with HT are suggested to be at higher risk for 
papillary thyroid carcinoma compared with patients without HT (57) 

10. Laboratory findings 
Although the level of TSH may be slightly or even moderately raised in some individual’s 
thyroid function tests are often normal, termed subclinical hypothyroidisms (37). In a study 
from iodine-replete area, twenty-four patients (21%) were euthyroid, 48 (42%) had 
compensated hypothyroidism, and 42 (37%) had hypothyroidism (including two patients 
with transient hyperthyroidism reversed to hypothyroidism within weeks). There was no 
difference in clinical symptoms of hypothyroidism by thyroid status, except for a higher rate 
of constipation in the hypothyroid group (38). The fact that many children with lymphocytic 
thyroiditis do not have elevated levels of TSH indicates that the goiter may be caused by the 
lymphocytic infiltrations or by thyroid growth-stimulating immunoglobulins. 
In normal individuals, positive anti-TPO were detected in 13.0 ± 0.4%, and positive Anti-Tg 
was detected in 11.5 ± 0.5%. The prevalence of positive antibodies was lower in the disease-
free population: Anti-TPO, 11.3 ± 0.4% and Anti-Tg, 10.4 ± 0.5%. The prevalence of positive 
Anti-TPO and positive Anti-Tg in the total and disease-free population was higher in 
females than males (P< 0.001) and increased with age, especially among females. 
Approximately 18% of the disease-free population had detectable Anti-Tg or Anti-TPO of 
those with positive Anti-Tg, 69.9% also had positive Anti-TPO; and of those with positive 
Anti-TPO, 54.5% also had positive Anti-Tg. Anti-TPO was positive alone in 4.4%, and Anti-
Tg was positive alone in 3.4%. Anti-TPO and Anti-Tg were detected together in 6.9% (59). 
Almost all young children with HT have serum antibody titres to TPO, but the anti-Tg test 
for thyroid antibodies is positive in fewer than 50%. Antibodies to TPO and Tg are found 
equally in adolescents with HT. When both tests are used, approximately 95% of patients 
with thyroid autoimmunity are detected. Levels in children and adolescents are lower than 
those in adults with HT, and repeated measurements are indicated in questionable instances 
because titres may increase later in the course of the disease (37). Results about decreasing 
Anti-TPO under LT4 treatment have been found variable with 10% and 90% after a follow-
up of 6 to 24 months (60,61). Decreasing Anti-TPO under LT4 treatment appears to depend 
on time, a 45 % decrease after 1 year and a 70% decrease after 5 years (62). 

11. Imaging 
Thyroid ultrasonography is a useful tool to support the diagnosis, and classical sonographic 
findings are present in 20-95% of affected individuals (63). Furthermore, their presence is 
related to subclinical hypothyroidism and levels of thyroid autoantibodies (64,65), and 
ultrasonography has been used for the follow-up of patients (66). Thyroid ultrasonography 
is usually heterogeneous because of fibrosis and hypoechogenic areas, it is not necessary for 
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diagnosis but it is recommended  to conrm the presence of a thyroid nodule, solitary or 
multiple nodule can be detected both hypothyroid or euthyroid patients. During disease 
progression, reduced echo levels develop gradually, reflecting either reduction of colloid 
content and increased intrathyroidal blood flow or lymphocytic tissue infiltration, which 
induces diffuse fibrosis (64). The appearance of thyroid gland on ultrasonography may be 
normal at diagnosis, but characteristic changes evolve over time. Vlachopapadopoulou et al. 
studied 105 children, the time needed for 30%, 50%, and 70% of children to demonstrate an 
abnormal thyroid sonographic pattern has been detected 4, 7, and 14 months, respectively. 
Important factors accelerating sonographic changes have been demonstrated as goiter, 
hypothyroidism, and seropositivity for both anti-TPO and anti-Tg autoantibodies (67). 

12. Diagnosis 
Hashimoto’s thyroiditis is diagnosed based on findings of seropositivity for Tg 
autoantibodies and/or TPO autoantibodies, accompanied by at least one of the following: 
abnormal thyroid function; enlarged thyroid gland; morphological changes on thyroid 
ultrasound. If anti-TPO antibodies are absent, less common etiologies of primary 
hypothyroidism should be considered for example transient hypothyroidism due to 
postsubacute thyroiditis, hypothyroidism related to external irradiation (69) and 
consumptive hypothyroidism due to the inactivation of thyroid hormone by the 
paraneoplastic expression of type III iodothyronine deiodinase, mostly in vascular tumors 
(70). 
The typical patient with hypothyroidism secondary to HT has an elevated TSH, a low fT4, 
and positive anti-TPO antibodies. In early stages of the disease, TSH may be normal and 
anti-TPO antibodies may be positive with or without goiter. Later, TSH elevation becomes 
modest (5-10 IU/mL) with a normal fT4 (biochemical or subclinical hypothyroidism). Up to 
90% of patients with hypothyroidism secondary to HT have positive anti-TPO antibody (46). 
If HT is suggested and thyroid autoantibodies are negative, they should be controlled later. 
It is possible to raise in follow-up. 

13. Treatment 
Most of these patients are asymptomatic, but studies in the adult population suggest that 
individuals with the combined risk factors of TSH level above the normal limit and positive 
thyroid antibodies (anti-Tg or anti-TPO) are at high risk for progression to overt 
hypothyroidism. For this reason, thyroid hormone replacement is recommended in all 
patients with TSH values >10 IU/mL or with TSH values >5 IU/mL in combination with 
goiter or thyroid autoantibodies (71). Levothyroxine is the replacement therapy of choice. 
There are almost no adverse reactions; its good intestinal absorption and its long half life of 
5-7 days allow oral administration once a day. Although very rare, the development of 
pseudotumor cerebri associated with the initiation of LT4 has been described in a few 
school-age children (72). Alternatively, a starting dose can be estimated based upon the 
patient’s age and ideal body weight (73). The medication’s long half-life insures a gradual 
equilibration over the course of 5 – 6 weeks, and dosing should be individualized based on 
biochemical monitoring (73). TSH normalization (0.5-2 micro IU/mL) is the goal of 
replacement. This will usually be associated with an fT4 in the upper half of the normal 
range. Thyroid function tests should be obtained about 6-8 weeks after the beginning or next 
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type II/III, ovarian failure, Down syndrome, Klinefelter’s syndrome, Turner’s syndrome), 
infectious (Hepatitis C infection), neurologic (Miller Fisher syndrome, Guillain-Barre´ 
syndrome, multiple sclerosis, myasthenia gravis) and renal diseases (minimal change 
glomerular disease) (53). 
The coexistence of papillary thyroid carcinoma and HT is not known exactly, but it is 
reported to range from 10% to 58% in various studies (54,55). The prevalence of HT in 
patients with papillary thyroid carcinoma has been reported to be signicantly higher than 
with benign thyroid tumours (56). Patients with HT are suggested to be at higher risk for 
papillary thyroid carcinoma compared with patients without HT (57) 

10. Laboratory findings 
Although the level of TSH may be slightly or even moderately raised in some individual’s 
thyroid function tests are often normal, termed subclinical hypothyroidisms (37). In a study 
from iodine-replete area, twenty-four patients (21%) were euthyroid, 48 (42%) had 
compensated hypothyroidism, and 42 (37%) had hypothyroidism (including two patients 
with transient hyperthyroidism reversed to hypothyroidism within weeks). There was no 
difference in clinical symptoms of hypothyroidism by thyroid status, except for a higher rate 
of constipation in the hypothyroid group (38). The fact that many children with lymphocytic 
thyroiditis do not have elevated levels of TSH indicates that the goiter may be caused by the 
lymphocytic infiltrations or by thyroid growth-stimulating immunoglobulins. 
In normal individuals, positive anti-TPO were detected in 13.0 ± 0.4%, and positive Anti-Tg 
was detected in 11.5 ± 0.5%. The prevalence of positive antibodies was lower in the disease-
free population: Anti-TPO, 11.3 ± 0.4% and Anti-Tg, 10.4 ± 0.5%. The prevalence of positive 
Anti-TPO and positive Anti-Tg in the total and disease-free population was higher in 
females than males (P< 0.001) and increased with age, especially among females. 
Approximately 18% of the disease-free population had detectable Anti-Tg or Anti-TPO of 
those with positive Anti-Tg, 69.9% also had positive Anti-TPO; and of those with positive 
Anti-TPO, 54.5% also had positive Anti-Tg. Anti-TPO was positive alone in 4.4%, and Anti-
Tg was positive alone in 3.4%. Anti-TPO and Anti-Tg were detected together in 6.9% (59). 
Almost all young children with HT have serum antibody titres to TPO, but the anti-Tg test 
for thyroid antibodies is positive in fewer than 50%. Antibodies to TPO and Tg are found 
equally in adolescents with HT. When both tests are used, approximately 95% of patients 
with thyroid autoimmunity are detected. Levels in children and adolescents are lower than 
those in adults with HT, and repeated measurements are indicated in questionable instances 
because titres may increase later in the course of the disease (37). Results about decreasing 
Anti-TPO under LT4 treatment have been found variable with 10% and 90% after a follow-
up of 6 to 24 months (60,61). Decreasing Anti-TPO under LT4 treatment appears to depend 
on time, a 45 % decrease after 1 year and a 70% decrease after 5 years (62). 

11. Imaging 
Thyroid ultrasonography is a useful tool to support the diagnosis, and classical sonographic 
findings are present in 20-95% of affected individuals (63). Furthermore, their presence is 
related to subclinical hypothyroidism and levels of thyroid autoantibodies (64,65), and 
ultrasonography has been used for the follow-up of patients (66). Thyroid ultrasonography 
is usually heterogeneous because of fibrosis and hypoechogenic areas, it is not necessary for 
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diagnosis but it is recommended  to conrm the presence of a thyroid nodule, solitary or 
multiple nodule can be detected both hypothyroid or euthyroid patients. During disease 
progression, reduced echo levels develop gradually, reflecting either reduction of colloid 
content and increased intrathyroidal blood flow or lymphocytic tissue infiltration, which 
induces diffuse fibrosis (64). The appearance of thyroid gland on ultrasonography may be 
normal at diagnosis, but characteristic changes evolve over time. Vlachopapadopoulou et al. 
studied 105 children, the time needed for 30%, 50%, and 70% of children to demonstrate an 
abnormal thyroid sonographic pattern has been detected 4, 7, and 14 months, respectively. 
Important factors accelerating sonographic changes have been demonstrated as goiter, 
hypothyroidism, and seropositivity for both anti-TPO and anti-Tg autoantibodies (67). 

12. Diagnosis 
Hashimoto’s thyroiditis is diagnosed based on findings of seropositivity for Tg 
autoantibodies and/or TPO autoantibodies, accompanied by at least one of the following: 
abnormal thyroid function; enlarged thyroid gland; morphological changes on thyroid 
ultrasound. If anti-TPO antibodies are absent, less common etiologies of primary 
hypothyroidism should be considered for example transient hypothyroidism due to 
postsubacute thyroiditis, hypothyroidism related to external irradiation (69) and 
consumptive hypothyroidism due to the inactivation of thyroid hormone by the 
paraneoplastic expression of type III iodothyronine deiodinase, mostly in vascular tumors 
(70). 
The typical patient with hypothyroidism secondary to HT has an elevated TSH, a low fT4, 
and positive anti-TPO antibodies. In early stages of the disease, TSH may be normal and 
anti-TPO antibodies may be positive with or without goiter. Later, TSH elevation becomes 
modest (5-10 IU/mL) with a normal fT4 (biochemical or subclinical hypothyroidism). Up to 
90% of patients with hypothyroidism secondary to HT have positive anti-TPO antibody (46). 
If HT is suggested and thyroid autoantibodies are negative, they should be controlled later. 
It is possible to raise in follow-up. 

13. Treatment 
Most of these patients are asymptomatic, but studies in the adult population suggest that 
individuals with the combined risk factors of TSH level above the normal limit and positive 
thyroid antibodies (anti-Tg or anti-TPO) are at high risk for progression to overt 
hypothyroidism. For this reason, thyroid hormone replacement is recommended in all 
patients with TSH values >10 IU/mL or with TSH values >5 IU/mL in combination with 
goiter or thyroid autoantibodies (71). Levothyroxine is the replacement therapy of choice. 
There are almost no adverse reactions; its good intestinal absorption and its long half life of 
5-7 days allow oral administration once a day. Although very rare, the development of 
pseudotumor cerebri associated with the initiation of LT4 has been described in a few 
school-age children (72). Alternatively, a starting dose can be estimated based upon the 
patient’s age and ideal body weight (73). The medication’s long half-life insures a gradual 
equilibration over the course of 5 – 6 weeks, and dosing should be individualized based on 
biochemical monitoring (73). TSH normalization (0.5-2 micro IU/mL) is the goal of 
replacement. This will usually be associated with an fT4 in the upper half of the normal 
range. Thyroid function tests should be obtained about 6-8 weeks after the beginning or next 
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adjustment of the LT4 dosage. Very high TSH levels at diagnosis can be associated with 
thyrotroph hypertrophy and gradual suppression over the rst year of treatment (74,75). 
Once biochemical euthyroidism has been achieved, TSH can be monitored every 4-6 months 
in the growing child and yearly up to the attainment of nal height. If poor compliance is 
suspected as the cause of treatment failure, fT4 should be measured. 
Levothyroxine should be administered at least 20 min, before eating or ingestion of any 
medication known to impair its absorption, such as calcium and iron supplements, 
sucralfate, potassium-binding resins, antacids containing aluminium, and bile-acids binding 
resins. All other medications should be checked for interactions, particularly with 
antidepressants and seizure medications. 
Growth and sexual development should be followed systematically as in any pediatric 
patient. Parents of children with HT should be advised that the hypothyroidism is likely to 
be permanent and monitoring of thyroid function for all patients should be life long. The 
prognosis for recovering lost linear growth depends on the duration of the hypothyroidism 
as well as the age at which treatment is started. If hypothyroidism is long-standing, thyroid 
replacement will not recover all lost stature. Similarly, if the diagnosis is made around 
puberty, there may be limited time for recovering the growth spurt before attaining nal 
height. If the onset of childhood hypothyroidism occurs after age 3 years, no permanent 
intellectual damage or neurologic decit is probable. 
Surgical therapy for HT most commonly is recommended in case of malignancy or for relief 
of compressive symptoms in patients who develop a nodular or diffuse goiter. Patients may 
have an associated rm nodule in the thyroid gland and the thyroid gland may be adherent 
to adjacent structures with associated enlarged lymph nodes, mimicking thyroid cancer. 
Large goiter with HT can cause local compressive symptoms such as dysphagia, coughing 
or choking spells, dyspnea, and hoarseness that may require surgery for relief of 
compression (76). Thirty-two (15%) of 216 patients with HT were referred with thyroid 
enlargement and compressive symptoms; 25 (78%) had an associated nodule and 12 (38%) 
had retrosternal extension. Symptom resolution occurred in 30 (94%) and improvement 
occurred in 2 (6%) patients after total thyroidectomy in 21 (66%) and thyroid lobectomy in 
11 (34%) patients. The only complication was transient hypocalcemia in 12 (38%) patients. 
One patient had an incidental thyroid lymphoma (77). 

14. Follow-up 
Although a percentage of patients acquire hypothyroidism gradually within months or 
years, most children who are euthyroid at presentation remain euthyroid. Over several 
years, about half of children with subclinical hypothyroidism revert to euthyroidism, while 
the other half develops overt hypothyroidism. In a multicentre study Radetti et al. 
investigated the outcome of euthyroid children with HT and showed that 64.8% of them 
remained euthyroid, 9.5% progressed to subclinical hypothyroidism and 25.7% to overt 
hypothyroidism after 5 years (78). 
Few studies have examined the spontaneous evolution of the disease (80,81). A recent Italian 
retrospective study described the outcome of 160 children affected with HT followed for up 
to 32.6 years in 20 pediatric endocrine clinics (78). In compatible with other reports (80,81), 
TSH concentrations have showed large uctuations overtime. The presence of associated 
diseases has not worsened the prognosis, because at the end of the follow-up no difference 
has been found in the frequency of abnormally elevated TSH between the groups with or 
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without associated diseases. In agreement with previous ndings in children (82,83) and in 
contrast with adults (84), the TSH level at baseline was not a useful marker to predict 
disease evolution. Both thyroid antibodies were signicantly higher at the last visit in the 
group with deteriorating thyroid function; however, whereas anti-Tg antibodies were 
already higher at baseline, anti-TPO antibodies increased progressively with time. This 
nding suggests that anti-TPO antibodies might represent a marker of deteriorating thyroid 
function, in agreement with a previous report showing a good correlation between anti-TPO 
antibodies levels and lymphocytic inltration of the gland (85). The evaluation of patients, 
according to their nal outcome, revealed that subjects with deteriorating thyroid function 
had signicantly higher anti-Tg antibodies, TSH concentrations, and greater thyroid volume 
at presentation. Nonetheless, these ndings were not helpful in individual patients. On the 
other hand, it should be remarked that at 5 years of followup, more than 50% of the patients 
remained or became euthyroid. Ikemoto investigated 199 adult patients with HT and 
reported a recovery rate from hypothyroidism of 40% within 10.5 years of follow-up. In the 
same study elevated titres for thyroid autoantibody, age above 50 years and the presence of 
a stony-hard goitre were the best predictive factors for permanent hypothyroidism (86). In 
children the presense of predictive factors for permanent hypothyroidism are controversial. 
In the current study, initial TSH levels and thyroid volume at presentation, duration of 
levothyroxine therapy and anti-TPO Ab titre were not predictive for permanent 
hypothyroidism (79). Previously it was shown that iodine supplementation is associated 
with increased incidence of HT (87,88). In addition, it has been suggested that patients with 
HT are prone to develop hypothyroidism following iodine administration. Daily iodine 
supplementation over 1 mg has been shown to potentially contribute to underlying thyroid 
pathology in those with HT or Graves’ disease. Exacerbation of nodularities in euthyroid 
individuals may occur if daily intake exceeds 20 mg iodine or iodide (89,90). 
It is usually offered a trial of LT4 therapy to adolescents, after the completion of growth and 
puberty. Thyroid function is retested 6–8 weeks after the stop of medication, to determine if 
hypothyroidism is permanent and potentially restart therapy. 
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adjustment of the LT4 dosage. Very high TSH levels at diagnosis can be associated with 
thyrotroph hypertrophy and gradual suppression over the rst year of treatment (74,75). 
Once biochemical euthyroidism has been achieved, TSH can be monitored every 4-6 months 
in the growing child and yearly up to the attainment of nal height. If poor compliance is 
suspected as the cause of treatment failure, fT4 should be measured. 
Levothyroxine should be administered at least 20 min, before eating or ingestion of any 
medication known to impair its absorption, such as calcium and iron supplements, 
sucralfate, potassium-binding resins, antacids containing aluminium, and bile-acids binding 
resins. All other medications should be checked for interactions, particularly with 
antidepressants and seizure medications. 
Growth and sexual development should be followed systematically as in any pediatric 
patient. Parents of children with HT should be advised that the hypothyroidism is likely to 
be permanent and monitoring of thyroid function for all patients should be life long. The 
prognosis for recovering lost linear growth depends on the duration of the hypothyroidism 
as well as the age at which treatment is started. If hypothyroidism is long-standing, thyroid 
replacement will not recover all lost stature. Similarly, if the diagnosis is made around 
puberty, there may be limited time for recovering the growth spurt before attaining nal 
height. If the onset of childhood hypothyroidism occurs after age 3 years, no permanent 
intellectual damage or neurologic decit is probable. 
Surgical therapy for HT most commonly is recommended in case of malignancy or for relief 
of compressive symptoms in patients who develop a nodular or diffuse goiter. Patients may 
have an associated rm nodule in the thyroid gland and the thyroid gland may be adherent 
to adjacent structures with associated enlarged lymph nodes, mimicking thyroid cancer. 
Large goiter with HT can cause local compressive symptoms such as dysphagia, coughing 
or choking spells, dyspnea, and hoarseness that may require surgery for relief of 
compression (76). Thirty-two (15%) of 216 patients with HT were referred with thyroid 
enlargement and compressive symptoms; 25 (78%) had an associated nodule and 12 (38%) 
had retrosternal extension. Symptom resolution occurred in 30 (94%) and improvement 
occurred in 2 (6%) patients after total thyroidectomy in 21 (66%) and thyroid lobectomy in 
11 (34%) patients. The only complication was transient hypocalcemia in 12 (38%) patients. 
One patient had an incidental thyroid lymphoma (77). 

14. Follow-up 
Although a percentage of patients acquire hypothyroidism gradually within months or 
years, most children who are euthyroid at presentation remain euthyroid. Over several 
years, about half of children with subclinical hypothyroidism revert to euthyroidism, while 
the other half develops overt hypothyroidism. In a multicentre study Radetti et al. 
investigated the outcome of euthyroid children with HT and showed that 64.8% of them 
remained euthyroid, 9.5% progressed to subclinical hypothyroidism and 25.7% to overt 
hypothyroidism after 5 years (78). 
Few studies have examined the spontaneous evolution of the disease (80,81). A recent Italian 
retrospective study described the outcome of 160 children affected with HT followed for up 
to 32.6 years in 20 pediatric endocrine clinics (78). In compatible with other reports (80,81), 
TSH concentrations have showed large uctuations overtime. The presence of associated 
diseases has not worsened the prognosis, because at the end of the follow-up no difference 
has been found in the frequency of abnormally elevated TSH between the groups with or 
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without associated diseases. In agreement with previous ndings in children (82,83) and in 
contrast with adults (84), the TSH level at baseline was not a useful marker to predict 
disease evolution. Both thyroid antibodies were signicantly higher at the last visit in the 
group with deteriorating thyroid function; however, whereas anti-Tg antibodies were 
already higher at baseline, anti-TPO antibodies increased progressively with time. This 
nding suggests that anti-TPO antibodies might represent a marker of deteriorating thyroid 
function, in agreement with a previous report showing a good correlation between anti-TPO 
antibodies levels and lymphocytic inltration of the gland (85). The evaluation of patients, 
according to their nal outcome, revealed that subjects with deteriorating thyroid function 
had signicantly higher anti-Tg antibodies, TSH concentrations, and greater thyroid volume 
at presentation. Nonetheless, these ndings were not helpful in individual patients. On the 
other hand, it should be remarked that at 5 years of followup, more than 50% of the patients 
remained or became euthyroid. Ikemoto investigated 199 adult patients with HT and 
reported a recovery rate from hypothyroidism of 40% within 10.5 years of follow-up. In the 
same study elevated titres for thyroid autoantibody, age above 50 years and the presence of 
a stony-hard goitre were the best predictive factors for permanent hypothyroidism (86). In 
children the presense of predictive factors for permanent hypothyroidism are controversial. 
In the current study, initial TSH levels and thyroid volume at presentation, duration of 
levothyroxine therapy and anti-TPO Ab titre were not predictive for permanent 
hypothyroidism (79). Previously it was shown that iodine supplementation is associated 
with increased incidence of HT (87,88). In addition, it has been suggested that patients with 
HT are prone to develop hypothyroidism following iodine administration. Daily iodine 
supplementation over 1 mg has been shown to potentially contribute to underlying thyroid 
pathology in those with HT or Graves’ disease. Exacerbation of nodularities in euthyroid 
individuals may occur if daily intake exceeds 20 mg iodine or iodide (89,90). 
It is usually offered a trial of LT4 therapy to adolescents, after the completion of growth and 
puberty. Thyroid function is retested 6–8 weeks after the stop of medication, to determine if 
hypothyroidism is permanent and potentially restart therapy. 
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1. Introduction 
Sjogren’s syndrome (SS) is a chronic autoimmune disease characterized by the lymphocytic 
infiltration of exocrine glands, mainly the salivary and lachrymal glands entailing the 
classical sicca syndrome of xerostomia (Sjögren, 1933) and xeropthalmia. Lymphocytic 
infiltration of other organs results in systemic manifestations. SS is classified as either 
primary (pSS), when occurring alone, or secondary (sSS), when occurring in addition to 
other autoimmune diseases such as rheumatoid arthritis, systemic lupus erythematosus or 
myositis. As one of the most frequent autoimmune disease, affecting approximately 0.5% of 
the world population, SS is often associated with other diseases such as Hashimoto 
thyroiditis, coeliac disease, Biermer’s disease or systemic sclerosis. SS evolves as a slow, 
insidious disease affecting predominantly middle-aged women (female to male ratio of 9:1), 
SS lies at the cross roads of autoimmune diseases characterized by both cellular and 
humoral abnormalities. The disease typically affects middle-aged women around their 
fourth and fifth decades with extremes ranging from to 2 to 83 years.  The morbidity of 
patients suffering from SS is incapacitating ranging from severe fatigue to evolving 
arthralgia. Even if the patients suffering from SS have a mortality rate comparable to the 
general population, they present an increased risk of developing lymphoma. The diagnosis 
of SS is based upon defined criteria according to the American-European consensus 
encompassing subjective and objective clinical signs and symptoms as well as 
immunological alterations. The pathogenesis of SS is complex and involves many 
components taking part in the autoimmune destruction of exocrine glands: pro-
inflammatory cytokines secretion, apoptosis, matrix metalloproteases upregulation, 
autoantibody formation, as well as T and B cell proliferation. In SS, the classical histological 
findings in exocrine glands comprise focal inflammatory infiltrates, cell destruction and 
fibrosis in later stages of the disease. So far, SS treatment has been mainly symptomatic, 
consisting in relieving the clinical signs. However, recent pathophysiological findings have 
led to the development of new treatments. 

2. Diagnostic criteria 
The diagnosis of SS is currently essentially based on the American-European criteria. These 
criteria, 6 in total, include 2 subjective and 4 objective criteria. The subjective criteria are 
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ocular and oral symptoms, while the objective criteria are ocular signs, histopathology, 
salivary gland involvement, and autoantibodies. Experts have recommended making the 
diagnosis of SS when 4 of the 6 criteria are present, as long as histopathology or serology is 
positive, or when 3 of any of the 4 objective criteria are present (Vitali et al., 2002).  
It necessary to bear in mind that the most frequent symptoms of SS include the triad of 
fatigue, polyarthralgia and sicca symptoms, which are often commonly found in the general 
population and aging population. Many drugs have anti-cholinergic properties, which 
complicate the diagnostic process of SS. Exclusion criteria for the diagnosis of SS include the 
presence of hepatitis C and HIV viruses, sarcoidosis, prior cervical radiation, lymphoma, 
graft versus host disease and the use of anti-cholinergic drugs (Vitali et al., 2002). 

2.1 Ocular symptoms 
Ocular symptoms are taken into consideration when patients complain about troublesome 
dry eyes, recurrent sensation of sand or gravel in the eye, or the use of tear substituent.  

2.2 Oral symptoms 
Oral symptoms are considered pertinent when patients experience daily feeling of dry 
mouth, recurrent or persistent swollen salivary glands, or frequent drinking to facilitate dry 
food swallowing. 

2.3 Ocular signs 
Evidence of ocular involvement relies on positive Schirmer’s test (<5mm/min) or positive 
ocular dye score (score > 4 according to the van Bijsterveld score; Van Bijsterveld, 1969).  

2.4 Histopathology 
A histological sign is considered positive when minor salivary gland biopsy show a focus 
score >1 (more than 50 lymphocytes per 4 mm2 of tissue).  

2.5 Salivary gland involvement 
Objective evidence of salivary gland involvement relies on low unstimulated saliva flow (< 
1.5ml/15 min), abnormal sialography, or altered salivary scintigraphy. 

2.6 Autoantibodies 
Serological signs are considered positive when the presence of antibodies to either Ro (SSA) 
or La (SSB) or both are detected in the serum.  

2.7 New diagnostic tools 
To prevent excessive prescriptions of exams for establishing diagnosis of SS, newer 
diagnostic tools have been validated. However, these tools have not yet been included in the 
American-European diagnosis criteria of SS. For example, ultrasonography of salivary 
glands might prove to be useful to detect anatomical changes in parotid and submandibular 
glands, with similar diagnostic ability to sialography. Detection of hypoechoic areas, 
echogenic streaks, cysts and irregular gland margins are highly suggestive of SS (Tagaki et 
al., 2010). Parotid MRI can also prove to be an adjunct diagnostic tool to detect heterogeneity 
in salivary glands and specific cystic lesions (Roberts et al., 2008). 
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3. Pathophysiology of SS 
The pathophysiology of SS is highly complex. Despite tremendous progress made to 
unearth the different mechanistic processes underlying the autoimmune abnormality, the 
etiology of the disease still remains to be discovered. It is actually held that in patients with 
predisposed genetic background, the combination of viral infections and/or environmental 
stress leads to epithelial cell activation and upregulation of toll-like receptors(TLR). 
Initiation of disease is favored by alterations of glandular architecture such as modification 
of extracellular matrix and cell-cell interactions (that may lead to gene expression 
reprogramming by epigenetic gene modifications triggered by mecanotransduction). 
Activation of innate immunity through TLR, leads to T cell activation and secretion of pro-
inflammatory cytokines. Moreover, following epithelial cell activation, there is an 
upregulation of pro-apoptotic molecules and autoantigen processing resulting in the 
formation of exosomes, activation of dendritic cells (secretion of IFN) and further 
activation of T cells. In advanced stages of the disease, following BAFF activation, B-cell 
proliferation, and aberrant lymphocyte homing favoring diseased gland destruction and the 
formation of germinal centers and ensuing lymphoma (Figure 1). 
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Fig. 1. Mechanisms underlying the pathogenesis of SS. Hormones, viral infections and 
environmental factors in appropriate genetic background are believed to trigger initial 
events in SS. Epithelial cells are activated resulting in T and B cell activation. T cells produce 
pro-inflammatory cytokines, which in turn perpetuates activation of epithelial cells, and 
stimulates B cell activation and proliferation resulting in aberrant lymphocyte homing, 
autoantibodies production, germinal ectopic centers and tissue destruction. Following 
epithelial cell activation, production of exosomes activates dendritic cells to produce type 1 
IFN and thus BAFF secretion. BAFF stimulates aberrant B-cell maturation resulting in the 
production of self-reactive B cells synthesising autoantibodies. BAFF: B-cell activating factor; 
DC: dendritic cells; IFN: interferon; Il-1: interleukin-1 ; TNF-: tumor necrosis factor . 
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autoantibodies production, germinal ectopic centers and tissue destruction. Following 
epithelial cell activation, production of exosomes activates dendritic cells to produce type 1 
IFN and thus BAFF secretion. BAFF stimulates aberrant B-cell maturation resulting in the 
production of self-reactive B cells synthesising autoantibodies. BAFF: B-cell activating factor; 
DC: dendritic cells; IFN: interferon; Il-1: interleukin-1 ; TNF-: tumor necrosis factor . 
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3.1 Environmental factors 
3.1.1 Viral infections 
Ebstein-barr, Human T Lymphotropic Virus-1 and hepatitis C have been proposed to be 
associated with SS. However, the link between these viral infections and SS remains weak 
(Pflugfelder et al., 1993; Green et al., 1989, Haddad et al., 1992; Iwakiri et al., 2009). 
Coxsackie virus was found to be increased in SS salivary glands, but these findings have 
been the subject of some controversies (Triantafyllopoulou et al., 2004, Gottenberg et al., 
2006a). Innate immunity is classically stimulated by infectious agents, which results in type I 
interferon production. Upon viral infection, the activation of the interferon pathway can be 
perpetuated by the formation of immune complexes containing viral RNA, thereby leading 
to plasmacytoid dendritic cell activation and production of interferon-. 

3.1.2 Stress 
Stress has been advocated as being a forerunner of SS, since pSS patients experienced a high 
degree of stress prior to the onset of disease (Karaiskos et al., 2009).  

3.2 Endocrine factors 
3.2.1 Sexual hormones 
The high female to male predominance of SS clearly delineates the role of hormones in the 
pathogenesis of SS. Estrogenic action is largely imputed in the high female predominance 
in several autoimmune diseases, including SS (Whitacre, 2001). Estrogens and androgens 
are thought to respectively contribute or protect to autoimmunity. Onset of SS generally 
occurs around menopause, when modification of the androgen-estrogen ratio occurs. 
Patients with SS have been shown to possess lower systemic concentrations of 
dehydroepiandrosterone (DHEA) than matched aged-controls (Valtysdottir et al., 2001). 
Furthermore, decreased salivary DHEA levels, reduced cystein-rich secretory protein 
(CRISP-3, a protein upregulated by DHEA) expression, alteration of CRISP-3 polarized 
expression in acini, altered and decreased conversion of DHEA, and abnormal expression 
of steroidogenesis enzymes were detected in SS patients (Laine et al., 2007, Porola et al., 
2008; Spaan et al., 2009). Women's local salivary gland dihydrotestosterone production is 
totally dependent on DHEA conversion, rendering them highly vulnerable to local 
androgen deficiency.  
Estrogens play a cardinal role in targeting salivary epithelial cell and stimulating 
apoptosis through a Fas-mediated mechanism (Ishimaru et al., 1999). Retinoblastoma-
associated protein 48 (RbAp48) induces tissue specific apoptosis in salivary glands 
depending on the level of estrogen deficiency (Ishimaru et al., 2008). More recently, the 
presence of functional estrogen receptors has been observed in salivary epithelial cells 
(Tsinti et al., 2009). In the latter study, estrogen was shown to block expression of ICAM-
1, an adhesion molecule displaying increased expression in salivary glands of SS patients. 
It may therefore be speculate that estrogen deficiency might lead to increased innate 
immunity. 
Prolactin, a pro-inflammatory hormone, stimulates estrogen activity and inhibits estrogen 
production, high level T cell proliferation, IL2 receptor expression, IFN- production and 
stimulation of antibody production (Taiym et al., 2004). Higher levels of prolactin are 
detected in SS patients, and may be involved with the production of autoantibodies 
involved in SS (Taiym et al., 2004). 
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3.3 Genetic factors  
3.3.1 Genetic variation 
Genetic predisposition is widely accepted as being an important etiological factor in many 
autoimmune diseases (Hewagama & Richardson, 2009). Several studies support the 
existence of predisposition to SS (Jonsson et al., 2007). Alleles within the major 
histocompatibility complex class II gene region, predominantly the HLA-DR and HLA-DQ 
(Loiseau et al., 2001), are implicated in the pathogenesis of SS. Susceptibility alleles in SS 
patients may also vary according to ethnic origin (Bolstad and Jonsson, 2005).  
An increasing body of evidence for the implication of other gene variants outside the HLA 
locus association is being put forth recently. Gene polymorphisms of IRF-5 and STAT-4 
genes, two transcription factors of pivotal importance in interferon pathway, have been 
associated with various autoimmune diseases (Martinez et al., 2008), as well as with SS 
(Miceli-Richard et al., 2007; Korman et al., 2008; Miceli-Richard et al., 2009; Nordmark et al., 
2009, Gestermann et al., 2010). The most significantly associated single nucleotide 
polymorphism (SNP) of the IRF5 gene was a 4 fold repetition, instead of three, of a sequence 
within the promoter region (Nordmark et al., 2009). An association between this 
polymorphism and high levels of IRF5 mRNA was demonstrated in PBMCs and in cultured 
salivary epithelial cells after viral infection (Miceli-Richard et al., 2009). STAT4 
polymorphism was also associated with SS (Nordmark et al., 2009; Korman et al., 2008; 
Gestermann et al., 2010; Palomino-Morales et al., 2010).  
MECP2 and IL2-IL21 polymorphisms have also been associated with SS (Cobb et al., 2010; 
Maiti et al., 2010).  Gene polymorphisms in IL-10, IL-6, IL-1 receptor antagonist, IL-4 
receptor , TNF-, IFN- and TGF-1 have also been associated with pSS (Cobb et al., 2008). 
PTPN22 (protein tyrosine phosphatase nonreceptor 22), primarily expressed in lymphoid 
tissues, has been suggested to have prominent roles in T-cell signaling. The 1858 T allele of 
PTPN22 has been shown to be a risk factor for SS in one Columbian study whilst other 
studies did not find any significant association with SS (Gomez et al., 2005; Ittah et al., 2005). 
PTEN, a tumour suppressor gene, displayed a rare mutations shown to be associated 
concomitantly with SS and Cowden disease (Raizis et al., 1998) and may be associated, in 
diseases, with the latter occurrence of non-Hodgkin lymphoma. 
Very recently, a large Swedish-Norwegian study has associated potentially muscarinic 
receptor-3 gene variant with SS (Appel et al., 2011). In this study, focus scores, abnormal 
Schimer's test and autoantibody presence were associated with muscarinic receptor-3 SNPs.  
Recent data have suggested an increased association between immune system genes and the 
pathogenesis of primary SS. Indeed, an increase in the copy number of 2 genes linked to 
immune regulation-FCGR3B and CCL3L1-that can confer susceptibility to SS (Mamtani et 
al., 2010). A similar study revealed, besides confirming association of STAT4 and 
IRF5/TNPO3, three new loci as being associated as well with SS. However, the SNPs 
studied were not associated with the presence of anti-SSA/anti-SSB antibodies; though they 
are all involved in B-cell differentiation and activation (Nordmark et al., 2011). 
Finally, in contrast one polymorphic variant, 168His of the minor histocompatibilty antigen 
HA-1, has been described as protective, lowering the risk of pSS (Harangi et al., 2005). 

3.3.2 Epigenetic control 
Epigenetic mechanisms are currently and increasingly being associated in disease processes, 
including autoimmune diseases such as rheumatoid arthritis, systemic lupus erythematosus, 
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systemic sclerosis and SS (Pan and Sawalha., 2009; Richardson, 2007; Hewagama & 
Richardson, 2009; Brooks et al., 2010). In salivary glands from SS patients undergoing 
extracellular matrix remodelling, mechanotransduction may convey organ structural 
modifications that will inturn affect epigenetic control of gene expression (Gonzalez et al., 
2011a). Indeed, the global DNA methylation of salivary glands from SS patients appears to 
be decreased, while specific genes appear to be hypermethylated (Gonzalez et al., 2011b).  
MicroRNAs (miRNA) are an emerging field of epigenetic gene expression control, with 
potential involvement in autoimmune diseases (Dai & Ahmed, 2011; Alevizos & Illei, 2010a). 
miRNAs are small (20-22 nucleotides RNAs), resulting from a complex cellular processing, 
leading to RNA sequestration or destruction. miRNAs 17 & 92 have been shown to be 
associated with SS (Alevizoz et al., 2011a). Another study showed that over-expression of 2 
miRNAs (miR-574 and miR-768-3p) participates to the epigenetic control of gene expression 
in salivary glands from SS patients (Alevizos et al., 2011b). These two micro-RNAs were 
associated with a high degree of inflammation and correlated with the histological focus 
score. As such, they could represent future biomarkers of inflammation in SS patients 
(Alevizos & Illei, 2010b, 2011). In animal model of SS, upregulation of miRNA 150 and 146 in 
PBMC and target tissue was observed (Lu et al., 2010). Furthermore, miR23A is highly 
expressed in salivary glands from SS patients and may regulate CUL3 expression (Gonzalez 
et al., 2011a).  

3.4 Immune system alterations 
The innate immune system plays a fundamental role in the pathogenesis of SS. Following 
viral infection, an increase in the expression of Toll-like receptors (TLR) has been shown in 
the salivary glands of SS patients. The functional TLR 2, 3, 4 as well as myeloid 
differentiation factor 88 (MYD88) are expressed in the labial salivary glands of SS patients 
(Kawakami et al., 2007). Following TLR activation in salivary glands, an increase in CD54 
(ICAM-1) expression and IL-6 production, as well as upregulation of CD54, MHC class I and 
CD40 have been observed (Spachidou et al., 2007). Upregulation of TLR3 in salivary glands 
of female new Zealand/WF1 female mice, in response to polyinosinic:polycytidylic acid (a 
TLR3 ligand) resulted in activation of cytokine pathways and severe loss of glandular 
function (Deshmukh et al., 2009). These data underline increased TLR signaling pathways in 
salivary glands of SS patients leading to production of proinflammatory cytokines, T cell 
activation and a T helper type 1 driven immune response. 
Upregulated expression of human leukocyte antigen (HLA) molecules occurs in epithelial 
cells of salivary glands from SS patients and may be involved in antigen presentation, 
leading to destruction of the tissue by CD4+ T cells as well as cytokine production and 
stimulation of B cells proliferation and differentiation (Jonsson et al., 2002).  
Several cytokines have been implicated in the pathogenesis of SS. Increased expression of 
IFN-regulated genes has been shown in salivary glands from SS patients (Gottenberg et al., 
2006; Hjelmervik et al., 2005), as well as in PBMC and whole blood (Emamian et al., 2009). 
Increased serum levels of IFN- and  have been observed in pSS patients. Circulating PDC 
express high levels of CD40 (a marker of cellular activation), which correlate with the 
expression level of several type 1 IFN-induced genes in monocytes (Wildenberg et al., 2008). 
Type-1 IFN activation and secretion result in activation of immature dendritic cells, BAFF 
secretion, stimulation of Fas ligand expression and increased apoptosis, increased T cell 
proliferation and survival, induction of several chemokines and favoring Th1 responses 
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(Mavragani and Crow., 2010). Increased expression of TNF-, IL-1, IL-12, IL-18, and IFN- 
has also been shown in SS patients (Vougarelis and Tzioufas, 2010, Becker et al., 2010). 
Recently, the role of IL-17 producing cells (Th17) has been underlined in the pathogenesis of 
SS (Nguyen et al., 2008; Espinosa et al., 2009). The IL-23/Th17 pathway triggers 
autoimmune exocrinopathy and systemic autoimmunity. Mice lacking Ro 52 antigen are 
characterized by increased proinflammatory cytokines, tissue inflammation and systemic 
inflammation. Loss of IL-23 and IL-17 in Ro52 null mice, results in protection from systemic 
autoimmunity (Espinosa et al., 2009). Elevated serum levels of IL-17 and Th17 cells in 
patients with SS and related cytokines are predominant in salivary glands and strongly 
correlate with histological focus score (Katsifis et al., 2009). 
Once T-cell infiltration of epithelial cells is established, CD4+ T cells and PDC produce B-cell 
targeted cytokines and other survival factors such as B-cell-activating factor of the tumor 
necrosis factor family (BAFF, also known as BLYS) and APRIL (Lavie et al., 2004). Ectopic 
germinal centre-like structures are a hallmark of B cell activation and proliferation and occur 
in about 20% of patients with pSS (Garcia-Carrasco et al., 2002). B cell hyperactivity has been 
found in SS patients (Kassan and Moutsopoulos, 2004). BAFF promotes B-cell survival and 
antibody secretion. BAFF-transgenic mice develop clinical features of SS, polyarthritis and 
lupus (Mackay and Schneider, 2009). SS patients display increased BAFF serum levels 
correlating with decreased BAFF-R expression on B-cells and disease activity (Sellam et al., 
2007). BAFF secretion is induced by type 1-IFN in monocytes and dendritic cells, type 1 IFN 
in monocytes and salivary epithelial cells (Ittah et al., 2006), virus or double stranded DNA 
in salivary epithelial cells (Ittah et al., 2008). BAFF can be released by the epithelial salivary 
cells and B cells. B cell dysregulation plays a crucial role in perpetuating inflammation and 
tissue damage (Pers et al., 2007). Decreased levels of apoptosis among BAFF-expressing cells 
in salivary epithelial cells result in increased levels of BAFF expression, which in turn 
amplifies B cell signaling and proliferation and increased production of antibody-producing 
plasma cells (Mariette et al., 2003; Groom et al., 2002; Jonsson et al., 2005). 

3.5 Autonomic system 
Autonomic system dysfunction is also considered as a central feature in the pathogenesis of 
SS (Fox and Stern, 2002; Dawson et al., 2001). It might be responsible for glandular 
dysfunction and diminished salivary and lachrymal production (Waterman et al., 2000; 
Humphreys-Beher et al., 1999). The role of autonomic dysfunction in SS pathogenesis is 
supported by the presence of anti muscarinic M3 receptors (M3R) autoantibodies in SS 
patients (Naito et al., 2005; Nakamura et al., 2008). In the salivary glands of SS patients, there 
is an upregulation of M3R, which might be the corollary of antagonistic M3R autoantibodies 
or impaired release of acetylcholine (Beroukas et al., 2002a) or yet modified epigenetic 
control on M3R (Appel et al., 2010). Furthermore, M3R Tcells play a fundamental role in 
autoimmune sialoadenitis (Iizuka et al., 2010). An additional mechanism that could 
contribute to autonomic dysfunction is elevated levels of acetylcholinesterase in the salivary 
glands of patients with SS (Dawson et al., 2000). Decreased levels of acetylcholine due to 
increased cholinesterase levels result in glandular dysfunction and diminished production 
of saliva (Dawson et al., 2001).  

3.6 Autoantibodies 
Autoantibodies against Ro (SSA) and La (SSB) are found in the serum of pSS and sSS 
patients (Garcia-Carrascos et al., 2002). They are linked to the onset, severity, duration and 
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extraglandular manifestations of SS (Jonsson et al., 2002; Skopouli et al., 2005). It is still 
undetermined if these antibodies play a direct pathogenic role in the glandular damage. 
Nonetheless, there is evidence supporting a role of anti Ro and anti La antibodies in the 
local autoimmune response. Indeed, autoantibodies to Ro and La have been found in saliva 
and infiltrating cells of salivary glands in patients with SS. Increased mRNA production of 
La in acinar epithelial cells and translocation of La protein, resulting in membrane 
localization, in the conjunctival epithelial cells have been observed in SS patients (Hammi et 
al., 2005; Tzioufas et al., 1999). 
Autoantibodies against fodrin, a major constituent of the cytoskeleton, have also been 
detected in sera from patients with SS. Abnormal location of -fodrin on the surface of 
apoptotic-induced cells suggests the role of -fodrin in SS through apoptotic pathways. 
Aberrant proteolysis of -fodrin results in its expression at the surface of apoptotic epithelial 
cells entailing the autoimmune process (Locht et al., 2008; Willeke et al., 2007). 
Autoantibodies to muscarinic M3 receptors, found in the serum of SS patients, induce the 
inhibition of the synapse between the efferent nerves and the salivary glands, leading to 
decreased saliva production (Fox and Stern, 2002; Sumida et al., 2010).  
More recently, antibodies against carbonic anhydrase II, VI and XIII have been described in 
relation to renal manifestations of SS (Pertovaara et al., 2011). 

3.7 Epithelial cells activation 
Impaired function and/or architectural destruction of epithelial cells occur in salivary 
glands from SS patients. Epithelial cells are now considered as playing active roles in 
immune defenses (Manoussakis and Kapsogeorgou, 2010). Epithelial salivary glands cells, 
even if not proven to act as antigen-presenting cells possess all the features to do so 
(Manoussakis et al., 1999; Matsumura et al., 2001). Epithelial cells might act as non-
professional antigen-presenting cells, and thereby participate in autoimmune responses 
leading to the development of SS (Tsunawaki et al., 2002; Xanthou et al., 2001; Dimitriou et 
al., 2002; Lavie et al., 2004). Proinflammatory cytokines and other factors can induce 
activation of surrounding epithelial cells (Abu-Helu et al., 2001). Furthermore, as a result of 
apoptosis and formation of exosomes, epithelial cells present intracellular autoantigens such 
as the Ro and La autoantigens, further contributing to the autoimmune process. Besides, 
following type 1 IFN stimulation and viral infection of epithelial cells, the latter releases 
BAFF thereby activating B cells (Kapsogeorgou et al., 2005; Ittah et al., 2009). 

3.8 Apoptosis 
A pivotal role for apoptosis as a pathogenic mechanism in SS-related glandular damage has 
been demonstrated. Increased apoptosis of the ductal and acinar epithelia occurs in pSS 
patients. Upregulation of the expression of several apoptotic-related molecules has been 
described in lymphocytes and epithelial cells from salivary glands of patients with SS. 
Epithelial cell apoptosis contributes to the glandular destructive lesions through the 
upregulation of molecules leading to the proteolysis of exocrine autoantigens and ensuing 
glandular damage. Disequilibrium between pro-apoptotic signals and anti-apoptotic 
mechanisms might act as the basis of epithelial cell destruction of exocrine glands in pSS.  
Apoptotic cell death might also function in a specific fashion favoring abnormal exposure of 
nuclear and cytoplasmic autoantigens thereby providing mechanism of antigen presentation 
to autoreactive T cells. Furthermore, anti-Ro and anti-La autoantibodies can activate 
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caspase-3 and cleave PARP and trigger apoptosis. Furthermore, these autoantibodies have 
been shown to also activate extrinsic apoptotic pathways by transcriptional upregulation 
and activation of caspase-8. Anti-Ro and anti-La autoantibodies could trigger apoptosis 
resulting into tissue destruction (Ramos-Casals and Font, 2005). 

3.9 Alterations of proteins involved in glandular function 
Aquaporins (AQP) are small transmembrane proteins involved in water flow across cell 
membranes. Several AQPs are expressed in salivary glands and lachrymal glands (Delporte, 
2009). AQP5, expressed on salivary acinar cells, contributes to salivary flow (Ma et al., 1999). 
A modified distribution of AQP5 expression has been documented in both human salivary 
and lachrymal glands from pSS patients (Steinfeld et al., 2001; Tsubota et al., 2001) and in SS 
animal models (Konttinen et al., 2005; Soyfoo et al., 2007, Sasaki et al., 2007; Ohashi et al., 
2008). Treatment by rituximab restored apical localization of AQP5 (Ring et al., 2006). A 
decreased expression of AQP1 in salivary glands of SS patients was observed (Beroukas et 
al., 2001; Beroukas et al., 2002). Both AQP5 and AQP1 could participate to the pathogenesis 
of SS, although they can not account for salivary and lachrymal secretory defects.  
An active remodelling of the basal lamina is taking place in acinar and ductal cells from SS 
patients. In normal salivary glands, laminin 5 bridges the basal lamina with epithelial cells 
by forming adhesion complexes through specific integrin 64 (Velozo et al., 2009). 
Modified expression of basal laminins, laminins 1 and 5, occurs during different stages of SS 
(Kwon et al., 2006; Laine et al., 2004). In salivary acinar cells from SS patients, altered 
distribution of 64 integrin results in the destruction epithelial cell complexes with 
laminins (Velozo et al., 2009). Tight junction protein levels and distribution of ZO-1, 
occluding, claudin-1 and claudin-4 were modified in patients with SS (Ewert et al., 2010). 
Therefore, maintenance of equilibrium between cell-cell and cell-basal lamina attachment is 
necessary to ensure gland cell survival.  

4. Clinical manifestations 
4.1 Xeropthalmia 
Xerophtalmia is often less prominent than xerostomia. It is therefore necessary to follow a 
detailed anamnestic investigation to detect symptoms of ocular dryness. The main 
complaint of xeropthalmia is foreign-body sensation, but other symptoms such as 
grittiness, thick rope like secretions at the inner canthus, photosensitivity, burns, and 
sensation of having a veil before the eyes, absence of tears after irritation or emotion are 
all frequent features of xerophtalmia. Xerophtalmia is due to the lymphocytic infiltration 
of lachrymal glands leading to reduced lachrymal flow and tear composition, thereby 
altering corneal and conjunctival epithelia, characterizing the known condition of 
keratoconjunctivitis sicca (KCS). In severe disease, functional disability with visual 
impairment may occur (Fox, 2005). 

4.2 Xerostomia 
More than 90% of patients with SS complain of symptoms resulting from functional 
alteration of salivary glands. The symptoms range from dry mouth and lips, the need to 
drink more water when eating, to difficulties in the mastication process. In the early phase 
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of the disease, xerostomia is less obvious for the patients but with disease progression and 
severe alteration of salivary glands, xerostomia manifests as a painful syndrome with the 
sensation of permanent mouth burns, taste alteration, fissuring of the tongue, angular 
cheleitis and ulcers. Further progression of xerostomia leads to multiple complications such 
as teeth decay, atrophy of lingual papillae, increased incidence of mucosal infections 
(primarily candidiasis) loss of teeth and ultimately dentition (Fox, 2005). 

4.3 Systemic manifestations  
4.3.1 Musculoskeletal manifestations 
More than 70% of patients complain of articular manifestations. Symmetric, non-erosive, 
polyarthritis affecting the small joints can also be observed and precede the sicca 
syndrome. Myalgias are also a frequent feature, accompanied with asthenia, fatigue and 
muscle tenderness, reminiscent of a fibromyalgia-like syndrome (Mavragani and 
Moutsopoulos, 2010). 

4.3.2 Respiratory manifestations 
Reduced secretion from nasal epithelial cells results in nasal crusting, epistaxis and 
recurrent sinusitis. Tracheal dryness results in a dry non-productive cough and dyspnoea. 
In > 50% of SS patients, dry irritating cough was present without any radiographic 
abnormalities. Bronchial hyperreactivity might lead to small airways obstruction. Due to 
lymphocytic hyperplasia, severe airway obstruction can also occur (Parke, 2008). 
Interstitial lung disease (ILD) is a classic manifestation of SS. These patients present cough, 
dyspnea on exertion, bilateral pulmonary infiltrates on plain radiographs and several other 
abnormalities on computer tomography scanner. Later stages of the disease are 
characterized by its evolution to fibrosis and neutrophilic alveolitis (Parambil et al., 2006). 
Lymphocytic interstitial pneumonia (LIP), previously considered as a hallmark of lung 
involvement in SS, forms part of the spectrum of ILD. It is a consequence of bronchus 
associated lymphoid tissue proliferation (BALT) (Parambil et al., 2006). 
Patients with SS are at increased risk of developing lymphoma, usually low grade MALT 
lymphoma and primary pulmonary lymphoma. These patients present few clinical 
symptoms contrasting with severe radiographic changes (Parke, 2008). 
Pulmonary hypertension is a very rare finding in patients with SS. Only 17 cases have been 
documented in the literature. Prolonged vasospasm and vasculature remodeling have been 
assigned to contribute to the development of this pathology (Launay et al., 2007). 

4.3.3 Renal manifestations 
Tubular renal acidosis and glomerulonephritis are two main features of kidney involvement 
in SS. Distal tubular acidosis is the most frequent renal manifestation of SS occurring in up 
to 20% of cases. Very often, it is asymptomatic without any clinical or biological impact. 
Glomerulonephritis is rare in SS, and often due to cryoglobulinemia (Aasarod et al., 2000). 

4.3.4 Cutaneous features 
Besides the classical features of dry skin, other skin manifestations are present. Purpura is 
presents as petechia, which are localized in the lower limbs. Histological analysis shows 
leucocytoclastic vasculitis. The symptoms usually resolve with corticosteroids. Other skin 
manifestations include erythema nodosa, vitiligo, and digital ulcers (Kittridge et al., 2011). 
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4.3.5 Neurological manifestations  
The spectrum of neurological disorders associated with SS is broad ranging from peripheral 
neuropathy to central nervous involvement. The frequency of neurological involvement in 
SS is relatively low and might precede the diagnosis of SS (Segal et al., 2008). 
The cardinal features of CNS involvement in SS are very much identical to that of systemic 
lupus erythematosus. As such, the clinical profile includes hemiparesis, cranial neuropathy 
and more often optic nerve neuropathy, brainstem and cerebellar disorders, movement 
disorders, epilepsia. Spinal cord syndromes include transverse myelitis, Brown-Sequard 
syndrome and progressive myelitis. Because of the occurrence of optic neuropathy and 
myelitis, a diagnosis of multiple sclerosis is often evoked. Furthermore, MRI imaging shows 
hyperintense lesions in the white matter. Neuromyelitis optica (Devic’s disease) is often 
associated with SS and is characterized by episodes of myelitis and optic neuropathy. The 
clinical features of neuropsychiatric syndrome include often cognition, anxiety, mood 
changes, and depression and sleep disorders (Lafitte et al., 2001). 
Peripheral neuropathy is much more frequent than CNS involvement and precedes the 
diagnosis of SS. Sensory neuronopathy is considered to be distinctive of SS but sensorimotor 
neuropathy, sensory neuropathy, autonomic neuropathy, moneuritis multiplex are amongst 
other features of peripheral nervous system involvement. Trigeminal neuropathy is one of 
the most frequent manifestations of neurological invovement in SS (Lafitte et al., 2001). In 
most of the cases, sensory ataxia, painful sensory neuropathies, and trigeminal neuropathy 
are related to sensory ganglionitis, whereas mononeuritis multiplex and multiple cranial 
neuropathies are more closely associated with peripheral nerve vasculitis (Segal et al., 2008). 

4.3.6 Gastrointestinal features 
The manifestations of gastrointestinal tract are not very specific and include oesphageal 
dysmotility and gastro intestinal reflux. There are no specific liver abnormalities, which can 
be attributed to SS, but autoimmune hepatitis and primary biliary cirrhosis can be associated 
diseases (Mavragani and Moutsopoulos, 2010; Fox, 2005). 

4.3.7 Serological manifestations 
Several hematological features such as anemia, leucopenia and thrombopenia can be 
present. Anemia is a rare feature and when it exists, it is rarely due to inflammation but 
results from hemodilution due to polyclonal hypergammaglobulinemia. Leucopenia < 
4000/mm3 is present in 30% of cases. In certain cases of major hypergammaglobulinemia, a 
hyperviscosity syndrome can be present. Typical symptoms include headaches, visual 
impairement and hemorrhages (Fox, 2005). 

4.4 Lymphoma  
Patients with SS have a 20 to 40-fold risk of developing non-hodgkin lymphoma (NHL) as 
compared to the general population. NHL has a prevalence of about 4% in SS and occurs 
classically following a median of 7.5 years after its initial diagnosis. The most frequent 
histological type of NHL is the MALT lymphoma. The histopathological features of MALT 
lymphoma include reactive lymphoid follicles, small plasma cells, lymphoepithelial lesions 
and MZ and/or monocytoid B cells. The clinical course of NHL lymphoma is indolent and 
the clinical characteristics include small tumor burden and good performance status. The 
most frequent anatomical localizations are the salivary glands but extra nodal sites can be 
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involved, such as stomach or kidneys.The clinical and biological factors heralding imminent 
are low C4 levels, palpable purpura, high 2-microglobulin levels, CD4 lymphocytopenia, 
parotid gland swelling and persistent enlargement and hypocaptation on salivary 
scintigraphy, mixed monoclonal cryoglobulinemia, leg ulcers, splenomegaly and the 
presence of serum or urine monoclonal bands (Voulgarelis and Moutsopoulos, 2008). 

5. Therapeutic approaches  
Conventional therapy of SS is symptomatic and consists in alleviating of sicca features. As 
such, treatment consists in the use of artificial saliva and tears, surgical removal of plugs 
in the lachrymal ducts, the use of topical cyclosporine for ocular symptoms. Cholinergic 
drugs such as pilocarpine and civemeline are available to increase glandular secretion. 
Hydroxychloroquine is prescribed for arthralgia and myalgia, but recent studies have 
shown that it also has slight anticholinesterase properties in improving glandular function 
(Rihl et al., 2009). The efficacy of steroids is limited and restricted to patients with arthritis 
and severe extraglandular manifestations. Immunosuppressive treatments such as 
cyclophosphamide and azathioprine are used for systemic features of SS. More recently, 
newer immunosuppressive drugs, such as mizoribine and mycophenolate mofetil, have 
shown promising results. These drugs inhibit inosine monophosphate dehydrogenase, the 
rate-limiting enzyme for purine synthesis, and have an antiproliferative effect on 
activated lymphocytes (Becker et al., 2010). An intraoral electrostimulation device showed 
promising results in alleviating xerostomia and increasing salivary output (Strietzel et al., 
2011). 

5.1 B-cell targeted therapies 
Rituximab, a chimeric monoclonal mouse antibody that targets CD20 at the surface of B-
cells, is the most studied biologic therapy in SS. Several pilot studies have shown efficacy of 
rituximab in terms of improvement of fatigue, quality of life and glandular function. A 
randomized-controlled trial has confirmed these results (Meijer et al., 2010). Epratuzumab is 
a humanized antibody directed against the B cell antigen CD22. An open labeled trial has 
shown improvement of sicca symptoms and fatigue scores (Steinfeld et al., 2006).  

5.2 Inhibition of IFN release  
Interferon- (IFN) plays a pivotal role in the pathogenesis of several autoimmune diseases 
including SS. Besides antiviral effects, IFN- has immunomodulating properties. Four pilot 
studies have shown beneficial effects of oromucosal IFN-, whereby salivary flow was 
increased and salivary gland histology after treatment demonstrated reduced lymphocytic 
infiltrâtes (Cummins et al., 2003; Tobon et al., 2010). A phase III trial performed later, 
showed an increase in unstimulated salivary flow but the main clinical endpoint, which was 
improvement of stimulated salivary flow, was not met. 

5.3 Transplantation of bone-marrow-derived stem cells 
Stem cells from the spleen, when harvested and transplanted in NOD mice, an animal 
model for SS, have been shown to regenerate salivary epithelial cells (Faustman et al., 2010). 
Current undergoing trials are investigating whether the transplanted adult hematopoietic 
cells can restore glandular function in patients suffering from SS. 
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5.4 Gene therapy 
Gene therapy consists in the introduction of new genetic material in an individual for 
therapeutic purposes. Several targets for gene therapy include aquaporins, inflammatory 
mediators, apoptotic molecules and intracellular molecules.  
Initial gene therapy studies, using serotype 5 adenoviral vector (Ad5), showed extremely 
efficient in vivo gene transfer to rodent salivary glands (Mastrangeli et al., 1994). Further 
studies using Ad5 encoding human aquaporin 1 (Ad5hAQP1), a water channel, showed the 
function and potential utility of this vector to restore impaired saliva flow in rats with 
irradiated-induced salivary hypofunction (Delporte et al., 1997). The efficacy and scaling 
studies of this particular gene therapy were then performed in large animal models: rhesus 
macaques (O’Connell et al., 1999) and miniature pigs (Li et al., 2004). A NIH clinical trial 
using Ad5hAQP5 has been undertaken to test the safety and efficacy in individuals with 
irradiation-induced parotid salivary hypofunction.  
Gene transfer therapies based on the anti-inflammatory properties of IL-10 and vasoactive 
intestinal peptide (VIP) have also been proposed as future treatment of SS. Indeed, 
administration of adenovirus vectors encoding either human IL-10 or VIP to salivary glands 
from NOD mice, a mouse model for SS, led to significant salivary flow improvement (Kok et 
al., 2003; Lodde et al., 2006).  
Gene transfer has also been used to treat chronic sialadenitis and modulate apoptosis in a 
murine model of SS: B6-gld/gld mice deficient in Fas ligand. When infected with murine 
cytomegalovirus, these mice presented chronic sialadenitis similar to SS. Delivery of a 
recombinant adenovirus vector coding for Fas ligand to the salivary glands of these mice, 
induced a significant reduction in infiltrating lymphocytes (Fleck et al., 2001). 
As IL17A administration to mice salivary glands, using recombinant adenoviral vector, 
leads to SS-like disease (Nguyen et al., 2011), localized anti-IL-17 might be effective in 
preventing glandular dysfunction.  

5.5 Other therapeutic perspectives 
BAFF is a cytokine that prevents apoptosis of B-cells and thereby contributes to the 
hyperreactivity of B cells and their survival. Increased BAFF secretion might explain in part 
the partial response of rituximab in SS patients. Targeting BAFF might therefore prove to be 
a future therapeutical approach (Mariette, 2008). In systemic lupus erythematous, an 
autoimmune disease that shares similar pathogenetic features with SS, in that both diseases 
are characterized by an interferon signature, Belimumab, an anti-BAFF monoclonal agent, 
has shown beneficial effects in a randomized controlled trial (Navarra et al., 2011). 
Atacicept, a fusion protein inhibiting B cell stimulation, could be a promising therapeutic 
drug in SS (Dorner et al., 2009).  
Other therapeutic perspectives for SS also include the restoration of salivary glands function 
using bone marrow-derived cells (BMDCs) (Tran et al., 2011) and tissue engineering of 
salivary glands (Kagami et al., 2011). BMDCs transplantation by intravenous injection 
rescues salivary gland function in mice with head and neck irradiation by preventing 
apoptosis, increasing tissue vascularization, increasing the number of proliferating cells, and 
maintaining the putative salivary stem cells (Sumita et al., 2011; Lombaert et al., 2008). 
Furthermore, BMDCs transplantation into NOD mice treated as well with complete 
Freund’s adjuvant (CFA), led to both qualitative and quantitative saliva restoration, and 
normoglycemia (Khalili et al., 2010). Tissue engineering of salivary glands utilizes cells, 
biodegradable scaffold, and signals to regenerate tissues. Since the pioneer work reporting 
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involved, such as stomach or kidneys.The clinical and biological factors heralding imminent 
are low C4 levels, palpable purpura, high 2-microglobulin levels, CD4 lymphocytopenia, 
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2011). 
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Rituximab, a chimeric monoclonal mouse antibody that targets CD20 at the surface of B-
cells, is the most studied biologic therapy in SS. Several pilot studies have shown efficacy of 
rituximab in terms of improvement of fatigue, quality of life and glandular function. A 
randomized-controlled trial has confirmed these results (Meijer et al., 2010). Epratuzumab is 
a humanized antibody directed against the B cell antigen CD22. An open labeled trial has 
shown improvement of sicca symptoms and fatigue scores (Steinfeld et al., 2006).  

5.2 Inhibition of IFN release  
Interferon- (IFN) plays a pivotal role in the pathogenesis of several autoimmune diseases 
including SS. Besides antiviral effects, IFN- has immunomodulating properties. Four pilot 
studies have shown beneficial effects of oromucosal IFN-, whereby salivary flow was 
increased and salivary gland histology after treatment demonstrated reduced lymphocytic 
infiltrâtes (Cummins et al., 2003; Tobon et al., 2010). A phase III trial performed later, 
showed an increase in unstimulated salivary flow but the main clinical endpoint, which was 
improvement of stimulated salivary flow, was not met. 

5.3 Transplantation of bone-marrow-derived stem cells 
Stem cells from the spleen, when harvested and transplanted in NOD mice, an animal 
model for SS, have been shown to regenerate salivary epithelial cells (Faustman et al., 2010). 
Current undergoing trials are investigating whether the transplanted adult hematopoietic 
cells can restore glandular function in patients suffering from SS. 
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5.4 Gene therapy 
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induced a significant reduction in infiltrating lymphocytes (Fleck et al., 2001). 
As IL17A administration to mice salivary glands, using recombinant adenoviral vector, 
leads to SS-like disease (Nguyen et al., 2011), localized anti-IL-17 might be effective in 
preventing glandular dysfunction.  

5.5 Other therapeutic perspectives 
BAFF is a cytokine that prevents apoptosis of B-cells and thereby contributes to the 
hyperreactivity of B cells and their survival. Increased BAFF secretion might explain in part 
the partial response of rituximab in SS patients. Targeting BAFF might therefore prove to be 
a future therapeutical approach (Mariette, 2008). In systemic lupus erythematous, an 
autoimmune disease that shares similar pathogenetic features with SS, in that both diseases 
are characterized by an interferon signature, Belimumab, an anti-BAFF monoclonal agent, 
has shown beneficial effects in a randomized controlled trial (Navarra et al., 2011). 
Atacicept, a fusion protein inhibiting B cell stimulation, could be a promising therapeutic 
drug in SS (Dorner et al., 2009).  
Other therapeutic perspectives for SS also include the restoration of salivary glands function 
using bone marrow-derived cells (BMDCs) (Tran et al., 2011) and tissue engineering of 
salivary glands (Kagami et al., 2011). BMDCs transplantation by intravenous injection 
rescues salivary gland function in mice with head and neck irradiation by preventing 
apoptosis, increasing tissue vascularization, increasing the number of proliferating cells, and 
maintaining the putative salivary stem cells (Sumita et al., 2011; Lombaert et al., 2008). 
Furthermore, BMDCs transplantation into NOD mice treated as well with complete 
Freund’s adjuvant (CFA), led to both qualitative and quantitative saliva restoration, and 
normoglycemia (Khalili et al., 2010). Tissue engineering of salivary glands utilizes cells, 
biodegradable scaffold, and signals to regenerate tissues. Since the pioneer work reporting 
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the culture of salivary epithelial cell culture (Brown 1974), several culture procedures have 
been described (Horie et al., 1996; Aframian et al., 2004; Joraku et al., 2005; Tran et al., 2006). 
A multipotent stem cell population has been discovered in human adult salivary glands 
(Okumura et al., 2003; Hisatomi et al., 2004; Kishi et al., 2006), but their potential for 
engineering salivary glands has not been proven. Developping appropriate scaffold 
materials will be essential for salivary gland tissue engineering (Kagami et al., 2011). 

6. Conclusions 
SS is one of the most frequent autoimmune diseases, characterized by the dysregulation of 
cellular and humoral mechanisms, thereby portraying the prototype of autoimmune 
disorders. Although, the pathogenesis of SS still remains to be discovered, tremendous 
progress has been made in deciphering the intrinsic abnormalities behind initiation and 
perpetuation of inflammation and tissue destruction. The herald of new pathophysiological 
mechanisms such as epigenetic control may prove cardinal in tailoring new treatments 
providing improved relief to patients with SS. 
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1. Introduction 
Characterized by low platelet counts, immune thrombocytopenic purpura (ITP) has been 
discovered to be an acquired autoimmune disorder since the mid-1900s (Evans et al., 1951).  
In the 21st century, the modern generation would shudder at Harrington and 
Hollingsworth’s experiment they performed to search for the pathogenesis of ITP.  By 
injecting themselves with 500 ml of blood from a patient from low platelet counts, they 
developed the same bleeding disorder and were able to reproduce the disease in themselves 
(Harrington et al., 1951). Since that experiment, the pathogenesis and the therapeutic 
options of ITP have evolved by leaps and bounds. The traditional model of ITP is that of 
pathologic destruction of platelets by antiplatelet antibody. For many decades, this model of 
autoimmune thrombocytopenic purpura has shaped our understanding of the disorder and 
our therapeutic management of ITP (Buchanan et al, 1977, Hou et al. 1995, Fujisawa K et al. 
1992). Recent studies have broadened our perspective beyond humoral dysregulation to 
include the cellular immune system and abnormalities of megakaryocytes as well (Olsson, et 
al., 2003, Ballem et al., 1987, McMillan et al., 2004). These recent findings have opened the 
door for new treatment possibilities for ITP.  
In contrast to a more predictable clinical course of acute ITP, the pathogenesis, natural 
history and management of chronic ITP are significantly more diverse and rapidly evolving. 
The established treatment practices for chronic ITP have also undergone a major change. 
After a long period of standard treatment approach using steroids, splenectomy, and 
immunosuppressive therapy, a breakthrough came with the use of B-cell depletion therapy 
(Cines and McMillan, 2005). The availability of monoclonal antibody, rituximab, has led 
hematologists to reconsider the role of splenectomy in the frontline management of chronic 
ITP (Arnold et al., 2007). A new era has begun with the development of thrombopoietin-
mimetic agents that stimulate megakaryocytes to grow and produce platelets (Nurden et al., 
2009). 
Since chronic ITP remains a heterogeneous disorder; there is no consensus on the definite 
diagnostic criteria and management. In 1996, the American Society of Hematology 
published a landmark paper recommending guidelines to assist clinicians in the 
management of ITP (George et al., 1996). Since then, there have been tremendous advances 
in the management of both adult and pediatric ITP. These guidelines were updated by the 
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American Society of Hematology in 2010 (Neunert et al., 2010). In addition, an International 
Working Group (IWG) of experts on ITP attempted to bring some uniformity to the 
diagnosis and management of ITP (Rodeghiero et al., 2009). Despite the serious efforts of 
scientists and specialty societies, the practicing hematologists are still left with many 
unanswered questions and dilemmas when it comes to treating this benign but challenging 
disease. 
Until recently, adult ITP was considered a disease of young women.  However, two recently 
published studies have shown otherwise (Schoonen et al. 2009, Abrahamson et al., 2009). In 
these series, the mean ages at presentation were over 50 years, with a slight female 
predominance (M:F ratio of 1.7:1). In contrary to acute ITP in children, adult ITP is usually 
insidious in onset, with platelet counts of > 20 x 109/L.  The incidence of chronic ITP is 5.8 to 
6.6 per 100,000 in the adult population.  

2. Definition of chronic ITP 
While ITP in children usually pursues an acute and self-limited clinical course that 
responds well to treatment, ITP in adults tends to present as a chronic relapsing 
condition. Traditionally, the terms chronic ITP, refractory ITP, and chronic persistent ITP 
are used interchangeably and are used for chronic phase of the disease. Chronic or 
refractory ITP was previously defined as immune thrombocytopenia persisting for >3 
months, failure to respond to splenectomy, and platelet count of less than 50 x 109/L. The 
definition has become more confusing since the evolution of splenectomy sparing 
modalities of treatment.  
The International Working Group (IWG) consensus panel of both adult and pediatric 
experts in ITP recently provided guidance on terminology, definitions and outcome criteria 
for this disorder (Proven et al., 2010). Primary ITP, as defined by the IWG, is platelet count 
less than 100 x 109/L in the absence of other causes or disorders that may be associated with 
thrombocytopenia. IWG used a higher platelet cutoff than the traditional criterion of 50 x 
109/L based on the observation that there might be physiological variations among different 
racial groups and that the chances of developing persistent thrombocytopenia of less than 
100 x 109/L over 10 years of follow-up seemed to be less in patients presenting with a 
platelet count between 100 and 150 x 109/L. 
The IWG also categorizes ITP as newly diagnosed (diagnosis to 3 months), persistent (3 to 12 
months from diagnosis) or chronic (lasting for more than 12 months). However, these 
definitions may not apply to patients with secondary forms of ITP and have not been 
formally validated. Specifically, “persistent ITP” includes patients not achieving 
spontaneous remission or not maintaining therapeutic response after stopping treatment 
between 3 and 12 months from initial diagnosis. The category “chronic ITP” is reserved for 
patients with ITP lasting for more than 12 months.  
The IWG standardization does not include the degree of thrombocytopenia in classifying the 
different phases of the disease. The severity of disease varies in patients. Mild, moderate, 
and severe thrombocytopenia is used commonly in clinical practice. There are no firm 
guidelines.  However, mild thrombocytopenia typically ranges from 50 to 100 x 109/L, 
moderate thrombocytopenia from 20 to 50 x 109/L, and severe thrombocytopenia under 20 x 
109/L. The severity of thrombocytopenia may or may not correlate well with the risk of 
bleeding. It is well known that the severity and symptoms of ITP in the same patient can 
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vary from time to time. Table 1 summarizes the different terminologies commonly used to 
define ITP.  
 

Category Definition 

Primary ITP Platelet count less than 100 x 109/L in the absence 
of other causes of thrombocytopenia 

Newly diagnosed ITP From initial diagnosis to 3 months 
Persistent ITP From 3-12 months of initial diagnosis 
Chronic ITP ITP lasting for greater than 12 months 

Mild Thrombocytopenia Platelet count between 50-100 x 109/L 
Moderate Thrombocytopenia Platelet count between 20-50 x 109/L 

Severe thrombocytopenia Platelet count below  20 x 109/L 
Table 1. Commonly used definitions in ITP 

3. Diagnosis of chronic ITP 
Fifty years since the discovery of platelet autoantibodies, there is still no definitive 
laboratory diagnostic test for ITP. Despite the tremendous advances made in the 
understanding of the pathophysiology, the diagnosis of ITP remains one of exclusion. An 
initial complete history and physical examination is essential to identify evidence of 
bleeding and exclude other etiologies of thrombocytopenia or secondary ITP.  Secondary 
causes of thrombocytopenia include autoimmune disorders as well as exposure to drugs 
(such as quinine), herbs, foods and other substances. A peripheral smear examination 
usually helps to exclude other hematological disorders, such as thrombotic 
thrombocytopenic purpura, leukemia, and pseudothrombocytopenia from platelet 
aggregation. Testing for hepatitis C and HIV infection is recommended for all patients 
presenting as ITP (Cines et al., 2005, 2009, 2010).  
Glycoprotein-specific assays to detect platelet-associated IgG (PAIgG) autoantibodies lack 
sufficient sensitivity for them to be of use as a diagnostic tool. Therapeutic response to IVIG 
is considered by many as confirmatory of ITP, in the absence of identifiable causes of 
thrombocytopenia.  As per American Society of Hematology guidelines, there is insufficient 
evidence for the utility of routine testing for anti-platelet antiphospholipid and antinuclear 
antibodies, and thrombopoietin levels. There have been recent reports achieving remission 
in chronic ITP patients with the eradication of Helicobacter pylori infection.  Even though 
there is insufficient evidence to support routine testing for Helicobacter pylori organisms, 
patients with gastrointestinal symptoms should be investigated further.  
Although 2010 ASH guidelines did not find evidence to support an age threshold for which 
bone marrow is recommended, most hematologists would favor performing bone marrow 
examination for patients over 60 years of age to rule out myelodysplasia.  This practice is 
especially useful prior to splenectomy in these older patients who do not show good 
response to treatment. The diagnosis of ITP should always be reassessed during the course 
of treatment if any atypical clinical or laboratory abnormalities develop to suggest lupus 
and other autoimmune or hematological disorder. Table 2 outlines the utility of various 
diagnostic tests for diagnosing ITP according to current guidelines. 
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Diagnostic Evaluation Recommended Optional 
Personal & Family History of 

Autoimmune Disorders 
√  

Complete Blood Count and 
Peripheral Smear Examination 

√  

ESR ANA and Anticradiolipin 
Antibodies 

 √ 

Blood Group & Direct 
Antiglobulin Test 

 √ 

HCV & HIV Serologies √  
Antiplatelet Antibodies x  

Bone Marrow Aspiration and 
Biopsy 

x Prior to splenectomy in 
patients over 60 years, with 

poor response to medical 
therapy 

Thrombopoietin Level x  

Table 2. Diagnostic tools for chronic ITP 

4. Pathogenesis 

Since the 1950s, ITP has been firmly established as an acquired autoimmune disorder 
characterized by low platelet count (Evans et al., 1951). In recent years, there have been 
significant new insights into the pathophysiologic mechanisms of ITP.  Historically, the 
thrombocytopenia associated with ITP was attributed solely to autoantibodies causing 
platelet destruction.  More recently, it has become evident that the pathophysiology in ITP 
is complex and multifaceted. In addition to a humoral-mediated mechanism, cytotoxic T-
cells and impaired platelet production by abnormal megakaryocytes have recently been 
found to be important pathogenetic factors in subsets of patients.  Our evolving 
knowledge of the pathogenesis of ITP has led to new therapeutic targets in the clinical 
management of ITP. 

4.1 Autoantibody-mediated platelet destruction 
In the mid-1900s, it was observed that when experimental subjects were infused with 
plasma from ITP patients, these subjects developed dose-dependent thrombocytopenia 
(Harrington et al., 1953).  Subsequently, it was shown that the inciting plasma factor was an 
antiplatelet antibody and that ITP was autoimmune in nature (Schulman et al., 1965). 
Platelet-associated autoantibodies are detectable in 50% to 70% of patients with ITP using 
currently available laboratory methods.  Approximately 75% of the autoantibodies detected 
are directed against the platelet surface glycoprotein (GP) complexes GPIIb-IIIa and GPIb-IX 
(Hou, et al., 1995).  Antibodies against other glycoproteins (GPIa-IIa, IV, and V) are less 
commonly found (Chang et al. 2003). 
These autoantibodies are primarily of the IgG heavy chain type, but IgM and IgA may also 
be involved (Schulman, et al., 1965).  The antibodies are secreted by autoreactive B-cells 
which are activated by autoreactive CD4+ helper T-cells.  In fact, the pathway that leads to 
platelet destruction involves a complex interplay of the humoral and cellular immune 
systems.   
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The initial trigger for the abnormal autoantibody response is unknown.  The cause of this 
loss of self-tolerance probably varies among patients.  However, the common pathway 
appears to involve CD4+ helper T-cells reacting with a specific platelet-associated antigen 
on the surface of an antigen-presenting cell (such as macrophage, dendritic cell or B-cell).  
These activated helper T cells produce cytokines that stimulate B-cells to produce specific 
antibodies.  These cytokines can also lead to expansion of CD8+ cytotoxic T-cells. 
The primary site of platelet destruction is the spleen, and to a lesser extent, the liver and 
bone marrow.  In these organs, antibody-sensitized platelets are destroyed by phagocytic 
cells. 

4.2 Role of cytotoxic T-cells 
In 30% or more of the ITP patients with no detectable anti-platelet antibody (Harrington, et 
al., 1953), alternative mechanisms of platelet destruction are likely to play a role.  Recent 
studies suggest that platelet lysis by CD8+ cytotoxic T-cells may be an important 
pathogenetic pathway in some ITP patients.  These T-cells show increased expression of 
cytotoxic genes, including tumor necrosis factor α, perforin, granzyme A and granzyme B.  
In addition to causing lysis of platelets, cytotoxic T-cells may damage megakaryocytes in the 
bone marrow (Olsson et al, 2003).  Therefore, downregulation of cytotoxic T-cell response 
serves as a potentially effective therapeutic target, especially in ITP patients who are 
refractory to conventional treatment regimens (Sabnani & Tsang, 2007). 

4.3 Impaired platelet production 
Besides accelerated platelet destruction, abnormal megakaryocytic growth and development 
are involved in the pathogenesis of ITP.  Bone marrow examination under the microscope 
characteristically reveals normal to increased numbers of megakaryocytes in ITP patients.  
There may also be a shift to younger forms of megakaryocytes.  Despite an apparently 
adequate number of megakaryocytes, platelet production is impaired.  Studies of platelet 
production have demonstrated decreased or normal turnover in greater than 70% of ITP 
patients, suggesting an impaired compensatory response of the megakaryocytes to ongoing 
platelet destruction (Chang et al., 2003; McMillan, et al., 2004).  In fact, bone marrow 
ultrastructural studies have demonstrated abnormalities in 50% to 75% of megakaryocytes 
in ITP patients.  These megakaryocytes show impaired maturation and platelet release, and 
are unable to adequately compensate for the peripheral platelet destruction (Houwerzijl, et 
al, 2004).   
Produced primarily in the liver, thrombopoietin (TPO) is the hormone responsible for 
enhancing megakaryocytic maturation and platelet production (Kuter, 2007).  When platelet 
levels are low, free TPO normally increases in the circulation, which then stimulates 
megakaryocyte proliferation.  However, serum levels of TPO fail to increase appropriately 
in response to thrombocytopenia in ITP patients (Kogusi, et al., 1996).  Since TPO binds to 
both megakaryocytes and platelets, free TPO becomes less available as TPO binds to an 
increased number of megakaryocytes in the marrow.  Furthermore, as platelets to which 
TPO binds are cleared from the circulation at an increased rate, TPO in turn becomes limited 
and platelet production is reduced (Kogusi, et al., 1996).  These observations involving 
impaired megakaryocytic growth and relative deficiency of TPO levels have opened new 
treatment possibilities that involve targeting TPO to stimulate megakaryocytic proliferation 
and platelet production in ITP. 
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5. Therapeutic challenges and options 
5.1 Clinical course of ITP 
The clinical spectrum of ITP is as heterogeneous as its pathogenesis. Spontaneous 
remissions occur very rarely. Although the majority of patients with chronic ITP require 
some type of therapeutic intervention, most have favorable long-term outcomes. However, 
mortality and morbidity are substantial in patients with severe disease that is refractory to 
treatment. Despite undergoing splenectomy after initial steroid trial, approximately one-
third of ITP patients fail to sustain platelets above 150 × 109/L, and 15% to 30% of these 
patients will require continuous therapy to sustain platelets above 30 × 109/L. Patients with 
chronic ITP and persistent platelet counts below 30 × 109/L have a 4-fold higher risk of 
mortality than that of the general population. Mortality attributable to thrombocytopenia is 
usually caused by severe bleeding and infection. Overall, approximately 10% of all patients 
with ITP are expected to develop refractory disease, posing significant challenge in clinical 
management. In general, the chances of remission lessen as the duration of chronic ITP 
increases. 

5.2 Decision to treat chronic ITP 
The decision to treat a patient is usually based upon the individual patient’s risk of bleeding. 
Treatment of patients with ITP is influenced by multiple factors, such as the age of the 
patient, severity of the illness, and the anticipated natural history. At the present time, 
treatment for ITP is considered appropriate for symptomatic patients and for those at risk of 
bleeding. Other factors influencing the decision to treat include a previous history of 
bleeding episodes, active lifestyle (such as playing contact sports), as well as other risk 
factors for bleeding such as hypertension, cerebrovascular disease, antiplatelet therapy, and 
the need for surgery or other invasive procedures. In such situations, treatment can be 
intermittent for a limited duration unless symptomatic thrombocytopenia persists.  
The main goal for treating chronic ITP should be to achieve hemostatic platelet count. 
Hemostatic platelet count can be defined as the platelet count safe enough in an individual 
patient to prevent bleeding. Except for patients with severe thrombocytopenia (<20,000 x 
109/L), platelet count is not a reliable surrogate marker for the risk of serious bleeding. 
Hemostatic platelet count varies in different patients. Most of the studies have shown that 
the risk of bleeding increases with platelet counts of less than 20 to 30 x 109/L. Generally, 
treatment for adults is recommended when platelets fall below 20 to 30 x109/L to avoid life-
threatening bleeding episodes.  
Management of patients with platelet counts between 30 to 50 x 109/L requires 
individualization and clinical judgment. Since the natural history of ITP varies in each 
individual patient, the most important factor in treating such ITP patient is to establish the 
individual record of symptomatology. While establishing the natural history of ITP, it is 
advisable to keep the platelet count above 30 x 109. Patients with platelet count greater than 
50 x 109/L should be treated in the event of active bleeding or anticipated surgical 
procedures that carry a high risk of bleeding. 
The management of chronic ITP varies from observation to aggressive treatment, including 
stem cell transplantation (Passabeg & Rabusin, 2008). The most critical player in the 
management of ITP patient is an educated patient. It is strongly suggested that patients 
understand the full spectrum of options and uncertainties surrounding treatment of this 
disorder. The availability of technology and support groups has made patients education 
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better.  Therapeutic options for chronic ITP are reflective of our understanding of the 
various pathogenic mechanisms of ITP. 

5.3 Therapeutic challenges and dilemmas 
Despite recommendations from ASH and IWG, there is no single standard treatment of 
chronic ITP. Once again, treatment should be highly individualized based on the natural 
history of ITP in the particular individual. Selection of treatment modality is based on age, 
co-morbid conditions, anticipated efficacy and adverse effects, as well as physician and 
patient preferences. Overall, the outcome of ITP has improved significantly in the last two 
decades with the advent of better mapping of the pathophysiology and the availability of 
new therapeutic agents. Since no single agent is effective in all patients, selecting a treatment 
regimen that is effective with tolerable toxicity is a challenging task.  
 

 
Fig. 1. Treatment modalities targeting various pathophysiologic mechanisms in chronic ITP 
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5.4 Initial treatment of chronic ITP: 
Once the diagnosis of persistent or chronic ITP is established and the need for the treatment 
is determined, underlying infection must be ruled out. Traditional modalities, such as 
steroids and immunosuppression, could be detrimental in the presence of infection. 
Intermittent courses of steroids and IVIG are used along with other immunosuppressive 
modalities. The most commonly used regimens are prednisone at a dose of 1 mg/kg per day 
orally. The popularity of pulse dosing of high-dose dexamethasone is rising (40 mg/day for 
4 days) due to the convenience of short duration of treatment (Cheng et al., 2003). The 
reported success rate with pulse dexamethasone in chronic ITP is conflicting, and long-
lasting durable responses are generally not expected. Intravenous immunoglobulins (dose 1-
2gm/kg) can also be used if there is a need to increase platelet count rapidly. Other 
alternative option is anti-D therapy. It is only recommended in Rh-positive and non-
splenectomized patients. Intermittent anti-D therapy can be used on a long-term basis but 
the potential risk of severe hemolysis should be taken into consideration.  

5.5 Second line treatment 
Until recently, splenectomy was the most common second line option for the treatment of 
refractory chronic ITP. The use of the anti-CD20 monoclonal antibody, rituximab, as a B-cell 
depletion therapy has gained tremendous popularity as a spleen saving treatment modality. 
Rituximab can be used alone or in combination with dexamethasone. However, the 
complete durable response rate is not as high as splenectomy( Schweizer et al. 2007). 
Relapsed patients can benefit from re-treatment with rituximab. Long-term 
immunosuppression and progressive multifocal encephalopathy remains potential serious 
complications with rituximab use. 

5.6 The role of splenectomy: 
Splenectomy still remains the most effective second line option and offers the highest rate of 
durable complete remissions. Splenectomy has been shown to lead to durable response in 
60% to 70% of patients (Kumar et al. 2002). However, with the introduction of a number of 
novel treatments, some clinicians recommend delaying splenectomy until later in the course 
of the illness. Despite the reduced morbidity and mortality with laparoscopic splenectomy 
in the hands of experienced surgeons, prophylactic appropriate vaccination, and use of 
antibiotics promptly in the event of febrile illness in post-splenectomy patients; still fewer 
patients are opting for splenectomy. 

5.7 Therapeutic options after splenectomy failure 
Treatment of patients with refractory ITP following splenectomy is challenging.  While 
many drugs are available, no one treatment is widely accepted (McMillan & Durette, 2004). 
Intensive treatment should be reserved for patients with persistently low platelet counts in 
the presence of bleeding. Figure 2 shows an algorithm for managing ITP patients at different 
severities of disease.  Other important considerations in the management of chronic ITP 
include the time to onset of efficacy, duration of benefit, and whether patients are able to 
maintain a response off therapy or if continued, the drug dosage necessary to maintain safe 
platelet counts.  
Several immunosuppressive agents alone or in combination have shown some efficacy, 
including azathioprine (Quiquandon et al 1990), danazol, cyclophosphamide, 
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mycophenylate mofetil (Hou et al. 2003), cyclosporine (Emilia et al. 2001), and vinca 
alkaloids. Another factor to consider when choosing an agent is patient preference for an 
oral agent administered daily, or an intravenous agent administered intermittently in an 
infusion clinic. Hematopoietic stem cell transplantation is used very rarely to treat ITP that 
has proven to be very refractory to treatment.  
 

 
Fig. 2. Algorithm For the Management of Chronic ITP: “Individualize, individualize, and 
individualize” 

Our better understanding of the immunopathogenesis has lead to the development of many 
novel therapies in the management of chronic ITP. Thrombopoietin receptor agonists 
(TRAs), which bind and activate the thrombopoietin (TPO) receptor to stimulate platelet 
production, have opened a new door in the management of chronic refractory ITP. 
Romiplastin (TPO peptide mimetic) and eltrombopag (nonpeptide TPO mimetic) are two 
recently approved agents for the treatment of refractory ITP (Burzynski, 2009). These agents 
have the advantage compared to recombinant TPO agonists of not causing the development 
of antibodies. The response rate of these agents ranges somewhere between 37% and 50%. 
To date, the clinical experience with these novel agents for a relatively benign disease is 
limited. Despite showing a favorable safety profile to date, these agents may have potential 
long-term side effects, such as thrombosis and myelofibrosis. 
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Our better understanding of the immunopathogenesis has lead to the development of many 
novel therapies in the management of chronic ITP. Thrombopoietin receptor agonists 
(TRAs), which bind and activate the thrombopoietin (TPO) receptor to stimulate platelet 
production, have opened a new door in the management of chronic refractory ITP. 
Romiplastin (TPO peptide mimetic) and eltrombopag (nonpeptide TPO mimetic) are two 
recently approved agents for the treatment of refractory ITP (Burzynski, 2009). These agents 
have the advantage compared to recombinant TPO agonists of not causing the development 
of antibodies. The response rate of these agents ranges somewhere between 37% and 50%. 
To date, the clinical experience with these novel agents for a relatively benign disease is 
limited. Despite showing a favorable safety profile to date, these agents may have potential 
long-term side effects, such as thrombosis and myelofibrosis. 
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6. Conclusion 
In summary, the diagnosis and management of chronic ITP require a highly individualized 
approach that is often based on the natural history of the disease in the particular patient as 
well as the experience of the physician. Published guidelines can certainly provide some 
guidance to the physicians but the decision of when and how to treat the thrombocytopenia 
will still depend upon the hematologists. Although ITP is an old disease, our recent 
understanding of the pathogenesis has caused a marked paradigm shift. For decades, 
steroids and IVIg have remained frontline treatment.  Recently, the developments of newer 
therapies, such as rituximab and thrombopoietic agonists, have had a major impact on the 
management of ITP. A combination of different agents may be a useful approach in the 
future but a single uniform set of guidelines is difficult to establish. To date, optimizing the 
curative effects of the different therapies available remains a challenge. 
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1. Introduction  
Hemophagocytic syndrome (HPS), also known as hemophagocytic lymphohistiocytosis 
(HLH) encompasses an infrequent group of non-malignant, yet potentially life-threatening 
disorders caused by massive cytokine release from activated lymphocytes and macrophages 
(Filipovich, 2009; Henter et al., 1998, 2007; Janka et al., 1998; Janka, 2009). This multisystem 
inflammatory syndrome is associated with a range of genetic and acquired factors. Hectic 
and persistent fever, cytopenias, hepatitis, jaundice, edema, splenomegaly, neurological 
symptoms and hemophagocytosis in bone marrow (BM), liver or lymph nodes are common 
clinicopathological features of HLH.   

2. Historical background and terminology of HLH 
The first published report on HLH is presumably an observation of hemophagocytosis in 
malignancy (Tschistowitsch & Bykova, 1928). In 1939, Scott and Robb-Smith reported four 
similar cases of adults with an HLH-like picture and proposed to call this condition 
histiocytic medullary reticulosis (HMR) (Scott & Robb-Smith, 1939). The term HMR was 
later succeeded by the disease entity known as malignant histiocytosis (MH) (Rappaport, 
1966). The familial form of HLH (named FHL or FHLH) was first described in a family with 
two affected siblings (Farquhar & Claireaux, 1952). Risdall et al. later reported a series of 19 
patients with active viral infection, whose bone marrow smears disclosed histiocytic 
hyperplasia with prominent hemophagocytosis (Risdall et al., 1979). Of note, 14 of 19 
patients in this study were immunosuppressed and active infection with herpes group 
viruses was documented in 74% (14/19) of patients. They proposed to term this condition 
virus-associated hemophagocytic syndrome (VAHS). Some authors argue that this paper by 
Risdall and colleagues is the first well documented report of acquired (or secondary) HLH 
(sHLH) (Kumakura, 2005). Five years later, Risdall et al. also reported HPS in three patients 
with bacterial sepsis (Risdall et al., 1984). This condition was named bacteria-associated 
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1. Introduction  
Hemophagocytic syndrome (HPS), also known as hemophagocytic lymphohistiocytosis 
(HLH) encompasses an infrequent group of non-malignant, yet potentially life-threatening 
disorders caused by massive cytokine release from activated lymphocytes and macrophages 
(Filipovich, 2009; Henter et al., 1998, 2007; Janka et al., 1998; Janka, 2009). This multisystem 
inflammatory syndrome is associated with a range of genetic and acquired factors. Hectic 
and persistent fever, cytopenias, hepatitis, jaundice, edema, splenomegaly, neurological 
symptoms and hemophagocytosis in bone marrow (BM), liver or lymph nodes are common 
clinicopathological features of HLH.   

2. Historical background and terminology of HLH 
The first published report on HLH is presumably an observation of hemophagocytosis in 
malignancy (Tschistowitsch & Bykova, 1928). In 1939, Scott and Robb-Smith reported four 
similar cases of adults with an HLH-like picture and proposed to call this condition 
histiocytic medullary reticulosis (HMR) (Scott & Robb-Smith, 1939). The term HMR was 
later succeeded by the disease entity known as malignant histiocytosis (MH) (Rappaport, 
1966). The familial form of HLH (named FHL or FHLH) was first described in a family with 
two affected siblings (Farquhar & Claireaux, 1952). Risdall et al. later reported a series of 19 
patients with active viral infection, whose bone marrow smears disclosed histiocytic 
hyperplasia with prominent hemophagocytosis (Risdall et al., 1979). Of note, 14 of 19 
patients in this study were immunosuppressed and active infection with herpes group 
viruses was documented in 74% (14/19) of patients. They proposed to term this condition 
virus-associated hemophagocytic syndrome (VAHS). Some authors argue that this paper by 
Risdall and colleagues is the first well documented report of acquired (or secondary) HLH 
(sHLH) (Kumakura, 2005). Five years later, Risdall et al. also reported HPS in three patients 
with bacterial sepsis (Risdall et al., 1984). This condition was named bacteria-associated 
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hemophagocytic syndrome (BAHS). To date, sHLH is known to be associated not only with 
viral or bacterial infections, but also with different types of other disseminated infections, 
including fungal or parasitic infections (Janka et al., 1998). Therefore, HLH associated with 
any infection type is collectively called infection-associated hemophagocytic syndrome 
(IAHS) or infection-associated hemophagocytic lymphohistiocytosis (I-HLH) (Kumakura et 
al., 2004).  
The origin of the proliferating cells in MH has been thought to be the precursors of 
histiocytes, but then it has been clarified that the proliferating cells are lymphoma cells 
(Kumakura, 2005). In 1981, a case of T-cell lymphoma resembling MH was reported (Kadin, 
1981). Following this report, many lymphoma cases associated with HPS have been reported 
worldwide (Han et al., 2007; Hasselblom et al., 2004; Ishii et al., 2007; Janka et al., 1998; 
Reiner & Spivak, 1988; Tong et al., 2008). In most of these cases it was proven that the 
proliferating cells were not of histiocytic origin, but that they were lymphoma cells. 
Therefore, the ‘true MH’, which is recognized as a neoplastic disease of immature 
histiocytes, is thought to be very infrequent, and secondary HLH associated with lymphoma 
is called lymphoma-associated hemophagocytic syndrome (LAHS) (Kumakura, 2004). Later, 
it has become clear that other hematological malignancies (e.g. myelodysplastic syndromes, 
acute and chronic leukemias, multiple myeloma) and solid cancers (e.g. thymoma, 
carcinoma, germ cell tumor, hepatocellular carcinoma) can be associated with HLH as well 
(Gupta et al., 2009; Ishii et al., 2007; Janka et al., 1998; Lackner et al., 2008; Machaczka et al., 
2010; Reiner & Spivak, 1988; Shabbir et al., 2010). Thus, HLH associated with any 
malignancy should be collectively called malignancy-associated hemophagocytic syndrome 
(MAHS) or malignancy-associated hemophagocytic lymphohistiocytosis (M-HLH). 
In 1991, Wong reported six patients with active systemic lupus erythematosus (SLE) who 
demonstrated reactive bone marrow hemophagocytosis (Wong et al., 1991). Since there was 
no evidence of an underlying infection, hemophagocytosis was thought to be solely 
associated with the activity of SLE, and the authors proposed to name this condition acute 
lupus hemophagocytic syndrome (ALHS). Shortly thereafter, Kumakura et al. reported 
cases of secondary HLH associated with autoimmune diseases other than SLE, and 
postulated to consider a new disease entity autoimmune-associated hemophagocytic 
syndrome (AAHS) (Kumakura et al., 1995, 1997). Albert et al. were the first to use the term 
‘macrophage activation syndrome’ (MAS) in a description of the disorder (Albert et al., 
1992). Shortly after, Stephan et al. used the term MAS in their description of 4 children 
suffering from chronic rheumatic disease characterized by a pro-inflammatory milieu 
(Stephan et al., 1993). MAS has been often reported in cases of systemic juvenile idiopathic 
arthritis (sJIA), but is also a known complication of adult onset Still’s disease (AOSD), 
systemic lupus erythematosus (SLE), rheumatoid arthritis, Sjögren’s syndrome, 
dermatomyositis, Kawasaki disease, mixed connective tissue disease and systemic sclerosis 
(Carvalheiras et al., 2010; Davi et al., 2011; Fukaya et al., 2008; Grom & Mellins, 2010; 
Hendricks et al., 2010; Kumakura et al., 2004; Parodi et al., 2009; Sawhney et al., 2001; 
Simonini et al., 2010; Titze et al., 2009; Tristano, 2008). 
Recognition in recent years that MAS belongs to the class of sHLH has led to a proposal to 
rename it according to the contemporary classification of histiocytic disorders (Ramanan & 
Baildam, 2002). Some authors have suggested that the term MAS be dropped in favor of 
reactive HLH to reflect this similarity and to better familiarize pediatric rheumatologists 
with treatment options, particularly in patients not responding to frontline therapy (Grom 
2003). Nevertheless, use of the term MAS still remains prevalent in the rheumatology 
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literature, whereas syndromes described in the hematology and infectious disease literature 
often describe a similar phenomenon as secondary HLH (Deane et al., 2010). Some authors 
suggest that the terms MAS and HLH are interchangeable (Behrens, 2008; Behrens et al., 
2008; Emmenegger et al., 2005; Ramanan & Baildam, 2002), whereas others describe MAS as 
a distinct subset of sHLH (Arceci, 2008; Janka, 2007, 2009), and still others highlight the 
heterogeneity of disorders described by both terms and call for revised terminology based 
more precisely on pathophysiology (Grom et al., 2003; Grom & Mellins, 2010). 

3. Classification of HLH 
According to the aforementioned historical background and current progress in 
understanding of its pathophysiology, HLH is generally divided into two distinct forms: an 
inherited, familial form and an acquired, secondary form (Arceci 2008; Janka, 2009; Henter 
et al., 2007). FHL has an autosomal recessive inheritance pattern, and usually arises in 
infants (80% cases), however in rare cases it can also occur in adults (Gupta & Weitzman, 
2010; Henter et al., 1991b, 1998, 2007; Nagafuji et al., 2007). Acquired HLH can develop at 
any age, from childhood to the elderly, as a result of intensive immunological activation due 
to severe infections, autoimmune inflammatory disorders or malignancies (Janka, 2009; 
Henter et al., 2007). HLH as a serious complication of autoimmune diseases is commonly 
called macrophage activation syndrome or autoimmune-associated hemophagocytic 
syndrome. Macrophage activation syndrome as a severe complication of the systemic form 
of juvenile idiopathic arthritis (sJIA) is a prototype of AAHS. Nowadays MAS is considered 
a special form of acquired HLH by most rheumatologists. However, it should be 
emphasized that in the literature dealing with HLH in adults, MAS is sometimes used 
synonymously with acquired HLH regardless of its cause (Janka, 2009). The contemporary 
classification of HLH is presented in Table 1. 

4. Epidemiology of HLH 
Until recently, it was widely believed that FHL because of genetic causes arose during 
infancy and early childhood. In a retrospective Swedish study the incidence of FHL was 
estimated to be 0.12/100,000 children per year (Henter et al., 1991b). With the more 
widespread availability of genetic testing, it is apparent that the first significant episode of 
HLH can occur throughout life from prenatal presentations through to the seventh decade. 
There is no exact data on the incidence of any form of the acquired HLH. In 2007, a 
retrospective study was published analyzing HLH cases diagnosed in Japan between 2001 
and 2005 (Ishii et al., 2007). The most frequent form of HLH in all age groups in Japan was 
EBV-associated HLH (35%; 163/469 pts), followed by other infection–associated HLH (29%; 
138/469 pts), lymphoma–associated HLH (18%; 84/469 pts), autoimmune–associated HLH 
(11%; 53/496), FHL (4.5%; 20/469 pts) and post-HSCT (hematopoietic stem cell 
transplantation) HLH (2.5%; 11/469 pts). The authors estimated that the annual incidence of 
all types of HLH and in all age groups of Japanese patients was 1 case in 800,000 individuals 
per year (Ishii et al., 2007). However, this number is probably underestimated, due to the 
retrospective nature of the study, certain diagnostic difficulties and overlooking or 
misdiagnosing of some HLH cases. In the same study, the reported 5-year overall survival 
was highest in EBV- or other infection-associated HLH (> 80%) and in autoimmune-
associated HLH (almost 90%), intermediate in FHL or B-cell lymphoma-associated HLH 
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(50%), and lowest in T/NK-cell lymphoma-associated HLH (< 15%) (Ishii et al., 2007). A recent 
retrospective population-based study revealed the annual incidence of M-HLH in adults to be 
1:280,000 per year or 0.36/100,000 individuals per year (Machaczka et al., 2011a). The results of 
this study were limited by the small population of the Swedish region of northern Halland, but 
the long observation period of over 14 years strengthened these findings. 
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non-Hodgkin lymphoma; MDS – myelodysplastic syndromes; AML – acute myeloid leukemia; ALL – 
acute lymphoblastic leukemia; MM – multiple myeloma; SCT – stem cell transplantation. 
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The reported incidence of juvenile idiopathic arthritis (JIA) varies from 1 to 22 cases per 
100,000 children, with a prevalence of 8 to 150 cases per 100,000 children (Cassidy & Petty, 
2005; Weiss & Ilowite, 2007). Of these, approximately 10% of patients have the systemic 
form of the disease (i.e., sJIA). It is estimated that approximately 7–10% of patients with sJIA 
develop life-threatening MAS (Janka, 2009; Sawhney et al., 2001), which may occur at any 
time during the course of the disease, with a mortality between 10–20%. Moreover, two 
studies suggested that a mild, subclinical form of MAS may be present in as many as 25–
30% patients with sJIA (Bleesing et al., 2007, Behrens et al., 2007). Although there are also 
numerous reports of MAS in adult onset Still’s disease, SLE, and Kawasaki disease, the 
incidence of MAS in these entities is unknown. However, in considering MAS in general, the 
mortality rate is presumably about 8–22% (Gupta & Weitzman, 2010). 

5. Clinical and laboratory features of HLH and AAHS/MAS 
The most typical signs of HLH are fever (duration ≥7 days, with peaks ≥38.5ºC) and 
splenomegaly associated with pancytopenia (affecting ≥2 cell lineages in peripheral blood), 
cerebromeningeal symptoms, skin rash, lymph node enlargement, jaundice and edema 
(Henter et al., 1991b; Kumakura, 2005; Öst et al., 1998; Reiner & Spivak, 1988). Laboratory 
findings include hyperferritinemia, hypertriglyceridemia, hypofibrinogenemia, 
coagulopathy, liver function abnormalities (i.e., elevated transaminases and bilirubin), 
hypoproteinemia, and hyponatremia (Henter et al., 1991b, 1998, 2007; Janka et al., 1998). 
Histopathological examination reveals accumulation of lymphocytes and histiocytes 
(macrophages), sometimes with hemophagocytic activity, observed in the spleen, bone 
marrow, liver, lymph nodes and cerebrospinal fluid (Henter & Nennesmo, 1997; Henter et 
al., 2007; Janka, 2009; Öst et al., 1998). The histological picture of liver biopsy resembles 
chronic persistent hepatitis (Henter et al., 2007).  In the brain the leptomeninges and 
perivascular spaces are involved (Akima & Sumi, 1984; Henter & Nennesmo, 1997). Other 
typical findings in HLH are low natural killer (NK) cell activity and high levels of the alpha 
chain of the soluble interleukin-2 receptor (sIL-2R, also named sCD25) in serum and CSF 
(Henter et al., 2007; Janka, 2009). Soluble IL-2R (together with an elevated level of ferritin) is 
a marker of generalized inflammation, but very high levels of sIL-2R are almost never seen 
outside of HLH (Filipovich, 2009). Normal ranges of sIL-2R vary with age being highest in 
infants, and lower in teenagers and adults. All the key clinical and laboratory features of 
HLH can be explained by hypercytokinemia and organ infiltration as shown in Table 2 
(Janka, 2009). 
Another important marker of HLH is soluble CD163 (sCD163). The macrophage hemoglobin 
scavenger receptor CD163 is restricted in its expression exclusively to cells of the monocyte–
macrophage lineage (Schaer et al., 2005). The extracellular part of the protein is shed into 
plasma (sCD163), because of proteolytic cleavage upon macrophage activation. Thus, 
sCD163 is a reliable clinical marker of disorders associated with overwhelming macrophage 
activity (Filipovich, 2009; Grom & Mellins, 2010; Schaer et al., 2005). Because sIL-2R and 
sCD163 are soluble molecules shed from the surfaces of activated T cells and macrophages, 
respectively, their levels are likely to increase in the serum regardless of the tissue 
localization of these cells (Grom & Mellins, 2010).  
AAHS/MAS may exhibit all of the characteristic features of HLH. Coagulopathy and 
cardiac impairment are common (Janka, 2009). Neurological symptoms in MAS may 
progress to a severe encephalopathy and coma. Of note, not all patients with  
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HLH symptom/sign Causative factors 

Fever IL-1; IL-6, TNF-α 

Cytopenia in peripheral blood 
suppressive acitivity of TNF-α, INF-γ, and 
the heavy unit of ferritin on hematopoiesis; 
hemophagocytosis 

High concentration of triglycerides in 
blood 

supressive action of increased levels of 
TNF-α on lipoprotein lipase   

Low concentration of fibrinogen in blood 

high levels of plasminogen activator 
secreted by macrophages stimulate 
plasmine and in consequence lead to 
hiperfibrynolisis 

High concentration of ferritin in serum released by activated 
histiocytes/macrophages 

High concentration of the α chain of the 
sIL-2R in blood secreted by activated T lymphocytes 

Hepatosplenomegaly 

organ infiltrations with activated 
lymphocytes and histiocytes/macrophages  

Increased liver transaminases and 
bilirubin in blood 

Neurological abnormalities 

HLH – hemophagocytic lymphohistiocytosis; IL – interleukin; TNF – tumor necrosis factor; sIL-2R – 
soluble IL-2 receptor (also named sCD25). 

Table 2. Signs and symptoms of HLH and their causes 

autoimmune/autoinflamatory diseases and MAS fulfill at the beginning diagnostic criteria 
for HLH (Janka, 2009). In patients, who already have signs of inflammation such as high 
leukocytosis, elevated platelet count, and elevated levels of fibrinogen, a decline in these 
parameters, without reaching pathological values, may herald MAS (Ravelli et al., 2005). 
MAS as a first symptom of sJIA may be indistinguishable from other cases of HLH when 
arthritis is missing. A high interleukin-1β concentration in blood may also suggest MAS 
rather than classic HLH (Janka, 2009; Henter et al., 1996). Although mild elevation of sIL-2R 
has been reported in many rheumatic diseases including JIA and SLE, a several-fold increase 
in the levels of sIL-2R in these diseases is highly suggestive of MAS (Grom & Mellins, 2010). 
Importantly, other clinical entities associated with high levels of sIL-2R include 
malignancies and some viral infections, such as viral hepatitis, and so these conditions 
should be considered in the differential diagnosis. Nevertheless, sIL-2R receptor and 
sCD163 are now increasingly recognized as important biomarkers of AAHS/MAS 
(Filipovich, 2009; Grom & Mellins, 2010). 

6. Diagnosis of HLH and AAHS/MAS 
In 1991 the HLH Study Group of the Histiocyte Society published the first diagnostic 
guidelines for HLH which were later updated in 2004 (Henter et al., 1991c, 2007). According 
to the current guidelines (HLH-2004), five of the following eight criteria must be fulfilled for 
the diagnosis of HLH: (1) fever, (2) splenomegaly, (3) cytopenias affecting two or three 
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lineages (Hb <90 g/l; PLT <100 × 109/l; neutrophils <1.0 × 109/l), (4) hypertriglyceridemia 
(fasting triglycerides >3.0 mmol/l) and/or hypofibrinogenemia (<1.5 g/l), (5) 
hemophagocytosis in bone marrow, spleen, or lymph nodes, (6) hyperferritinemia (>500 
µg/l), (7) low or absent NK-cell activity, (8) elevated level of sIL-2R (sCD25) >2400 U/ml. 
The last three HLH criteria were introduced in the revised diagnostic guidelines for HLH in 
2004 (Henter et al., 2007). 
There are no validated diagnostic criteria addressed exclusively for AAHS/MAS, and early 
diagnosis is often difficult (Filipovich et al., 2010; Fukaya et al., 2008; Grom & Mellins, 2010). 
In general, in a patient with persistently active underlying rheumatologic disease, a fall in 
the ESR and platelet count, particularly in combination with persistently high CRP and 
increasing levels of serum D-dimer and ferritin, should raise a suspicion of impeding MAS 
(Grom & Mellins, 2010). According to Janka, a C-reactive protein >100 mg/l, increased 
granulopoiesis with left shift in the bone marrow and peripheral blood, and s-ferritin 
concentration >10,000 μg/L (if EBV infection has been excluded) are features strongly 
suggestive of MAS (Janka, 2009). The diagnosis of MAS is usually confirmed by 
demonstration of hemophagocytosis in the bone marrow, liver, lymph nodes, etc. However, 
false negative results may occur owing to sampling errors, particularly at the early stages of 
the syndrome (Grom & Mellins, 2010; Janka 2009). In some patients, subsequent biopsies 
may reveal hemophagocytic macrophages. In patients with negative bone marrow biopsies, 
assessment of the levels of sIL-2R and sCD163 in serum may help with the timely diagnosis 
of MAS (Grom & Mellins, 2010; Komp et al., 1989; Schaer et al., 2005). 
In particular, application of the HLH diagnostic criteria to sJIA patients with suspected MAS 
is problematic. Some of the HLH markers such as lymphadenopathy, splenomegaly, and 
hyperferritinemia are common features of active sJIA itself and therefore do not distinguish 
MAS from a conventional systemic JIA flare (Davi et al., 2011; Grom & Mellins, 2010). Other 
HLH criteria, such as cytopenias and hypofibrinogenemia, become evident only at the late 
stages. This is related to the fact that sJIA patients often have increased white blood cell and 
platelet counts and elevated s-fibrinogen as a part of the inflammatory response in sJIA. 
Therefore, when they develop MAS, they demonstrate cytopenias and hypofibrinogenemia 
to the extent seen in HLH only at the later stage of MAS, when its management becomes 
challenging (Davi et al., 2011; Grom & Mellins, 2010). Diagnosis of MAS is even more 
problematic in SLE patients with autoimmune cytopenias, which are difficult to distinguish 
from cytopenias caused by MAS (Carvalheiras et al., 2010; Grom & Mellins, 2010; Parodi et 
al., 2009). In these patients, the presence of extreme hyperferritinemia and elevated LDH 
should raise suspicion of MAS (Parodi et al., 2009). Attempts to modify the HLH criteria to 
increase their sensitivity and specificity for the diagnosis of MAS in rheumatic conditions 
have been initiated and continue today (Ravelli et al., 2005; Davi et al., 2011). 

7. Case presentations 
Here we present three illustrative cases of patients with different autoimmune diseases 
developing severe AAHS/MAS in the course of their autoimmune disorder. 

7.1 MAS complicating juvenile arthritis and ankylosing spondylitis 
A 31-year-old male was referred from community hospital to the University Hospital (The 
Second Chair of Internal Medicine, Collegium Medicum, Jagiellonian University, Krakow, 
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HLH symptom/sign Causative factors 

Fever IL-1; IL-6, TNF-α 

Cytopenia in peripheral blood 
suppressive acitivity of TNF-α, INF-γ, and 
the heavy unit of ferritin on hematopoiesis; 
hemophagocytosis 

High concentration of triglycerides in 
blood 

supressive action of increased levels of 
TNF-α on lipoprotein lipase   

Low concentration of fibrinogen in blood 

high levels of plasminogen activator 
secreted by macrophages stimulate 
plasmine and in consequence lead to 
hiperfibrynolisis 

High concentration of ferritin in serum released by activated 
histiocytes/macrophages 

High concentration of the α chain of the 
sIL-2R in blood secreted by activated T lymphocytes 

Hepatosplenomegaly 

organ infiltrations with activated 
lymphocytes and histiocytes/macrophages  

Increased liver transaminases and 
bilirubin in blood 

Neurological abnormalities 

HLH – hemophagocytic lymphohistiocytosis; IL – interleukin; TNF – tumor necrosis factor; sIL-2R – 
soluble IL-2 receptor (also named sCD25). 

Table 2. Signs and symptoms of HLH and their causes 

autoimmune/autoinflamatory diseases and MAS fulfill at the beginning diagnostic criteria 
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in the levels of sIL-2R in these diseases is highly suggestive of MAS (Grom & Mellins, 2010). 
Importantly, other clinical entities associated with high levels of sIL-2R include 
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Autoimmune-Associated Hemophagocytic Syndrome/Macrophage Activation Syndrome 

 

85 

lineages (Hb <90 g/l; PLT <100 × 109/l; neutrophils <1.0 × 109/l), (4) hypertriglyceridemia 
(fasting triglycerides >3.0 mmol/l) and/or hypofibrinogenemia (<1.5 g/l), (5) 
hemophagocytosis in bone marrow, spleen, or lymph nodes, (6) hyperferritinemia (>500 
µg/l), (7) low or absent NK-cell activity, (8) elevated level of sIL-2R (sCD25) >2400 U/ml. 
The last three HLH criteria were introduced in the revised diagnostic guidelines for HLH in 
2004 (Henter et al., 2007). 
There are no validated diagnostic criteria addressed exclusively for AAHS/MAS, and early 
diagnosis is often difficult (Filipovich et al., 2010; Fukaya et al., 2008; Grom & Mellins, 2010). 
In general, in a patient with persistently active underlying rheumatologic disease, a fall in 
the ESR and platelet count, particularly in combination with persistently high CRP and 
increasing levels of serum D-dimer and ferritin, should raise a suspicion of impeding MAS 
(Grom & Mellins, 2010). According to Janka, a C-reactive protein >100 mg/l, increased 
granulopoiesis with left shift in the bone marrow and peripheral blood, and s-ferritin 
concentration >10,000 μg/L (if EBV infection has been excluded) are features strongly 
suggestive of MAS (Janka, 2009). The diagnosis of MAS is usually confirmed by 
demonstration of hemophagocytosis in the bone marrow, liver, lymph nodes, etc. However, 
false negative results may occur owing to sampling errors, particularly at the early stages of 
the syndrome (Grom & Mellins, 2010; Janka 2009). In some patients, subsequent biopsies 
may reveal hemophagocytic macrophages. In patients with negative bone marrow biopsies, 
assessment of the levels of sIL-2R and sCD163 in serum may help with the timely diagnosis 
of MAS (Grom & Mellins, 2010; Komp et al., 1989; Schaer et al., 2005). 
In particular, application of the HLH diagnostic criteria to sJIA patients with suspected MAS 
is problematic. Some of the HLH markers such as lymphadenopathy, splenomegaly, and 
hyperferritinemia are common features of active sJIA itself and therefore do not distinguish 
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Therefore, when they develop MAS, they demonstrate cytopenias and hypofibrinogenemia 
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should raise suspicion of MAS (Parodi et al., 2009). Attempts to modify the HLH criteria to 
increase their sensitivity and specificity for the diagnosis of MAS in rheumatic conditions 
have been initiated and continue today (Ravelli et al., 2005; Davi et al., 2011). 

7. Case presentations 
Here we present three illustrative cases of patients with different autoimmune diseases 
developing severe AAHS/MAS in the course of their autoimmune disorder. 

7.1 MAS complicating juvenile arthritis and ankylosing spondylitis 
A 31-year-old male was referred from community hospital to the University Hospital (The 
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Poland) because of persistent fever and progressive haemostatic abnormalities (skin bruises, 
undetectable fibrinogen level, prolonged aPTT and INR, markedly elevated FDP and D-
dimer levels). The patient was admitted to a community hospital 3 weeks earlier with signs 
of a possible upper respiratory tract infection (fever, dry cough, sore throat) accompanied by 
herpes labialis. Broad spectrum antibiotic and acyclovir treatment were both ineffective. 
Because of a progressing bi-cytopenia (thrombocytopenia with neutropenia; Fig. 1) a fine 
needle bone marrow biopsy was performed showing no signs of significant primary bone 
marrow suppression.  
Past medical history revealed that the patient suffered from a polyarticular seropositive 
juvenile arthritis since the age of 8 years. In the following years the patient was hospitalized 
several times because of disease exacerbations. Non-steroidal inflammatory drugs, gold 
salts, azathioprine, methotrexate and systemic corticosteroids together with physiotherapy 
were administered at various time periods; synoviectomy was performed twice. At the age 
of 29 a diagnosis of ankylosing spondylitis was established (sacroilitis, presence of HLA-
B27). Approximately 5 months before admission to our Center the patient’s 
immunosuppressive treatment was modified because of poor disease control, and he 
received a TNF-α inhibitor (adalimumab) with good clinical response. 
On admission the patient complained of pain localized to the right subcostal region and 
persistent fever. On physical examination body temperature was 39.2°C, and slight 
hepatomegaly and skin ecchymoses with mucosal bleeding were present. Selected 
laboratory results and hematologic parameters at admission are shown in Table 3. 
Differential diagnosis included DIC with sepsis (blood cultures later showed negative 
results), neutropenic fever (neutrophils 0.29 × 109/l), and opportunistic infections (HBV, 
HCV, EBV, CMV, and HIV infection were excluded). Adalimumab side effects were also 
taken into consideration. Filgrastim, ganciclovir and intravenous gammaglobulins were 
instituted with no improvement. Concomitant medications included ceftazidime, 
vancomycin, amikacin, sulfamethoxazole/trimethoprim, linezolide, tranexamic acid, fresh 
frozen plasma and cryoprecipitate. 
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Fig. 1. Changes in neutrophils and lymphocyte counts before the admission 
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Hematological parameters Reference range Patient’s result 

Hemoglobin g/l 120–170 99 
White blood cells × 109/l 4.0–10 1.0 
Lymphocytes % 20–40 64 
Neutrophils % 58–66 29 
Platelets × 109/l 150–400 90 
Reticulocytes ‰ 3–15 2 

Biochemistry   

AspAT U/l 17–59 263 
AlAT U/l 21–72 116 
LDH U/l 313–618 7,700 
CRP mg/l <5 56.1 

Coagulation tests   

INR  0.85–1.15 1.30 
aPTT sec 25–31.5 55.60 
Fibrinogen g/l 1.8–3.5 undetectable 
Fibrinogen (nephelometry) g/l 1.8–3.5 0.7 
Trombin time sec 14–21 60.1 
D-dimer ng/ml <500 >10,000 
Factor II % 70–120 45.9 
Factor V % 70–120 106.5 
Factor VII % 70–120 109.7 
Factor VIII % 50–120 39.8 
Factor IX % 70–120 94.6 
Factor X % 70–120 76.2 
Factor XI % 70–120 110.9 
Factor XII % 70–120 81.5 

Table 3. The patient’s laboratory results on admission 

Because of a rapidly progressive thrombocytopenia and neutropenia, bone marrow biopsy 
was reinterpreted towards a diagnosis of hemophagocytic syndrome. Multiple macrophages 
(10–15% of nucleated bone marrow cells) together with several hemophagocytes were found 
(Fig. 2).  
A diagnosis of macrophage activation syndrome complicating recent adalimumab treatment 
was established. Six days after the patient’s admission, treatment with etoposide, 
dexamethasone, and cyclosporine A was instituted as recommended by the modified HLH-
2004 protocol (Fig. 3). Body temperature normalized at day 3 of therapy. Etoposide-related 
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Hematological parameters Reference range Patient’s result 
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Table 3. The patient’s laboratory results on admission 

Because of a rapidly progressive thrombocytopenia and neutropenia, bone marrow biopsy 
was reinterpreted towards a diagnosis of hemophagocytic syndrome. Multiple macrophages 
(10–15% of nucleated bone marrow cells) together with several hemophagocytes were found 
(Fig. 2).  
A diagnosis of macrophage activation syndrome complicating recent adalimumab treatment 
was established. Six days after the patient’s admission, treatment with etoposide, 
dexamethasone, and cyclosporine A was instituted as recommended by the modified HLH-
2004 protocol (Fig. 3). Body temperature normalized at day 3 of therapy. Etoposide-related 
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nadir occurred at day 20 (platelets 14 × 109/l; leukocytes 0.42 × 109/l) (Table 4). One dose of 
etoposide was omitted and filgrastim (G-CSF) was administered (48 mln units b.i.d) with a 
beneficial effect. Etoposide was then continued for the next 9 months. 
 

 
Fig. 2. Bone marrow aspirate smears showing the centrally placed macrophage laden with 
erythroblasts. Normally developed myeloid cells are present nearby. Wright’s stain, lower 
(× 400) and higher (× 1000) magnification 

 

 
Fig. 3. The patient’s treatment scheme with a HLH-2004 protocol 

Control examination of bone marrow with a fine needle biopsy performed at week 40 of 
treatment confirmed the disappearance of activated macrophages. The patient felt well and 
continues treatment with cyclosporine and low-dose corticosteroids.  
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Parameter (units) Baseline 
(nadir/zenith) After treatment 

Fever (°C) 39.2 35.8 
Splenomegaly slight - 
Hepatomegaly + - 
Hemoglobin (g/l) 85 137 
Platelets (× 109/l) 14 260 
Neutrophils (× 109/l) 0.29 5.3 
Triglycerides (mmol/l) 6.5 2.84 
Fibrinogen (g/l) undetectable 4.8 
Ferritin (µg/l) >20,000 233.2 
AlAT (U/l) 116 25 
Bilirubin (mol/l) 19 15 
LDH (U/l) 7,687 624 
Hemophagocytosis + - 

Table 4. Changes in selected laboratory and clinical parameters characteristic for MAS 
during the applied therapy (HLH-2004) 

7.2 MAS complicating rheumatoid arthritis 
A 58-years-old patient, suffering from rheumatoid arthritis for 12 years, about 13 months 
after a course of TNF-α inhibitor (etanercept) treatment was admitted to hospital in 
another country due to progressive weakness, weight loss, intensive ankle joint pain and 
fever reaching 40°C. RA flare and infection were excluded and etanercept-related bone 
marrow dysfunction was suspected due to agranulocytosis, leukopenia, and 
thrombocytopenia. The patient had decided to leave the hospital and sought consultation 
in our University Hospital (The Second Chair of Internal Medicine, Collegium Medicum 
of the Jagiellonian University, Krakow, Poland). On admission his general condition was 
satisfactory; physical examination having revealed livedo reticularis on the lower limbs, 
swelling and redness of the left ankle joint, slight splenomegaly and caries of teeth 11 and 
24. The most important laboratory abnormalities are shown in Table 5. Rheumatoid 
arthritis with Felty syndrome was diagnosed 12 years ago based on the presence of 5 ACR 
criteria, positive rheumatoid factor (RF) and elevated anti-cyclic citrullinated peptide 
antibodies (anti-CCP). About a year ago etanercept was started due to the ineffectiveness 
of corticosteroids and methotrexate.  
After admission the patient received three injections of filgrastim (48 mln. units each) and 
antimicrobial treatment was implemented (ceftazidim, amikacin, fluconazole). Teeth 11 and 
24 were extracted. The patient was seen by a hematologist and a fine needle bone marrow 
biopsy was performed showing numerous, typical hemophagocytes (Figure 4). 
A macrophage activation syndrome associated with rheumatic disease (RA) was diagnosed. 
On day 8 of hospitalization, dexamethasone (20 mg qd) and cyclosporine A (dose adjusted 
to trough blood levels) were initiated. Treatment led to a quick decrease in body 
temperature and little later to normalization of the peripheral blood picture (Table 6). 
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Table 4. Changes in selected laboratory and clinical parameters characteristic for MAS 
during the applied therapy (HLH-2004) 

7.2 MAS complicating rheumatoid arthritis 
A 58-years-old patient, suffering from rheumatoid arthritis for 12 years, about 13 months 
after a course of TNF-α inhibitor (etanercept) treatment was admitted to hospital in 
another country due to progressive weakness, weight loss, intensive ankle joint pain and 
fever reaching 40°C. RA flare and infection were excluded and etanercept-related bone 
marrow dysfunction was suspected due to agranulocytosis, leukopenia, and 
thrombocytopenia. The patient had decided to leave the hospital and sought consultation 
in our University Hospital (The Second Chair of Internal Medicine, Collegium Medicum 
of the Jagiellonian University, Krakow, Poland). On admission his general condition was 
satisfactory; physical examination having revealed livedo reticularis on the lower limbs, 
swelling and redness of the left ankle joint, slight splenomegaly and caries of teeth 11 and 
24. The most important laboratory abnormalities are shown in Table 5. Rheumatoid 
arthritis with Felty syndrome was diagnosed 12 years ago based on the presence of 5 ACR 
criteria, positive rheumatoid factor (RF) and elevated anti-cyclic citrullinated peptide 
antibodies (anti-CCP). About a year ago etanercept was started due to the ineffectiveness 
of corticosteroids and methotrexate.  
After admission the patient received three injections of filgrastim (48 mln. units each) and 
antimicrobial treatment was implemented (ceftazidim, amikacin, fluconazole). Teeth 11 and 
24 were extracted. The patient was seen by a hematologist and a fine needle bone marrow 
biopsy was performed showing numerous, typical hemophagocytes (Figure 4). 
A macrophage activation syndrome associated with rheumatic disease (RA) was diagnosed. 
On day 8 of hospitalization, dexamethasone (20 mg qd) and cyclosporine A (dose adjusted 
to trough blood levels) were initiated. Treatment led to a quick decrease in body 
temperature and little later to normalization of the peripheral blood picture (Table 6). 
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Hematological parameters Reference range Patient’s 
result 

Hemoglobin g/l 120–170 108 
White blood cells × 109/l 4.0–10 0.62 
Lymphocytes % 20–40 80 
Neutrophils % 58–66 13 
Platelets × 109/l 150–400 56 
Reticulocytes ‰ 3–15 43 
Biochemistry   
AspAT U/l 21–72 16 
AlAT U/l 21–72 11 
Bilirubin mol/l 3–22 12 
LDH U/l 313–618 420 
CRP mg/l <5 54.3 

Coagulation tests   

INR  0.85–1.15 1.08 
aPTT sec 25–31.5 31 
Fibrinogen g/l 1.8–3.5 1.5 

Table 5. The patient’s laboratory results on admission to the University Hospital 
 

Parameter (units) Baseline 
(nadir/zenith) After treatment 

Fever (°C) 37.2 36.6 

Splenomegaly + - 

Hepatomegaly - - 

Hemoglobin (g/l) 108 133 

Platelets (× 109/l) 25.2 173 

Neutrophils (× 109/l) 0.6 3.43 

Triglycerides (mmol/l) 2.83 2.7 

Fibrinogen (g/l) 1.40 5.2 

Ferritin (µg/l) 1,855 717.5 

AlAT (U/l) 16 52 

Bilirubin (mol/l) 12 not determined 

LDH (U/l) 420 not determined 

Hemophagocytosis + not determined 

Table 6. Changes of selected laboratory and clinical parameters of MAS during the treatment 
with modified HLH-2004 protocol 
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Fig. 4. Bone marrow aspirate smears. The centrally located macrophage shows phagocytosis 
of erythrocytes, erythroblasts and myeloid cells. Wright’s stain, lower (× 400) and higher (× 
1000) magnification 

7.3 MAS complicating systemic lupus erythematosus 
A 46-year-old man was admitted to the University Hospital (The Second Chair of Internal 
Medicine, Collegium Medicum of the Jagiellonian University, Krakow, Poland) in 2010 
because of persistent fever and pulmonary nodules and consolidations. He has been treated 
for the last 10 years for systemic lupus erythematosus (SLE) with renal involvement. His 
SLE was diagnosed in 1991 based on the presence of several ARA criteria (fever, arthralgias, 
pleuritis and pericarditis, proteinuria, anemia, and the presence of ANA in high titer as well 
as ds-DNA antibodies) and typical results of renal biopsy. His medical history revealed 
arterial hypertension, peripherial artery occlusive disease and deep vein thrombosis of both 
lower limbs. Initially SLE was treated with corticosteroids and oral cyclophosphamide, then 
treatment was frequently modified according to the disease activity (azathioprine, 
cyclosporine A, mycophenolate mofetil and plasmapheresis). 
 

Hematological parameters Reference range Patient’s result 
Hemoglobin g/l 120–150 134 
White blood cells × 109/l 4.0–10 9.0 
Lymphocytes % 20–40 12.2 
Neutrophils % 58–66 83.0 
Platelets × 109/l 150–400 57 
Reticulocytes ‰ 3–15 10 
Biochemistry   
AspAT U/l 21–72 38 
AlAT U/L 21–72 50 
Bilirubin mol/l 3–22 11 
LDH U/l 313–618 1,114 
CRP mg/l <5 75.7 
Coagulation tests   
INR  0.85–1.15 0.94 
aPTT sec 25–31.5 25.9 
Fibrinogen g/l 1.8–3.5 5.0 

Table 7. The patient’s laboratory results on admission to the University Hospital 
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Hematological parameters Reference range Patient’s 
result 

Hemoglobin g/l 120–170 108 
White blood cells × 109/l 4.0–10 0.62 
Lymphocytes % 20–40 80 
Neutrophils % 58–66 13 
Platelets × 109/l 150–400 56 
Reticulocytes ‰ 3–15 43 
Biochemistry   
AspAT U/l 21–72 16 
AlAT U/l 21–72 11 
Bilirubin mol/l 3–22 12 
LDH U/l 313–618 420 
CRP mg/l <5 54.3 

Coagulation tests   

INR  0.85–1.15 1.08 
aPTT sec 25–31.5 31 
Fibrinogen g/l 1.8–3.5 1.5 

Table 5. The patient’s laboratory results on admission to the University Hospital 
 

Parameter (units) Baseline 
(nadir/zenith) After treatment 

Fever (°C) 37.2 36.6 

Splenomegaly + - 

Hepatomegaly - - 

Hemoglobin (g/l) 108 133 

Platelets (× 109/l) 25.2 173 

Neutrophils (× 109/l) 0.6 3.43 

Triglycerides (mmol/l) 2.83 2.7 

Fibrinogen (g/l) 1.40 5.2 

Ferritin (µg/l) 1,855 717.5 

AlAT (U/l) 16 52 

Bilirubin (mol/l) 12 not determined 

LDH (U/l) 420 not determined 

Hemophagocytosis + not determined 

Table 6. Changes of selected laboratory and clinical parameters of MAS during the treatment 
with modified HLH-2004 protocol 
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Fig. 4. Bone marrow aspirate smears. The centrally located macrophage shows phagocytosis 
of erythrocytes, erythroblasts and myeloid cells. Wright’s stain, lower (× 400) and higher (× 
1000) magnification 

7.3 MAS complicating systemic lupus erythematosus 
A 46-year-old man was admitted to the University Hospital (The Second Chair of Internal 
Medicine, Collegium Medicum of the Jagiellonian University, Krakow, Poland) in 2010 
because of persistent fever and pulmonary nodules and consolidations. He has been treated 
for the last 10 years for systemic lupus erythematosus (SLE) with renal involvement. His 
SLE was diagnosed in 1991 based on the presence of several ARA criteria (fever, arthralgias, 
pleuritis and pericarditis, proteinuria, anemia, and the presence of ANA in high titer as well 
as ds-DNA antibodies) and typical results of renal biopsy. His medical history revealed 
arterial hypertension, peripherial artery occlusive disease and deep vein thrombosis of both 
lower limbs. Initially SLE was treated with corticosteroids and oral cyclophosphamide, then 
treatment was frequently modified according to the disease activity (azathioprine, 
cyclosporine A, mycophenolate mofetil and plasmapheresis). 
 

Hematological parameters Reference range Patient’s result 
Hemoglobin g/l 120–150 134 
White blood cells × 109/l 4.0–10 9.0 
Lymphocytes % 20–40 12.2 
Neutrophils % 58–66 83.0 
Platelets × 109/l 150–400 57 
Reticulocytes ‰ 3–15 10 
Biochemistry   
AspAT U/l 21–72 38 
AlAT U/L 21–72 50 
Bilirubin mol/l 3–22 11 
LDH U/l 313–618 1,114 
CRP mg/l <5 75.7 
Coagulation tests   
INR  0.85–1.15 0.94 
aPTT sec 25–31.5 25.9 
Fibrinogen g/l 1.8–3.5 5.0 

Table 7. The patient’s laboratory results on admission to the University Hospital 
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The patient’s general condition on admission was satisfactory. His body temperature was 
38.4°C, physical examination revealed neither hepatosplenomegaly nor lymphadenopathy. 
Selected laboratory results and hematologic parameters on admission are shown in Table 7. 
Microbial analysis of bronchoalveolar lavage obtained at bronchoscopy revealed a group I 
Mycobacteria-other-than-tuberculosis (MOTT). Targeted therapy was instituted (rifampicin 
450 mg qd, isoniazide 250 mg qd, ethambutol 750 mg qd and clarithromycin 1000 mg bid) 
with no effect on the fever. Because of the persistent fever, bronchoscopy was repeated one 
month later, but MOTT’s were no longer detectable. Due to the progressive anemia and 
thrombocytopenia a fine needle bone marrow biopsy was performed showing typical 
hemophagocytes, with some of these forming cell conglomerates (Fig. 5). 
 

 
Fig. 5. Wright’s stain of bone marrow aspirate smears. The centrally placed large cell 
conglomerate consists of activated macrophages presenting hemophagocytosis of 
erythroblasts and myeloid cells. Lower (× 200) and higher (× 400) magnification 

 

Parameter (units) Reference 
range 

Baseline 
(nadir/zenith) After treatment 

Fever (°C)  40.0 36.5 
Splenomegaly  - - 
Hepatomegaly  - - 
Hemoglobin (g/l) 120–170 85 153 
Platelets (× 109/l) 150–400 42.2 118.2 
Neutrophils (× 109/l )  6,100 3,500 
Triglycerides (mmol/l) 0.3–2.26 2.63 1.07 
Fibrinogen (g/l) 1.8–3.5 3.60 3.1 
Ferritin (µg/l) 13–400 1,387 105 
AlAT (U/L) 21–72 142 57 
Bilirubin (mol/l) 3–22 12 11 
LDH (U/L) 313–618 804 452 
Hemophagocytosis  ++ single cells 

Table 8. Changes of selected laboratory and clinical parameters typical for MAS during 
treatment (HLH-2004) 
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Macrophage activation syndrome was diagnosed and one month after the patient’s 
admission treatment with dexamethasone, cyclosporine A, and etoposide was started 
resulting in the normalization of body temperature and peripherial blood morphology. 
Etoposide-related nadir occurred at day 14 (platelets 18 × 109/l, leukocytes 1.0 × 109/l). Two 
etoposide doses were omitted and filgrastim was administered twice (48 mln units qd). 
Intravenous pulses of etoposide were given for the next 2 months, followed by oral 
administration. A control bone marrow examination performed on week 40 of treatment 
showed disappearance of activated macrophages. The patient has continued treatment with 
cyclosporine A in combination with low-dose corticosteroids with continuous improvement 
of his clinical and laboratory parameters (Table 8). 

8. Pathophysiologic and molecular mechanism of HLH 
Although significant progress in understanding the genetics and pathophysiology of 
primary HLH has been achieved during recent years, the pathogenesis of acquired forms of 
HLH is still not fully understood. An exaggerated immune response is the final common 
pathway of HLH, however, there are multiple roads leading to it (Arceci, 2008; Janka, 2009). 
The immune response is often triggered by different stimulants (e.g., infection) and the 
underlying inherited or acquired immune defect. It has been proposed that the clinical 
presentation of HLH is due to uncontrolled activation of immune cells, macrophages and 
CD8+ T lymphocytes (cytotoxic), leading to a massive release of various mediators of 
inflammation such as TNF-α (tumor necrosis factor α), interleukin(IL)-6, IL-8, IL-10, IL-12, 
IL-18, interferon γ, macrophage inflammatory protein (MIP 1-α), and hematopoietic growth 
factors (e.g., GM-CSF) (Filipovich, 2009; Henter et al., 1991a, 1996, 2007; Janka & Schneider, 
2004; Osugi et al., 1997). IL-10 with its anti-inflammatory properties plays many important 
roles in the regulation of autoimmune inflammatory responses, particularly of systemic 
autoimmune disorders such as HLH/MAS. The role of IL-10 as part of an important 
regulatory mechanism involved in HLH has long been proposed (Behrens et al., 2011; 
Benveniste et al., 2000; Osugi et al., 1997). Recently, the roles of T regulatory cells in HLH 
have also been discussed (Verbsky & Grossman, 2006). Low or absent NK-cell function is 
present in many HLH patients and results in difficulties in termination of the exaggerated 
immune response (Filipovich, 2009; Henter et al., 2007). 
There are two major subtypes of genetic causes of HLH. First are those genetic defects, 
grouped under the term FHL, that present with HLH as the primary and only manifestation 
of disease (Gupta & Weitzman, 2010; Henter et al., 2007). A second group of genetic 
disorders include HLH as only one, although often fatal, manifestation of the disease (Gupta 
& Weitzman, 2010; Janka, 2009). All known genetic abnormalities causing FHL involve 
genes that regulate proteins important in the secretory cytolytic pathway of NK-cells and 
CD8+ T lymphocytes. In 1999, the first FHL-inked locus was discovered on chromosome 
9q21.3–22 in several Pakistani families and was later defined as the FHL1 subtype (Ohadi et 
al., 1999). Shortly thereafter, mutations in the perforin gene PRF1 were discovered on 
chromosome 10q21 in a group of patients with FHL (FHL2 subtype) (Stepp et al., 1999). 
Furthermore, mutations in genes UNC13D (located on chromosome 17q25; FHL3 subtype), 
STX11 (located on chromosome 6q24; FHL4 subtype), and most recently STXBP2 (located on 
chromosome 19p13; FHL5 subtype) were described (Feldmann 2003; zur Stadt et al., 2005, 
2009). In view of the remarkable progress since the discovery of the first genetic defect in 
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resulting in the normalization of body temperature and peripherial blood morphology. 
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etoposide doses were omitted and filgrastim was administered twice (48 mln units qd). 
Intravenous pulses of etoposide were given for the next 2 months, followed by oral 
administration. A control bone marrow examination performed on week 40 of treatment 
showed disappearance of activated macrophages. The patient has continued treatment with 
cyclosporine A in combination with low-dose corticosteroids with continuous improvement 
of his clinical and laboratory parameters (Table 8). 

8. Pathophysiologic and molecular mechanism of HLH 
Although significant progress in understanding the genetics and pathophysiology of 
primary HLH has been achieved during recent years, the pathogenesis of acquired forms of 
HLH is still not fully understood. An exaggerated immune response is the final common 
pathway of HLH, however, there are multiple roads leading to it (Arceci, 2008; Janka, 2009). 
The immune response is often triggered by different stimulants (e.g., infection) and the 
underlying inherited or acquired immune defect. It has been proposed that the clinical 
presentation of HLH is due to uncontrolled activation of immune cells, macrophages and 
CD8+ T lymphocytes (cytotoxic), leading to a massive release of various mediators of 
inflammation such as TNF-α (tumor necrosis factor α), interleukin(IL)-6, IL-8, IL-10, IL-12, 
IL-18, interferon γ, macrophage inflammatory protein (MIP 1-α), and hematopoietic growth 
factors (e.g., GM-CSF) (Filipovich, 2009; Henter et al., 1991a, 1996, 2007; Janka & Schneider, 
2004; Osugi et al., 1997). IL-10 with its anti-inflammatory properties plays many important 
roles in the regulation of autoimmune inflammatory responses, particularly of systemic 
autoimmune disorders such as HLH/MAS. The role of IL-10 as part of an important 
regulatory mechanism involved in HLH has long been proposed (Behrens et al., 2011; 
Benveniste et al., 2000; Osugi et al., 1997). Recently, the roles of T regulatory cells in HLH 
have also been discussed (Verbsky & Grossman, 2006). Low or absent NK-cell function is 
present in many HLH patients and results in difficulties in termination of the exaggerated 
immune response (Filipovich, 2009; Henter et al., 2007). 
There are two major subtypes of genetic causes of HLH. First are those genetic defects, 
grouped under the term FHL, that present with HLH as the primary and only manifestation 
of disease (Gupta & Weitzman, 2010; Henter et al., 2007). A second group of genetic 
disorders include HLH as only one, although often fatal, manifestation of the disease (Gupta 
& Weitzman, 2010; Janka, 2009). All known genetic abnormalities causing FHL involve 
genes that regulate proteins important in the secretory cytolytic pathway of NK-cells and 
CD8+ T lymphocytes. In 1999, the first FHL-inked locus was discovered on chromosome 
9q21.3–22 in several Pakistani families and was later defined as the FHL1 subtype (Ohadi et 
al., 1999). Shortly thereafter, mutations in the perforin gene PRF1 were discovered on 
chromosome 10q21 in a group of patients with FHL (FHL2 subtype) (Stepp et al., 1999). 
Furthermore, mutations in genes UNC13D (located on chromosome 17q25; FHL3 subtype), 
STX11 (located on chromosome 6q24; FHL4 subtype), and most recently STXBP2 (located on 
chromosome 19p13; FHL5 subtype) were described (Feldmann 2003; zur Stadt et al., 2005, 
2009). In view of the remarkable progress since the discovery of the first genetic defect in 
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FHL in 1999, it is expected that many new mutations in the known genes will be identified, 
as well as some novel gene mutations (Gupta & Weitzman, 2010). 
Viruses, non-steroidal anti-inflammatory drugs, methotrexate, gold salts, and even TNF-α 
inhibitors have been reported as triggers for AAHS/MAS (Gupta & Weitzman, 2010). 
Interestingly, distinctions between genetically determined and acquired HLH become 
increasingly blurred as brand new genetic causes are identified, and patients who develop 
HLH beyond early childhood or in the contexts of EBV infection or autoimmune disease are 
being found to share some of the same genetic etiologies (Arceci, 2008; Hazen et al., 2008; 
Nagafuji et al., 2007; Zhang et al., 2008). Patients who develop sHLH may also have a 
genetic predisposition, but the molecular basis of the defects in sHLH has yet to be 
discovered (Arceci, 2008). This supposition has recently been strengthened by recent studies 
showing decreased NK cell function or reduced perforin expression in children with sJIA 
complicated by MAS, similarly to patients with FHL (Grom et al., 2003; Wulffraat et al., 
2003). Of note, mutations in UNC13D gene, mutated in FHL type 3, were also described in 
patients with sJIA (Hazen et al., 2008; Zhang et al., 2008). 

9. Treatment of HLH and AAHS/MAS 
Early diagnosis and the prompt introduction of adequate therapy to produce a rapid 
response are crucial for a positive outcome in HLH. The treatment of any HLH type should 
focus on: (1) suppression of the hyperinflammatory state by destruction of activated CD8+ T 
lymphocytes and macrophages, and (2) treatment of any existing triggers (Gupta & 
Weitzman, 2010; Henter et al., 2007). In cases of FHL, an additional aim is the correction of 
the underlying immune defect (Filipovich, 2009; Henter et al., 2007; Janka, 2009). HLH 
treatment categories include: (1) proapoptotic chemotherapy with etoposide (100–150 
mg/m²/dose i.v.), and (2) immunosuppressive drugs, targeting the hyperactivated 
macrophages (e.g., etoposide, corticosteroids, intravenous immunoglobulin), and T 
lymphocytes (e.g., corticosteroids, cyclosporine A [CyA]) (Henter et al., 2007). In 1994 the 
first prospective international treatment protocol (HLH-94) was introduced (Henetr et al., 
1997). The experience from the HLH-94 protocol (including etoposide and dexamethasone 
[DXM]) and other studies have led to the development of a new treatment protocol, HLH-
2004 (including etoposide, DXM, CyA) (Henter et al., 2007). However, 
immunochemotherapy (i.e., HLH-94 and HLH-2004 protocols) is only temporarily effective 
in the control of FHL, and the outcome is uniformly fatal unless the patient undergoes 
allogeneic stem cell transplantation (alloSCT) (Jordan & Filipovich, 2008; Henter et al., 2007). 
Last but not least, since patients with HLH represent a unique population with high 
morbidity/mortality and disease-specific complications, consideration should be given to 
referring these patients to centers with significant experience in the treatment and care of 
HLH. 

9.1 Immunochemotherapy 
Initially mild cases of HLH can deteriorate rapidly within a short period of time. Therefore, 
prompt administration of effective HLH therapy may prevent development of the full-
blown syndrome. So far, treatment of AAHS/MAS is not standardized and remains highly 
variable across clinical centers (Deane et al., 2010). Nevertheless, a frontline treatment of 
AAHS/MAS (particularly of milder grades) usually involves corticosteroids with or without 
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intravenous immunoglobulin (IVIG), which may be sufficient to control hyperinflammation 
(Janka, 2009). In order to achieve rapid reversal of the coagulation abnormalities and 
cytopenias, most clinicians prefer starting with intraveneous methylprednisolone pulse 
therapy (30 mg/kg for 3 consecutive days) followed by 2 to 3 mg/kg/day divided by 4 
doses (Filipovich et al., 2010). After improvement of the complete blood count and 
resolution of the coagulopathy, steroids are tapered slowly to avoid relapses of MAS (Janka, 
2009; Filipovich et al., 2010). High-dose corticosteroids alone have been reported to induce 
remission in approximately half of MAS patients (Sawhney et al., 2001 Stephan et al., 2001). 
Administration of IVIG might be effective in AAHS/MAS. High dose IVIG infusions are 
immunosuppressive, in part engaging Fc-receptors, which can play an important role in 
same patients with autoimmune/autoinflammatory diseases (Arceci, 2008; Kumakura et al., 
2004). IVIG may also provide an anti-pathogen effect, which is particularly important if 
MAS is triggered by a viral infection.   
Even when treatment is introduced in a timely manner, MAS can be fatal and deaths have 
been reported among patients treated with massive doses of steroids (Filipovich et al., 2010). 
However, corticosteroid resistant non-responders may benefit from second-line therapies, 
such as CyA or etoposide. Parenteral administration of CyA has been shown to be effective 
in patients with corticosteroid-resistant MAS (Mouy et al., 1996; Ravelli et al., 1996). Of note, 
in author’s experience, some patients with MAS have not responded until etoposide was 
added to the HLH therapy. The similar conclusion has recently been postulated by other 
authors (Gupta & Weitzman, 2010). Thus, if there is no response to the aforementioned 
drugs (corticosteroids, IVIG, CyA), use of the HLH-2004 protocol including etoposide is 
recommended (Table 9). In summary, patients with suspected AAHS/MAS could be started 
on therapy without etoposide, as long as treatment adjustments are made rapidly in 
refractory cases (Gupta & Weitzman, 2010). 
The utility of biological response modifiers in MAS treatment remains unclear, and at the 
present there is no consensus on recommendations in respect to this group of drugs. The use 
of TNF-α inhibitors (etanercept, infliximab) in MAS has produced conflicting results, being 
the effective therapy in some patients (Makay et al., 2008; Sellmer et al., 2011), while 
triggering MAS in others (Sandhu et al., 2007). Biological agents that neutralize IL-1 
(anakinra) and IL-6 (tocilizumab) have been reported to be effective in occasional MAS 
patients (Filipovich et al., 2010; Kelly & Ramanan, 2008), but the clinical experience is as yet 
limited. In the case of patients with a form of sHLH other than AAHS/MAS, which proved 
refractory to frontline HLH therapy, anecdotal reports on the beneficial use of plasma 
exchange, hemofiltration, antithrombin III, anti-CD52 antibodies (alemtuzumab), and anti-
CD25 antibodies (daclizumab) have been published previously, but the role of these 
therapies is not yet validated for any type of HLH (Gupta & Weitzman, 2010). Lastly, if MAS 
is driven by EBV infection, monoclonal anti-CD20 antibodies (rituximab) which deplete B 
lymphocytes, the main type of cells harboring EBV virus, should be used (Balamuth et al., 
2007). 

9.2 Stem cell transplantation 
The first successful allogeneic bone marrow transplantation in a case of HLH was reported 
in 1986 (Fischer et al., 1986). Since then, information regarding the role of alloSCT in the 
treatment of HLH has mostly concerned FHL (Janka, 2009; Marsh et al., 2010). In FHL, 
alloSCT is the only available curative treatment option with the reported 5-year overall 
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recommended (Table 9). In summary, patients with suspected AAHS/MAS could be started 
on therapy without etoposide, as long as treatment adjustments are made rapidly in 
refractory cases (Gupta & Weitzman, 2010). 
The utility of biological response modifiers in MAS treatment remains unclear, and at the 
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of TNF-α inhibitors (etanercept, infliximab) in MAS has produced conflicting results, being 
the effective therapy in some patients (Makay et al., 2008; Sellmer et al., 2011), while 
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CD25 antibodies (daclizumab) have been published previously, but the role of these 
therapies is not yet validated for any type of HLH (Gupta & Weitzman, 2010). Lastly, if MAS 
is driven by EBV infection, monoclonal anti-CD20 antibodies (rituximab) which deplete B 
lymphocytes, the main type of cells harboring EBV virus, should be used (Balamuth et al., 
2007). 
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The first successful allogeneic bone marrow transplantation in a case of HLH was reported 
in 1986 (Fischer et al., 1986). Since then, information regarding the role of alloSCT in the 
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 Children Adults* 

Initial therapy 
(weeks 1–8) 
aiming remission 
of HLH 

Etoposide
150 mg/m² i.v. 
twice weekly in 2 weeks followed 
by once weekly administration 
(week 3–8)

50–120 mg/m² i.v. 
twice weekly in 2 weeks followed 
by once weekly administration 
(week 3–8)

Caution! Adults usually do not tolerate as high etoposide doses as 
children, therefore dose reduction is indicated as proposed above 

Dexamethasone
10 mg/m² p.o. daily in 2 weeks (week 1–2)
5 mg/m² p.o. daily in 2 weeks (week 3–4) 
2.5 mg/m² p.o. daily in 2 weeks (week 5–6) 
1.25 mg/m² p.o. daily in 1 week (week 7) 
tapering and discontinuation during week 8

Cyclosporine A
3 mg/kg p.o. twice daily during the first week of therapy, followed 
by dose aiming CyA concentration at trough of 200 µg/l (week 2–8) 
Caution! Adults usually do not tolerate as high CyA concentrations as 
children, and CyA concentrations of 100–200 µg/l may be acceptable 
General remarks:
1. Maximal initial supportive care is suggested, inclusive: 

appropriate broad-spectrum antibiotics (until culture results); 
prophylactic co-trimoxazole (equivalent to 5 mg/kg of 
trimethoprim 3 times weekly); an oral antimycotic therapy; 
antiviral therapy in patients with ongoing viral infection; and 
IVIG (0.5 g/kg) once every 4 weeks 

2. Gastroprotection due to the high steroids doses is recommended 
(e.g., PPIs) 

3. If after 2 weeks there is clinical evidence of progressive 
neurological symptoms or if abnormal CSF (pleocytosis and 
elevated proteins) has not improved, 4 weekly intrathecal 
Methotrexate injections are recommended

Continuation 
therapy (≥ week 9) 
after achieved 
HLH remission 
until alloSCT or 
therapy 
discontinuation 

Etoposide
150 mg/m² i.v.
once weekly every alternating 
(with Dexamethasone) second 
week

50–100 mg/m² i.v.
once weekly every alternating 
(with Dexamethasone) second 
week

Dexamethasone
pulses of 10 mg/m² p.o. for 3 consecutive days, given every 
alternating (with etoposide) second week

Cyclosporine A
dose aiming CyA concentration at trough of 200 µg/l (adults 100–200 µg/l) 

* – etoposide dose recommendations for adults are not validated proposal, but based on clinical 
experience (personal communication with Jan-Inge Henter) 
HLH - hemophagocytic lymphohistiocytosis; CSF – cerebrospinal fluid; CyA – cyclosporine A; IVIG - 
intravenous immunoglobulin; PPI – proton pump inhibitor. 

Table 9. The HLH-2004 immunochemotherapy protocol for management of hemophagocytic 
lymphohistiocytosis 
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survival rate of 50–70% with myeloablative conditioning (MAC) (Baker et al., 1997; Cesaro et 
al., 2008; Dürken et al., 1999; Horne et al., 2005; Imashuku et al., 1999; Jabado et al., 1997; 
Ouachèe-Chardin et al., 2006), and 75–92% with reduced-intensity conditioning (RIC) 
(Cooper et al., 2006; Marsh et al., 2010). 
So far, alloSCT has been performed only occasionally in cases of acquired HLH and its role 
in the treatment of sHLH is not yet established. Sporadic case reports have previously been 
published on refractory EBV-HLH successfully treated by means of alloSCT (Minegishi et 
al., 2001; Sovinz et al., 2010; Toubo et al., 2004). A recent Japanese survey revealed a curative 
effect of alloSCT on sHLH in 7 out of 11 patients (64%) with refractory EBV-HLH (Ogha et 
al., 2010). Similarly, Yoon et al. reported that alloSCT could be a curative treatment not only 
for FHL, but also for relapsed/refractory sHLH (Yoon et al., 2010). Anecdotal reports have 
also shown the efficacy of alloSCT in M-HLH therapy (Chang et al., 2009; Goi et al., 1999; 
Kelly et al., 2011; Machaczka et al., 2011b). 
No concerted effort to apply alloSCT for the definitive treatment of MAS has yet been made. 
Given the high mortality associated with the current management of AAHS/MAS, the 
option of alloSCT using less intensive conditioning protocols, is reasonable to consider, 
especially in cases of severe or recurrent MAS episodes (Filipovich et al., 2010). Of note, 
sometimes fatal MAS was observed as a complication of prolonged T lymphocyte 
immunodeficiency in early trials of autologous stem cell transplantation for severe 
progressive systemic or polyarticular juvenile idiopathic arthritis (Filipovich et al., 2010). 
These observations suggested a failure to control the underlying disease given the patient’s 
genetically predisposed hematopoietic stem cells (Bleesing et al., 2007). 

10. Conclusions 
Autoimmune-associated hemophagocytic syndrome/macrophage activation syndrome is 
a life-threatening hyperinflammatory syndrome which remains a major cause of 
morbidity and mortality in patients with autoimmune/autoinflammatory diseases. 
Awareness of AAHS/MAS, its symptoms and diagnostic criteria should be made 
mandatory among all physicians, especially those providing care to patients with 
autoimmune/autoinflammatory diseases. There are no validated diagnostic criteria 
making early MAS diagnosis difficult in part owing to strong similarities between MAS 
and sepsis. The treatment of MAS remains highly variable across clinical centers. 
Nevertheless, the frontline treatment of AAHS/MAS usually involves corticosteroids with 
or without intravenous immunoglobulin. In some patients with corticosteroid-refractory 
MAS, administration of cyclosporine A circumvents refractoriness. If there is no response 
to the aforementioned treatments a use of etoposide is recommended. The progress in 
understanding the pathophysiology behind MAS and identification of the pathways 
associated with the early stages of this syndrome bring hope to the idea of developing 
new biomarkers and treatments for clinical practice. 
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Cyclosporine A
3 mg/kg p.o. twice daily during the first week of therapy, followed 
by dose aiming CyA concentration at trough of 200 µg/l (week 2–8) 
Caution! Adults usually do not tolerate as high CyA concentrations as 
children, and CyA concentrations of 100–200 µg/l may be acceptable 
General remarks:
1. Maximal initial supportive care is suggested, inclusive: 

appropriate broad-spectrum antibiotics (until culture results); 
prophylactic co-trimoxazole (equivalent to 5 mg/kg of 
trimethoprim 3 times weekly); an oral antimycotic therapy; 
antiviral therapy in patients with ongoing viral infection; and 
IVIG (0.5 g/kg) once every 4 weeks 

2. Gastroprotection due to the high steroids doses is recommended 
(e.g., PPIs) 

3. If after 2 weeks there is clinical evidence of progressive 
neurological symptoms or if abnormal CSF (pleocytosis and 
elevated proteins) has not improved, 4 weekly intrathecal 
Methotrexate injections are recommended

Continuation 
therapy (≥ week 9) 
after achieved 
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until alloSCT or 
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50–100 mg/m² i.v.
once weekly every alternating 
(with Dexamethasone) second 
week

Dexamethasone
pulses of 10 mg/m² p.o. for 3 consecutive days, given every 
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survival rate of 50–70% with myeloablative conditioning (MAC) (Baker et al., 1997; Cesaro et 
al., 2008; Dürken et al., 1999; Horne et al., 2005; Imashuku et al., 1999; Jabado et al., 1997; 
Ouachèe-Chardin et al., 2006), and 75–92% with reduced-intensity conditioning (RIC) 
(Cooper et al., 2006; Marsh et al., 2010). 
So far, alloSCT has been performed only occasionally in cases of acquired HLH and its role 
in the treatment of sHLH is not yet established. Sporadic case reports have previously been 
published on refractory EBV-HLH successfully treated by means of alloSCT (Minegishi et 
al., 2001; Sovinz et al., 2010; Toubo et al., 2004). A recent Japanese survey revealed a curative 
effect of alloSCT on sHLH in 7 out of 11 patients (64%) with refractory EBV-HLH (Ogha et 
al., 2010). Similarly, Yoon et al. reported that alloSCT could be a curative treatment not only 
for FHL, but also for relapsed/refractory sHLH (Yoon et al., 2010). Anecdotal reports have 
also shown the efficacy of alloSCT in M-HLH therapy (Chang et al., 2009; Goi et al., 1999; 
Kelly et al., 2011; Machaczka et al., 2011b). 
No concerted effort to apply alloSCT for the definitive treatment of MAS has yet been made. 
Given the high mortality associated with the current management of AAHS/MAS, the 
option of alloSCT using less intensive conditioning protocols, is reasonable to consider, 
especially in cases of severe or recurrent MAS episodes (Filipovich et al., 2010). Of note, 
sometimes fatal MAS was observed as a complication of prolonged T lymphocyte 
immunodeficiency in early trials of autologous stem cell transplantation for severe 
progressive systemic or polyarticular juvenile idiopathic arthritis (Filipovich et al., 2010). 
These observations suggested a failure to control the underlying disease given the patient’s 
genetically predisposed hematopoietic stem cells (Bleesing et al., 2007). 

10. Conclusions 
Autoimmune-associated hemophagocytic syndrome/macrophage activation syndrome is 
a life-threatening hyperinflammatory syndrome which remains a major cause of 
morbidity and mortality in patients with autoimmune/autoinflammatory diseases. 
Awareness of AAHS/MAS, its symptoms and diagnostic criteria should be made 
mandatory among all physicians, especially those providing care to patients with 
autoimmune/autoinflammatory diseases. There are no validated diagnostic criteria 
making early MAS diagnosis difficult in part owing to strong similarities between MAS 
and sepsis. The treatment of MAS remains highly variable across clinical centers. 
Nevertheless, the frontline treatment of AAHS/MAS usually involves corticosteroids with 
or without intravenous immunoglobulin. In some patients with corticosteroid-refractory 
MAS, administration of cyclosporine A circumvents refractoriness. If there is no response 
to the aforementioned treatments a use of etoposide is recommended. The progress in 
understanding the pathophysiology behind MAS and identification of the pathways 
associated with the early stages of this syndrome bring hope to the idea of developing 
new biomarkers and treatments for clinical practice. 
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1. Introduction 
Myasthenia gravis (MG) is an autoimmune disease of the neuromuscular junction caused by 
antibodies directed towards the skeletal muscle nicotinic acetylcholine receptor (AChR), the 
muscle specific kinase (MuSK), and perhaps as yet undefined antigens, which compromise 
neuromuscular transmission (Figure 1) (Vincent et al. 2001; Conti-Fine et al. 2006). The 
disorder has a distinct predilection for the ocular muscles - the extraocular muscles (EOM), 
which move the globe, and the levator palpebrae that elevates the eyelid (Kusner et al. 2006). 
MG may produce weakness of any skeletal muscle to varying degrees with the potential for 
a broad range of clinical presentations (Seybold 1999; Kuks and Oosterhuis 2003); however, 
almost all patients will have ocular manifestations during the disease course, and a large 
subset will have manifestations restricted to the ocular muscles, so-called ocular myasthenia 
(OM) (Kusner et al. 2006). Diagnostic tests for OM include clinical evaluations, serum 
autoantibodies, and electrophysiological evaluation, all of which differ in their diagnostic 
predictive value depending on whether a patient has generalized MG or OM (Roh et al. 
2011). Treatment for OM includes well-studied modalities; however, none that are 
supported by rigorous, controlled trials. This analysis will discuss the ocular manifestations, 
diagnostic testing, and treament of OM, with a focus on the current evidence to support 
clinical decision-making (Luchanok and Kaminski 2008). 

2. Epidemiology 
MG has a prevalence of 20-400 per million based on large population studies, and OM 
comprises approximately 20% of all cases (Somnier et al. 1991; Phillips et al. 1992; 
Christensen et al. 1993; Phillips and Torner 1996; MacDonald et al. 2000; Casetta et al. 2010). 
The classic statement of the disease being of old men and young woman is true with an age 
distribution being bimodal with incidence peaks in the 20’s for women and 40’s for men 
(Phillips and Torner 1996; Grob 1999; Mantegazza et al. 2003; Vincent et al. 2003; Matsuda et 
al. 2005). OM is more likely to present at a later age and is more often seen in men (Gilbert 
and Savino 2007). In Asian populations, OM is more common and has a distinct predilection 
for a juvenile onset, quite different from that observed in European and American 
populations (Chiu et al. 1987; Hawkins et al. 1989; Wong et al. 1992). One study from South 
Africa found that OM in the black population was more likely to be treatment resistant than 
in the white (Heckmann et al. 2007). 
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Fig. 1. Summary of Myasthenia Gravis Pathogenesis. Antibodies directed at neuromuscular 
junction proteins are produced by B cells under T cell regulation. Antibodies compromise 
the AChR density at the neuromuscular junction and thereby impair neuromuscular 
transmission producing weakness. Treatments used for ocular myasthenia are indicated. 
APC-antigen presenting cell. 

3. Ocular manifestations of myasthenia gravis  
Over seventy-five percent of MG patients initially present with ptosis or diplopia and 
almost all MG patients experience ocular manifestations sometime during the course of the 
disease (Beekman et al. 1997; Barton and Fouladvand 2000; Daroff and Benatar 2009). About 
half of patients who present with isolated ocular manifestations develop generalized 
weakness within six months and up to eighty percent will generalize within 2 years (Bever 
et al. 1983; Oosterhuis 1989; Kupersmith et al. 2003). It is likely that symptoms will remain 
restricted to the ocular muscles once a patient has had restricted ocular manifestations for 
over two years (Evoli et al. 1988; Oosterhuis 1989; Grob 1999; Verschuuren et al. 2010).  The 
natural history of the disease impacts therapeutic decision-making. 
The hallmark of MG manifestations is their variable nature, which may range in severity 
over a day, over weeks to months, and include periods of complete resolution. The 
variations in severity assist in diagnostic recognition of MG but may complicate clinical 
recognition, if a patient is examined at a time of relative good strength. Ptosis may be 
unilateral or bilateral, and usually differs in severity between lids. OM is the only diagnostic 
consideration in a patient with a history of alternating or recurrent painless ptosis (Daroff 
and Benatar 2009). Some patients do not immediately appreciate lid droop and complain 
primarily of blurred vision secondary to the lid’s obstruction of the pupil.  Due Hering’s law 
of equal innervation, central compensation for unilateral ptosis may lead to hyper-retraction 
of a less affected lid leading to ocular irritation from exposure. When the ptotic lid is 
manually elevated, the retracted lid droops, a sign commonly considered specific for MG.  
The presence of Cogan’s sign also strongly supports the diagnosis of MG. Cogan’s sign is 
elicited by instructing the patient to look down and then rapidly return the eyes to primary 
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gaze. During the refixation, the eyelid overshoots and appears retracted momentarily and 
then becomes ptotic again (Cogan 1965). 
Other causes of ptosis may rarely be confused with OM. Senile ptosis and levator 
dehiscence are readily differentiated by absence of significant fluctuation. Chronic 
progressive external ophthalmoplegia produces symmetric ptosis and ophthalmoparesis, 
but with slow saccades which should distinguish it from OM (Barton et al. 1995; Leigh 
and Zee 1999; Hirano and DiMauro 2001). Brainstem disorders of the third nerve nuclear 
complex will usually have associated central nervous system pathology. Horner’s 
syndrome is identified by miosis and elevation of the lower lid, while the ptosis in 
complete third nerve palsy is associated with pupillary dilatation. Clinically evident 
pupillary abnormalities never occur in MG, although subclinical alterations in pupillary 
constriction are reported (Tsiptsios et al. 2008).  
Ophthalmoparesis is the second most common manifestation of OM. Most MG patients 
complain of frank double vision; however, complaints may include dizziness, gait instability, 
or visual blurring without significant complaints of diplopia.  Symptoms may improve with 
closure of one eye. Nearly 90% of patients who present with diplopia have associated ptosis, 
and the combination should immediately lead to the consideration of MG as a diagnosis 
(Barton and Fouladvand 2000; Elrod and Weinberg 2004; Fouladvand et al. 2005; Daroff and 
Benatar 2009).  The eye movement abnormalities of MG mimic any peripheral or central 
nervous system ocular motility abnormality, and the degree of impairment varies from 
paralysis to subtle weakness with isolated nystagmus. Dissociated gaze-evoked nystagmus 
contralateral to a paretic eye may be observed in OM, which represents adaptive increases in 
innervational pulse. On dynamic testing, saccadic velocity may be preserved or increased in a 
limited range of movement (highly suggestive of MG) or intrasaccadic fatigue may be 
identified when a fast eye movement suddenly slows and becomes disconjugate in mid-flight 
(Khanna et al. 2007). Graves ophthalmopathy can mimic OM by presence of a restrictive deficit 
but ptosis is absent and if the patient is thyrotoxic, lid retraction may be present. Ptosis in a 
patient with Graves disease suggests the coexistence MG.  
Orbicularis oculi weakness in combination with ptosis or ophthalmoparesis is a strong 
indicator of MG (Barton and Fouladvand 2000; Fouladvand et al. 2005). OM may mimic any 
pupil-sparing ocular motility disorder including fourth, sixth, and partial third nerve 
palsies, and central gaze disorders, such as internuclear ophthalmoplegia, the one and a half 
syndrome, and chronic progressive external ophthalmoplegia (Leigh and Zee 1999; 
Fouladvand et al. 2005; Daroff and Benatar 2009). Other neuromuscular junction disorders 
may mimic OM such as Lambert-Eaton myasthenic syndrome, botulism, or 
organophosphate poisoning, but purely ocular presentations of these disorders are rare. 
Appropriate history, physical examination, and ancillary testing should distinguish these 
conditions from MG. 

4. Diagnostic testing  
The diagnosis of OM may be made based on clinical grounds when no other conditions are 
consistent with a patient’s examination and history. However, at times the clinical 
manifestations are difficult to detect by routine examination or may be absent at time of an 
examination leading to the need for additional evaluation.  In addition, therapy for MG is 
not benign, and most clinicians and patients desire definitive confirmation of the diagnosis. 
However, the clinician must appreciate the limitations of tests used for diagnosis.  
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manifestations are difficult to detect by routine examination or may be absent at time of an 
examination leading to the need for additional evaluation.  In addition, therapy for MG is 
not benign, and most clinicians and patients desire definitive confirmation of the diagnosis. 
However, the clinician must appreciate the limitations of tests used for diagnosis.  
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4.1 Edrophonium test  
The edrophonium test involves intravenous infusion of edrophonium chloride, which 
inhibits the action of acetylcholinesterase (AChE). Procedures for edrophonium 
administration are not standardized, but in general, an initial 1 mg dose is given to assure 
patient tolerance followed by slow infusion over a few minutes until improvement in 
strength of a muscle is observed or a maximum of 10 mg is administered, although 7 mg is 
usually the maximum required to achieve a positive response (Kupersmith et al. 2003). 
Because of the objective nature of the response, unequivocal improvement in strength of a 
ocular muscle is the best endpoint to judge a test as positive (Daroff 1986).  
Improvement of ptosis in response to edrophonium may be as high as 95% and the 
specificity has been reported at 97%; however EOM weakness does not respond as well to 
an edrophonium challenge (Nicholson GA 1983; Evoli et al. 1988; Kupersmith et al. 2003; 
Pascuzzi 2003).  However, these high response rates have been determined in the controlled 
environments of academic institutions and not in standard clinical practices. The specificity 
of the edrophonium is likely to be high as long as the evaluation is performed by 
experienced clinicians. The potential for false positives exists, in the busy office practice, 
especially when the examiner rarely performs such evaluations. Other neuromuscular 
transmission disorders, such as Lambert-Eaton syndrome and botulism, can also cause a 
positive response to edrophonium (Oh SJ 1990), and false positive tests are reported with 
Guillain-Barre syndrome, compressive cranial neuropathies, and brain stem pathology 
(Pascuzzi 2003; Daroff and Benatar 2009).  
There has been concern raised regarding the safety of edrophonium testing, which has led to 
some institutions requiring cardiac monitoring during the procedure. However, serious 
complications of bradycardia and syncope are rare (Ing et al. 2000), and it is the authors’ 
opinion that cardiac monitoring is not necessary for most patients. Cardiac dysrhythmias 
and bronchial asthma are relative contraindications for edrophonium administration. 
Beyond muscarinic effects of tearing, salivation, sweating, abdominal cramps, and nausea, 
the test has limited morbidity (Pascuzzi 2003; Daroff and Benatar 2009).  

4.2 Other clinical evaluations  
The ice pack, rest, and sleep tests are non-pharmacological evaluations, which have been 
developed in order to avoid the need for edrophonium infusion and have close to no 
morbidity. However, the limitation of all these evaluations is that sensitivity and specificity 
assessments have been performed (Benatar 2006). All studies have small sample sizes. Inter-
observer reliability is also not known. 
The ice pack test is performed by placement of an ice pack across the eyes for two to five 
minutes followed by the examiner’s assessment for improvement of ptosis or ocular motility 
deficit (Golnik et al. 1999; Ellis et al. 2000). Some patients may have difficulty tolerating the 
ice pack. The rest test requests the patient close their eyelids for up to 5 minutes, and then 
improvement in ptosis is assessed. For the sleep test, the patient lies with eyes closed in a 
quiet, dark room for 30 minutes and then ptosis and ophthalmoparesis are assessed for 
improvement. For the ice test, sensitivity of 80-97 percent and specificity of 97-100 percent 
are reported (Golnik 1997; Golnik et al. 1999; Benatar 2006). In a study of edrophonium-
positive patients all had positive sleep tests as well (Odell et al. 1991). A small, randomized 
trial compared the ice test to the rest test and found that the median improvement of ptosis 
with the rest test was 2 mm and with the ice test 4.5 mm, but no improvement found among 
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patients without MG (Kubis et al. 2000). One value of these tests is that they may be 
performed in patients in whom edrophonium infusion is contraindicated.  

4.3 Serum autoantibody evaluation  
Serum AChR antibody examinations are performed concurrently, or instead of the clinical 
tests described (Howard et al. 1987). The sensitivity of AChR antibodies testing for OM 
ranges between 39 and 71 percent. The specificity achieved is 95-100 percent (Benatar 2006). 
The detection of AChR antibodies may increase the risk of progression to generalized MG, 
but studies are inconsistent (Seybold 1999; Kupersmith et al. 2003) AChR antibodies have 
been detected without evidence of MG among patients with autoimmune liver disease, 
systemic lupus erythematosus, rheumatoid arthritis, Lambert Eaton syndrome, 
inflammatory neuropathies, amyotrophic lateral sclerosis, thyroid ophthalmopathy, 
thymoma patients, in patients taking D-penicillamine, and first degree relatives of patients 
with MG (Lennon 1997). Therefore, their detection is not absolutely specific for the 
diagnosis. 
The binding AChR antibody is the most sensitive test and the studies described above dealt 
with the binding assay. The modulating AChR antibody may increase the diagnostic yield 
slightly for generalized MG patients but has not been assessed for OM. The modulating 
AChR antibody suffers from higher rates of false positives. The third AChR antibody 
evaluation is the blocking antibody, but it may only slightly increase sensitivity of the 
binding assay. Therefore, the authors generally only order the binding AChR antibody 
examination.  
About a three percent of patients with generalized MG have antibodies against MuSK, a 
neuromuscular junction protein that provides the clustering signal for AChR (Hoch et al. 
2001; Liyanage et al. 2002; Evoli et al. 2003; Vincent et al. 2003; Zhou et al. 2004).  Rare cases 
of pure OM in association with MuSK antibodies are described (Caress et al. 2005; Bennett et 
al. 2006; Chan and Orrison 2007); however, large case series of MuSK antibody positive 
patients have not identified OM patients, but patients may present with ocular manifestions 
(Evoli et al. 2003; Zhou et al. 2004). MuSK examinations are about 16 times the cost of the 
binding AChR antibody test and therefore, should not be routinely requested unless 
clinically indicated.  
Patients with clinical symptoms of MG with electrophysiological evidence of neuromuscular 
junction impairment, but no evidence of serum autoantibodies are deemed to have 
seronegative MG (Argov 2010; Roh et al. 2011). Up to half of OM patients do not have 
detectable antibodies to the AChR. A small percentage (15%) of initially seronegative 
patients may become seropositive for AChR antibodies later in the disease course (Chan et 
al. 2007).  With specialized testing two-thirds of patients with generalized MG without 
traditional antibodies for AChR or MuSK are positive for low-affinity IgG autoantibodies to 
AChR (Leite et al. 2008). Therefore, even in OM patients pathogenic antibodies may be 
directed against the AChR but be undetected by standard testing. 

4.4 Electrodiagnosis  
A significant proportion of OM patients will have negative AChR antibody evaluations 
and have non-definitive clinical assessments. Electrodiagnostic testing needs then to be 
performed to objectively confirm a diagnosis of OM. Repetitive nerve stimulation 
measures the action potential amplitude produced by repetitive low frequency 
stimulation. A decrement of 10% or more is considered positive for MG (Oh SJ 1992). The 
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sensitivity of repetitive nerve stimulation for OM is poor (11-54 percent), but specificity is 
high (89-98 percent) (Roh et al. 2011). Evaluation of the orbicularis oculi (especially the 
lower orbicularis oculi), orbicularis oris, or nasalis will increase the percentage of patients 
identified, but such evaluations are much more difficult to tolerate for patients than 
extremity evaluations (Mercelis and Merckaert 2011). Although identification of 
decremental responses in non-ocular muscles indicates subclinical disease in other 
muscles, the finding does not indicate the presence or predict progression to generalized 
MG.  
Single fiber electromyography (SFEMG) involves repetitive measures of the time between 
action potentials of two fibers in a muscle during a slight contraction. Abnormalities occur 
because of a fiber’s slowed transmission of an action potential because of a compromised 
endplate potential that does not reach threshold. A fiber may not be activated which 
produces a neuromuscular block. If the mean jitter - time between activation of all fiber pairs 
(or endplates) - exceeds the upper limit of normal for that muscle, or if more than 10% of 
pairs have jitter that exceeds the upper limit of jitter during voluntary activation, then the 
study is considered abnormal. SFEMG is 62 to 99 percent sensitive for detection of MG, and 
its specificity is reported to be from 66 to 98 percent (Ukachoke et al. 1994; de 
Entrambasaguas et al. 2007; Mercelis and Merckaert 2011); however, it implementation is 
limited due to the requirements of specially-trained, experienced examiners. Although it is 
labor-intensive, SFEMG should be considered in patients with a strong clinical suspicion for 
OM in which repetitive nerve stimulation is negative, due to its higher sensitivity 
(Srivastava et al. 2007).  The SFEMG is also useful in ruling out myasthenic weakness. If the 
SFEMG is normal in a clinically weak muscle, then the weakness is not due to a 
neuromuscular transmission disorder (Sanders and Stalberg 1996; Katirji and Kaminski 
2002; Meriggioli and Sanders 2004; Sanders 2004).  

4.5 Other evaluations 
When the clinician thinks the OM diagnosis is likely additional testing is necessary. 
Thyroid dysfunction is a common co-morbidity and therefore, it is appropriate to screen 
all OM patients for hypo- or hyperthyroidism. Identification of concurrent thyroid 
dysfunction may improve MG related weakness. If clinically indicated the co-existence of 
other autoimmune disorders should be evaluated, in particular pernicious anemia, Chest 
imaging should be performed to exclude thymoma although thymoma is rare in OM 
patients. In anticipation of immunosuppressive treatments, screening for tuberculosis is 
appropriate. 

5. Treatment 
The treatment goal for patients with OM is to produce normal vision with a minimum of 
adverse effects. Unfortunately, treatment of OM has not been subject to rigorous evaluation 
and longitudinal studies of the risks of chronic treatment do not exist. Also, the individual 
tolerance of patients needs to be considered in making treatment recommendations. Some 
patients with OM respond well to non-pharmacologic therapies that are often overlooked by 
neurologists. If non- pharmacologic therapies cannot provide adequate relief, 
acetylcholesterase are typically administered, but the majority of patients do not respond 
well, and immunosuppressive treatments are required (Table).  
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Drug Cost in USA Mechanism of action 
Pyridostigmine 60 
mg tablets 
 
Pyridostigmine 
180 mg controlled 
release (time 
span)  

$17.99 (30 tabs) 
 
 
$137.99 (30) 

Inhibits acetylcholinesterase at neuromuscular 
junction but also at muscarinic synapses 

Prednisone  
20 mg tablet 

$11.99 (30) Anti-inflammatory effects related to: a) 
redistribution of lymphocytes and reduction of 
production and differentiation, b) alterations of 
function of TNF, IL-1 and IL-2, c) inhibition of 
antigen processing and presentation by 
macrophage. 

Immuran® 50 mg 
tablet 
Azathioprine 50 
mg tablet 

$159.99 (30) 
 
 
$27.99 (30) 

Inhibits T- and B-cell proliferation  

CellCept® 500 mg 
tablet 
Mycophenolate 
mofetil 500 mg 

 $951.33 (100) 
 
 
$129.99 (100) 

Inhibits T- and B-cell proliferation through 
inhibition of guanosine nucleotide synthesis. Also 
produces: a) apoptosis of activated T-
lymphocytes, b) decrease in cell adhesion 
molecules thus reducing lymphocyte recruitment, 
c) reduction of inducible NOS activity. 

Prograf® 1 mg 
capsule 
Tacrolimus 1 mg 
capsule 

$409.94 (100) 
 
$345.97 (100) 

Calcineurin mediated pathway inhibition of T-cell 
and IL-2 production. Modulates the activity of T-
cells, increases their apoptosis and may enhance T 
regulatory cells. 

* From Epocrates® online Searched April 2011.  

Table 1. Ocular Myasthenia Treatment Options  

5.1 Non-pharmaceutical treatment options  
Ptosis may be improved by eyelid tape or crutches; however, patients often are intolerant of 
these approaches finding them uncomfortable. Also, scleral irritation may occur by exposure 
and lead to drying or abrasion. Visual occlusive devices, such as eye patches or opaque 
contact lenses, eliminate diplopia but reduce the visual field. Custom corrective lenses with 
prisms may correct diplopia temporarily, but because patients with OM have fluctuation of 
their visual axes, they require frequent correction of their prism. Prism therapy may be 
considered in patients with stable strabismus for six months to a year. Eye muscle surgery 
may be beneficial in rare patients when a fixed strabismus occurs and non-variable ptosis 
(Ohtsuki et al. 1996; Bentley et al. 2001). Botulinum toxin may also be considered to correct 
ocular alignment by chemodenervation of the involved extraocular muscles, but it must be 
used cautiously given the potential for systemic neuromuscular transmission blockade.  
Although there are challenges associated with the treatments, non-pharmacological options 
may be favored by some patients and be the only options for patients with disease resistant 
to pharmacological treatments.  
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Thymectomy is not generally indicated of OM, but case series do support its use (Schumm 
et al. 1985; Roberts et al. 2001). Of course, OM patients with a thymoma should undergo 
tumor removal and co-incident removal of the remainder of the thymus. 

5.2 Acetylcholesterase inhibition 
AChE inhibitors are the first line of medical treatment for OM, and pyridostigmine is the 
most commonly used drug in the class. While AChE inhibitors are effective for ptosis, 
diplopia is of often resistant to treatment (Sommer et al. 1993; Sommer et al. 1997; 
Mehndiratta et al. 2011).  In some patients, unilateral ptosis “unmasks” ocular misalignment 
producing the symptom of diplopia which may be more troublesome for the patient (Daroff 
and Benatar 2009). Patients presenting with both ptosis and diplopia tend to have an inferior 
response to pyridostigmine (Chirapapaisan N 2007), and many OM patients move on to 
corticosteroid treatment(Kupersmith and Ying 2005).  
Pyridostigmine 30-60 mg three to four times per day are typical starting doses and may be 
increased to 90 to 120 mg every 3-4 hours per day, if symptoms respond and adverse effects 
are kept to a minimum. Complications are primarily related to muscarinic effects, in 
particular abdominal cramps, nausea, vomiting and diarrhea, which occur in at least a third 
of patients (Beekman et al. 1997). Atropine or glycopyrrolate may be used to limit 
muscarinic activity. AChE inhibitor treatment should be used with caution in patients with 
bradycardia and prostatic hypertrophy. Patients with MG treated with AChR inhibitors, 
who have reactive airway disease, may have worsening of respiratory function secondary 
increased respiratory secretions leading to a false conclusion that respiratory insufficiency is 
caused by myasthenic weakness. An open label prospective trial demonstrated improved 
quality of life with the sustained-release form of pyridostigmine, which requires less 
frequent administration (Sieb and Kohler 2010).  However, in the author’s experience, more 
reliable improvements in strength occur with the standard preparation. Cholinergic 
weakness is often discussed but probably does not occur in this era that patients move to 
immunotherapy and do not rely on extremely high doses of AChE inhibitors. However, if a 
clinician is concerned that cholinergic weakness is a cause of worse OM symptoms, the 
AChE inhibitor may be reduced. 

5.3 Corticosteroid treatment 
Most patients will not receive significant benefit from the non-pharmacological and AChE 
inhibitor treatments and will choose to proceed to immunosuppressive treatment 
(Kupersmith and Ying 2005).  Prednisone is the most frequently used immunosuppressive 
treatment for OM, and unless corticosteroids are contraindicated due to comorbities, it is the 
first-line immunosuppressive for OM. Although this is based on retrospective 
analysis(Benatar and Kaminski 2007, Bhanushali et al. 2008).  
Dosing regimens vary but typically, 10-20 mg once a day is started and increased by 5-10 mg 
every 3 days until visual symptoms are improved significantly, which usually occurs in the 
first few weeks of therapy (Kupersmith et al. 2003; Mee et al. 2003; Papapetropoulos et al. 
2003). 60-80 mg per day is a maximum dose. At times mild double vision that does not 
impair function may persist and need to be tolerated. After symptom resolution is 
maintained for a month, a slow taper is instituted at a rate of 5-10 mg per day every 2 weeks 
until a dose of 20 mg every day is achieved and the dose reductions slowed further. Rapid 
tapers often lead to recurrence of symptoms, but even with gradual dose reductions a large 
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percentage of patients will have symptom recurrence. Patients will need an increase in dose 
when symptoms recur. Most patients require maintenance doses for years, which should be 
the lowest possible to prevent recurrence of visual complaints. More than three-quarters of 
patients experience significant improvement (Evoli et al. 1988; Sommer et al. 1997; 
Tackenberg et al. 2001; Kupersmith and Ying 2005).  To reduce corticosteroid complications 
every other day dosing of prednisone may be used. Patients should be instructed to take a 
single morning dose, which mimics the diurnal peak of endogenous corticosteroid. Patients 
need to be educated about steroid side effects, which include weight gain, glucose tolerance, 
hypertension, osteoporosis, insomnia, anxiety, depression, and the numerous other 
complications of prednisone. The neurologist or ophthalmologist should work with the 
patient’s primary care physician to monitor for complications.  
Based on retrospective analysis, corticosteroids may delay or prevent the progression of OM 
to generalized MG (Agius 2000; Kaminski and Daroff 2000; Kupersmith 2004). However, 
there has not been a randomized, controlled trial to assess whether steroids have a disease 
modifying effect (Gilbert et al. 2007; Gilbert and Savino 2007). Future studies should 
consider visual outcome and quality of life to determine whether the benefits of 
corticosteriods outweigh the complications of chronic corticosteroid use. 

5.4 Immunotherapy 
Some patients will not respond to corticosteroids, have contraindications to their use, or 
have intolerable adverse effects necessitating use of other immunotherapies (Tackenberg et 
al. 2001).  Assessment of efficacy for immunosuppressives specific to treatment for OM is 
extremely limited and is entirely based on retrospective investigation.  Support for their use 
also derives from administration for the generalized disease, but these studies are also not 
robust. Azathioprine was demonstrated to reduce corticosteroid requirements in a 
randomized, placebo-controlled trial of generalized MG patients (Palace et al. 1998), and 
retrospective analyses support its efficacy in OM patients (Mertens et al. 1981; Matell 1987; 
Hohlfeld et al. 1988; Mantegazza et al. 1988).  The clinician and the patient then need to 
consider immunosuppressant therapy, and here the evidence base relies on data from the 
generalized disease and expert opinion. For generalized MG, cyclosporine, tacrolimus, and 
mycophenolate mofetil have steroid sparing effects demonstrated in double-blind, placebo-
controlled or retrospective studies (Sanders and Evoli 2010). 

6. Conclusion 
The analysis provides a focused review of clinical manifestations, diagnosis, and treatment 
of OM and highlights the significant limitations of the literature. Diagnosis of OM is 
generally straightforward, when the clinician thinks of the disorder. Confirmation of clinical 
diagnosis is challenging for OM. Serum AChR antibodies are found in only half of patients, 
and while the MuSK antibody is detected in about three percent of the generalized MG 
population, it is found only rarely among patients with isolated OM. Therefore the majority 
of patients lack detectable autoantibodies and confirmation of a neuromuscular 
transmission disorder relies on specialized, electrophysiological testing. Although expert 
opinion suggests that treatment is highly effective, significant knowledge gaps exist as to 
severity of treatment complications and over-all quality of life of patients with OM. Only 
through prospective trials or multi-center, rigorously constructed outcome databases will 
improvements in treatment be achieved. 
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frequent administration (Sieb and Kohler 2010).  However, in the author’s experience, more 
reliable improvements in strength occur with the standard preparation. Cholinergic 
weakness is often discussed but probably does not occur in this era that patients move to 
immunotherapy and do not rely on extremely high doses of AChE inhibitors. However, if a 
clinician is concerned that cholinergic weakness is a cause of worse OM symptoms, the 
AChE inhibitor may be reduced. 

5.3 Corticosteroid treatment 
Most patients will not receive significant benefit from the non-pharmacological and AChE 
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treatment for OM, and unless corticosteroids are contraindicated due to comorbities, it is the 
first-line immunosuppressive for OM. Although this is based on retrospective 
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percentage of patients will have symptom recurrence. Patients will need an increase in dose 
when symptoms recur. Most patients require maintenance doses for years, which should be 
the lowest possible to prevent recurrence of visual complaints. More than three-quarters of 
patients experience significant improvement (Evoli et al. 1988; Sommer et al. 1997; 
Tackenberg et al. 2001; Kupersmith and Ying 2005).  To reduce corticosteroid complications 
every other day dosing of prednisone may be used. Patients should be instructed to take a 
single morning dose, which mimics the diurnal peak of endogenous corticosteroid. Patients 
need to be educated about steroid side effects, which include weight gain, glucose tolerance, 
hypertension, osteoporosis, insomnia, anxiety, depression, and the numerous other 
complications of prednisone. The neurologist or ophthalmologist should work with the 
patient’s primary care physician to monitor for complications.  
Based on retrospective analysis, corticosteroids may delay or prevent the progression of OM 
to generalized MG (Agius 2000; Kaminski and Daroff 2000; Kupersmith 2004). However, 
there has not been a randomized, controlled trial to assess whether steroids have a disease 
modifying effect (Gilbert et al. 2007; Gilbert and Savino 2007). Future studies should 
consider visual outcome and quality of life to determine whether the benefits of 
corticosteriods outweigh the complications of chronic corticosteroid use. 
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Some patients will not respond to corticosteroids, have contraindications to their use, or 
have intolerable adverse effects necessitating use of other immunotherapies (Tackenberg et 
al. 2001).  Assessment of efficacy for immunosuppressives specific to treatment for OM is 
extremely limited and is entirely based on retrospective investigation.  Support for their use 
also derives from administration for the generalized disease, but these studies are also not 
robust. Azathioprine was demonstrated to reduce corticosteroid requirements in a 
randomized, placebo-controlled trial of generalized MG patients (Palace et al. 1998), and 
retrospective analyses support its efficacy in OM patients (Mertens et al. 1981; Matell 1987; 
Hohlfeld et al. 1988; Mantegazza et al. 1988).  The clinician and the patient then need to 
consider immunosuppressant therapy, and here the evidence base relies on data from the 
generalized disease and expert opinion. For generalized MG, cyclosporine, tacrolimus, and 
mycophenolate mofetil have steroid sparing effects demonstrated in double-blind, placebo-
controlled or retrospective studies (Sanders and Evoli 2010). 
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The analysis provides a focused review of clinical manifestations, diagnosis, and treatment 
of OM and highlights the significant limitations of the literature. Diagnosis of OM is 
generally straightforward, when the clinician thinks of the disorder. Confirmation of clinical 
diagnosis is challenging for OM. Serum AChR antibodies are found in only half of patients, 
and while the MuSK antibody is detected in about three percent of the generalized MG 
population, it is found only rarely among patients with isolated OM. Therefore the majority 
of patients lack detectable autoantibodies and confirmation of a neuromuscular 
transmission disorder relies on specialized, electrophysiological testing. Although expert 
opinion suggests that treatment is highly effective, significant knowledge gaps exist as to 
severity of treatment complications and over-all quality of life of patients with OM. Only 
through prospective trials or multi-center, rigorously constructed outcome databases will 
improvements in treatment be achieved. 
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1. Introduction 
Sweet syndrome (SS) was first described by Robert Sweet in 1964 as acute febrile 
neutrophilic dermatosis (Sweet, 1966). Despite of the descriptive value of this denomination 
and the advice of Robert Sweet to keep it, the eponymous became prevalent on the time. SS 
was the first neutrofilic dermatosis (ND) described and it represents the paradigm of them. 
There are three key points of SS that are of interest not only for the dermatologists but also 
for the general practitioners: a) its marked clinical manifestations, b) the potential systemic 
repercussion of neutrophilic reaction, and c) its association with extracutaneos diseases, 
especially with malignancies. 

2. Definition and classification 
SS is a neutrophilic dermatosis characterized by specific clinical and histopathological 
manifestations. In fact, the best way of defining SS is based on its diagnostic criteria. 
Typically, SS appears abruptly with multiple, edematous, tender red plaques that are 
distributed bilaterally but asymmetrically in a febrile patient. The dermatopathological 
image shows a neutrophilic diffuse infiltrate without vasculitis located in upper dermis. 
Besides this typical picture, several clinical and histopathological variants have been 
described (table 1). The current classification of SS is based on the associated or trigger 
conditions and has clinical value for the management of these patients (table 2). 
 

Transitional forms with other neutrophlic dermatosis 
Located forms: dorsal hands and facial 
Chronic recurrent neutrophilic dermatosis 
Histiocytoid Sweet syndrome 

Table 1. Main clinical and histopathological subtypes of Sweet syndrome 
 

Idiopatic 
Parainflammatory 
Paraneoplastic 
Drug-induced 
Associated to pregnancy 

Table 2. Classification of Sweet syndrome 
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Transitional forms with other neutrophlic dermatosis 
Located forms: dorsal hands and facial 
Chronic recurrent neutrophilic dermatosis 
Histiocytoid Sweet syndrome 

Table 1. Main clinical and histopathological subtypes of Sweet syndrome 
 

Idiopatic 
Parainflammatory 
Paraneoplastic 
Drug-induced 
Associated to pregnancy 

Table 2. Classification of Sweet syndrome 
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3. Epidemiology 
There is not reliable data regarding the incidence and prevalence of SS in general 
population. This relies on the fact that SS is an infrequent condition and the available data 
are based on series´ reports of and patient´s records from hospitals and dermatology 
departments. Moreover, it is necessary to take into account that the incidence of SS is 
determined by the incidence of infectious causes in general population (Hommel et al, 1993). 
With all these limitations, it has been reported that the incidence of SS in Scotland is 2.7 
cases per million inhabitants and year (Kemmett & Hunter, 1990).  
Gender distribution of SS is conditioned by the underlying or trigger disorder. There is a 
female predominance in parainflammatory and idiopathic cases which disappears in the 
infantile and paraneoplastic ones. There is no racial predilection. 

4. Pathogenesis 
The pathogenesis of SS remains to be definitively determined. Three possible pathogenical 
mechanisms have been considered, but none of them have been consistently demostrated 
(Requena, 2007): a) a type III hypersensitivity reaction, b) an activation of T cells by antigens 
or superantigens, and c) a disturbance of neutrophils´ function. It seems that genetic factors 
play a role since SS has been associated to several HLA, especially to Bw54 (Mizoguchi, 
1988). Because of female predominace in parainflammatory and idiopathic cases and both 
pregnancy and contraconceptive pills implication in some cases of SS, hormonal 
background can also be involved in the development of SS. 
Numerous cytokines are involved in the pathogenesis of this condition, including 
interleukins 1, 2, 3, 6, and 8 and gamma interferon, but the key substance is the granulocyte-
colony stimulating factor (G-CSF). The administration of G-CSF can result in an outbreak of 
SS and this substance is elevated in serum of patients with SS and its levels are directly 
related with the disease activity (Kawakami et al, 2004;  Ginarte & Toribio, 2010). 

5. Clinical manifestations 
5.1 Skin 
SS begins as an alarming feature for the patient because of its abrupt onset, the presence 
of general malaise, and the pain or tenderness of the multiple erythematoedematous 
plaques (Gunawardena et al 1975;  Kemmett & Hunter, 1990; Zamora et al 1990; Sitjas et 
al, 1993; von den Driesch 1994; Chan et al, 1994; Ginarte et al, 1997). The appearance of 
each individual lesion may be variable: the colour goes from vivid red to violaceus, 
sometimes with central paleness due to dermal edema. This edema can also be 
represented by pseudovesicular or true bullous lesions (figure 1). It is relatively frequent 
to oberve dome like lesions, especially on tenar and hypotenar eminences (in “mountain 
range”) (figure 2). Individual lesions can also be pustular. Up to a third of the lesions have 
an annular appearance. Plaque´s size is variable but the majority range between 1 and 10 
cm. The lesions are distributed bilaterally but asymmetrically. Common locations are face, 
neck, upper trunk, shoulders, and hands. On pretibial aspect of the legs, the lesions may 
exhibit a nodular morphology, which may be the clinical manifestation of a typical SS, a 
subcutaneous Sweet or an erythema nodosum (see forward). Pathergy may be present in 
up to 8% of the patients. 
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Fig. 1. Erythematous plaques with vesicular and bullous appearance due to a intense dermal 
edema. 

 

 
Fig. 2. The plaques on tenar and hypotenar skin have frequently a characteristic appearance 
of “montain range” 

5.2 Mucous membranes 
The mucous membranes are frequently involved, especially the ocular as conjunctivitis or 
epiescleritis (Gottlieb et al, 2008) (figure 3). Less frequent is the affectation of the oral 
mucosa, usually as aphtous ulcers. 
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Fig. 3. Epiescleritis in a patient with Sweet syndrome 

5.3 Laboratory findings 
Analytic alterations are very frequent and they can have diagnostic significance. The most 
typical but not constant alteration is leukocytosis with neutrophilia that only in the 50% of 
the patients exceed by 10.0 x103 cells/mm3. The majority of patients have the acute reactants 
(erythrocyte sedimentation rate and C-reactive protein) elevated and a third have mild 
alterations in urinary tests (haematuria, leukocyturia, and/or proteinuria) without 
affectation of renal function (Ginarte et al, 1997). It is necessary to distinguish the laboratory 
findings related to SS from the analytic changes due to trigger or associated diseases. For 
example, the presence of anemia, trombocytosis and/or massive leukocytosis should force 
us to rule out an haematologic malignancy (Cohen & Kurzrock, 1993). 

5.4 Extracutaneous manifestations 
Frequently patients with SS have extracutaneous manifestations that can be caused by two 
different mechanisms: a) a systemic neutrophilic reaction that affects not only the skin but 
also internal organs, and b) a disease or trigger condition causing the SS. These two different 
possibilities make more difficult the management of the patients because it is hard to 
distinguish by means the clinical and routine complementary tests if an internal disorder is 
the cause or the consequence of the SS. For example, the existence of respiratory 
manifestations, pulmonary infiltrates in X-ray chest, fever and leukocytosis with 
neutrophilia in a patient with SS set the doubt between an infectious pneumonia or a 
neutrophilic pneumonitis (which has important practical consequences since their treatment 
is quite different, i.e., antibiotics versus glucocorticoids). Despite of its original 
denomination as acute febrile neutrophilic dermatosis, the fever is only present in 50 to 72% 
of the cases (Ginarte et al, 1997). Joint involvement appear in 37 to 51% of the patients, 
usually as arthralgias or, more rarely, as true arthritis, which is commonly located on knees 
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and ankles. Neutrophilic infiltration of internal organs is less frequent. Although the 
infiltration of the majority of the organs has been reported, the most frequently affected are 
the lungs (up to 6% of the patient in a serie) (Sitjas et al, 1993). Pulmonary involvement 
expresses as neutrophilic alveolitis. In the literature there are abundant references about the 
neutrophilic affectation of internal organs, which may induce to think that it is a frequent 
event even though it is actually an uncommon fact. This situation is secondary to a bias in 
reporting the more extreme cases of SS. Nevertheless, the possibility of internal organ 
involvement in SS patients should always be taken in consideration and it is important 
distinguish it from other diseases or trigger factors (especially the infectious ones) since their 
clinical management is quite different. As neutrophilic internal organ involvement is 
relatively more frequent in paraneoplastic SS than in other subtypes of SS, its presence 
obligates us to rule out a malignancy (Cohen & Kurzrock, 1993). Table 3 shows the main 
extracutaneous manifestations of SS. 
 
ORGAN CLINICAL MANIFESTATIONS REFERENCES 

Bones  Chronic recurrent osteomyelitis (in 
children) 

Majeed et al, 1989; 
Marie et al, 1998 

Bowel Neutrophilic bowel infiltration, 
pancolitis 

McDermott et al, 2001; 
Fain et al, 1996 

Central nervous 
system Neuro-Sweet 

Hisanaga et al, 1999; 
Nobeyama & Kamide, 
2003;  Ramos et al, 2003; 
Hisanaga et al, 2005; 
Sobol et al, 2009; 
Watanabe et al, 2009 
 

Heart Aortitis, myocarditis, cardiac 
insuficiency, isquemic cardiopathy  

Muster et al, 1983; 
Shimizu, 1998; Guia et 
al, 1999; Dorenkamp et 
al, 2003 

Kindney Glomerulonephritis, alterations of 
urinalysis Christ et al, 1996 

Liver Neutrophilic hepatitis, changes in liver 
function tests and analysis 

Kemmett & Hunter, 
1990; Zamora et al, 
1990; Fett et al, 1995; 
Ginarte et al, 1997 

Lung Neutrophilic alveolitis, pleural effusion; 
radiologic sterile infiltrates 

Cohen & Kurzrock, 
1992; Sitjas et al, 1993;  
Fett et al, 1995; Peters et 
al, 1998; Astudillo et al, 
2006 

Muscle Tendosinovitis, myositis, myalgias 
Attias et al, 1995; 
Brown et al, 2002 
 

Table 3. Systemic involvement in Sweet syndrome 
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6. Characteristics of the subsets of SS 
6.1 Idiopatic 
Clasically it is the most frequent subset of SS and it represents up to 70% of the cases in old 
series (Requena, 2007). It predominates in women, especially in patients aged under 45 
years. Most recently, this subset has become less prevalent possibly due to the better study 
of the patients (Corazza et al, 2008). 

6.2 Parainflammatory 
This group encompasses the SS associated or triggered by inflammatory and infectious 
conditions. There is a broad number of entities related with SS, some of them only based on 
isolated or few case reports, which makes difficult to assess the true power of the association 
(reviewed by Requena, 2007; von den Driesch, 1994;  Cohen, 2007). The best documented 
inflammatory diseases associated with SS are Beçhet disease, bowel inflammatory disease, 
rheumatoid arthritis, lupus erythematous, and other autoimmune collagenosis. The 
infectious conditions more related with SS are oropharingeal infection (especially due to 
streptococcus pyogenes) and intestinal infections by Salmonella and Yersinia. Less constantly 
SS has been linked to other bacterial infections, tuberculosis, lepra, histoplasmosis, 
toxoplasmosis, HIV, and viral hepatitis. Recent reports suggest that the patients with 
previous oropharingeal infection have a less severe form of this syndrome (Borges Da Costa 
et al, 2009). 

6.3 Paraneoplastic SS 
It is a well established subset of SS with an obvious interest. Up to 20% of SS are 
paraneoplastic (Cohen & Kurzrock, 1993). The SS may precede (sometime in years) or follow 
the malignancy. It also may arise in relation with the recurrence of previous malignancy. 
There are some characteristics more related to paraneoplastic than to non-paraneoplastic SS: 
a) lack of female predominance; b) advanced age; c) presence of anemia and/or other 
hematological disturbances; d) extracutaneous involvement; e) atypical, pustular, or necrotic 
skin lesions (Cohen & Kurzrock, 1993; Watanabe et al, 2009). The majority of paraneoplastic 
SS are associated with hematologic malignancies, especially with acute myelogenous 
leukemia and myelodysplastic syndromes (Buck et al, 2008). About 15% of paraneoplastic SS 
are related with solid cancers, predominating breast, gastrointestinal, and genitourinary 
origin. 

6.4 Drug-induced SS 
More than 25 drugs have been related to the flare of SS, but the most frequently implicated 
is the granulocyte-colony stimulating factor (G-CSF). Other drugs that are commonly 
associated with the development of SS are trimethoprim-sulphamethoxazole, oral 
contraceptive pills, retinoids, minocicline, hydralazine, carbamacepine, bortezomib, and 
imatinib. As it is usual in other skin eruptions induced by drugs, the disease fades with the 
withdrawal of the drug and flares up if it is re-administrated. 

6.5 SS associated with pregnancy 
It is not unanimously considered as a subgroup of SS, but its existence should be taken into 
account due to its relative frequency. 
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7. Clinical variations and associations with other dermatoses 
The typical cases of SS present very characteristics clinicopathological manifestations so that 
their diagnosis usually does not represent particular difficulty. Nevertheless, the SS may 
occasionally show a different clinical picture or it may be associated with other cutaneous 
signs making difficult to set the diagnosis and/or imply a change in the patient´s 
management. There is controversy about the need of describing such cases as “atypical” SS 
or as individualizing them as different entities. 

7.1 Overlap and relationship with other ND 
The group of ND represents a continuum of diseases that share clinical, histopathological, 
and causal features. The individualization of each entity is mainly based on clinical criteria. 
This fact explains that SS occasionally shares clinical characteristics with other ND (overlap), 
especially with generalized vesiculobullous forms of pyoderma gangrenosum. Other ND 
such as Behçet disese, bowel bypass syndrome, and neutrophilic eccrine hidradenitis may 
clinically resemble SS (Mizuashi et al, 2010). Sometimes patients with these features can only 
be diagnosed generically as suffering a ND, without a more specific denomination. In the 
same way, there have been reported patients suffering both SS and other ND (either 
simultaneously or sequentially) (Callen, 1985; Sherertz, 1987; Villanueva et al, 1989; Ginarte 
et al, 1997). 

7.2 Chronic recurrent annular neutrophilic dermatosis 
As its denomination indicates, it is a subtype of SS characterized by erythematoedematous 
plaques with a chronic and recurrent evolution. It has neither extracutaneous signs, nor 
fever or neutrophilia (Christensen et al, 1989; Romero et al, 1994; Cabanillas et al, 2008). 

7.3 Subcutaneous fat involvement 
Frequently, patients with SS have nodular lesions, especially on anterior aspects of the legs. 
These nodules are the clinical manifestation of the alteration of the subcutaneous fat, which 
can be originated by two different mechanisms. The first one called subcutaneous SS is 
characterized by a neutrophilic inflammatory infiltrate located on subcutaneous fat (either 
exclusively or accompanied by dermal affectation). Such infiltrate is usually located in fat 
lobules, but occasionally it may be septal or mixed (Cohen & Kurzrock, 2003). In a recent 
study, subcutaneous SS was shown by 16% of the patients (Abbas et al, 2010). The second 
possibility of subcutaneous fat involvement in SS is the association between this syndrome 
and erythema nodosum. This association is relatively frequent (up to 30% of the cases) and 
can be explained because both entities share several common features: essentially both are 
reactive dermatoses triggered by similar stimuli and pathogenically mediated by 
neutrophils. They are also treated with similar treatments (Ginarte et al, 1997; Ginarte & 
Toribio, 2000; Ginarte & Toribio, 2007). Due to the different significance of subcutaneous SS 
and erythema nodosum, it is necessary to make a deep biopsy from one of the nodules. 

7.4 Sweet syndrome in infancy 
About 16% of SS appears in children (Abbas et al, 2010). Pediatric SS is similar to that in 
adult population, with only three differences: a) it is associated with immunodeficiency 
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(HIV infection and other immune disorders), b) it is less associated with malignancy 
(although it is necessary to investigate this condition), and c) it is particularly susceptible to 
recurrences (Mohr et al, 2010). 

7.5 Located forms 
It has been described as located subtypes of SS cases with clinical lesions limited to a 
particular body´s area. The neutrophilic dermatosis of the dorsal hands shows 
characteristics as much SS as pyoderma gangrenosum exclusively located in this area. There 
is a controversy about if this entity is a subtype of SS or it is an independient disease 
(Walling et al, 2006; Laguna et al, 2007; Takahama & Kanbe, 2010). The same consideration is 
discussed about the located form in facial region (Whittle et al, 1968). 

8. Histopathology 
It is very characteristic and one of the diagnostic criteria of SS: a diffuse infiltrate of 
neutrophils located in the upper half of the dermis accompanied by intense edema. This 
edema causes the clinical appearance of pseudovesicular or bullous plaques. 
Leukocytoclasia is frequently present and may be prominent, but obvious vasculitis 
(neutrophils and fibrin deposits into blood vessel walls) must be absent in order to set the 
diagnosis. Ocasionally swollen endothelial cells, scattered eosinophils (more typical of drug-
induced SS), and epidermal exocytosis of neutrophils (even with formation of subcorneal 
pustules) can be observed. In older lesions the neutrophilic infiltrate is substituted by 
linfohistiocytic infiltrate  (Jordaan, 1989). Requena et al (Requena et al, 2005; Requena, 2007) 
have described the called histiocytoid Sweet syndrome, characterized by a dermal infiltrate 
constituted by immature neutrophilic granulocytes that have an appearance 
indistinguishable from histiocytoid cells on optic microscopy with routine stains. The 
majority of this histiocytoid SS is associated with hematological malignancies, although it 
has recently been reported an histiocytoid SS induced by trimethoprim-sulfamethoxazole 
therapy with bone marrow granulocytic maturation arrest (Wu et al, 2008) and two patients 
with inflammatory bowel disease (Requena et al, 2005; Spencer et al, 2008). 
Immunohistochemical analysis is necessary when histyocites are present in SS in order to 
distinguish histiocytoid SS (immature neutrophils) from true histiocytes that can be present 
in the typical neutrophilic infiltrate, sometimes in a moderate or predominant amount 
(specially in older lesions) (Corazza et al, 2008). 

9. Diagnosis 
Typical forms of SS are easily diagnosed by means of criteria of Su and Liu published in 
1986 (Su & Liu, 1986) (table 4). Von den Driesch provided a more evolved modification of 
these criteria in 1994 (von den Driesch, 1994) (table 5), but it has had less acceptation. As we 
previously indicated, there are patients with “atypical” SS, transitional forms of SS and 
other ND, as well as cases in which it is only possible to set a generic diagnosis of ND. 

10. Differential diagnosis 
As typical forms of SS exhibit a very characteristic clinicopathological picture they rarely 
cause problems with differential diagnosis. The disease that clinically more resembles SS is 
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the erythema multiforme. Other clinical differential diagnosis are drug eruptions and Behçet 
disease. All of these entities can be ruled out by means of a skin biopsy. Other ND (atypical 
pyoderma gangrenosum, bowel bypass syndrome, neutrophilic eccrine hidradenitis), 
vasculitis (specially erythema elevatum diutinum), and erythema nodosum may 
occasionally set problems with differential diagnosis both from the histopathological and 
clinical points of view. 
 
Major criteria 

 Clinic criterium: abrupt onset of tender or painful erythematous or violaceus plaques or 
nodules 

 Histopathological criterium: predominantly neutrophilic infiltration in the dermis 
without leukocytoclastic vasculitis 

 
Minor criteria 

 Preceded by fever or infections 
 Accompanied by fever, arthralgia, conjunctivitis, or underlying malignancy 
 Leukocitosis 
 Good response to systemic steroids and not to antibiotics 
The definite diagnosis of SS demands the fulfillment of both major criteria and at least two 
of the minor criteria 

Table 4. Diagnostic criteria by Su y Liu (1986) 

 
Major criteria 
1. Clinical criterium: abrupt onset of tender or painful erythematous plaques or nodules 

occasionally with vesicles, pustules or bullae 
2. Histopathological criterium: predominantly neutrophilic infiltration in the dermis 

without leukocytoclastic vasculitis 
 
Minor criteria 
1. Preceded by a nonspecific respiratory or gastrointestinal tract infection or vaccination 

or associated with: 
a. Inflammatory diseases such as chronic autoimmune disorders, infections 
b. Hemoproliferative disorders or solid malignant tumors 
c. Pregnancy 

2. Accompanied by periods of general malaise and fever (>38ºC) 
3. Three of four of the following laboratory values during onset: 

a. ESR > 20 mm 
b. C-reactive protein positive 
c. Segmented-nuclear neutrophils and stabs > 70% in peripheral blood smear 
d. Leukocytosis > 8000 

4. Excellent response to treatment with systemic corticosteroids or potassium iodide 

Table 5. Diagnostic criteria by von den Driesch (1992) 
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1. Non-steroidal anti-inflammatory drugs: indometacin, naproxen 
2. Tetracyclines: doxicycline, minocycline 
3. Dapsone 
4. Clofazimine 
5. Cyclosporine 

Table 6. Second-line therapies of Sweet syndrome. 

11. Treatment 
Nowadays, the first line therapies for SS are systemic corticosteroids, potassium iodide, 
and colchicine (Cohen, 2009). Systemic corticosteroids are the most widely used: the 
clinical response is so fast and brilliant that it is considered a diagnostic criterion (Su & 
Liu, 1986). The general malaise fades into hours and skin lesions into days (less than 10 
days) (von den Driesch, 1994). Oral prednisone is given at a dosage of 0.5-1 mg/kg/day 
(in a single dose or divided in two doses). The dosage is progressively lowered during 3-6 
weeks. Such brilliant response to prednisone is darken by the frequent recurrences: 20-
30% of the patients will suffer recurrences after treatment withdrawal and up to 10% of 
the cases will have a chronic and recurrent evolution for more than 1 year (Kemmett & 
Hunter, 1990; Sitjas et al, 1993, von den Driesch, 1994; Ginarte et al, 1997). The recurrences 
respond well to a new cycle of systemic corticosteroids (Ginarte et al, 1997), but their use 
is limited by their long-term side effects. Another limitation of systemic corticosteroids is 
the potential existence of an active infection that may trigger the SS. It is important to 
ruled out such possiblity. 
Potassium iodide is a therapy as fast and effective as systemic corticosteroids. In fact, the 
response to this agent was included in the diagnostic criteria by von den Driesch (von den 
Driesch, 1994). Systemic symptoms disappear within 24 to 48 hours and cutaneous plaques 
in as much as 1 week. The dosage of potassium iodide is 300 mg administrated orally, three 
times daily (or if it is used the Lugol saturated solution, 3 drops three times each day and 
then increasing progressively the dose to a maximum of 15 drops three times each day). The 
main adverse effects are gastrointestinal intolerance (nausea and/or diarrhea), 
hypotiroidism, and vasculitis (Horio et al, 1983). 
The other first-line therapy for SS is colchicine. This drug is administered at a dosage of 0.5 
mg, two or three times per day. It can be maintained from 2 to 4 weeks. About 90% of the 
patients respond favorably within a few days and its main limitation are the gastrointestinal 
side effects (nausea and/or diarrhea) (Maillard et al, 1999). 
There have been reported favorable responses to a wide and heterogeneous group of 
drugs. The response to several of these drugs is only based in isolated case reports, so it 
must be considered with caution. Table 6 summarized the drugs most repeatedly pointed 
out in the literature (isolated case reports are not included). These drugs are considered 
second-line treatments, but it is important to keep them in mind because they may be an 
effective therapy in patients with frequent recurrences, intolerance or adverse effects to 
the first-line treatments. This fact is especially applicable to elderly or polymedicated 
patients. 
Obviously, although it was not mentioned, it is also important to treat the underlying 
process when possible. 
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1. Introduction 
Despite the anticipated boom stemming from proteomic investigations, the rate at which 
novel protein biomarkers are introduced into clinical practice has remained static over the 
past 20 years. The reality is that approaches to both discover and validate protein 
biomarkers remain inadequate, and consequently, many areas of medicine, including the 
broad field of autoimmune disorders, remain deprived of the tools essential for the optimal 
management of patients. Most importantly, there is a huge backlog of candidate biomarkers 
that are yet to undergo thorough investigation and validation to assess their clinical utility. 
A recent assessment of the situation has estimated that although many tens of thousands of 
publications claim biomarker discoveries, there are roughly only 100 routinely used in 
clinical practice (Poste, 2011). 
This chapter reviews the potential applications of protein biomarkers to manage 
autoimmune diseases with a special focus on the transition from the biomarker discovery 
through to validation phases using proteomic strategies. We emphasize the importance of 
careful review of the discovery data, the critical roles of protein isoform verification, and the 
essential features of targeted and thorough validation. Ultimately, when these factors are 
appropriately considered and implemented, we are optimistic that autoimmune disorders 
can be transformed by omics technologies and personalized practice can become a reality. 

1.1 Biochemical markers and their potential role in autoimmune disease 
Biological markers are widely used in medicine and can provide an objective measure of 
normal and pathogenic processes or pharmacologic responses to a therapeutic intervention. 
By the term ‘biological markers’ (or biomarkers) we mean an objective molecular indicator or 
surrogate of pathological processes which possess diagnostic, prognostic or predictive 
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utility. These are distinct from ‘clinical markers’ which rely on physical variables or 
symptoms such as joint count, pain assessment or radiological findings. Biomarker 
examples include: cardiovascular risk assessment through cholesterol checks; pituitary and 
target gland hormone determinations to assess endocrine function and dysfunction; 
hemoglobin A1c (HbA1c) evaluations to monitor blood glucose levels in diabetic patients; 
liver function tests (LFT) in liver disease; and, prostate-specific antigen (PSA) 
determinations to assess prostate cancer risk. Not surprisingly, there is considerable interest 
in developing additional clinical biomarkers in medicine; however, the path from their 
discovery to routine adoption is painstakingly complex and slow. 

1.2 Why target protein biomarkers 
Although genomic and transcriptomic methods are powerful, they cannot predict 
downstream events. Specifically, they can’t predict what protein forms will be expressed in 
a particular tissue or biofluid, nor can they reliably estimate expressed protein levels. 
Because it is the gene products that contribute directly to physiological or pathological 
change, they alone provide the best clues to function in health and dysfunction in disease. 
Just as importantly, protein modifications including a plethora of post-translational changes 
are not evident upstream. As discussed later, proteins may require cleavage of a specific 
sequence to become biologically active, additional sidegroups may be added at specific 
amino acids including phosphorylation to propagate signal transduction or glycosylation to 
transport the molecule to a specific site. The analysis of hundreds if not thousands of 
proteins – proteomics – is therefore potentially the most illuminating of all multiplexed 
strategies. 
Proteomics, however, is an imperfect science, and although its methods are rapidly 
evolving, it is important to acknowledge that all existing approaches have serious 
limitations. Notably, the available discovery tools offer poor precision, sensitivity, specificity 
and low throughput. An example of a low throughput proteomic platform is classic liquid 
chromatography separation of a single complex biological sample, coupled with 
electrospray ionization to generate of mass spectra. These limitations place severe constrains 
on study design (e.g., small sample numbers) and they can lead investigators to place a 
disproportionate confidence in the data generated in a discovery setting. Regardless of these 
shortcomings, proteomic methods have been widely adopted and have generated many 
potential candidate markers. As we will illustrate, candidates identified using these 
techniques should be considered a set of ideas or leads from which the investigator can 
generate testable hypotheses. The study design and process of testing or validating these 
candidates is especially important if the test is to be applied in a clinical setting. 
This chapter focuses on several key areas of the biomarker development process and uses 
rheumatoid arthritis as a case model of autoimmune disease for discussion. We first discuss 
the issue of clinical need, i.e., how biomarkers are currently used in the practice of 
rheumatology what biomarkers might offer in the future in a clinical setting, then highlight 
some clinical scenarios describing considerations for study design. Because discovery 
methods have been reviewed elsewhere (Gibson & Rooney, 2007; Hu et al., 2006; Tilleman et 
al., 2005) our emphasis here is on describing and evaluating the targeted proteomic methods 
that are essential to candidate validation. It is the authors’ belief that the task of validation 
has not received adequate attention. We are overwhelmed with discovery studies and data 
arising from them; validation approaches are infrequently reviewed and relatively little 
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validation data have been reported. The significance of major barriers to their widespread 
clinical adoption is also briefly discussed. These challenges to new marker development and 
commercialization include factors such as study design, pre-analytical variables, data 
interpretation, bioinformatics, validation, ethics and commerce. While our focus is on 
protein biomarkers and proteomic methods in rheumatology, the principles we discuss are 
generally applicable to other analytes and areas. 

1.3 Biomarkers currently used in the practice of rheumatology 
The biomarkers currently used in the practice of rheumatology can be subdivided into three 
distinct molecular classes: nucleic acid, proteins, and metabolites. Some of these tests and 
their applications are included in Table 1. This is not an exhaustive list and while an 
invaluable armamentarium, it is limited in number, clinical utility and performance. With 
the exception of anti-CCP autoantibody and S100 proteins, the list has remained essentially 
static for the last 5-10 years. Additional potential biomarkers have been reported, but few, if 
any, have been adopted in routine practice. There is, however, no dispute that better tools 
are urgently required for both objective diagnosis and optimal management of rheumatoid 
arthritis.  

1.4 The future: additional markers & rheumatology practice 
Several areas of medicine lack objective, quantitative measures of a disease and its response 
to therapy and the inflammatory forms of arthritis are no exception. Below, we define three 
distinct stages in the clinical progression to chronic inflammatory disease exemplified by 
some autoimmune disorders and outline where and how biomarkers could aid in managing 
the RA patient. 
i. The pre-symptomatic stage: Here asymptomatic individuals, especially those who are 

genetically susceptible to rheumatoid arthritis (RA), need to be screened for early 
indications of disease onset. Biochemical markers could remove uncertainty in 
detecting the disease in its early stages and would allow early and appropriate 
intervention. Such early detection could help clinicians minimize or even halt disease 
progression, reduce morbidity and mortality, and markedly lower the costs of health 
care delivery in rheumatology. 

ii. The early clinical stage: In the early stages of rheumatic diseases patients may be 
symptomatic but there are insufficient clinical or laboratory findings to confirm the 
diagnosis. A few biomarkers exist which are helpful in predicting outcome at a 
population level, such as rheumatoid factor and, more recently, anti-cyclic citrullinated 
peptide antibodies (anti-CCP) for the diagnosis of rheumatoid arthritis (See Table 1). 
Clinicians believe that early diagnosis and treatment are essential for the best outcome. 
In the past, the presence of the biomarker, IgM rheumatoid factor (RF), has helped to 
identify patients likely to have more aggressive disease (Vocovsky et al., 2003). In the 
last decade, anti-CCP antibodies have been shown to predict a more aggressive disease 
course in very early disease (van Venrooij, et al., 2008). However, the relatively low 
sensitivity and specificity of their assay offers relatively low diagnostic sensitivity and 
this means that a significant minority of patients with aggressive disease cannot be 
identified (Kastbom et al., 2004; Lindqvist et al., 2005). Furthermore, neither RF nor anti-
CCP antibodies are of any use in the other inflammatory arthritides of adulthood, such 
as psoriatic arthritis and ankylosing spondylitis, or for the vast majority of children 
with juvenile idiopathic arthritis. 
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disproportionate confidence in the data generated in a discovery setting. Regardless of these 
shortcomings, proteomic methods have been widely adopted and have generated many 
potential candidate markers. As we will illustrate, candidates identified using these 
techniques should be considered a set of ideas or leads from which the investigator can 
generate testable hypotheses. The study design and process of testing or validating these 
candidates is especially important if the test is to be applied in a clinical setting. 
This chapter focuses on several key areas of the biomarker development process and uses 
rheumatoid arthritis as a case model of autoimmune disease for discussion. We first discuss 
the issue of clinical need, i.e., how biomarkers are currently used in the practice of 
rheumatology what biomarkers might offer in the future in a clinical setting, then highlight 
some clinical scenarios describing considerations for study design. Because discovery 
methods have been reviewed elsewhere (Gibson & Rooney, 2007; Hu et al., 2006; Tilleman et 
al., 2005) our emphasis here is on describing and evaluating the targeted proteomic methods 
that are essential to candidate validation. It is the authors’ belief that the task of validation 
has not received adequate attention. We are overwhelmed with discovery studies and data 
arising from them; validation approaches are infrequently reviewed and relatively little 
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validation data have been reported. The significance of major barriers to their widespread 
clinical adoption is also briefly discussed. These challenges to new marker development and 
commercialization include factors such as study design, pre-analytical variables, data 
interpretation, bioinformatics, validation, ethics and commerce. While our focus is on 
protein biomarkers and proteomic methods in rheumatology, the principles we discuss are 
generally applicable to other analytes and areas. 

1.3 Biomarkers currently used in the practice of rheumatology 
The biomarkers currently used in the practice of rheumatology can be subdivided into three 
distinct molecular classes: nucleic acid, proteins, and metabolites. Some of these tests and 
their applications are included in Table 1. This is not an exhaustive list and while an 
invaluable armamentarium, it is limited in number, clinical utility and performance. With 
the exception of anti-CCP autoantibody and S100 proteins, the list has remained essentially 
static for the last 5-10 years. Additional potential biomarkers have been reported, but few, if 
any, have been adopted in routine practice. There is, however, no dispute that better tools 
are urgently required for both objective diagnosis and optimal management of rheumatoid 
arthritis.  

1.4 The future: additional markers & rheumatology practice 
Several areas of medicine lack objective, quantitative measures of a disease and its response 
to therapy and the inflammatory forms of arthritis are no exception. Below, we define three 
distinct stages in the clinical progression to chronic inflammatory disease exemplified by 
some autoimmune disorders and outline where and how biomarkers could aid in managing 
the RA patient. 
i. The pre-symptomatic stage: Here asymptomatic individuals, especially those who are 

genetically susceptible to rheumatoid arthritis (RA), need to be screened for early 
indications of disease onset. Biochemical markers could remove uncertainty in 
detecting the disease in its early stages and would allow early and appropriate 
intervention. Such early detection could help clinicians minimize or even halt disease 
progression, reduce morbidity and mortality, and markedly lower the costs of health 
care delivery in rheumatology. 

ii. The early clinical stage: In the early stages of rheumatic diseases patients may be 
symptomatic but there are insufficient clinical or laboratory findings to confirm the 
diagnosis. A few biomarkers exist which are helpful in predicting outcome at a 
population level, such as rheumatoid factor and, more recently, anti-cyclic citrullinated 
peptide antibodies (anti-CCP) for the diagnosis of rheumatoid arthritis (See Table 1). 
Clinicians believe that early diagnosis and treatment are essential for the best outcome. 
In the past, the presence of the biomarker, IgM rheumatoid factor (RF), has helped to 
identify patients likely to have more aggressive disease (Vocovsky et al., 2003). In the 
last decade, anti-CCP antibodies have been shown to predict a more aggressive disease 
course in very early disease (van Venrooij, et al., 2008). However, the relatively low 
sensitivity and specificity of their assay offers relatively low diagnostic sensitivity and 
this means that a significant minority of patients with aggressive disease cannot be 
identified (Kastbom et al., 2004; Lindqvist et al., 2005). Furthermore, neither RF nor anti-
CCP antibodies are of any use in the other inflammatory arthritides of adulthood, such 
as psoriatic arthritis and ankylosing spondylitis, or for the vast majority of children 
with juvenile idiopathic arthritis. 
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Marker Molecular Class Example Application

Creatinine Metabolite 
Creatinine is used together with liver enzyme determinations (AST 
and ATL) as an index of drug toxicity and kidney function (Anders 
et al., 2002).

C-reactive 
protein (CRP) Protein 

A plasma protein routinely measured as a non-specific index of acute 
inflammation. CRP levels are typically integrated into clinical 
response scores, such as DAS28, which help to titer drug dosage 
(Pepys & Hiirschfield, 2003). 

S100 proteins Protein 
Phagocyte derived proteins found in a variety of inflammatory 
diseases , with the ability to discriminate between diseases 
(Wittkowski et al., 2008).

Anti-nuclear 
antibody (ANA) 

Protein- Auto-
antibody 

Used along with other tests, ANA helps with the diagnosis of 
arthritides. ANA titers and nuclear stain patterns can vary between 
patients depending on the condition (≈ 95% of systemic lupus 
erythrematosis (SLE)) (Wilk, 2005). Specific subsets of ANA’s can be 
used to distinguish the type of autoimmune disease, e.g., Sjögren’s 
syndrome. ANA positivity increases the risk of eye disease in 
juvenile idiopathic arthritis patients.

Rheumatoid 
Factor (RF) 

Protein- Auto-
antibody 

RF antibodies target the Fc region of IgG and are detected in 60-80% of 
RA patients, though are present in other inflammatory and connective 
tissue diseases (Chen et al. , 1987).The presence of RF early in the 
course of RA is associated with more active disease (Nakamura, 2000). 

Anti-cyclic 
citrullinated 
peptide (CCP) 

Protein- Auto-
antibody 

Anti-CCP antibody positivity predicts the development of RA and 
may occur long before the onset of symptoms (Nielen, 2004). Anti-
CCP is associated with severe erosive disease and can predict disease 
progression in RA patients (Meyer et al., 2003).

Anti-Ds DNA 
antibodies 

Protein-Auto-
antibody 

Anti dsDNA antibodies are highly specific for the diagnosis of SLE 
with a specificity of 95% but with a low sensitivity of <60% 
(Kavanaugh et al., 2002).

HLA-DR4 or 
HLA-DRB 

Nucleic acid- 
Gene 

Human leukocyte antigen genes have been found to be associated 
with RA. This association is particularly strong for HLA-DRB-1 
alleles which share a similar amino acid sequence known as the 
shared epitope (van der Horst-Bruinsma et al., 1999). The presence of 
these alleles both increases the risk of RA and associate with more 
severe disease (Wagner et al., 1997).

PTPN22 Nucleic acid- 
Gene 

The protein tyrosine phosphatase, non-receptor 22 (PTPN22) allele is 
a major risk factor for several autoimmune diseases. The protein 
product increases the tyrosine dephosphorylation of T-cell receptor 
resulting in decreased signaling via this pathway (Vang et al., 2005). 

TRAF1/C5 Nucleic acid- 
Gene 

TNF-receptor-associated factor-1 is one of many single nucleotide 
polymorphisms involved in the pathway of tumour necrosis factor 
alpha. The protein encoded by TRAF1 mediates signal transduction 
from the family of TNF receptors (Kurreeman et al., 2007). Increased 
susceptibility to and severity of RA is associated with this SNP, by 
influencing TRAF1/C5 function.

TLR/ TNFR/ 
NF-κB 

Nucleic Acid- 
Transcript 

Pharmacogenomic tests which use cellular transcript measurements 
to predict drug response are yet to be implemented in the clinic. 
Interesting data has emerged on the association between anti-TNF 
antagonist response and genetic variation (Bowes et al., 2009; Potter 
et al., 2010).

Table 1. Biomarkers routinely used in the diagnosis & treatment of arthritides and some 
potential future markers-arthritides. 
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iii. The disease management stage: Early commencement of effective therapy is essential if 
joint damage and other complications are to be avoided. Historically, monitoring 
response to treatment is a composite of clinical findings and laboratory markers such as 
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) and disease activity 
score (e.g. DAS28) . Treatment is modified according to these parameters. However 
disease response can take many months, indeed years. Thus by the time the patients 
disease is deemed unresponsive substantial joint damage can have occurred. The 
identification of biomarkers that would predict disease response would have an 
enormous impact on outcome. Treatment may also be discontinued due poor 
tolerability. Identifying such patients in advance would improve patient care and 
reduce stress. Biologic drugs, as third line therapy such as anti-TNF have revolutionised 
the treatment of rheumatic diseases and systematic reviews have confirmed their 
efficacy and relative safety (Alonso-Ruiz et al. 2008). However these drugs are 
extremely expensive. Months of treatment can be required before the clinician knows 
whether they are effective. This is both costly and inefficient. The identification of 
biomarkers that would predict the response of individual patients to these expensive 
agents would help patients, clinicians and funding agencies alike. Finally there are 
concerns associated with the use of such targeted therapy i.e. the risk of life threatening 
infections using and more worryingly the long term risk of malignancy (Bongartz et al. 
2006). The ability to identify such patients in advance would protect them from such 
serious adverse reactions. 

2. The proteomics biomarkers development pipeline 
2.1 Overview 
There is no dispute that new biomarkers would advance the diagnosis and management of 
autoimmune disorders. The ongoing challenge, however, is how to discover candidate 
markers and how to validate them, i.e., define their performance characteristics when 
adopted in a routine clinical setting. 
A major impetus for increased interest in biomarkers has been the introduction of the omics 
technologies. In a single study these allow interrogation of hundreds (or thousands) of 
independent variables, such as genes, mRNA, metabolites or proteins and given the volume 
of information generated from such studies, many have anticipated candidate biomarkers 
would flow quickly from each new investigation. The reality, however, is otherwise. 
Comparing the levels of hundreds (or thousands) of data points in several distinct groups, 
especially when the sample numbers are small, gives rise to many apparent differences, only 
some of which are related to biology. Chance alone gives rise to many apparent 
“distinguishing features” - the trick is identifying the biologically relevant differences and 
ignoring the others.  
For example, consider a proteomics experiment in which 200 proteins are measured 
simultaneously in a control and a test sample. At P < 0.05, 10 proteins will appear to be 
different by chance alone and unrelated to the treatment or condition. This consideration is 
not presented to undermine the value or utility of omics research, but rather, to underscore 
the importance of verifying any observed differences in follow-up studies. In more 
conventional scientific studies it is typical to examine a single dependent variable, run 
replicates, and to use standard statistical approaches to analyze the outcomes. 
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Marker Molecular Class Example Application

Creatinine Metabolite 
Creatinine is used together with liver enzyme determinations (AST 
and ATL) as an index of drug toxicity and kidney function (Anders 
et al., 2002).

C-reactive 
protein (CRP) Protein 

A plasma protein routinely measured as a non-specific index of acute 
inflammation. CRP levels are typically integrated into clinical 
response scores, such as DAS28, which help to titer drug dosage 
(Pepys & Hiirschfield, 2003). 

S100 proteins Protein 
Phagocyte derived proteins found in a variety of inflammatory 
diseases , with the ability to discriminate between diseases 
(Wittkowski et al., 2008).

Anti-nuclear 
antibody (ANA) 

Protein- Auto-
antibody 

Used along with other tests, ANA helps with the diagnosis of 
arthritides. ANA titers and nuclear stain patterns can vary between 
patients depending on the condition (≈ 95% of systemic lupus 
erythrematosis (SLE)) (Wilk, 2005). Specific subsets of ANA’s can be 
used to distinguish the type of autoimmune disease, e.g., Sjögren’s 
syndrome. ANA positivity increases the risk of eye disease in 
juvenile idiopathic arthritis patients.

Rheumatoid 
Factor (RF) 

Protein- Auto-
antibody 

RF antibodies target the Fc region of IgG and are detected in 60-80% of 
RA patients, though are present in other inflammatory and connective 
tissue diseases (Chen et al. , 1987).The presence of RF early in the 
course of RA is associated with more active disease (Nakamura, 2000). 

Anti-cyclic 
citrullinated 
peptide (CCP) 

Protein- Auto-
antibody 

Anti-CCP antibody positivity predicts the development of RA and 
may occur long before the onset of symptoms (Nielen, 2004). Anti-
CCP is associated with severe erosive disease and can predict disease 
progression in RA patients (Meyer et al., 2003).

Anti-Ds DNA 
antibodies 

Protein-Auto-
antibody 

Anti dsDNA antibodies are highly specific for the diagnosis of SLE 
with a specificity of 95% but with a low sensitivity of <60% 
(Kavanaugh et al., 2002).

HLA-DR4 or 
HLA-DRB 

Nucleic acid- 
Gene 

Human leukocyte antigen genes have been found to be associated 
with RA. This association is particularly strong for HLA-DRB-1 
alleles which share a similar amino acid sequence known as the 
shared epitope (van der Horst-Bruinsma et al., 1999). The presence of 
these alleles both increases the risk of RA and associate with more 
severe disease (Wagner et al., 1997).

PTPN22 Nucleic acid- 
Gene 

The protein tyrosine phosphatase, non-receptor 22 (PTPN22) allele is 
a major risk factor for several autoimmune diseases. The protein 
product increases the tyrosine dephosphorylation of T-cell receptor 
resulting in decreased signaling via this pathway (Vang et al., 2005). 

TRAF1/C5 Nucleic acid- 
Gene 

TNF-receptor-associated factor-1 is one of many single nucleotide 
polymorphisms involved in the pathway of tumour necrosis factor 
alpha. The protein encoded by TRAF1 mediates signal transduction 
from the family of TNF receptors (Kurreeman et al., 2007). Increased 
susceptibility to and severity of RA is associated with this SNP, by 
influencing TRAF1/C5 function.

TLR/ TNFR/ 
NF-κB 

Nucleic Acid- 
Transcript 

Pharmacogenomic tests which use cellular transcript measurements 
to predict drug response are yet to be implemented in the clinic. 
Interesting data has emerged on the association between anti-TNF 
antagonist response and genetic variation (Bowes et al., 2009; Potter 
et al., 2010).

Table 1. Biomarkers routinely used in the diagnosis & treatment of arthritides and some 
potential future markers-arthritides. 
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iii. The disease management stage: Early commencement of effective therapy is essential if 
joint damage and other complications are to be avoided. Historically, monitoring 
response to treatment is a composite of clinical findings and laboratory markers such as 
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) and disease activity 
score (e.g. DAS28) . Treatment is modified according to these parameters. However 
disease response can take many months, indeed years. Thus by the time the patients 
disease is deemed unresponsive substantial joint damage can have occurred. The 
identification of biomarkers that would predict disease response would have an 
enormous impact on outcome. Treatment may also be discontinued due poor 
tolerability. Identifying such patients in advance would improve patient care and 
reduce stress. Biologic drugs, as third line therapy such as anti-TNF have revolutionised 
the treatment of rheumatic diseases and systematic reviews have confirmed their 
efficacy and relative safety (Alonso-Ruiz et al. 2008). However these drugs are 
extremely expensive. Months of treatment can be required before the clinician knows 
whether they are effective. This is both costly and inefficient. The identification of 
biomarkers that would predict the response of individual patients to these expensive 
agents would help patients, clinicians and funding agencies alike. Finally there are 
concerns associated with the use of such targeted therapy i.e. the risk of life threatening 
infections using and more worryingly the long term risk of malignancy (Bongartz et al. 
2006). The ability to identify such patients in advance would protect them from such 
serious adverse reactions. 

2. The proteomics biomarkers development pipeline 
2.1 Overview 
There is no dispute that new biomarkers would advance the diagnosis and management of 
autoimmune disorders. The ongoing challenge, however, is how to discover candidate 
markers and how to validate them, i.e., define their performance characteristics when 
adopted in a routine clinical setting. 
A major impetus for increased interest in biomarkers has been the introduction of the omics 
technologies. In a single study these allow interrogation of hundreds (or thousands) of 
independent variables, such as genes, mRNA, metabolites or proteins and given the volume 
of information generated from such studies, many have anticipated candidate biomarkers 
would flow quickly from each new investigation. The reality, however, is otherwise. 
Comparing the levels of hundreds (or thousands) of data points in several distinct groups, 
especially when the sample numbers are small, gives rise to many apparent differences, only 
some of which are related to biology. Chance alone gives rise to many apparent 
“distinguishing features” - the trick is identifying the biologically relevant differences and 
ignoring the others.  
For example, consider a proteomics experiment in which 200 proteins are measured 
simultaneously in a control and a test sample. At P < 0.05, 10 proteins will appear to be 
different by chance alone and unrelated to the treatment or condition. This consideration is 
not presented to undermine the value or utility of omics research, but rather, to underscore 
the importance of verifying any observed differences in follow-up studies. In more 
conventional scientific studies it is typical to examine a single dependent variable, run 
replicates, and to use standard statistical approaches to analyze the outcomes. 
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Omics studies are very different. Data sets are typically of high dimensionality, but the 
sample size is small. There are typically very few if any replicates and any interesting trends 
are hidden within the combination the variables. Under these circumstances the probability 
of finding associations by random chance is high. Although multivariant statistics can help 
with the analysis of these complex data sets, there is no easy way out. Any single omics 
study is best considered as an observational investigation that aids in generating novel 
hypotheses that can direct their future studies. Contrary to what was hoped, the omics 
methods do not provide a fast-track to biomarkers or shortcut the scientific process. They 
do, however, allow an investigator to operate independent of existing knowledge and to be 
less dependent on insight, instinct or experience. A single omics study can provide data 
from which dozens of testable hypotheses can be formulated or, put another way, it can 
identify dozens of biomarker candidates. Accordingly, the validation of each candidate 
biomarker is analogous to hypothesis testing where the investigator sets out to falsify (or 
disprove) the claim that candidate “x” is a valid biomarker in defined clinical scenario “y”.  
In the sections that follow some of the other important components of the biomarker 
development pipeline are discussed and we highlight the primary concerns that are 
necessary to optimize the success of biomarker development. 

2.2 The clinical objective and study design considerations 
Several types of biomarkers can be developed, but in each instance the process requires a 
different study design and unique sample sets. Biomarker development in autoimmune 
disease must incorporate a cross-section of patients representing the full spectrum of the 
specific disorder, and given its complex and heterogeneous nature, a panel of markers, not a 
single marker, will likely be necessary to reflect all relevant clinical parameters. Depending 
on the groups incorporated into the study and the comparisons made, integrated panels of 
individual biomarkers may be identified that provide valuable screening/diagnostic, 
predictive or prognostic information. 
Screening biomarkers: Biomarkers that can be used to screen and identify disease before the 
onset of any symptoms are the Holy Grail of autoimmune disease; however, their discovery 
and validation presents substantial challenges. While some of the biomarkers evident in 
symptomatic disease may be present early on in asymptomatic individuals, it is more likely 
that these will be low abundance and masked by more abundant, non-specific biomarkers of 
inflammatory and secondary processes related to the disease. Therefore, reliable 
identification of the biochemical events that earmark early stage, asymptomatic disease 
requires access to biobanks with adequate numbers of samples to give statistical power 
collected from affected individuals well before disease onset. (In the case of juvenile RA 
these samples should ideally be collected from birth onwards.) When samples are available 
from the same individual both before and after disease onset, patients can serve as their own 
controls and therefore changes characteristic of the disease can be measured against a 
relatively constant biochemical background. Sample sets for these studies are, however, 
difficult to come by and require substantial long-term logistical and financial investment. 
Consequently, a compromised study design incorporating a relevant control group and 
early stage (symptomatic) subjects is more commonly adopted to meet this objective. 
Diagnostic biomarkers: Typically, a case-control approach is used in this setting, such that a 
cohort of disease-free controls is compared to a similarly-sized cohort of diseased subjects. 
Comparisons of this type require careful design and implementation because observed 
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differences may be non-specific and associated with the consequences of end-stage disease, 
rather than related to RA itself. Although widely used, for this reason alone the case-control 
study design is frequently problematic. Case and control samples need to be age- and 
lifestyle-matched, detailed clinical histories must be available on both cohorts, and strict 
inclusion/exclusion criteria are required. The value of any markers identified by this 
approach, and especially those that are not specific to autoimmune disorders alone, can only 
be assessed through large-scale hypothesis-driven studies performed in a defined clinical 
setting. 
Prognostic or predictive biomarkers: For a prognostic or predictive biomarker study, suitable 
samples must be available both before and after the measured outcome from each subject. 
Often these studies use samples collected from completed studies that addressed a different 
clinical question, but are then used to identify and track a molecular signature (biomarker 
profile) that may have predictive/prognostic value. (i.e., They employ retrospective 
samples.) However, in all instances, prospective (purpose-driven) sample collection is 
preferred. Although logistically difficult, this approach affords greater control over pre-
analytical variables including storage time, storage conditions and use of additives. With 
foresight and planning, a randomized controlled trial with longitudinal sample collection 
can incorporate multiple nested outcome studies relating, for example, to therapeutic 
response, disease progression or disease recurrence. 

2.3 Samples and sampling considerations 
It is important to state the obvious: a biomarker study can only be as good as the clinical 
samples and their associated records. If there are errors with annotation, if patient details 
are inaccurate, or if the samples themselves have not been collected and stored properly, the 
exercise of biomarker development may be futile (Poste, 2011). Although there are limited 
numbers of biobanks available at this time, thankfully, more and more investigators, 
research centers and commercial entities are committing to establishing and maintaining 
high-quality sample repositories linked to accurate clinical records. 
With respect to samples, factors such as the timing from sample collection to freezer, the 
complexity and reproducibility of any sample handling steps, length of storage time, storage 
temperature and freeze-thaw cycles, may affect the stability of some analytes. For example, 
samples sourced from different cohorts at different locations may ‘carry forward’ pre-
analytical background signals with discriminating features unrelated to the biology of the 
disease (Addona et al., 2009; Davis et al., 2010; Ransohoff, 2010). Ideally, samples should be 
processed immediately, then aliquoted into airtight tubes and frozen in liquid nitrogen or -
70°C freezers. Similarly, multiple freeze-thaw cycles can affect the stability of potential 
biomarkers (Flower et al., 2000; Rai et al., 2005). Protease inhibition may help preserve 
sample integrity, but this approach is not without its complications. For example, 
irreversibly-binding to sample components can have undesirable downstream 
consequences.  
Fluids or tissues proximal to the sites of pathology can act as biomarker sinks. As a result, 
these should also be considered, when available, alongside plasma or serum as a means of 
focusing the search on pathologically-relevant candidates. For example, in the case of 
arthritis, synovial fluid, cartilage and synovium are potential sources for biomarker 
discovery. Here protein variants unique to the site and pathology can be measured before 
they escape into plasma (Gibson et al., 2009).  
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Omics studies are very different. Data sets are typically of high dimensionality, but the 
sample size is small. There are typically very few if any replicates and any interesting trends 
are hidden within the combination the variables. Under these circumstances the probability 
of finding associations by random chance is high. Although multivariant statistics can help 
with the analysis of these complex data sets, there is no easy way out. Any single omics 
study is best considered as an observational investigation that aids in generating novel 
hypotheses that can direct their future studies. Contrary to what was hoped, the omics 
methods do not provide a fast-track to biomarkers or shortcut the scientific process. They 
do, however, allow an investigator to operate independent of existing knowledge and to be 
less dependent on insight, instinct or experience. A single omics study can provide data 
from which dozens of testable hypotheses can be formulated or, put another way, it can 
identify dozens of biomarker candidates. Accordingly, the validation of each candidate 
biomarker is analogous to hypothesis testing where the investigator sets out to falsify (or 
disprove) the claim that candidate “x” is a valid biomarker in defined clinical scenario “y”.  
In the sections that follow some of the other important components of the biomarker 
development pipeline are discussed and we highlight the primary concerns that are 
necessary to optimize the success of biomarker development. 

2.2 The clinical objective and study design considerations 
Several types of biomarkers can be developed, but in each instance the process requires a 
different study design and unique sample sets. Biomarker development in autoimmune 
disease must incorporate a cross-section of patients representing the full spectrum of the 
specific disorder, and given its complex and heterogeneous nature, a panel of markers, not a 
single marker, will likely be necessary to reflect all relevant clinical parameters. Depending 
on the groups incorporated into the study and the comparisons made, integrated panels of 
individual biomarkers may be identified that provide valuable screening/diagnostic, 
predictive or prognostic information. 
Screening biomarkers: Biomarkers that can be used to screen and identify disease before the 
onset of any symptoms are the Holy Grail of autoimmune disease; however, their discovery 
and validation presents substantial challenges. While some of the biomarkers evident in 
symptomatic disease may be present early on in asymptomatic individuals, it is more likely 
that these will be low abundance and masked by more abundant, non-specific biomarkers of 
inflammatory and secondary processes related to the disease. Therefore, reliable 
identification of the biochemical events that earmark early stage, asymptomatic disease 
requires access to biobanks with adequate numbers of samples to give statistical power 
collected from affected individuals well before disease onset. (In the case of juvenile RA 
these samples should ideally be collected from birth onwards.) When samples are available 
from the same individual both before and after disease onset, patients can serve as their own 
controls and therefore changes characteristic of the disease can be measured against a 
relatively constant biochemical background. Sample sets for these studies are, however, 
difficult to come by and require substantial long-term logistical and financial investment. 
Consequently, a compromised study design incorporating a relevant control group and 
early stage (symptomatic) subjects is more commonly adopted to meet this objective. 
Diagnostic biomarkers: Typically, a case-control approach is used in this setting, such that a 
cohort of disease-free controls is compared to a similarly-sized cohort of diseased subjects. 
Comparisons of this type require careful design and implementation because observed 
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differences may be non-specific and associated with the consequences of end-stage disease, 
rather than related to RA itself. Although widely used, for this reason alone the case-control 
study design is frequently problematic. Case and control samples need to be age- and 
lifestyle-matched, detailed clinical histories must be available on both cohorts, and strict 
inclusion/exclusion criteria are required. The value of any markers identified by this 
approach, and especially those that are not specific to autoimmune disorders alone, can only 
be assessed through large-scale hypothesis-driven studies performed in a defined clinical 
setting. 
Prognostic or predictive biomarkers: For a prognostic or predictive biomarker study, suitable 
samples must be available both before and after the measured outcome from each subject. 
Often these studies use samples collected from completed studies that addressed a different 
clinical question, but are then used to identify and track a molecular signature (biomarker 
profile) that may have predictive/prognostic value. (i.e., They employ retrospective 
samples.) However, in all instances, prospective (purpose-driven) sample collection is 
preferred. Although logistically difficult, this approach affords greater control over pre-
analytical variables including storage time, storage conditions and use of additives. With 
foresight and planning, a randomized controlled trial with longitudinal sample collection 
can incorporate multiple nested outcome studies relating, for example, to therapeutic 
response, disease progression or disease recurrence. 

2.3 Samples and sampling considerations 
It is important to state the obvious: a biomarker study can only be as good as the clinical 
samples and their associated records. If there are errors with annotation, if patient details 
are inaccurate, or if the samples themselves have not been collected and stored properly, the 
exercise of biomarker development may be futile (Poste, 2011). Although there are limited 
numbers of biobanks available at this time, thankfully, more and more investigators, 
research centers and commercial entities are committing to establishing and maintaining 
high-quality sample repositories linked to accurate clinical records. 
With respect to samples, factors such as the timing from sample collection to freezer, the 
complexity and reproducibility of any sample handling steps, length of storage time, storage 
temperature and freeze-thaw cycles, may affect the stability of some analytes. For example, 
samples sourced from different cohorts at different locations may ‘carry forward’ pre-
analytical background signals with discriminating features unrelated to the biology of the 
disease (Addona et al., 2009; Davis et al., 2010; Ransohoff, 2010). Ideally, samples should be 
processed immediately, then aliquoted into airtight tubes and frozen in liquid nitrogen or -
70°C freezers. Similarly, multiple freeze-thaw cycles can affect the stability of potential 
biomarkers (Flower et al., 2000; Rai et al., 2005). Protease inhibition may help preserve 
sample integrity, but this approach is not without its complications. For example, 
irreversibly-binding to sample components can have undesirable downstream 
consequences.  
Fluids or tissues proximal to the sites of pathology can act as biomarker sinks. As a result, 
these should also be considered, when available, alongside plasma or serum as a means of 
focusing the search on pathologically-relevant candidates. For example, in the case of 
arthritis, synovial fluid, cartilage and synovium are potential sources for biomarker 
discovery. Here protein variants unique to the site and pathology can be measured before 
they escape into plasma (Gibson et al., 2009).  
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Studies indicate that plasma is likely a better substrate for proteome analysis than serum 
due to the obfuscation of results associated with the high proportion (>40%) of clot-related 
proteins and peptides in serum (Haab et al., 2005; Rai et al., 2005; Tammen, 2005). Less 
invasive samples also amenable to protein biomarker discovery include urine, saliva and 
tear fluid. Although putative biomarkers can come from discovery work, candidates can 
also come from literature searches and genomic or transcriptomic mining. All candidates, 
however, must undergo subsequent verification and validation (Pepe et al., 2008). 

2.4 Discovery strategies 
Discovery strategies allow many analytes to be measured simultaneously (i.e., multiplexed 
analysis). The objective is to identify qualitative and/or quantitative differences across 
distinct clinical phenotypes that are reproducible and can then be adopted in a clinical 
setting. As discussed previously, however, what is observed in a discovery setting could be 
an artifact of statistical chance or experimental bias, and any findings must be rigorously 
validated. Discovery is typically costly, slow (low-throughput) and labor-intensive. Further, 
because the methods are not optimized for any single analyte, their performance 
characteristics are compromised (i.e., limited sensitivity, selectivity and precision). The 
methods are therefore only suitable to survey – they are not suited to efficient, precise and 
accurate quantification. When proteins are the targets of the discovery process then there are 
two orthogonal strategies that are adopted: peptide-centric and protein-centric. 
Peptide-centric (bottom-up or shotgun) strategies: This approach begins with proteolytic 
digestion of proteins to peptides and the ‘digest’ is then subjected to fractionation (HPLC) 
and tandem mass spectrometry (Duncan et al., 2010; Aebersold & Mann, 2003; Chait, 2006). 
The tandem mass spectra are then converted to peptide sequences and their precursor 
proteins are “assumed” by computational approaches. Refinements of this approach 
sometimes incorporate fractionation prior to digestion and/or multiple stages of 
fractionation post digestion (Washburn et al., 2001; Wolters et al. 2001). The principal 
assumption of a bottom-up strategy is that the identity of intact proteins can be ascertained 
from their constituent peptide fragments. As discussed elsewhere, this assumption is 
frequently invalid (Duncan et al., 2010). 
Protein-centric (top-down) strategies: With protein-centric approaches intact proteins are first 
separated, typically by 2D gel electrophoresis, then the proteins are isolated and identified 
by mass spectrometry. Typically identification involves enzymatic cleavage of each 
individual protein to peptides and then either: (a) the masses of the peptide products of each 
pure protein are determined (via single stage mass spectrometry); or (b) the tandem mass 
spectrum (fragmentation pattern) of one (or more) of the peptides is determined (via tandem 
mass spectrometry). One or both these data sets is/are then used to interrogate a database 
and identify the protein. Relative protein amounts can be determined from the gel by 
staining. Because a top-down approach retains the protein integrity, modifications and 
sequence variations can be investigated. 
As we will illustrate, the discovery findings should be considered a set of leads that require 
meticulous validation, especially with respect to the utility of the biomarker(s) in a routine 
clinical setting. 

2.5 Biostatistical considerations 
Because proteomic studies of clinical samples can generate cumbersome data sets, 
bioinformaticians are frequently involved in study design (e.g., patient selection and study 
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size calculation) and the hunt for significant and reproducible patterns in the data. Their 
objective is to find reproducible differences which correlate with a defined clinical outcome 
and that are independent of the influence of experimental bias, over-fitting and statistical 
chance. 
The incorporation of a randomization strategy in sample analysis reduces bias by 
accounting for the day-to-day variations in the analytical technique. Similarly, it is prudent 
to calibrate and record the performance characteristics of the instruments used in the 
analyses. Calibration in proteomic analyses entails, for example in mass spectrometry, 
initialising the mass accuracy to a standard mixture of purified proteins or peptides of 
known mass. Routine calibration of sensitive instruments subject to ‘drift’ in measurement 
over a period of time should become part of good laboratory practice. Further, in the 
discovery phase, the objective is to have sufficient sample numbers to provide confidence 
that the list of protein candidates is worthy of follow-up during the validation phase. 
Typically in this phase of biomarker development, the sample size is small due to the cost 
and time of analysis, and sometimes because of the difficulty associated with obtaining 
samples. However, the number of proteins (independent variables) measured in each 
sample is typically very large. This ratio of samples to variable size is contrary to the 
traditional application of multivariate statistics and leads to some unique considerations 
that have been discussed by others (Dowsey et al., 2009; Karp & Lilley, 2007). Conversely in 
the validation phase this relationship is inverted so that patient cohorts are much larger 
(typically 100’s -1000’s) and the number of biomarker candidates carried over from 
discovery are reduced depending on the strength of their relationship to the clinical 
outcome or measure being assessed. The costs incurred by the validation phase therefore sit 
in a multi-million dollar range far exceeding the costs of discovery. The financial 
implications alone may account for the relative dearth of publications on this phase as the 
main players, large pharmaceutical or diagnostic corporations, having invested large 
amounts of time and money likely strive to protect the resultant intellectual property prior 
to further clinical testing and pre-market approval.  
Bias, or any discrimination occurring due to a non-biological signal, can potentially 
confound discovery. For example, spurious results may arise because of differences in how 
patient samples are collected, e.g., type of blood collection tube, time taken to freeze sample, 
or the order in which the samples are analyzed. Over-fitting can occur when regression 
analysis tools are used to ‘fit’ (too) many variables to a limited set of outcomes. The 
discriminating ‘pattern’ or ‘signature’ then becomes an artifact of the patient cohorts. To 
resolve issues of bias, statistical analyses must consider the biology of the system being 
analyzed and take into account the assumptions and limitations of the methods (Ransohoff, 
2009). Statistical tests capable of gauging the level of false positives across multiple 
comparisons include the student’s unpaired t-test (for two group comparisons), ANOVA 
(for three or more group comparisons) and linear regression (for quantitative or correlative 
studies) (Dowsey et al., 2009). Alternatively, if the data are not normally distributed, non-
parametric Mann Whitney and Kruskal-Wallis tests should be substituted (Karp & Lilley, 
2007). These methods can be used to analyze the features one-at-a-time and then to compile 
a ranked list of them based on a combination of p values and effect size. As noted earlier, a 
longitudinal design can minimize the potential for bias relative to a typical case-control 
study. Nevertheless, false biomarker leads are common and therefore rigorous validation 
essential. 
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discriminating ‘pattern’ or ‘signature’ then becomes an artifact of the patient cohorts. To 
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The false discovery rate (FDR) can also be calculated (Benjamini et al., 2003; Storey, 2003; 
Strimmer, 2008). By setting the FDR level, it is possible to diminish the risk of a false positive 
identification for a differentially-expressed protein, i.e., at P ≤ 0.05, we expect only 5% false 
positives. However, by doing so, the process of discovery may be compromised by overly 
stringent criteria. Although proteins displaying the most dramatic changes may appear to be 
useful biomarkers, it is important to attempt to rationalize their changes to the pathology. 
For example, acute phase proteins are frequently identified in plasma or serum-based 
studies as ‘specific’ biomarkers of a wide range of chronic disorders, including arthritis and 
cancer but clearly they are not specific to any one disease (Addona et al., 2009). 
Cross-validation procedures can be used to reduce false positives. In this instance one data 
set is used to build the model (called training) and a second data set generated from an 
independent patient cohort is used to assess the predictive accuracy of the model (called 
testing). Another commonly-used validation strategy is known as K-fold cross-validation 
where the analysis is repeated over many random splits of the data. For each analysis, a 
subset of the data is used to build K number of predictive models, with the remaining subset 
available for a test of predictive accuracy. Although useful initially after discovery, 
validation based on splitting a single data set is of limited use because confounding factors 
can introduce systematic biases into both training and test splits. 
Given the issues noted above, it advisable to validate intial ‘discoveries’ on independent 
sample sets, perhaps incorporating analysis by orthogonal methods which are more 
amenable to the requirements of clinical throughput and precision (Dupuy & Simon, 2007). 
Re-analysis or meta-analysis using raw data coming from other research groups is another 
possibility, although data standards, such as the ‘minimum information about a proteomics 
experiment’ (MIAPE) (Taylor et al., 2007), often do not extend into the initial design of 
clinical studies. Consequently, detailed clinical data may not be captured and reported 
consistently for clinical proteomics experiments, limiting the ability of investigators to 
independently verify, combine or correlate data from multiple experiments. 
For thorough validation, the number of patient samples required should be determined 
through the use of statistical tools that take into account the imprecision of the analytical 
method, inter-patient variability and the acceptable threshold of difference that is deemed 
significant for a given biomarker application (Ye et al., 2009). Patient numbers (biological 
replicates) and other statistical considerations of power have also been discussed in detail 
elsewhere (Cairns et al., 2009). 

2.6 Feature selection and classifier assessment  
Several multivariate analysis tools are available for the analysis of large multidimensional 
data sets and some of these have been arranged into commercial software packages. Visual 
tools, including principle component analysis, hierarchical cluster analysis and heat maps 
which display variance, relatedness and patterns in data (respectively), are also available 
and are useful preliminary aids in data analysis. These analyses stive to represent variance 
in a graphical fashion and give for example an overall view protein expression prevalence 
within outcome groups in the case of heat maps or ‘relatedness’ of expression levels between 
different proteins with hierarchical trees (Marengo et al. 2006; Marengo et al. 2008). Emphasis 
however, should be placed on using supervised or semi-supervised methods such as 
distribution free learning (kernel- based or Bayesian analysis) or support vector machine 
(SVM) which allow for advanced categorization and classification of multidimensional 
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proteomic data with respect to clinical data. This process known as ‘feature selection’ and 
leads ultimately to the creation of a ‘classifier’ or biomarker driven algorithm specific to the 
disease and outcome being measured (Liu et al., 2009; Zhu et al., 2009). Since most protein 
expression profiles will likely not be correlated to a specific outcome, supervised methods 
screen out uninformative proteins and select protein combinations to develop a ‘classifier’. 
A recent application of the SVM principle has been used to guide feature selection of 
exhaled peptides as potential biomarkers of asthma (Bloemen et al., 2011).  
Depending on whether proteome studies are focused on biomarkers for (i) diagnosis (class 
discovery), (ii) prognosis (outcome-related) or (iii) prediction (supervised prediction), 
various rationales should be employed to generate and assess the reliability a classifier. 
Class discovery methods are best suited for grouping proteins into subsets that elucidate 
pathways with similar expression profiles across patient subgroups. In outcome-related 
studies, the goal is to identify which proteins have expression levels that correlate with 
outcomes grouped into discrete classes: for example, in arthritis patients with a good versus 
a bad prognosis. When prediction of patient outcome is the aim, supervised prediction 
methods that use a selected proteome profile are used to generate an algorithm based on 
individual profiles. In supervised class prediction studies, a totally independent cohort 
should be used for cross-validation purposes when rigorous testing of a predictive model is 
desired (Dupuy & Simon, 2007). 
The statistical significance of a selected proteome ‘classifier’ gives an incomplete estimate of 
its predictive ability and potential clinical utility. The number of true and false positives or 
negatives should be presented allowing the calculation of sensitivity and specificity. This 
reveals clinically-relevant information on how the classifier performs in each outcome 
category. List of statistical tools and recommendations for their application have been 
reported (Dupuy & Simon, 2007; Karp & Lilley, 2007; Marengo et al. 2006). Depending on 
the clinical question there may however be multiple outcome measures that are not 
amenable to a simple binary classification system. Statistical evidence of prevalence and 
analytical limits of detection of a specific group of isoforms can then direct the study 
towards validation of candidate biomarkers in a much larger group of multi-center patient 
populations. 

3. The biomarker development process 
Three distinct phases can be delineated within a typical development pipeline: discovery, 
verification and validation. These can be further subdivided so there is a reduced number of 
candidates at each stage, each with an increased probability of utility 51. In the subsequent 
sections we aim to clearly segregate these phases in the biomarker ‘pipeline’ and further 
expand on the vastly different requirements of each (Figure 1). This process is prefaced by a 
brief overview of pre-analytical factors which can introduce unwanted bias or variation. 

3.1 The discovery phase 
In the discovery phase, proteomic platforms are unsupervised and are used to highlight 
qualitative and/or quantitative differences in multiple proteins across distinct clinical 
phenotypes. The process of discovery is focused on assessing many candidates, while 
minimizing the probability of false positives and negatives.  
Discovery by definition requires an analytical approach which does not preempt the identity 
of the biomarker candidates. Generally speaking as most discovery methods prioritise the 
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measurement of as many proteins as possible they have inherently low throughput, are 
labor intensive and offer a low dynamic range. These characteristics preclude their use in 
later phases of the biomarker pipeline. It is also important to realize that as yet there is no 
single method available for looking at the complete complexity of the proteome within a 
given clinical sample. Because we are working with a relatively blunt set of tools in 
discovery we need to transition to more precise methods for validation.  
A two-step approach to the discovery phase, though widely used, is not well defined in the 
literature. In the initial pilot exploration of a low number of individuals the aim is to gain a 
grasp of the variability of whole proteome being measured across the cohort, selecting a 
suitable sample type, optimizing the separation and quantification platform and ultimately 
calculating appropriate patient numbers to power a second (discovery) round with greater 
statistical confidence.  
 

 
Fig. 1. Biomarker pipeline 

Table describes the aim, the likely analytical platform and associated characteristics of each 
phase in an ideal biomarker discovery pipeline through verification to validation and final 
pre-market approval. The schema represents the increase in patient sample and decrease in 
candidate protein numbers as a biomarker study moves from discovery (two-step) through 
to validation phases; 2DE- 2-dimensional gel electrophoresis, DIGE- difference in-gel 
electrophoresis, LC-MS- liquid chromatography associated with mass spectrometry, ELISA-
enzyme linked immuno-adsorbant assay, MRM- multiple reaction monitoring mass 
spectrometry, IVDMIA-in vitro diagnostic multivariate index assay. 

3.2 Verification of protein modifications 
Protein modifications are common but are frequently overlooked, especially during the 
discovery phase. Amongst the most significant modifications are covalent alternations to 
amino acids (e.g., phosphorylation, nitration or redox changes) and covalent addition of 
large groups (e.g., glycosylation). These modifications can have dramatic effects on protein 
function and may play a significant role in a range of arthritides and autoimmune disorders. 
Because most biomarker candidate identification strategies rely on peptide surrogate based 
mass spectrometry, there is added potential to characterize low abundance PTM variants. 
MALDI-TOF is an example mode of mass spectrometry can scrutinize multiple variants of a 
given protein in a concurrent, swift and relatively sensitive fashion. Several criteria 
determine accurate structural assignment and the quantification of specific modifications via 
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a peptide-centric approach (Duncan et al., 2010), including spectra search criteria, sequence 
coverage and database completeness.  
Accordingly, changing levels of a modified protein may represent a better biomarker than 
changes in the total expression levels of a given protein. For example, alterations in the 
levels of naturally-occurring glycosylation motifs can serve as a marker of inflammation, 
lymphocyte tolerance and senescence in arthritis (Garcia et al., 2005), viz. increased 
branching of sugar moieties on alpha-1 acid glycoprotein can act as biomarkers of 
inflammation, whereas decreased branching of T-cell receptor affects the development of 
Th1/Th2 cells increasing susceptibility to autoimmunity (Havenaar et al., 1998; Morgan et 
al., 2004). 
 

 
Fig. 2. Protein isoform verification 

A depiction of possible qualitative and quantitative changes in protein isoforms between 
health and a disease state. The illustration of an isoform of a given protein associated with a 
specific adverse outcome demonstrates that it can only be detected by high ‘resolution’ 
proteomic strategies which can detect variance in post translational modifications. 
Conventional genomic and antibody based methods will only pick up on a change in 
expression of recognized transcripts or epitopes, giving a high likely hood of missing the 
significance of the isoform prevalent in a particular disease outcome. 
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a peptide-centric approach (Duncan et al., 2010), including spectra search criteria, sequence 
coverage and database completeness.  
Accordingly, changing levels of a modified protein may represent a better biomarker than 
changes in the total expression levels of a given protein. For example, alterations in the 
levels of naturally-occurring glycosylation motifs can serve as a marker of inflammation, 
lymphocyte tolerance and senescence in arthritis (Garcia et al., 2005), viz. increased 
branching of sugar moieties on alpha-1 acid glycoprotein can act as biomarkers of 
inflammation, whereas decreased branching of T-cell receptor affects the development of 
Th1/Th2 cells increasing susceptibility to autoimmunity (Havenaar et al., 1998; Morgan et 
al., 2004). 
 

 
Fig. 2. Protein isoform verification 

A depiction of possible qualitative and quantitative changes in protein isoforms between 
health and a disease state. The illustration of an isoform of a given protein associated with a 
specific adverse outcome demonstrates that it can only be detected by high ‘resolution’ 
proteomic strategies which can detect variance in post translational modifications. 
Conventional genomic and antibody based methods will only pick up on a change in 
expression of recognized transcripts or epitopes, giving a high likely hood of missing the 
significance of the isoform prevalent in a particular disease outcome. 
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Recent evidence suggests that oxidative modifications to the proteins S100A8 and S100A9 
shifts function from macrophage and neutrophil activation in inflammatory arthritis 
towards a protective role (Lim et al., 2009). In this case, the modification appears to serve as 
a regulatory switch. Citrulination of arginine side chains has the potential to alter structure, 
antigenicity and protein function (Wegner et al., 2010). In fact, synthetic peptides modified 
to mimic possible neo-antigens which trigger an autoimmune response have been used to 
identify novel diagnostic/prognostic autoantibodies (McLaren et al., 2005; Papini et al., 
2009). 
Before disease becomes apparent, it is likely that a particular disease pathology ‘specific’ 
protein isoform combination has been expressed for some time, impacting normal 
physiological pathways. These disease ‘specific’ proteins may also be expressed in a benign 
or developing state of the disease devoid of clinical symptoms and may contain a sub pool 
of surrogate markers of chronic inflammation. An example from the world of autoimmune 
disease is presented by a study of systemic lupus erythematosus patients in whom 
autoantibodies were detected prior to clinical symptoms (Eriksson et al., 2011). 
Susceptibility to develop several other auoimmune diseases including diabetes and 
rheumatoid arthritis can be predicted by long periods of pre-clinical autoantibody 
expression (Bastra et al., 2001; Rantapaa-Dahlquist et al, 2003). Another recent study 
indicates that galactosylation of IgG precedes disease onset, correlates with disease activity, 
and is prevalent in autoantibodies in rheumatoid arthritis patients (Ercan et al., 2010).  
Evidently these preclinical biomarker ‘screening’ studies are unique in that they rely heavily 
on concerted biobanking of samples in a prospective fashion, generally have focused on 
more easily retrieved antibodies and may incur long ‘wait times’ until a specific disorder 
may occur. They do however offer a fascinating glimpse of what could be occurring at the 
protein level prior to disease onset, which arguably could offer a window of opportunity to 
diagnose earlier, manage the pathology before it becomes clinically symptomatic and 
possibly prevent aberrant processes all together. Alterations in protein isoforms therefore 
may also comprise part of the milieu of pathological changes and thereby serve as 
biomarkers. Studies aimed at full length characterization of proteins indicate that 
preliminary discovery stages may therefore not reflect the full extent of protein variants due 
to the low cohort sizes (and low throughput techniques) typical of this stage. For example, a 
study of diabetes patients revealed that, within a cohort of 96 individuals, an average of 3 
variants of each protein were observed; a further 8 variants were observed across 1000 
individuals (Borges et al., 2010). This highlights the importance of accounting for protein 
micro-heterogeneity across patient populations and correlation of prevalence with specific 
disease outcome sub-groups (Figure 2). Statistical evidence of prevalence and analytical 
limits of detection of a specific group of isoforms should then direct the study towards 
validation of candidates in a much larger group of multi-center patient populations. 

4. Emerging tools for targeted biomarker validation 
The biggest challenge in proteomics remains independent validation of changes ‘discovered’ 
in observational investigations. Traditionally, validation has been undertaken by antibody-
based approaches, including Western blotting, ELISA and immunohistochemistry (IHC). 
However, despite major efforts to generate proteome-scale panels of suitable antibodies 
(most notably the impressive Human Protein Atlas initiative [http:// www. proteinatlas. 
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org/ index.php]), this remains a slow process. It requires antibody generation and 
characterization to establish specificity and utility in different assay formats. 

4.1 Multiple reaction monitoring 
Antibody-independent strategies are highly desirable. The most popular of these is based on 
peptide-centric, multiple reaction monitoring (MRM). MRM is a technology that has unique 
potential for reliable quantification of analytes of low abundance in complex mixtures. In an 
MRM assay, a predefined precursor ion and one of its fragments are selected by the two mass 
filters of a triple quadrupole instrument and monitored over time for precise quantification. A 
series of transitions (precursor/fragment ion pairs) in combination with the retention time of 
the targeted peptide can constitute a definitive assay (Lange et al., 2008). The combination of 
MRM, chemistry and software to aid with the selection of suitable proteotypic peptides, has 
provided the opportunity to rapidly develop quantitative multiplexed assays of protein 
expression and post-translational modification that are both highly specific and sensitive 
(Scheiss et al., 2009). In recent years, significant advances have been made in the measurement 
of protein expression using MRM on triple quadrupole (QQQ) mass spectrometers (Pan et al., 
2009). In this system, one or more peptide ions of unique and known mass are preselected in 
the first quadrupole (Q1), induced to fragment in the second quadrupole (Q2), and some of the 
resulting ‘product ions’ (or fragments) are selected for transmission to the detector in the third 
quadrupole (Q3) (Figure 3A). MRM supports the simultaneous measurement of multiple 
proteotypic peptides and synthetic mass variants of them (usually spiked into samples in 
known amounts). The strategy enables the absolute quantification of multiple proteins 
(Keshishan et al., 2007; Kuzyk et al., 2009). When MRM is combined with immunoaffinity 
purification and internal peptide standards, for example SISCAPA, detection is in the sub-
femtomolar range (Whiteaker et al., 2010).  
In a relatively early demonstration of peptide MRM, assays were developed to 
simultaneously quantify the expression of sixteen cytochrome P450 enzymes - proteins 
important in determining susceptibility to adverse drug reactions (Jenkins et al., 2006). 
Previously, a method was described for the MRM assay of C-reactive protein (CRP) as a 
means of differentiating erosive from non-erosive RA patients (Kuhn et al., 2004). The same 
research team then applied the same MRM technique to measure elevated levels in synovial 
fluid of six additional members of the S100 calcium-binding proteins associated with an 
erosive subtype of RA (Liao et al., 2004). 

4.2 Nucleic acid programmable protein arrays 
The production of antibodies against self-antigens (autoantibodies) is a characteristic feature 
of many autoimmune diseases. At a clinical level, tests for specific autoantibodies, such as 
ANA positivity, are routinely employed to aid the diagnosis and track the progress of these 
diseases. Traditionally, autoantibodies have been identified with a one-antigen-at-a-time, 
hypothesis-driven approach using methods such as immunofluorescence and ELISA. 
Microarrays provide a particularly effective platform for the systematic study of thousands 
of proteins in parallel because they are sensitive and require low sample volumes (MacBeath 
& Schreiber, 2000; Zhu et al., 2001). Protein microarrays involve the display of thousands of 
different proteins with high spatial density on a microscopic surface. Protein microarrays 
have been applied to autoimmune biomarker studies focused on pre-symptomatic screening 
and diagnosis, clinical outcome prognosis and therapeutic response prediction (Hueber et 
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org/ index.php]), this remains a slow process. It requires antibody generation and 
characterization to establish specificity and utility in different assay formats. 
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peptide-centric, multiple reaction monitoring (MRM). MRM is a technology that has unique 
potential for reliable quantification of analytes of low abundance in complex mixtures. In an 
MRM assay, a predefined precursor ion and one of its fragments are selected by the two mass 
filters of a triple quadrupole instrument and monitored over time for precise quantification. A 
series of transitions (precursor/fragment ion pairs) in combination with the retention time of 
the targeted peptide can constitute a definitive assay (Lange et al., 2008). The combination of 
MRM, chemistry and software to aid with the selection of suitable proteotypic peptides, has 
provided the opportunity to rapidly develop quantitative multiplexed assays of protein 
expression and post-translational modification that are both highly specific and sensitive 
(Scheiss et al., 2009). In recent years, significant advances have been made in the measurement 
of protein expression using MRM on triple quadrupole (QQQ) mass spectrometers (Pan et al., 
2009). In this system, one or more peptide ions of unique and known mass are preselected in 
the first quadrupole (Q1), induced to fragment in the second quadrupole (Q2), and some of the 
resulting ‘product ions’ (or fragments) are selected for transmission to the detector in the third 
quadrupole (Q3) (Figure 3A). MRM supports the simultaneous measurement of multiple 
proteotypic peptides and synthetic mass variants of them (usually spiked into samples in 
known amounts). The strategy enables the absolute quantification of multiple proteins 
(Keshishan et al., 2007; Kuzyk et al., 2009). When MRM is combined with immunoaffinity 
purification and internal peptide standards, for example SISCAPA, detection is in the sub-
femtomolar range (Whiteaker et al., 2010).  
In a relatively early demonstration of peptide MRM, assays were developed to 
simultaneously quantify the expression of sixteen cytochrome P450 enzymes - proteins 
important in determining susceptibility to adverse drug reactions (Jenkins et al., 2006). 
Previously, a method was described for the MRM assay of C-reactive protein (CRP) as a 
means of differentiating erosive from non-erosive RA patients (Kuhn et al., 2004). The same 
research team then applied the same MRM technique to measure elevated levels in synovial 
fluid of six additional members of the S100 calcium-binding proteins associated with an 
erosive subtype of RA (Liao et al., 2004). 

4.2 Nucleic acid programmable protein arrays 
The production of antibodies against self-antigens (autoantibodies) is a characteristic feature 
of many autoimmune diseases. At a clinical level, tests for specific autoantibodies, such as 
ANA positivity, are routinely employed to aid the diagnosis and track the progress of these 
diseases. Traditionally, autoantibodies have been identified with a one-antigen-at-a-time, 
hypothesis-driven approach using methods such as immunofluorescence and ELISA. 
Microarrays provide a particularly effective platform for the systematic study of thousands 
of proteins in parallel because they are sensitive and require low sample volumes (MacBeath 
& Schreiber, 2000; Zhu et al., 2001). Protein microarrays involve the display of thousands of 
different proteins with high spatial density on a microscopic surface. Protein microarrays 
have been applied to autoimmune biomarker studies focused on pre-symptomatic screening 
and diagnosis, clinical outcome prognosis and therapeutic response prediction (Hueber et 
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al., 2005; Quitana et al., 2004) With particular relevance to the remit of this chapter, 
conventional printed arrays have been used to study rheumatoid arthritis, systemic lupus 
erythematosus, multiple sclerosis, hepatitis and encephalomyelitis (Fattal et al., 2010; 
Hueber et al. 2009; Li et al., 2005; Somers et al., 2009; Song et al., 2010).  
A In protein multiple reaction monitoring (MRM), one or more peptides of unique and 
known mass (proteotypic peptides) are preselected in the first quadrupole (Q1), induced to 
fragment in Q2 by collisional excitation with a neutral gas in a pressurized cell and some of 
the resulting ‘product ions’ (fragments) are selected for transition to the detector in the third 
quadrupole (Q3). B1 Nucleic acid programmable protein array (NAPPA) spotted with genes 
of interest; All proteins are tagged at the c-terminus to ensure only full length translated 
proteins can be captured in situ by co-spotted anti-tag antibodies. NAPPA has consistent 
protein amounts displayed at each spot; most are within two fold of the average 
(Ramachandaran et al., 2008). Proteins are expressed “just-in-time” for assay, which 
eliminates concern of protein stability. B2 Image of NAPPA with randomly selected 768 
genes probed with a synovial fluid sample from a patient with juvenile arthritis. Antibodies 
in patient samples bind to their antigen targets on the array and are detected by Alexa647-
conjugated goat anti-human IgG. B3 Scatterplot of reactivity on NAPPA between paired 
plasma and synovial fluid samples from arthritis patients. Median correlation is 0.982. C1 
Matrix assisted laser desorption ionization- time of flight (MALDI-TOF) mass spectrometry 
whereby proteins or peptides imbedded in a crystallized matrices are ionized by a high 
frequency laser beam and accelerated through a flight tube by electrical field; ions ‘fly’ and 
reach the detector plate with respect to their mass:charge ratio. C2 A spectra is generated 
which reflects the energy of a given ion vs the mass:charge ratio (m/z). C3 A birds eye view 
representation of the spectra reveals distinguishing peaks (*) from the six samples analysed. 
 

 
Fig. 3. Targeted identification methods 
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Nucleic Acid Programmable Protein Array (NAPPA) is an innovative method to produce 
protein microarrays, where cDNAs encoding proteins of interest are spotted onto activated 
surfaces and proteins are produced in situ using mammalian in vitro expression systems 
(Ramachandran et al., 2004; Ramachandran et al., 2008). The freshly made protein is 
captured by co-spotted antibodies specific for a ‘tag’ encoded at the end of the amino acid 
sequence. This approach circumvents the labor and cost considerations associated with 
conventional spotting of labile recombinant proteins into arrays. NAPPA technology 
recently revealed that ankylosing spondylitis patients' autoantibody responses were 
targeted towards connective, skeletal and muscular tissue, unlike those of RA patients 
(Wright et al., 2010). In a recent pilot study, a strong correlation was observed between 768 
autoantibodies in paired plasma and synovial fluid samples from patients with juvenile 
arthritis (Figure 3B). 

4.3 Proteomic profiling methods 
Intact protein profiling across clinical cohorts gives a glimpse into the degree of variation 
evident in a single gene product (Borges et al., 2008a). The same approach may be useful in 
the study of arthritis. Mass spectrometry-based techniques can potentially distinguish these 
physical and structural variations and allow the relative abundance of one isoform to be 
determined (Duncan et al., 2010). By contrast, these variants would be overlooked by 
conventional ELISA methods (Figure 2). A brief description and recent application of such 
techniques follows. 
MALDI / SELDI Profiling (Immuno-MALDI): Matrix assisted laser desorption ionisation 
(MALDI) mode of mass spectrometry allows the ‘soft’ ionization of complete proteins which 
are liable to fragment under conventional ionization methods. The type of a mass 
spectrometer most widely used with MALDI is the time-of-flight (TOF), mainly due to its 
large mass range (Figure 3C). Purifying a protein from a clinical sample by 
immunoprecipitation can greatly reduce the complexity of the proteome being analysed. In 
one approach, purified polyclonal antibodies that capture the target protein isoforms can be 
immobilized onto sepharose beads packed within a pipette tip or ‘fret’ (Borges et al., 2008b). 
Eluted proteins can then be spotted on a MALDI target plate and spectra obtained. For 
example, some recent MALDI profiling applications have demonstrated the ability to 
diagnose early RA and hypertension and distinguish active SLE (Dai et al., 2010; Long et al., 
2010; Reid et al., 2010). Glycosylation heterogeneity of selected inflammation associated 
molecules such as serum amyloid and vitamin D binding protein have been investigated in 
cancer and diabetic patients (Rehder et al., 2009; Weiss et al., 2011).  
As a modification of MALDI, surface-enhanced laser desorption ionization (SELDI) methods 
can be used to target lower molecular weight proteins (<20 KDa) to differentiate arthritides 
and therapeutic response (de Seny et al., 2008; Miyame et al. 2005). The technology is 
currently being developed to affinity capture the protein of interest directly to the mass 
spectrometry target plate (Brauer et al., 2010).  

4.4 Biomarker research and grant funding 
Although proteomics has been full of promise, few validated biomarkers have made their 
way into the public domain and even fewer influence clinical practice. There is little doubt 
that validation is a serious bottleneck in the biomarker development process. While there is 
abundant discussion of approaches to discovery, the tools for validation and their 
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applications have received little attention. It is very often difficult to receive funding from 
traditional grant programs to validate markers: funding agencies balk at the prospect of 
funding a ‘re-measurement’ of the same entity in larger independent cohorts. Additionally, 
the continuum from discovery through to validation is tedious and extends well beyond the 
time-frame of a typical research grant. In fact, the time from initial discovery to routine use 
can take up to a decade (Anderson, 2010; Wilson et al., 2007). A recent example illustrates 
the seven year journey from discovery to FDA approval for the multivariate diagnostic test 
OVA1, used to screen ovarian cancer patients (Fung, 2010). 
Similarly, when validation fails it is difficult for academic investigators to publish these 
‘negative’ results; when validation succeeds, the emphasis frequently shifts to 
commercialization rather than publication. 

5. Conclusions 
While there is widespread recognition of the value of biomarkers, scientific progress is slow. 
Over the years, biomarkers have sometimes been the center of excessive “hype”, prompting 
excessive or unreasonable expectations. In addition, the use of biomarkers as surrogate 
endpoints have led to some public failures when they were felt to be falsely reassuring, 
creating general skepticism amongst scientists and clinicians alike (e.g. Petricoin et al., 2002). 
In addition to limited validation, resistance still hindering biomarker acceptance includes: 
 Resistance to sharing data across independent efforts – Organizations may work on 

similar research or discover keystone advances yet resist sharing knowledge because 
they feel that doing so will jeopardize their competitive advantage. However, sharing 
information could help companies achieve greater overall progress and reduce costs. 

 Need for new R&D models with greater precision and flexibility – The industry needs 
an R&D model with greater precision to improve pipelines, leveraging active clinical 
knowledge to offset the declining success in new drug development. Some research and 
development leaders are concerned that using an approach that targets treatment for 
only a subset of patients decreases profits and increases research costs. Others recognize 
that this direction has already created value beyond costs and are building these 
capabilities into their business strategy. For example, Herceptin® is considered an 
effective targeted treatment for breast cancer. Targeted treatments could actually 
increase both the medical and economic success of a therapeutic. 

 Insufficient interoperability – Traditional data resides in disparate places that often do 
not easily connect. Factor in imaging biomarkers constituted by terabytes of data and 
you have a complex mix of data from which it is difficult to extract new insights (Poste, 
2011). The path forward – interoperability – is a design and intent to have systems share 
information that relies on data standards, and more importantly, semantics. Semantics 
use common vocabularies and business rules to relate clinical terms reported across 
different sources to find common meaning. 

Tools to support development, medical care, health policy such as the FDA’s critical path, 
and BioPharma investment decisions. The biomarker development and validation process is 
necessary but costly for one company. Innovation takes place in many organizations and, as 
such, stakeholders work redundantly on the same effort. Many collaborative forums exist 
but these usually involve sharing “safe” information that really does not hasten overall 
progress. Consequently, most existing biomarkers have taken decades to become part of 
medical practice. 
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Currently there are few FDA-approved proteomic tests for autoimmune disease. Although 
there is little doubt that such tests could help the diagnosis and treatment of arthritis, it is a 
major clinical and financial challenge to develop, validate and market them. Robust 
validation data including evidence of sensitivity, specificity and correlation to the existing 
limited set of clinical or laboratory criteria are necessary to support clinical utility. Disease 
activity scores (DAS-CRP and DAS28), for example, combine inflamed joint count and 
ESR/CRP to document levels of disease activity at a static time point. The measurement of 
specific proteins that flag a particular patient’s status add objectivity in circumstances where 
the clinician currently relies on clinical judgment alone. 
From a clinician’s perspective, it is important to address several questions in a timely 
fashion for a given patient presenting with autoimmune disease. In each instance, the 
clinician is attempting to minimize underlying disease and adverse outcomes, such as joint 
damage in arthritis. Key questions that can currently only be partially answered by clinical 
observation and patient history include: (a) is this true autoimmune-driven arthritis (i.e., 
diagnosis), (b) how severe or at what stage is the disease process, (c) what is this patient’s 
likely outcome (i.e., prognosis) and (d) which drugs could abrogate that outcome (i.e., 
prediction)? Decision-making also extends to selection of therapy: (e) what is the patient-
specific titer, (f) which disease subgroups will benefit from a specific therapeutic strategy 
and (g) when should treatment be terminated?  
This chapter has addressed and discussed three key areas for consideration, which if 
addressed after initial discovery work could provide solid evidence of their clinical utility 
and commercial viability: (i) limiting bias in study design, (ii) thorough protein isoform 
verification and (iii) modes of orthogonal and targeted validation. 

6. Glossary- the language of biomarker and proteomic research 
Bias- In statistics, bias is systematic favoritism present in data collection, analysis or 
reporting of quantitative research 
Biomarker- or biological marker, is a molecular characteristic that is objectively measured and 
evaluated as an indicator of normal biological processes, pathogenic processes, or 
pharmacologic responses to a therapeutic intervention. 
Classifier- in statistics is the formula or criteria for identifying a sub-population based on 
quantitative information on one or more measurements, traits or characteristics.  
Development pipeline- represents the process from candidate discovery, through verification, 
validation and final pre-market approval. 
Diagnostic- in the context of medicine is any test performed or criteria applied to aid to 
determine and/or identity a possible disease or disorder. 
Discovery- in the context of biomarkers, describes the initial process of observation, 
identification and quantification of one or more biological molecules which may act as a 
classifier.  
Isoform- describes the biological phenomenon of several different structural forms of the 
same protein which may arise by alternate gene splicing and single-nucleotide 
polymorphisms before messenger RNA translation and chemical modifications e.g. 
phosphorylation or glycosylation which occur post-translation of proteins. 
Multiplex- in the context of protein assay is a method or platform which permits the 
simultaneously measururement of multiple analytes (dozens or more) in a single test.  
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applications have received little attention. It is very often difficult to receive funding from 
traditional grant programs to validate markers: funding agencies balk at the prospect of 
funding a ‘re-measurement’ of the same entity in larger independent cohorts. Additionally, 
the continuum from discovery through to validation is tedious and extends well beyond the 
time-frame of a typical research grant. In fact, the time from initial discovery to routine use 
can take up to a decade (Anderson, 2010; Wilson et al., 2007). A recent example illustrates 
the seven year journey from discovery to FDA approval for the multivariate diagnostic test 
OVA1, used to screen ovarian cancer patients (Fung, 2010). 
Similarly, when validation fails it is difficult for academic investigators to publish these 
‘negative’ results; when validation succeeds, the emphasis frequently shifts to 
commercialization rather than publication. 

5. Conclusions 
While there is widespread recognition of the value of biomarkers, scientific progress is slow. 
Over the years, biomarkers have sometimes been the center of excessive “hype”, prompting 
excessive or unreasonable expectations. In addition, the use of biomarkers as surrogate 
endpoints have led to some public failures when they were felt to be falsely reassuring, 
creating general skepticism amongst scientists and clinicians alike (e.g. Petricoin et al., 2002). 
In addition to limited validation, resistance still hindering biomarker acceptance includes: 
 Resistance to sharing data across independent efforts – Organizations may work on 

similar research or discover keystone advances yet resist sharing knowledge because 
they feel that doing so will jeopardize their competitive advantage. However, sharing 
information could help companies achieve greater overall progress and reduce costs. 

 Need for new R&D models with greater precision and flexibility – The industry needs 
an R&D model with greater precision to improve pipelines, leveraging active clinical 
knowledge to offset the declining success in new drug development. Some research and 
development leaders are concerned that using an approach that targets treatment for 
only a subset of patients decreases profits and increases research costs. Others recognize 
that this direction has already created value beyond costs and are building these 
capabilities into their business strategy. For example, Herceptin® is considered an 
effective targeted treatment for breast cancer. Targeted treatments could actually 
increase both the medical and economic success of a therapeutic. 

 Insufficient interoperability – Traditional data resides in disparate places that often do 
not easily connect. Factor in imaging biomarkers constituted by terabytes of data and 
you have a complex mix of data from which it is difficult to extract new insights (Poste, 
2011). The path forward – interoperability – is a design and intent to have systems share 
information that relies on data standards, and more importantly, semantics. Semantics 
use common vocabularies and business rules to relate clinical terms reported across 
different sources to find common meaning. 

Tools to support development, medical care, health policy such as the FDA’s critical path, 
and BioPharma investment decisions. The biomarker development and validation process is 
necessary but costly for one company. Innovation takes place in many organizations and, as 
such, stakeholders work redundantly on the same effort. Many collaborative forums exist 
but these usually involve sharing “safe” information that really does not hasten overall 
progress. Consequently, most existing biomarkers have taken decades to become part of 
medical practice. 
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Currently there are few FDA-approved proteomic tests for autoimmune disease. Although 
there is little doubt that such tests could help the diagnosis and treatment of arthritis, it is a 
major clinical and financial challenge to develop, validate and market them. Robust 
validation data including evidence of sensitivity, specificity and correlation to the existing 
limited set of clinical or laboratory criteria are necessary to support clinical utility. Disease 
activity scores (DAS-CRP and DAS28), for example, combine inflamed joint count and 
ESR/CRP to document levels of disease activity at a static time point. The measurement of 
specific proteins that flag a particular patient’s status add objectivity in circumstances where 
the clinician currently relies on clinical judgment alone. 
From a clinician’s perspective, it is important to address several questions in a timely 
fashion for a given patient presenting with autoimmune disease. In each instance, the 
clinician is attempting to minimize underlying disease and adverse outcomes, such as joint 
damage in arthritis. Key questions that can currently only be partially answered by clinical 
observation and patient history include: (a) is this true autoimmune-driven arthritis (i.e., 
diagnosis), (b) how severe or at what stage is the disease process, (c) what is this patient’s 
likely outcome (i.e., prognosis) and (d) which drugs could abrogate that outcome (i.e., 
prediction)? Decision-making also extends to selection of therapy: (e) what is the patient-
specific titer, (f) which disease subgroups will benefit from a specific therapeutic strategy 
and (g) when should treatment be terminated?  
This chapter has addressed and discussed three key areas for consideration, which if 
addressed after initial discovery work could provide solid evidence of their clinical utility 
and commercial viability: (i) limiting bias in study design, (ii) thorough protein isoform 
verification and (iii) modes of orthogonal and targeted validation. 

6. Glossary- the language of biomarker and proteomic research 
Bias- In statistics, bias is systematic favoritism present in data collection, analysis or 
reporting of quantitative research 
Biomarker- or biological marker, is a molecular characteristic that is objectively measured and 
evaluated as an indicator of normal biological processes, pathogenic processes, or 
pharmacologic responses to a therapeutic intervention. 
Classifier- in statistics is the formula or criteria for identifying a sub-population based on 
quantitative information on one or more measurements, traits or characteristics.  
Development pipeline- represents the process from candidate discovery, through verification, 
validation and final pre-market approval. 
Diagnostic- in the context of medicine is any test performed or criteria applied to aid to 
determine and/or identity a possible disease or disorder. 
Discovery- in the context of biomarkers, describes the initial process of observation, 
identification and quantification of one or more biological molecules which may act as a 
classifier.  
Isoform- describes the biological phenomenon of several different structural forms of the 
same protein which may arise by alternate gene splicing and single-nucleotide 
polymorphisms before messenger RNA translation and chemical modifications e.g. 
phosphorylation or glycosylation which occur post-translation of proteins. 
Multiplex- in the context of protein assay is a method or platform which permits the 
simultaneously measururement of multiple analytes (dozens or more) in a single test.  
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Omics- this suffix, often used in modern biological research, refers to the lofty aim of 
observing, identifying and quantifying the totality of a particular class of molecules i.e. 
genomics, proteomics. 
Orthogonal method- describes the ideal of using alternate types of analyses to corroborate the 
original findings by independent means. 
Peptide-centric- or bottom-up, proteomics is a common method used to identify proteins by 
proteolytic digestion of proteins prior to analysis by mass spectrometry. 
Protein-centric- or top-down, proteomics is a method of intact protein identification e.g. an ion 
trapping mass spectrometer used to store an isolated protein ion for mass measurement and 
tandem mass spectrometry analysis. 
Power analysis- to calculate the number of samples required for a study to reach statistically 
sound conclusions. 
Predictive model- in the context of medicine, is created or chosen to try to predict the 
probability of a clinical outcome by use of one or more classifiers. 
Prognostic- is a clinical test which can forecast the likely course or outcome of an illness. 
Sensitivity- measures the proportion of true positives which are correctly identified as such 
(e.g. the percentage of sick people who are correctly identified as having the condition). 
Specificity- measures the proportion of true negatives which are correctly identified (e.g. the 
percentage of healthy people who are correctly identified as not having the condition). 
Throughput- refers to the rate of analysis of samples by a particular method e.g. analysis of a 
single protein by Western blotting is relatively low throughput compared to ELISA. 
Validation- later stage in the biomarker pipeline is defined as the documented act of 
demonstrating that putative biomarker classifiers will consistently lead to the expected 
results i.e establish sensitivity and specificity performance in large populations and begin to 
optimize the assay for commercial use. 
Verification- intermediate phase in biomarker pipeline bridging discovery and validation, 
which typically reduces the number of candidates, confirms specific protein isoforms within 
a classifier and begins to assess the sensitivity in expanded populations. 
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1. Introduction 
In the last decade research on autoantibodies in neurological diseases of the central nervous 
system (CNS) has been very successful. An increasing number of autoantibodies and their 
target antigens have been detected, supporting stratification of patients and enabling specific 
treatment. The detection of autoantibodies depends on the assay used, as antibody binding 
requires the native conformation of the antigen. Although cumulative data is suggesting an 
important role of B cells and antibodies in Multiple Sclerosis (MS), numerous studies failed to 
identify specific biomarkers for MS (Figure 1). Even though several clinical, immunological 
and radiological studies tried to discover risk factors for disease progression, it remains an 
open issue to predict the individual disease course. However, recently autoantibodies have 
been discovered in some rare CNS demyelinating disease closely resembling MS (Table 1). 
Particularly Neuromyelitis Optica (NMO) gained enormous interest due to the discovery of 
autoantibodies targeting the water channel protein aquaporin-4 (AQP4) (Lennon et al., 2004; 
Lennon et al., 2005), which is expressed on astrocytic endfeet at the blood brain barrier 
(Nicchia et al., 2004) (Figure 1). This inflammatory demyelinating disease represents itself with 
optic neuritis and longitudinally extensive transverse myelitis (Wingerchuk et al., 1999) and 
was long considered as a severe variant of MS. Due to the detection and validation of this 
highly sensitive and specific biomarker, NMO is now regarded as a separate disease entity to 
MS. Consequently, the anti-AQP4 antibody serostatus was included into the diagnostic criteria 
of NMO (Jarius et al., 2007; Wingerchuk et al., 2007). Compared to MS, patients with NMO 
have a worse prognosis and require different treatment strategies according to the dominant 
humoral immunopathogenesis. With the advent of anti-AQP4 antibodies as biomarkers in 
NMO spectrum disorders (NMOSD), different NMO antibody assays have been developed, 
whereby cell based assays using the M23 isoform of AQP4 yield highest sensitivity (Takahashi 
et al., 2007; Waters & Vincent, 2008; Mader et al., 2010). Despite the high percentage of anti-
AQP4 IgG positive NMO patients, various studies described a lack of these autoantibodies in a 
cohort of NMO patients, which we will critically discuss in this chapter. It remains an open 
question whether these patients form their own subgroup of NMO patients or if the antibodies 
are not detected due to a sensitivity problem of the applied assays. Moreover, we will address 
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the relevance of autoantibodies for the classification of neurological diseases and discuss novel 
findings of a potential involvement of T cells in NMO. 
 

 MS NMO ADEM 
Prevalence 100 / 100,000 1 / 100,000 1 / 100,000 
Female : Male ratio 3 : 1 9 : 1 1 : 2 
Disease onset 20-30 years 40 years Childhood 

Disease course Relapsing-remitting 
progressive 

Relapsing-
remitting 

Monophasic, 
recurrent 

Clinical symptoms Variable Optic neuritis, 
myelitis 

Encephalopathy, 
multifocal 

Brain MRI Multiple white 
matter lesions 

Normal or 
atypical for MS 

Multifocal large 
bilateral lesions 

Spinal MRI Short-segment (<3) 
lesions 

Long-segment 
(>3) lesions Confluent 

CSF IgG OCB + Frequent (>90%) Rarely Rarely 
Relapse treatment Intravenous high-dose methylprednisolone, plasma exchange 

Interval treatment IFN-ß, GA, Tysabri, 
Fingolimod, AZT 

AZT + steroids, 
Rituximab None 

Environmental 
triggers 

Infections, Vitamin-
D, smoking Unknown Infection, 

vaccination 
Diagnostic marker  AQP4-IgG MOG-IgG 

Table 1. Important human inflammatory demyelinating diseases. IFN-ß = interferon-beta, 
GA = glatiramer acetate, AZT = azathioprine, MRI = Magnetic resonance imaging, OCB = 
oligoclonal bands. 

Controversial results regarding the detection of autoantibodies to myelin oligodendrocyte 
glycoprotein (MOG) in patients with MS have confused researchers for several years. Latest 
findings showed increased anti-MOG antibody titers in a subgroup of patients with acute 
disseminated encephalomyelitis (ADEM) and childhood MS, but not in adult MS (O'Connor 
et al., 2007; Brilot et al., 2009; Di Pauli et al., 2011; Lalive et al., 2011). The target antigen 
MOG is expressed on the outer surface of the myelin sheath (Figure 1) and can only be 
detected using cell based assays expressing MOG on their surface. Early stratification from 
MS is of great relevance as ADEM is usually a self-limiting disease. However, due to the 
high number of anti-MOG antibody negative ADEM patients, early diagnosis remains 
challenging in some cases.  
An early detection of autoantibodies to the NMDA (N-methyl D-aspartate) receptor is 
crucial in anti-NMDA-receptor encephalitis, an acute form of encephalitis, which can have a 
neuropsychiatric presentation, seizures, dyskinesias or autonomic instability (Dalmau et al., 
2007). This disease is potentially reversible if it is recognized and treated as early as possible. 
In paraneoplastic courses a removal of the tumour is mandatory, but NMDA-receptor 
encephalitis can also be non-paraneoplastic and affect both genders. Detection of antibodies 
to the neuronal cell surface antigen NMDA-receptor (NMDA-R, Figure 1) in serum of 
patients supported a better understanding of the disease pathomechanism. In this chapter 
we will report on the latest findings of autoantibodies in CNS diseases, primarily focusing 
on anti-AQP4 antibodies in NMO, the relevance of anti-MOG antibodies in ADEM and MS 
and antibodies to NMDA-R in anti-NMDA-receptor encephalitis. 
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Fig. 1. Discovery of autoantibodies and their target antigens in different CNS diseases. 

2. B cells and antibodies in MS 
MS is the most frequent inflammatory demyelinating disease in young adults with a high 
risk of future disability and a heterogeneous clinical presentation (Noseworthy et al., 2000). 
Approximately 2.5 million people are affected, experiencing different disease courses. In the 
majority of patients (85-90%), the disease follows a relapsing–remitting course (RR-MS), 
characterized by acute relapses and subsequent complete or incomplete remission (Sospedra 
& Martin, 2005). RR-MS patients often convert into a secondary progressive disease course 
(SP-MS) (Sospedra & Martin, 2005). In contrast, a minority of patients suffer from the 
primary-progressive disease course (PP-MS, 10-15%) with a steady disease progression 
(Sospedra & Martin, 2005). Although the etiology of MS remains unresolved, currently it is 
believed that components of the myelin sheath are attacked by autoreactive T cells involving 
the cellular and humoral immune system (Sospedra & Martin, 2005). This infiltration of 
inflammatory cells within the CNS results in inflammation, thus leading to demyelination of 
the myelin sheaths, which cover the nerve fibers. Brain MRI shows typically multiple white 
matter lesions, with frequent development of new lesions. In the last decade, increasing 
research is focusing on the relevance of B cells and antibodies in MS, investigating their role 
and contribution in the initiation and propagation of inflammatory demyelinating processes 
at different disease stages (Figure 2). 
In at least a subset of MS patients, pathogenic antibodies are believed to cause 
demyelination and axonal loss. This resulted in an extensive research in order to identify the 
still unknown target antigen. The detection of intrathecal IgG synthesis and the occurrence 
of oligoclonal bands (OCB) in the CSF of more than 90% of MS patients supports the impact 
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MOG is expressed on the outer surface of the myelin sheath (Figure 1) and can only be 
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high number of anti-MOG antibody negative ADEM patients, early diagnosis remains 
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Fig. 1. Discovery of autoantibodies and their target antigens in different CNS diseases. 

2. B cells and antibodies in MS 
MS is the most frequent inflammatory demyelinating disease in young adults with a high 
risk of future disability and a heterogeneous clinical presentation (Noseworthy et al., 2000). 
Approximately 2.5 million people are affected, experiencing different disease courses. In the 
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(SP-MS) (Sospedra & Martin, 2005). In contrast, a minority of patients suffer from the 
primary-progressive disease course (PP-MS, 10-15%) with a steady disease progression 
(Sospedra & Martin, 2005). Although the etiology of MS remains unresolved, currently it is 
believed that components of the myelin sheath are attacked by autoreactive T cells involving 
the cellular and humoral immune system (Sospedra & Martin, 2005). This infiltration of 
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the myelin sheaths, which cover the nerve fibers. Brain MRI shows typically multiple white 
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Fig. 2. Increasing evidence suggests an important role of B cells in MS. Currently, research is 
focusing on their relevance for antigen presentation and T cell activation, production of 
cytokines and antibodies. 

of humoral immune responses in the pathogenesis of MS (Kabat et al., 1948). This seminal 
finding in 1948 is still an immunological hallmark for the disease, with the incorporation of 
OCB as diagnostic marker for MS (Freedman et al., 2005). However, OCBs are not unique for 
MS, as they are commonly detected in infectious diseases (Freedman et al., 2005), 
underlining the urgent need for specific biomarkers. A central role for B cells in the disease  
pathology can be attributed to studies showing a deposition of antibodies and complement 
in acute MS lesions (Lucchinetti et al., 2000) and histopathological studies confirming an 
antibody mediated demyelination (Lucchinetti et al., 1996; Storch et al., 1998) . Furthermore, 
clonally expanded B lymphocytes were discovered in chronic MS plaques and in the CSF of 
MS patients (Qin et al., 1998; Colombo et al., 2000; Owens et al., 2003). Latest studies 
highlight the role of B cells in the disease pathogenesis, as B cell depletion with the chimeric 
anti-CD20 monoclonal antibody rituximab had an impact on reduced inflammatory brain 
lesions in MS patients (Hauser et al., 2008). Nevertheless, there is a lack of unique 
biomarkers for MS, although numerous studies have focused on the presence of 
autoantibodies against potential antigens of the myelin sheath (Figure 3) and infectious 
agents in serum and CSF of patients (Reindl et al., 2006). 

2.1 Anti-MOG antibodies and MS 
One promising potential candidate as target antigen for MS is the myelin oligodendrocyte 
glycoprotein (MOG), a CNS specific antigen, which has been studied for several decades 
now. This transmembrane protein is localized on the outer membrane of myelin sheaths and 
oligodendrocytes (Figure 3) (Brunner et al., 1989).  
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Fig. 3. MOG is expressed on the outer myelin surface.  

Anti-MOG antibodies are pathogenic in vitro (Kerlero de Rosbo et al., 1990) and in vivo, as 
immunization with the MOG protein induces severe experimental autoimmune 
encephalomyelitis (EAE), which is commonly used as animal model for MS (Linington et al., 
1993; Amor et al., 1994; Adelmann et al., 1995; Genain et al., 1995; Weissert et al., 1998). 
Immunization of MOG in adjuvant or adoptive transfer of activated myelin-specific T cells 
results in a MS like pathology in EAE (Goverman, 2009). Anti-MOG antibodies are proposed 
to augment disease severity by enhancing T cell and macrophage initiated demyelination 
(Zhou et al., 2006). In addition to their relevance in animal models, anti-MOG 
autoantibodies were discovered in active MS brain lesions (Genain et al., 1999), yet their 
presence in the CSF and serum of MS patients remains controversial and there are ongoing 
studies trying to solve these conflicting outcomes (Reindl et al., 2006). Following a 
publication of our group showing that increased serum anti-MOG and anti-MBP IgM 
antibodies in patients with clinically isolated syndrome (CIS), the most common first 
manifestation of MS, predict early conversion to clinically definite MS (Berger et al., 2003), 
numerous other studies were performed with correlations ranging from highly significant 
(Greeve et al., 2007; Tomassini et al., 2007), significant in a subanalysis (Rauer et al., 2006; 
Kuhle et al., 2007a) or not significant at all (Rauer et al., 2006; Kuhle et al., 2007a; Kuhle et al., 
2007b). Possible explanations for this controversy could be linked to discrepancies in 
antibody assays, study designs and the investigated populations (Bar-Or & Antel, 2008). 
Former studies used mainly Western Blot, ELISA and liquid phase assays for the analysis of 
anti-MOG antibodies, which detect primarily linear epitopes of the MOG protein or partially 
refolded MOG. These assays were performed using bacterially expressed fragments of the 
MOG protein (MOG1-125). However, binding of pathogenic serum anti-MOG antibodies 
might require native MOG with its posttranslational modifications. As the commonly used 
Western Blot and ELISA techniques led to inconsistent results, new assays were developed 
detecting conformational epitopes of MOG. Therefore, cell-based assays were used 
reflecting the correct formation and glycosylation of native MOG in the human CNS. 
Increased levels of autoantibodies to native MOG were observed in MS patients during 
relapse and in SP-MS, compared to patients in remission and controls when performing an 
ELISA coated with native MOG expressed by eukaryotic cells (Gaertner et al., 2004). A 
higher frequency of antibodies to native MOG was detected using cell lines expressing full 
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length human MOG (Lalive et al., 2006; Zhou et al., 2006). Although both studies used cell 
based assays, the frequency of anti-MOG antibodies within the MS disease course varied in 
both studies. Lalive and colleges reported increased titers of serum anti-MOG antibodies in 
patients with CIS, RR-MS and to a smaller extend in SP-MS, but not in healthy controls or 
PP-MS patients (Lalive et al., 2006). This is in contrast to a study of Zhou, observing the 
highest frequency of pathogenic autoantibodies to MOG in PP-MS patients using a flow 
cytometry-based assay. Moreover, Zhou and colleges demonstrated a pathogenic role of 
human anti-MOG antibodies in vitro and in vivo following injection into susceptible rat 
models (Zhou et al., 2006). Summarizing, the relevance of anti-MOG antibodies in MS 
remains controversial. Latest findings using a novel tetramer radioimmunoassay indicated 
the presence of conformation dependent anti-MOG antibodies is a subset of pediatric 
patients with acute disseminated encephalomyelitis (ADEM) and pediatric MS, but rarely in 
adult onset MS (O'Connor et al., 2007). 

2.2 High titer anti-MOG antibodies in ADEM patients 
ADEM is a rarely occurring inflammatory demyelinating disease of the CNS, brain and 
spinal cord, with an unknown relationship to MS. In patients with ADEM, acute or subacute 
multifocal large bilateral white matter lesions, frequently involving deep grey matter 
regions are accompanied by the occurrence of encephalopathy (Mikaeloff et al., 2004; Krupp 
et al., 2007). Although guidelines have been published to support the diagnosis of ADEM, 
diagnosis can be complicated, as exact diagnostic criteria are missing. Thus, the incidence 
remains to be investigated. Some publications suggest a prevalence rate of 0.8 per 100,000 
affected patients per year (Leake et al., 2004). Whereas some reports describe no gender 
predisposition (Dale et al., 2000; Leake et al., 2004), most studies indicate a slight male 
preponderance in ADEM patients (Pavone et al., 2010). Although the majority of patients 
with ADEM follow a monophasic disease course, recently recurrent or multiphasic forms 
have been described with a lower incidence rate (Rust, 2000; Hynson et al., 2001). ADEM 
commonly occurs after a vaccination (post-vaccination encephalomyelitis) or infection (post-
infection encephalomyelitis). In a study of Tenembaum, analyzing 84 pediatric ADEM 
patients, neurological disturbances occurred in 74% of patients following vaccination or 
infection (Tenembaum et al., 2002). ADEM is more often described in pediatric patients and 
juveniles (Leake et al., 2004), however, adult cases have also been reported (Schwarz et al., 
2001). In contrast to the persistent disease course of MS, 57-89% of ADEM patients show 
complete recovery (Dale et al., 2000; Tenembaum et al., 2002). Furthermore, acute treatment 
with corticosteroids, immunoglobulins and plasma exchange often results in amelioration of 
ADEM patients, for which reason a biomarker is of high relevance in order to stratify MS 
and ADEM. Primarily at disease onset, ADEM can be misdiagnosed as CIS (Mikaeloff et al., 
2007). The International Consensus criteria of 2007 can serve as guidelines for diagnosing 
CIS or ADEM (Krupp et al., 2007). Recently, a retrospective study was published analyzing 
the role of MRI in 28 children with MS and 20 ADEM patients (Callen et al., 2009). Herby, 
Callen et al. demonstrated a lower age of onset for ADEM patients compared to pediatric 
MS. This study invented new MRI diagnostic criteria to help differentiating RR-MS from 
monophasic ADEM at disease onset, yielding a high sensitivity (81%) and specificity (95%) 
(Callen et al., 2009). Contrary to MS which is typically associated with the development of 
new lesions, ADEM lesions usually resolve or show residual findings (Kesselring et al., 
1990). Therefore, a follow-up MRI within a time period not shorter than 6 months is helpful 
for diagnosis (Kesselring et al., 1990). Analysis of CSF can support the diagnosis, as OCB are 
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infrequently detected in patients with ADEM (Stuve et al., 2005; Franciotta et al., 2008), yet a 
biomarker with high specificity is warranted. Recently, ADEM has attracted rising interest 
due to the discovery of anti-MOG autoantibodies in a subset of patients (O'Connor et al., 
2007). In their study, O`Connor and colleges used a tetramer radioimmunoassay and 
detected serum antibodies directed to folded MOG tetramer in patients with ADEM in 
higher concentrations compared to adult MS cases (O'Connor et al., 2007). This observation 
was confirmed by several other publications (Brilot et al., 2009; Di Pauli et al., 2011; Lalive et 
al., 2011). Serum antibodies to native MOG were most commonly reported in pediatric 
ADEM patients. Although, a recent study of our group detected native MOG autoantibodies 
predominantly in children, we additionally observed few adult anti-MOG antibody positive 
ADEM cases (Di Pauli et al., 2011). Furthermore, we performed longitudinal analysis of anti-
MOG antibodies and showed that a decrease of anti-MOG antibodies in ADEM patients was 
associated with a more favorable clinical outcome (Di Pauli et al., 2011). Anti-MOG IgG was 
detected in the CSF of high titer seropositive patients, suggesting a rather peripheral 
production of antibodies directed to MOG (Di Pauli et al., 2011). Even though anti-MOG 
antibodies might support the diagnosis of ADEM in a subset of patients, additional 
biomarkers are warranted for the remaining large proportion of anti-MOG antibody 
negative ADEM patients. Furthermore, the relevance of ADEM specific high titer anti-MOG 
antibodies for disease pathogenesis should be further analyzed.  

3. Anti-AQP4 autoantibodies in NMO 
NMO is a rare devastating inflammatory demyelinating disease of the CNS. In former times 
it was believed to be a severe variant of MS, the most common neurological disease in 
young adults. In contrast to MS, it has several unique features (Table 1). NMO is 
characterized by the occurrence of optic neuritis (ON) and longitudinally extensive 
transverse myelitis (LETM) extending over three or more vertebral segments (Wingerchuk 
et al., 1999; Cree, 2008), which can lead to blindness and paraplegia within several years of 
disease onset (Wingerchuk et al., 1999; Wingerchuk & Weinshenker, 2003). Furthermore, 
NMO commonly follows a more aggressive disease course compared to MS and has a high 
rate of morbidity and mortality in patients who receive no special treatment (Wingerchuk & 
Weinshenker, 2003). Especially at disease onset, the diagnosis can be complicated by a long 
lasting time interval between the occurrence of LETM and ON. Whereas OCB are detected 
in the CSF of approximately 90% of MS patients (Kabat et al., 1948), they are rarely or 
transiently present in patients with NMO (0-37%) (Wingerchuk et al., 1999). In addition, the 
diagnosis of NMO can be supported by the detection of CSF pleocytosis (>50 x106 white 
blood cell count /L) during acute relapses (Zaffaroni, 2004), which is not indicative for MS. 
Originally, NMO was described in 1894 by Eugene Devic and Gault as acute monophasic 
disorder with simultaneous occurrence of ON and LETM (Minagar et al., 2002). Due to a 
tremendous increase in the scientific interest for this disease, many aspects from the original 
view of NMO have changed. Nowadays, NMO is characterized as a mainly relapsing 
disease (80-90%), with a minority of patients suffering from a monophasic course 
(Wingerchuk et al., 2007; Sellner et al., 2010). Whereas NMO was initially described by a lack 
of brain MRI lesions, MS-atypical brain lesions are found in some NMO patients primarily 
at sites of high AQP4 expression (Pittock et al., 2006). However, a negative brain MRI at 
disease onset is not indicative for MS (Jarius et al., 2008b). The explosive rise in the field of 
NMO research was mainly due to the discovery of NMO-IgG autoantibodies, mostly IgG1, 
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length human MOG (Lalive et al., 2006; Zhou et al., 2006). Although both studies used cell 
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in serum of NMO patients, but not in classical MS or any other controls (Lennon et al., 2004). 
This marvelous achievement is attributed to Vanda Lennon and her group, discovering one 
year later the AQP4 water channel protein as target antigen of NMO autoantibodies 
(Lennon et al., 2004; Lennon et al., 2005). This transmembrane channel protein constitutes an 
essential part of the blood brain barrier due to its localization in pericapillary endfeet 
processes and ependymal cells facing the ventricles (Figure 1) (Nielsen et al., 1997; Rash et 
al., 1998; Nicchia et al., 2004). The discovery and validation of this highly specific biomarker 
resulted in the incorporation of the anti-AQP4 antibody serostatus in the diagnostic criteria 
of NMO, achieving high sensitivity (99%) and specificity (90%) (Jarius et al., 2007; 
Wingerchuk et al., 2007) (Table 2).  
 

Absolute criteria Supportive criteria 

1. Optic neuritis 1. Brain MRI atypical for MS 

2. Acute myelitis 
2. Spinal cord MRI with contiguous T2-
weighted signal abnormality extending 
over 3 or more vertebral segments 

 3. Anti-AQP4 IgG seropositive status 

Table 2. Revised diagnostic criteria of NMO (Wingerchuk et al., 2007). Definite NMO 
requires fulfillment of both absolute criteria and of two of the 3 supportive criteria. 

Since the discovery of anti-AQP4 IgG, NMO is considered as a separate disease entity with 
an unknown relationship to MS. Thus, the detection of anti-AQP4 antibodies facilitates an 
early stratification of NMO and MS, which is highly important due to the different 
treatment recommendations. Compared to MS, NMO patients have a worse prognosis and 
require distinct treatment strategies due to the dominant humoral immunopathogenesis. 
Whereas immunomodulatory therapies are frequently applied for treating MS, 
immunosuppressive treatment is more promising for NMO (Sellner et al., 2010). Interferon 
beta (IFN-ß) and glatiramer acetate (GA) were shown to be beneficial in MS, whereas in 
NMO patients these drugs have an ineffective or even deleterious effect (Papeix et al., 2007; 
Warabi et al., 2007). Acute attacks are commonly treated by a combination of corticosteroids 
and immunosuppressive agents. Plasma exchange or treatment with rituximab can prevent 
NMO attacks in patients not responding to corticosteroids (Cree et al., 2005; Watanabe et al., 
2007; Jacob et al., 2008; Bonnan et al., 2009).  

3.1 NMO epidemiology and genetic factors  
Limited reports are published concerning the epidemiology of NMO in different ethnic 
groups (Kira, 2006; Cabrera-Gomez et al., 2009; Collongues et al., 2010), and thus the 
incidence and prevalence of NMO remains unknown. Some studies indicate a prevalence of 
one per 100,000 patients (Cabre, 2009; Cabrera-Gomez et al., 2009), however these studies 
use different antibody assays. Presumably, a proportion of patients remains to be falsely 
diagnosed as severe variant of MS. Available data suggest a higher incidence in non-
Caucasian countries, especially in Latin American, East Asian and African populations 
compared to Northern European countries (Osuntokun, 1971; Kira et al., 1996; Papais-
Alvarenga et al., 2002). NMO occurs up to nine times more often in women than in men 
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(Wingerchuk et al., 2007), with a median age of onset at around 40 years (Wingerchuk et al., 
2007). Female patients were far more likely to develop the recurrent disease course 
(Wingerchuk, 2009), yet the gender had no impact on the type or severity of initial attacks, 
recovery from initial attacks, relapse frequency or disease related mortality (Wingerchuk, 
2009). A genetic predisposition for NMO was recently indicated by some case reports, which 
are mainly based on studies of sibling pairs and a parent-child case (Mirsattari et al., 2001; 
Rivera & Cabrera, 2001; Braley & Mikol, 2007; Cabrera-Gomez et al., 2009). Furthermore, 12 
pedigrees of NMO patients with a total number of 25 patients were recently analyzed by 
Mattiello and his group, resulting in 3% familial NMO cases in patients with clinical definite 
NMO (Matiello et al., 2010). This number might be larger when also including patients with 
high risk NMO, as the disease can have a heterogeneous presentation (Pellkofer et al., 2009).  

3.2 Anti-AQP4 antibodies as biomarkers for NMO-spectrum disorders 
With the advent of anti-AQP4 antibodies as biomarkers in NMOSD (Lennon et al., 2004; 
Lennon et al., 2005), various NMO antibody assays have been developed (Lennon et al., 
2004; Lennon et al., 2005; Paul et al., 2007; Takahashi et al., 2007; Marignier et al., 2008; 
Waters & Vincent, 2008; Mader et al., 2010). The choice of assay is crucial for the 
identification of NMO IgG autoantibodies in serum and CSF samples of patients. The first 
assay describing the presence of NMO autoantibodies applied an indirect 
immunofluorescence (IF) assay with a composite substrate of adult mouse cerebellum 
sections (Lennon et al., 2004). This assay was described by the group of Vanda Lennon, 
achieving 58-73% sensitivity and 91-100% specificity for NMO. One year later the AQP4 
water channel protein was detected as target antigen using human embryonic kidney cells 
(HEK) transfected with human AQP4 (Lennon et al., 2005). The establishment of cell based 
assays using transfected HEK cells resulted in an even higher sensitivity than the tissue 
based IF assays, resembling most likely the native conformation of the AQP4 protein 
(Takahashi et al., 2006; Takahashi et al., 2007; Mader et al., 2010). For this purpose, the cells 
were transfected with the AQP4 protein fused to a green fluorescence protein. After 
addition of the NMO samples, the bound anti-AQP4 antibodies were detected using a 
secondary antibody. Positive samples were visualized by a co-staining of NMO IgG (red) 
with the AQP4 expressing cells (green), as demonstrated in Figure 4 (Takahashi et al., 2006; 
Mader et al., 2010). 
 

 
Fig. 4. Detection of an anti-AQP4 IgG seropositive patient with our live cell staining IF assay 
(Mader et al., 2010). Human anti-AQP4 IgG (red, B) in patient`s serum bind to the AQP4-
EmGFP transfected cells (green, A), resulting in co-localisation (merge, C). 
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in serum of NMO patients, but not in classical MS or any other controls (Lennon et al., 2004). 
This marvelous achievement is attributed to Vanda Lennon and her group, discovering one 
year later the AQP4 water channel protein as target antigen of NMO autoantibodies 
(Lennon et al., 2004; Lennon et al., 2005). This transmembrane channel protein constitutes an 
essential part of the blood brain barrier due to its localization in pericapillary endfeet 
processes and ependymal cells facing the ventricles (Figure 1) (Nielsen et al., 1997; Rash et 
al., 1998; Nicchia et al., 2004). The discovery and validation of this highly specific biomarker 
resulted in the incorporation of the anti-AQP4 antibody serostatus in the diagnostic criteria 
of NMO, achieving high sensitivity (99%) and specificity (90%) (Jarius et al., 2007; 
Wingerchuk et al., 2007) (Table 2).  
 

Absolute criteria Supportive criteria 

1. Optic neuritis 1. Brain MRI atypical for MS 

2. Acute myelitis 
2. Spinal cord MRI with contiguous T2-
weighted signal abnormality extending 
over 3 or more vertebral segments 

 3. Anti-AQP4 IgG seropositive status 

Table 2. Revised diagnostic criteria of NMO (Wingerchuk et al., 2007). Definite NMO 
requires fulfillment of both absolute criteria and of two of the 3 supportive criteria. 
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NMO attacks in patients not responding to corticosteroids (Cree et al., 2005; Watanabe et al., 
2007; Jacob et al., 2008; Bonnan et al., 2009).  

3.1 NMO epidemiology and genetic factors  
Limited reports are published concerning the epidemiology of NMO in different ethnic 
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incidence and prevalence of NMO remains unknown. Some studies indicate a prevalence of 
one per 100,000 patients (Cabre, 2009; Cabrera-Gomez et al., 2009), however these studies 
use different antibody assays. Presumably, a proportion of patients remains to be falsely 
diagnosed as severe variant of MS. Available data suggest a higher incidence in non-
Caucasian countries, especially in Latin American, East Asian and African populations 
compared to Northern European countries (Osuntokun, 1971; Kira et al., 1996; Papais-
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(Wingerchuk et al., 2007), with a median age of onset at around 40 years (Wingerchuk et al., 
2007). Female patients were far more likely to develop the recurrent disease course 
(Wingerchuk, 2009), yet the gender had no impact on the type or severity of initial attacks, 
recovery from initial attacks, relapse frequency or disease related mortality (Wingerchuk, 
2009). A genetic predisposition for NMO was recently indicated by some case reports, which 
are mainly based on studies of sibling pairs and a parent-child case (Mirsattari et al., 2001; 
Rivera & Cabrera, 2001; Braley & Mikol, 2007; Cabrera-Gomez et al., 2009). Furthermore, 12 
pedigrees of NMO patients with a total number of 25 patients were recently analyzed by 
Mattiello and his group, resulting in 3% familial NMO cases in patients with clinical definite 
NMO (Matiello et al., 2010). This number might be larger when also including patients with 
high risk NMO, as the disease can have a heterogeneous presentation (Pellkofer et al., 2009).  

3.2 Anti-AQP4 antibodies as biomarkers for NMO-spectrum disorders 
With the advent of anti-AQP4 antibodies as biomarkers in NMOSD (Lennon et al., 2004; 
Lennon et al., 2005), various NMO antibody assays have been developed (Lennon et al., 
2004; Lennon et al., 2005; Paul et al., 2007; Takahashi et al., 2007; Marignier et al., 2008; 
Waters & Vincent, 2008; Mader et al., 2010). The choice of assay is crucial for the 
identification of NMO IgG autoantibodies in serum and CSF samples of patients. The first 
assay describing the presence of NMO autoantibodies applied an indirect 
immunofluorescence (IF) assay with a composite substrate of adult mouse cerebellum 
sections (Lennon et al., 2004). This assay was described by the group of Vanda Lennon, 
achieving 58-73% sensitivity and 91-100% specificity for NMO. One year later the AQP4 
water channel protein was detected as target antigen using human embryonic kidney cells 
(HEK) transfected with human AQP4 (Lennon et al., 2005). The establishment of cell based 
assays using transfected HEK cells resulted in an even higher sensitivity than the tissue 
based IF assays, resembling most likely the native conformation of the AQP4 protein 
(Takahashi et al., 2006; Takahashi et al., 2007; Mader et al., 2010). For this purpose, the cells 
were transfected with the AQP4 protein fused to a green fluorescence protein. After 
addition of the NMO samples, the bound anti-AQP4 antibodies were detected using a 
secondary antibody. Positive samples were visualized by a co-staining of NMO IgG (red) 
with the AQP4 expressing cells (green), as demonstrated in Figure 4 (Takahashi et al., 2006; 
Mader et al., 2010). 
 

 
Fig. 4. Detection of an anti-AQP4 IgG seropositive patient with our live cell staining IF assay 
(Mader et al., 2010). Human anti-AQP4 IgG (red, B) in patient`s serum bind to the AQP4-
EmGFP transfected cells (green, A), resulting in co-localisation (merge, C). 
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This assay has the advantage of determining titer values of NMO antibody positive patients 
by serial dilutions of serum samples until loss of signal. However, the relevance of these 
titer levels remains controversial. As the AQP4 transmembrane protein is either expressed 
as full length M1 or as 23 amino acid shorter M23 AQP4 (Figure 5) (Neely et al., 1999; 
Furman et al., 2003), many studies lack the information regarding the usage of the AQP4 
isoform. Recently, our group demonstrated that anti-AQP4 antibodies primarily target the 
shorter M23 AQP4 isoform, whereas antibodies to full length AQP4 were developed with 
increasing disease duration and number of relapses (Mader et al., 2010). For this purpose we 
used a live cell staining IF assay with transiently transfected HEK cells, resulting in 97% 
sensitivity for NMO and 65% for high risk NMO, with a specificity of 100% compared to 
controls (Mader et al., 2010). Our assay showed different staining patterns for M1 and M23 
AQP4 transfected cells (Mader et al., 2010). In contrast to M1 AQP4, M23 AQP4 forms 
orthogonal arrays of particles (Figure 5 B), which are currently believed to be potential 
targets of antibody binding (Nicchia et al., 2009). Consequently the NMO IF assay yields 
highest sensitivity when using cell-based assay with M23 AQP4 transfected cells.  
 

 
Fig. 5. Structure (A) and expression pattern (B) of the M1 and M23 AQP4 isoforms.  

3.3 “Anti-AQP4 seronegative NMO“  
The terminus “anti-AQP4 seronegative NMO” should be handled with care, as several 
factors contribute to the antibody serostatus. A broad range of antibody assays is available 
resulting in diverse sensitivity and specificity. Consequently, the percentage of seronegative 
NMO patients is fluctuating depending on the methodology approach. Cell-based assays 
using the M1 or M23 AQP4 isoform have an impact on the number of seronegative NMO 
patients. A negative antibody status might be credited to an administered therapy prior to 
testing. A depletion of antibodies below a detectable threshold could explain a negative 
serostatus. Although, anti-AQP4 antibodies have been detected up to ten years before 
disease onset (Nishiyama et al., 2009), we have analyzed a small number of patients who 
were initially negative for NMO IgG and turned out to be low titer positive in longitudinal 

 
Relevance of Autoantibodies for the Classification and Pathogenesis of Neurological Diseases 

 

173 

samples (unpublished results). For this reasons, one has to be careful when dealing with the 
term “seronegative NMO”. Moreover, seronegative NMO might resemble another disease 
course with overlapping clinical features. Particularly, pediatric NMO can present itself with 
diverse clinical features, and therefore stratification from MS can be difficult especially at 
disease onset (Lotze et al., 2008). The diagnosis might further be supported by analyzing 
CSF of patients. Recently, glial fibrillar acidic protein (GFAP), a marker of astrocytic 
damage, was shown to be significantly elevated in the CSF of NMO patients compared to 
classical MS (Misu et al., 2009), however this increase was primarily detectable during 
relapse (Misu et al., 2009). In conclusion, the anti-AQP4 antibody serostatus should be 
repeatedly analyzed in NMOSD using highly sensitive and specific cell based assays. The 
absence of anti-AQP4 antibodies over a long time interval indicates a different disease 
pathomechanism compared to patients with “AQP4 autoimmune channelopathy”. 
Consequently ongoing research should focus on the discovery of new biomarkers for anti-
AQP4 seronegative patients with NMO. 

3.4 NMO-spectrum disorders 
Apart from clinical definite NMO, anti-AQP4 IgG antibodies are frequently detected in 
limited forms of NMO (Wingerchuk et al., 2007). These patients do not fulfill the complete 
diagnostic criteria of NMO, but harbor a high risk of developing clinically definite NMO 
(Pittock et al., 2008; Mader et al., 2010). Therefore, NMO and high risk NMO patients 
represent the group of NMOSD, suffering either from monophasic bilateral or recurrent ON 
or LETM (idiopathic, isolated or recurrent) (Wingerchuk et al., 2007). Currently NMO IgG 
positive patients with recurrent ON were shown to have a poor visual outcome and were 
more likely to develop NMO in a longitudinal study (Matiello et al., 2008). Anti-AQP4 IgG 
seropositivity predicted a relapse in patients with a first episode of LETM event extending 
over three or more vertebral segments (Weinshenker et al., 2006). In 50% of these anti-AQP4 
IgG seropositive LETM patients either ON occurred or LETM relapsed within half a year 
(Weinshenker et al., 2006). Furthermore, anti-AQP4 antibodies have been frequently 
detected in systemic autoimmune disorders presenting themselves with ON or LETM, such 
as neuropsychiatric systemic lupus erythematosus (SLE), Sjogren's syndrome, myasthenia 
gravis or thyroiditis (Wingerchuk et al., 2007). However, anti-AQP4 antibodies were 
detected exclusively in systemic autoimmune disorders in combination with NMO or High 
Risk NMO symptoms. The presence of anti-AQP4 antibodies could indicate a coexistence of 
systemic autoimmune disorders with NMO (Pittock et al., 2008; Wandinger et al., 2010), 
rather than an epiphenomenon (Pittock et al., 2008; Wandinger et al., 2010), yet their 
relationship remains unidentified. 

3.5 Serum titer levels of anti-AQP4 IgG antibodies  
The role of serum anti-AQP4 antibody titers remains controversially described. Takahashi 
and his group showed an involvement of AQP4-IgG antibody titers in disease 
pathogenesis, detecting a correlation with spinal cord lesion length (Takahashi et al., 
2006). This study analyzed 148 serum samples of Japanese patients including 35 patients 
with NMO-spectrum disorders and demonstrated elevated AQP4-IgG titer levels in 
patients with permanent complete blindness, LETM and extensive or large cerebral 
lesions (Takahashi et al., 2006). In addition, a longitudinal study of eight NMO-IgG 
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This assay has the advantage of determining titer values of NMO antibody positive patients 
by serial dilutions of serum samples until loss of signal. However, the relevance of these 
titer levels remains controversial. As the AQP4 transmembrane protein is either expressed 
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isoform. Recently, our group demonstrated that anti-AQP4 antibodies primarily target the 
shorter M23 AQP4 isoform, whereas antibodies to full length AQP4 were developed with 
increasing disease duration and number of relapses (Mader et al., 2010). For this purpose we 
used a live cell staining IF assay with transiently transfected HEK cells, resulting in 97% 
sensitivity for NMO and 65% for high risk NMO, with a specificity of 100% compared to 
controls (Mader et al., 2010). Our assay showed different staining patterns for M1 and M23 
AQP4 transfected cells (Mader et al., 2010). In contrast to M1 AQP4, M23 AQP4 forms 
orthogonal arrays of particles (Figure 5 B), which are currently believed to be potential 
targets of antibody binding (Nicchia et al., 2009). Consequently the NMO IF assay yields 
highest sensitivity when using cell-based assay with M23 AQP4 transfected cells.  
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patients. A negative antibody status might be credited to an administered therapy prior to 
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serostatus. Although, anti-AQP4 antibodies have been detected up to ten years before 
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samples (unpublished results). For this reasons, one has to be careful when dealing with the 
term “seronegative NMO”. Moreover, seronegative NMO might resemble another disease 
course with overlapping clinical features. Particularly, pediatric NMO can present itself with 
diverse clinical features, and therefore stratification from MS can be difficult especially at 
disease onset (Lotze et al., 2008). The diagnosis might further be supported by analyzing 
CSF of patients. Recently, glial fibrillar acidic protein (GFAP), a marker of astrocytic 
damage, was shown to be significantly elevated in the CSF of NMO patients compared to 
classical MS (Misu et al., 2009), however this increase was primarily detectable during 
relapse (Misu et al., 2009). In conclusion, the anti-AQP4 antibody serostatus should be 
repeatedly analyzed in NMOSD using highly sensitive and specific cell based assays. The 
absence of anti-AQP4 antibodies over a long time interval indicates a different disease 
pathomechanism compared to patients with “AQP4 autoimmune channelopathy”. 
Consequently ongoing research should focus on the discovery of new biomarkers for anti-
AQP4 seronegative patients with NMO. 

3.4 NMO-spectrum disorders 
Apart from clinical definite NMO, anti-AQP4 IgG antibodies are frequently detected in 
limited forms of NMO (Wingerchuk et al., 2007). These patients do not fulfill the complete 
diagnostic criteria of NMO, but harbor a high risk of developing clinically definite NMO 
(Pittock et al., 2008; Mader et al., 2010). Therefore, NMO and high risk NMO patients 
represent the group of NMOSD, suffering either from monophasic bilateral or recurrent ON 
or LETM (idiopathic, isolated or recurrent) (Wingerchuk et al., 2007). Currently NMO IgG 
positive patients with recurrent ON were shown to have a poor visual outcome and were 
more likely to develop NMO in a longitudinal study (Matiello et al., 2008). Anti-AQP4 IgG 
seropositivity predicted a relapse in patients with a first episode of LETM event extending 
over three or more vertebral segments (Weinshenker et al., 2006). In 50% of these anti-AQP4 
IgG seropositive LETM patients either ON occurred or LETM relapsed within half a year 
(Weinshenker et al., 2006). Furthermore, anti-AQP4 antibodies have been frequently 
detected in systemic autoimmune disorders presenting themselves with ON or LETM, such 
as neuropsychiatric systemic lupus erythematosus (SLE), Sjogren's syndrome, myasthenia 
gravis or thyroiditis (Wingerchuk et al., 2007). However, anti-AQP4 antibodies were 
detected exclusively in systemic autoimmune disorders in combination with NMO or High 
Risk NMO symptoms. The presence of anti-AQP4 antibodies could indicate a coexistence of 
systemic autoimmune disorders with NMO (Pittock et al., 2008; Wandinger et al., 2010), 
rather than an epiphenomenon (Pittock et al., 2008; Wandinger et al., 2010), yet their 
relationship remains unidentified. 
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The role of serum anti-AQP4 antibody titers remains controversially described. Takahashi 
and his group showed an involvement of AQP4-IgG antibody titers in disease 
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positive patients reported a correlation of serum anti-AQP4 Ig with clinical disease 
activity (Jarius et al., 2008a), demonstrating a threefold intra-individual increase of AQP4 
IgG titers during relapse, which was not accompanied by other serum antibodies 
(Takahashi et al., 2006). Some papers suggest an effect of treatment on antibody titers, 
showing a reduction of NMO antibody titer levels after immunosuppressive treatment 
(Takahashi et al., 2006; Jarius et al., 2008a). Recently, an increase of anti-AQP4 antibody 
titers was described in one NMO patient following immunomodulatory treatment with 
IFN-ß (Palace et al., 2010). Applying conventional immunosuppressive therapy, the 
antibody titers decreased again in this patient (Palace et al., 2010), high lightening the 
importance of an early stratification of MS and NMO.  

3.6 AQP4-IgM antibodies 
Although, IgM antibodies binding to AQP4 were described at NMO lesion sites (Lucchinetti 
et al., 2002; Roemer et al., 2007), their role in the disease course remains unresolved. Most 
studies investigating autoantibodies against AQP4 refer to IgG antibodies. We addressed 
this issue in a recent study analyzing IgG and IgM antibodies directed to M23 AQP4 in 
serum of patients with NMO-spectrum disorders and in other disease groups using a live 
cell staining IF assay (Mader et al., 2010). In contrast to NMO IgG, which was exclusively 
detected in 97% of NMO patients and 65% of suspected NMO, M23 IgM antibodies were 
elevated in NMO (27%) and high risk NMO (12%). However, IgM antibodies to M23 AQP4 
were additionally present in NMO IgG seronegative patients with isolated myelitis, MS (4%) 
and OND (4%). Furthermore, titer levels were much lower for IgM than for IgG AQP4. 
Antibodies of subtype IgM that bind to full length AQP4 were present in 10% of NMO and 
8% of High Risk NMO, but not in any controls (Mader et al., 2010). This is in accordance 
with a study of Jarius et al. detecting IgM antibodies in almost 10% of NMO patients (4 /42) 
but not in any controls (Jarius et al., 2010a). Larger studies are warranted to further analyze 
anti-AQP4 IgG and IgM double positive patients. As anti-AQP4 IgM antibodies are more 
potent to activate the complement cascade, it would be tempting to further investigate the 
clinical parameters of anti-AQP4 IgM positive patients with NMOSD. 

3.7 Cerebrospinal fluid anti-AQP4 antibodies  
Several studies are available concerning anti-AQP4 antibodies in serum samples of patients 
with NMO-spectrum disorders. In contrast, few studies focused on the presence and 
relevance of NMO antibodies in the CSF (Takahashi et al., 2007; Klawiter et al., 2009; Jarius 
et al., 2010b; Dujmovic et al., 2011). Klawiter and colleges reported the presence of CSF anti-
AQP4 antibodies in three seronegative NMO patients (Klawiter et al., 2009), which could not 
be reproduced in other publications. Recently, Jarius et al., detected CSF anti-AQP4 
antibodies in NMO-IgG seropositive patients exceeding anti-AQP4 antibody serum titers ≥ 
1:250, but not in anti-AQP4 antibody negative patients (Jarius et al., 2010b). In cooperation 
with Dujmovic we analyzed the temporal dynamics of CSF anti-AQP4 antibodies in 12 
patients with NMOSD (Dujmovic et al., 2011). Thereby, we could show that longitudinal 
CSF anti-AQP4 IgG correlated with clinical parameters. CSF AQP4-IgG were present in 
patients with high serum titers and correlated with spinal MRI lesion length and CSF 
parameters. Moreover, clinical improvement was associated with a decrease in CSF, but not 
serum, anti-AQP4 IgG titers. Summarizing, CSF AQP4-IgG were associated with clinical 
activity and neuroinflammation (Dujmovic et al., 2011).  
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3.8 Pathogenic role of anti-AQP4 antibodies and T cells in NMO 
In order to address the pathogenic relevance of anti-AQP4 antibodies, several in vitro and in 
vivo studies have been performed so far. Tissue sections showed the distribution of anti-
AQP4 antibodies and products of complement activation surrounding hyalinized blood 
vessels in a rosette-like pattern (Lucchinetti et al., 2002). This deposition of NMO antibodies 
and complement on astrocytes at the glia limitans was accompanied by a loss of the AQP4 
water channel protein (Lennon et al., 2004; Roemer et al., 2007). The cytotoxic effect of anti-
AQP4 antibodies has been demonstrated in several studies so far (Jarius et al., 2008b; Hinson 
et al., 2009; Sabater et al., 2009; Kinoshita et al., 2010). The binding of the anti-AQP4 
antibody led to an activation of the classical complement cascade, resulting in lysis of NMO 
antibody opsonized and AQP4-transfected cells and astrocytes (Jarius et al., 2008b). The 
pathogenic role of anti-AQP4 antibodies has been further supported by several in vivo 
studies using rat and mouse models (Bennett et al., 2009; Bradl et al., 2009; Kinoshita et al., 
2009; Saadoun et al., 2010). Therefore, NMO-IgG antibodies were purified from the plasma 
exchange material of AQP4-IgG positive and negative NMO patients, MS patients and 
control subjects and then injected into animal models (Bradl et al., 2009). Three studies 
demonstrated the formation of NMO-like lesions in Lewis rats following injection of isolated 
human NMO-IgG in the presence of acute T cell mediated CNS inflammation (Bennett et al., 
2009; Bradl et al., 2009; Kinoshita et al., 2009). In contrast, Saadoun proved the formation of 
NMO like lesions after injection of NMO-IgG into mouse brain only in the presence of 
complement, thus by-passing the damage of the blood brain barrier (Saadoun et al., 2010). In 
order to confirm that the NMO like pathology in the animals was due to the anti-AQP4 IgG 
and not based on other antibodies in the plasma exchange material, pre-absorption 
experiments using cells expressing AQP4 were performed (Bradl et al., 2009). This pre-
absorption experiment resulted in a massive decrease of lesion size and was associated with 
less astrocytic damage, confirming the pathogenicity of anti-AQP4 autoantibodies (Bradl et 
al., 2009). As anti-AQP4 antibodies are not sufficient to induce NMO like lesions without 
support of T cells (Bradl et al., 2009) and/or complement (Saadoun et al., 2010), the role of T 
cell mediated immune responses against AQP4 is currently an issue of interest (Nelson et 
al., 2010; Kalluri et al., 2011; Pohl et al., 2011). Supporting evidence for a possible pathogenic 
role of T cells comes from observations showing no formation of NMO like lesions in 
immature rats after injection of anti-AQP4 autoantibodies, although these animals posses a 
leaky blood brain barrier (Bradl et al., 2009). Latest findings by Pohl et al. showed that AQP4 
specific T cells are capable of inducing brain inflammation mainly in astrocytic glia limitans 
and therefore enable an entry of anti-AQP4 autoantibodies (Pohl et al., 2011). As anti-AQP4 
antibodies are detectable more than ten years before disease onset (Nishiyama et al., 2009), 
the time point when these antibodies lead to NMO symptoms remains unresolved. It is 
tempting to speculate that anti-AQP4 antibodies are not harmful if they circulate 
peripherally and as long as they are excluded from the blood brain barrier. Whether a large 
amount of anti-AQP4 autoantibodies is necessary for the patients to develop symptoms 
remains to be investigated. Having access to the blood brain barrier, anti-AQP4 
autoantibodies bind to their target antigen and result in complement activation. This leads 
to vascular hyalinization, necrosis, demyelination and axonal injury (Wingerchuk et al., 
2007). The titer levels seem to have an impact on the disease pathogenesis as antibodies in 
the CSF are only detectable in high titer seropositive patients (Jarius et al., 2010b; Dujmovic 
et al., 2011). Latest findings indicated an influx of systemically produced anti-AQP4 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

174 

positive patients reported a correlation of serum anti-AQP4 Ig with clinical disease 
activity (Jarius et al., 2008a), demonstrating a threefold intra-individual increase of AQP4 
IgG titers during relapse, which was not accompanied by other serum antibodies 
(Takahashi et al., 2006). Some papers suggest an effect of treatment on antibody titers, 
showing a reduction of NMO antibody titer levels after immunosuppressive treatment 
(Takahashi et al., 2006; Jarius et al., 2008a). Recently, an increase of anti-AQP4 antibody 
titers was described in one NMO patient following immunomodulatory treatment with 
IFN-ß (Palace et al., 2010). Applying conventional immunosuppressive therapy, the 
antibody titers decreased again in this patient (Palace et al., 2010), high lightening the 
importance of an early stratification of MS and NMO.  

3.6 AQP4-IgM antibodies 
Although, IgM antibodies binding to AQP4 were described at NMO lesion sites (Lucchinetti 
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3.8 Pathogenic role of anti-AQP4 antibodies and T cells in NMO 
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antibody led to an activation of the classical complement cascade, resulting in lysis of NMO 
antibody opsonized and AQP4-transfected cells and astrocytes (Jarius et al., 2008b). The 
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complement, thus by-passing the damage of the blood brain barrier (Saadoun et al., 2010). In 
order to confirm that the NMO like pathology in the animals was due to the anti-AQP4 IgG 
and not based on other antibodies in the plasma exchange material, pre-absorption 
experiments using cells expressing AQP4 were performed (Bradl et al., 2009). This pre-
absorption experiment resulted in a massive decrease of lesion size and was associated with 
less astrocytic damage, confirming the pathogenicity of anti-AQP4 autoantibodies (Bradl et 
al., 2009). As anti-AQP4 antibodies are not sufficient to induce NMO like lesions without 
support of T cells (Bradl et al., 2009) and/or complement (Saadoun et al., 2010), the role of T 
cell mediated immune responses against AQP4 is currently an issue of interest (Nelson et 
al., 2010; Kalluri et al., 2011; Pohl et al., 2011). Supporting evidence for a possible pathogenic 
role of T cells comes from observations showing no formation of NMO like lesions in 
immature rats after injection of anti-AQP4 autoantibodies, although these animals posses a 
leaky blood brain barrier (Bradl et al., 2009). Latest findings by Pohl et al. showed that AQP4 
specific T cells are capable of inducing brain inflammation mainly in astrocytic glia limitans 
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tempting to speculate that anti-AQP4 antibodies are not harmful if they circulate 
peripherally and as long as they are excluded from the blood brain barrier. Whether a large 
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antibodies through the area postrema (Popescu et al., 2011). This was supported by findings 
of patients suffering from intractable vomiting and nausea as initial symptoms of NMO 
(Popescu et al., 2011).  

4. NMDA-receptor encephalomyelitis 
4.1 Anti-NMDA-receptor encephalitis 
The role of autoantibodies to the ionotropic NMDA (N-methyl-D-aspartate) glutamate 
receptor (NMDA-R; Figure 6) is well established in limbic encephalitis (Graus et al., 2010; 
Vincent et al., 2010; Dalmau et al., 2011).  
 

 
Fig. 6. NMDA-receptor expression on the postsynaptic terminal of neurons.  

These novel autoantibodies were first described by Dalmau et al. in serum samples of young 
women presenting with a subacute-onset encephalopathy often associated with movement 
disorders and an underlying ovarian teratoma (Dalmau et al., 2007; Dalmau et al., 2008). The 
presence of neuronal tissue expressing NMDA-R within the tumour was thought to trigger 
the production of paraneoplastic autoantibodies. However, the origin of the autoantibodies 
remains unresolved, as recent publications reported numerous of non-teratoma associated 
cases. Among some adults, most of these non-paraneoplastic NMDA-R encephalitis cases 
occurred in children (Dale et al., 2009; Florance et al., 2009; Irani et al., 2010). Anti-NMDA-R 
encephalitis is associated with a strong female predominance (female:male ratio is 8:1) 
occurring primarily at a median age of 23 years (Dalmau et al., 2008).  
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The characteristic symptoms of anti-NMDA-R positive patients are of prominent psychiatric 
and behavioral nature, including rapid memory loss, seizures, abnormal movements 
(dyskinesias), hypoventilation and autonomic instability. This disease usually progresses 
from initial neuropsychiatric symptoms into a state of unresponsiveness with catatonic 
features, commonly associated with abnormal movements, and autonomic- and breathing 
instability. Additionally, most patients show prodomal symptoms such as headache, fever, 
nausea, vomiting, diarrhea or upper respiratory-tract symptoms. Brain MRI data show no or 
only minor changes which usually occur transiently despite severity of symptoms. 
Concerning CSF parameters, 60% of patients show OCB and mild lymphocyte pleocytosis 
(Dalmau et al., 2011). Interestingly, intrathecal NMDA-R antibody synthesis was observed 
in a majority of patients and CSF titer levels were more likely to correlate with clinical 
severity, compared to serum titers (Dalmau et al., 2008; Dale et al., 2009; Florance et al., 2009; 
Irani et al., 2010).  
Although the disease can be lethal in some rare cases and despite the severity of the 
symptoms, more than 70% of patients recover after treatment and less than 30% of patients 
show incomplete recovery with memory, cognitive and motor deficits. Treatment options 
include immunotherapy (corticosteroids, intravenous immunoglobulin or plasma exchange) 
and/or tumor removal with the aim to reduce anti-NMDA-R autoantibody levels. Recent 
studies showed that antibodies to the NMDA-R were predominantly of the IgG1 subclass 
and are able to activate complement on NMDA-R expressing human embryonic kidney cells 
(Irani et al., 2010). However, the role of complement activation remains controversial as 
other findings indicated a complement-independent mode of action. Several studies have 
addressed the issue regarding the binding site of the autoantibodies and possible functional 
consequences on the targeted NMDA-R. Dalmau et al. described the NR1 isoform or 
NR1/NR2 heterodimers of the NMDA-R as recognition site of anti-NMDA-R antibodies 
(Dalmau et al., 2011). Providing further insight into the mode of action, in vitro and in vivo 
studies nicely demonstrated that antibodies from patients with anti-NMDA-R encephalitis 
caused a rapid and reversible loss of surface NMDA-R by antibody-mediated capping and 
internalization, resulting in abrogation of NMDA-R-mediated synaptic function (Dalmau et 
al., 2008; Hughes et al., 2010). 
Thus, similar to the role of anti-AQP4 IgG antibodies in NMO, anti-NMDA-R antibodies 
helped to define a new clinical syndrome, anti-NMDA receptor encephalitis (Dalmau et al., 
2011). 

4.2 Anti-NMDA receptor antibodies in neuropsychiatric SLE 
Several reports confirmed the presence of autoantibodies to NMDA-R, particularly the NR2 
isoform, in the majority of patients with neuropsychiatric SLE (DeGiorgio et al., 2001; 
Emmer et al., 2006; Hanly et al., 2006; Kowal et al., 2006; Lapteva et al., 2006; Arinuma et al., 
2008; Fragoso-Loyo et al., 2008). These autoantibodies were not only detected in serum, but 
also in the CSF and brain parenchyma of some SLE patients. Furthermore, CSF titers 
correlate with neuropsychiatric symptoms. In SLE, anti-NMDA-R antibodies were 
demonstrated to bind to a small peptide (DWEYS) present in the extracellular, amino-
terminal domain of NR2A and NR2B subunits (DeGiorgio et al., 2001; Gielen et al., 2009). 
Injection of murine or human monoclonal antibodies against this peptide into the 
hippocampus and cerebral cortex of mice resulted in local loss of neurons and induced 
activation of caspase-3 in cultured human and murine neurons (DeGiorgio et al., 2001; 
Kowal et al., 2006; Gielen et al., 2009). Furthermore, several experimental studies in mice 
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demonstrated a causal relationship between anti-NMDA-R autoantibodies with impairment 
in cognition and behavior (Diamond et al., 2009). A recent study provided evidence of a 
positive modulating effect on receptor function by low concentrations of anti-NMDA-R 
antibodies, resulting in an increase of NMDA-R mediated excitatory postsynaptic potentials. 
However, at high concentrations, these antibodies promote excitotoxicity through enhanced 
mitochondrial permeability transition. These findings might be an explanation for the either 
transient or permanent neuropsychiatric clinical course observed in SLE patients. In 
conclusion, antibodies to the NR2 isoform of NMDA-R could play an important role in the 
pathogenesis of neuropsychiatric lupus. 
Many studies focusing on the detection of antibodies to the NMDA-R NR2A and NR2B 
subunits in SLE have used the ELISA technique. It is now essential that studies regarding 
antibody specificity in patient serum/CSF are confirmed using live cell-based assays 
expressing native NMDA-R or single subunits. 

4.3 Anti-NMDA receptor antibodies in inflammatory demyelinating diseases 
Interestingly, antibodies against NMDA-type glutamate receptors were also detected in both 
serum and CSF of patients with NMOSD (Ishikawa et al., 2007; Kruer et al., 2010). As 
previously described, the discovery of anti-AQP4 IgG antibodies in the serum of patients 
with NMOSD enables an early diagnosis and specific treatment of the disease. Despite the 
high percentage of AQP4-IgG seropositive NMO patients, several studies report on AQP4-
IgG seronegative NMO patients who, however, show no differences in their clinical 
presentation. It might well be that AQP4-IgG seronegative patients represent a distinct 
subgroup of NMO patients, in whom the disease is triggered by other autoantibodies, such 
as antibodies to NMDA-R or yet unknown targets. So far, in literature there is a lack of 
information regarding the presence of anti-NMDA-R antibodies in other CNS demyelinating 
diseases, such as MS. Up to now, one case report speculates on a possible association of the 
rarely occurring epileptic seizures in MS (Catenoix et al., 2010) with anti-NMDA-R antibody 
seropositivity (Johnston et al., 2010). 

5. Conclusion  
The discovery of autoantibodies in different CNS diseases can support an early diagnosis and 
treatment monitoring. Moreover, antibodies can contribute to a better understanding of the 
disease pathogenesis. However, an antibody seronegative result should be handled with care, 
as this can be linked to the assay methodology, study population or to therapeutic 
intervention. In contrast to the high sensitivity and specificity of anti-AQP4 autoantibodies in 
NMO patients, antibodies to MOG are discovered “only” in a subgroup of ADEM patients. 
Hence, there is a lack of a specific biomarker for more than half of patients diagnosed with 
ADEM. Future studies focusing on these seronegative patients might facilitate a 
reclassification of CNS diseases through the identification of novel biomarkers. Finally, 
antibodies to NMDA-R are highly specific for NMDA-receptor encephalitis, whereas their role 
in other neurological diseases has to be confirmed by specific assays. 
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1. Introduction 
Millions of people all round the world suffer from various autoimmune disorders. T1D, MS, 
SLE, autoimmune diseases of the heart, liver, intestine and other internal organs, etc., all 
represent severe manifestations, which deteriorate the quality of life and cause physical 
disability and even death in patients with chronic illnesses. Every year, the largest world 
economies incur megabuck losses associated with medical services, insurance and drug 
procurement, not to mention the ever decreasing size of the able-bodied population. The 
development of preclinical diagnostic algorithms for autoimmune diseases, their 
implementation and introduction into routine clinical practice will help detect tissue or 
organ pathologies at the stages where their reversal is still possible. Early implementation of 
causal therapy allows the physician to compensate for the lack of one or another organ and 
ensures complete recovery or significant improvement of the patient’s health status. 
However, in developing updated preventive protocols, the investigator is faced with a 
necessity to solve fundamental problems in order to understand: 
 Who should be selected for examination? 
 What exactly needs to be checked? 
 When should the examination be performed? 
 And, last but not least, what are the analytical procedures for mass-scale monitoring? 
While constructing preclinical monitoring algorithms, one should also take into 
consideration the diseases suffered by patients’ relatives. One of the cornerstones in 
preventive and predictive medicine is screening for genetic abnormalities or hereditary 
predisposition. All-encompassing analysis of gene units and construction of individual 
genetic maps not only facilitate the assessment of individual risks for each concrete patient, 
but also allows prediction of disease development in first-degree-relatives. Therefore, 
today’s objective demands include not only large-scale monitoring of definite cohorts of the 
general population, but, rather, identification of high risk cohorts coupled with genetic 
abnormalities and/or shifts and social factors (residence, place of employment, occupation, 
living conditions, etc.). However, even a comprehensive analysis is inadequate without a set 
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of criteria providing high accuracy and reliability of state-of-health data. By illustration, it 
has long been believed that the same gene loci are specific for definite diseases including 
integer disease-related clusters. T1D, celiac disease, rheumatoid arthritis, multiple sclerosis, 
etc., they exist in close linkage with one another and often form polyglandular syndromes. 
Being a positively provisional discipline, genetics provides a fairly accurate prognosis for an 
individual; however, genetic tributes cannot always be adequately understood by reason of 
their ability to provoke extremely severe diseases. It should be taken into consideration that 
deleterious environmental (exogenous or endogenous) factors may strongly destabilize the 
physiological status of the organism by triggering pathological processes even in the 
presence of protective genes, and vice versa.  
Therefore, screening of patients for the presence and evolution of biomarkers should be 
included into all preventive medicine protocols alongside with the patient’s individual 
genetic map.  
Even an unambiguous allocation of patients into risk groups, selection of basic state-of-art 
(additional, individual, etc.) screening criteria and personalized approaches to every new 
patient will hardly be successful without selection of optimal conditions and methods for 
obtaining reliable and reproducible clinical data on a mass scale.  
The practical realization of these principles will enable the physician to diagnose 
abnormalities and/or disorders at the very earliest stages and to predict their outcome. 
However, suspension or blockade of pathological processes presents a formidable challenge 
to the medical community. In designing therapeutic strategies for autoimmune diseases, two 
important issues, namely, targets for autoimmune attacks and depth of morphofunctional 
deficiency of an organ or a tissue, should be taken into consideration. The first issue is more 
or less clear, since immunosuppressors with specific or nonspecific activities have long been 
used in the clinical practice, while the second one is not so apparent. Restoration of the 
structure and function of affected tissues can successfully be achieved through practical 
realization of the following strategies:  
 allogeneic or xenogeneic transplantation. The main challenges include high risk of so-

called “graft-versus-host” responses and rejection of transplanted tissues (graft 
rejection); 

 medical products with regenerative resources. This technology seems to hold especially 
great promise in modern medicine. Some medicinal drugs (e.g., IgM for MS) are widely 
employed in the clinical practice, while others (e.g., peptide-based drugs for MS, 
rheumatoid arthritis, T1D) are under intensive development. The main obstacles on the 
way to large-scale application of such drugs are low efficiency, particularly due to 
organism’s addiction to their active substances (reduced number of receptors, 
downregulation, etc.), and hyperactivation of the excretory system (augmented 
synthesis of liver microsomal enzymes, hyperexcretion with urine, faeces or sweat, etc.); 

 stem cell technology. This trend is especially actively debated by the medical 
community because of its high relevance to ethic problems and legal prohibitions, on 
the one hand, and inability to maintain “stemness” for sufficiently long periods of time 
and differentiation of stem cells into “undesirable” pools, on the other. Similar 
problems arise at virtually every stage, viz.: search for and isolation of stem cells from 
the organism; enhanced accumulation of biological material, which may be critical 
under conditions of fulminant progression of the disease and pronounced deficit of 
time; necessity to maintain the pluripotent state of cells for sufficiently long periods of 
time without malignization in vitro; delivery of SC; provisional differentiation and 
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acquisition of high-quality material in vitro and control over differentiation into desired 
cellular pools in vivo. 

Taking into consideration the foregoing and being guided by the Major Preventive and 
Preventive Medicine Principle, we developed an original protocol for screening and 
postscreening management of patients, which includes: 
Comprehensive genetic analysis for estimating potential risks for patient’s (or his/her 
relatives’) individuality and design of protocols for diagnostic assessment and preventive 
treatment;  
Proteomic analysis and detection of metabolic shifts including identification of biomarkers 
(e.g., autoAbs in case of autoimmune disorders); monitoring of evolutional and spectral 
characteristics of biomarkers; control over emergence of new biomarkers for updating 
prophylactic and preventive treatment protocols and maintenance of high curability 
standards;  
Persistent control over predisposing factors including identification of factors potentiating 
specific pathologies (analysis of bacterial and virus-borne infections, monitoring compliance 
with regimen and other preventive measures, etc.); 
Psychologic doctor-patient cooperation, strict compliance with doctor’s recommendations 
and requirements through elucidation of disease severity (including the preclinical stage).  
The use of advanced screening strategies and early implementation of specific therapy 
ensure substantial reduction of morbidity and mortality from autoimmune disorders and, as 
a consequence, significant improvement of life quality and minimization of economic losses. 
The same principles are embodied in the guidelines of preventive and predictive medicine. 
Their practical realization may culminate in the establishment of an international research 
network, development of novel criteria for preclinical diagnosis and treatment and 
validation of uniform specifications and standards for laboratory diagnostics.  

2. The preclinical diagnosis algorithm and a new conceptual model of T1D 
etiology 
T1D is an autoimmune disease induced by a vast variety of triggering factors. In individuals 
with genetic predisposition to T1D, these factors initiate autoimmune processes culminating 
in the appearance of autoAbs and infiltration of the pancreas with self-reactive T cells. In its 
turn, progressive deterioration of pancreatic functional activity leads to systemic metabolic 
and immune failures. These processes show a tendency for self-acceleration, aggravation by 
associated diseases or numerous adverse factors and formation of new linkages between 
immunoregulatory and immunoeffector compartments within the immune system. T1D is 
also distinguished for alterations at the cellular level including pathological changes in cell 
to-cell interactions, incompatibility of packages of secreted humoral factors, and so on. 
Intracellular events provoked by specific uncongenial conditions in the cell environment 
also play a role. Therefore, humoral factors secreted at any (cellular, tissue or organic) level 
and pathological changes in any link of the metabolic cascade can be regarded as highly 
specific biopredictors and valuable tools for preclinical diagnosis of T1D. 
In the course of the autoimmune process, T1D goes through a number of sequential stages, 
which differ from one another by the degree of severity of the underlying pathology, 
functional peculiarities of affected organs and clinical manifestations of the disease. A 
personalized therapeutic approach must be based on a detailed analysis of the immune status 
with special reference to the patient’s genetic map and is prerequisite to the construction of 
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any early diagnosis protocol designed to indicate the pathology, to identify the stage of the 
autoimmune process and the functional status of the target organ and to develop, on their 
basis, a strictly individual treatment schedule. In addition, this approach entails early 
implementation of pharmacocorrective therapy and prediction of scenarios for disease 
progression. (Suchkov et al., 2010) 
In order to follow the dynamics of T1D on the time scale and to estimate efficiency and 
sensitivity of innovative approaches to preclinical diagnosis, we developed a fundamentally 
new strategy of pathogenesis. Its major goal is crucial features of the disease with special 
emphasis on its diagnosis allowing the physician to implement adequate preventive therapy, 
to prolong the preclinical stage and to delay clinical manifestations of the disease. 
Stage I is often defined as the “genetic predisposition” step. Its most salient feature is a 
repertoire of predisposition genes (predominantly, MHC class II) responsible for 
susceptibility to autoimmune diseases and direct initiation, gradation and exacerbation of 
immune pathologies.  
Stage II is often referred to as the “intervention” step. At this stage, provoking exogenous or 
endogenous factors interfere with the normal functioning of immune mechanisms and 
deplete the functional reserves of the affected organs providing the formation of the 
autoimmune status (e.g., postinfective autoimmune syndrome).  
Stage III represents an “ignoring” step where progressive disturbances in immune 
homeostasis are unaccompanied by direct attacks at target organs. Clinical manifestations of 
T1D and visible lesions in the pancreas architectonics are absent in this step, while the 
functional activity of the pancreatic gland is unimpaired. AutoAbs are either not produced 
or their titers are negligibly small. 
Stage IV is characterized by termination of the ignoring step and initiation of autoimmune 
processes. The main participants at this stage are molecular factors (e.g., addressins) 
triggering autoimmune reactions specifically directed against islet cells. At this particular 
level, clonal ignoring collapses and organ infiltration occur. 
Stage V is closely associated with the development of immunological disorders. Its central 
event is generation of autoAbs to insulin, GAD, β-cells, heat shock protein 60 (hsp60), zinc 
transporter and fogrin. AutoAbs can be specific against a single antigen (Ag) or several Ags.  
Stage VI is defined as a “transition from uncontrolled violence to chaos”. Here, minor 
systemic failures related to immunological disregulation progress to the extent of profound 
disorders. Clinical symptoms are still missing at this stage, but latent tolerance to glucose 
develops.  
Stage VII. This “complete overall imbalance” step occurs when β-cell destruction reaches a 
certain critical level (80%). This stage is characterized by hyperglucosemia and insufficient 
production of insulin. Metabolic processes fluctuate slightly within normal limits due to 
residual secretion of the C-peptide. 
Stage VIII, often referred to not as a T1D stage, but, rather, as emerging complications, is 
defined as “total or genuine diabetes”, since beta cell destruction is fully complete in this 
step. It is distinguished for steadily decreasing titers or complete disappearance of autoAbs, 
functional failure of the pancreas, high glucosemia and glycosylation of proteins (including 
hemoglobin) against the background of systemic hypoxia and metabolic collapse. Other 
manifestations include disturbances in water-salt metabolism, osmotic diuresis, 
dehydration, activation and acceleration of gluconeogenesis and ketogenesis, enhanced 
breakdown of proteins and lipids, impaired lipid metabolism (low HDL levels and high 
LDL levels) and elevation of osmotic blood pressure resulting in microvascular and nerve 
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tissue injuries. These disturbances are usually concomitant with acute manifestations (coma) 
or form the basis for more distant pathologies (micro- and macroangiopathies, neuropathies, 
ophthalmopathies, nephropathies, etc.).  
 

 
Fig. 1. The pathogenesis of T1D. Genetic and environmental factors are key elements in the 
susceptibility to T1D. Susceptible individuals develop autoimmune insulitis, which is 
mediated by CTL against autoAgs of beta cells and is characterized by enhanced production 
of a vast array of antiinflammatory cytokins and free radicals triggering the death 
(apoptosis) of beta cells as main targets in inflammation. 

The first five stages are defined as preclinical pathology stages, while Stage VI is thought to 
represent a transient step. It is diagnosing T1D at stages I – V and the use of preventive 
treatment protocols that enable the physician to delay the progression of the underlying 
disease and to procure complete recovery. (Antonio Gonzalez at. al., 1996s; Matthias von 
Herrath at al., 2007) 

3. The origin of genetic predisposition or “genomics: A base of preclinical 
medicine” 
Our knowledge of pathological processes occurring in the human organism has progressed 
considerably in the past decades, but the mechanisms of many human diseases are still 
poorly understood. Recent developments in genomics made it possible to discover a wide 
variety of novel genes and genetic variations including clinically important ones. i.e., those 
triggering pathological processes in various body tissues and cells. Every year, the clinical 
diagnostic instrumentarium is supplemented with efficient analytical techniques for 
detecting single-nucleotide polymorphisms (SNP’s) which determine the susceptibility of 
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the organism to diseases, drugs and/or environmental factors. A deeper insight into gene 
structure and regulatory mechanisms can significantly facilitate diagnosis and treatment of 
individuals at risk and, in a more distant future, provide the physician with potent tools for 
diagnosing diseases, preventing their progression and implementing effective therapy as 
early as the preclinical stage.  
Rapid progress in science and technology created necessary prerequisites for high-
throughput screening of several hundreds of thousands of SNP variants and enabled 
adequate involvement of all human DNA blocks in selection of the disease associated 
variant provided the latter is present in the genome. From theoretical standpoint, linking of 
genotyping data to epidemiological findings provides a way to identification and/or 
characterization of gene sequences and gene interactions with the environment determining 
the susceptibility of various body cells and tissues to normal genetic variations and/or the 
underlying disease. 
Genomewide association studies represent an effective tool for detecting genetic 
associations between specific genetic variations and complex pathological conditions in 
large cohorts of the general population and provides a deeper insight into mechanisms 
underlying genetic predisposition to various diseases.  
The contribution of SNP’s to the pathogenesis of many common diseases is relatively small 
and does not exceed 5–10%, which significantly restricts their application as markers for 
predicting disease risks. However, today well-established associations number in hundreds 
and their panel grows with every passing week. Taking into account considerable 
investments in the search for hitherto unidentified sources of inherited risks, it may be 
expected that existing (both genomic and nongenomic) models for estimating potential risks 
will soon be improved and rationalized. 
The current need for highly multiplexed tests increases with every passing day. Innovative 
gene chip- and sequencing-based technologies displace rapidly traditional methods for 
establishing variations and mutations in the human genome. In future, the advent of 
improved nanotechnological sequencing protocols may further increase the accuracy and 
reduce the cost of genetic analysis. The idea of complete sequencing of the human genome 
at the cost of $1000 is becoming more and more realistic. The project, which got the name 
“$1000 genome”, is expected to improve existing protocols through direct sequencing of 
individual DNA molecules. This approach is potentially oriented at elimination of the 
amplification step, further reduction of chemical reagents expenditure and construction of a 
high-precision database of genetic sequences in the foreseeable future.  
The feasibility of reliable and low-cost estimation of human genetic variations put forward 
the idea of personalized medicine as an indispensable element of modern-day public health 
care. The key principle of personalized medicine is in that the health status of any human 
individual is most effectively controlled through implementation of individual preventive 
and curative treatment schedules. Although unsolvable controversies between principles of 
personalized medicine and populational (probative) medicine really exist, they are not 
inconsistent. Novel decisions are being taken in the private and public sectors, and those 
would enable progressive studies to provide the linkage between personalized and 
probative medicine.  
All-round cognition of gene structure and genetic regulatory mechanisms is extremely 
important not only from theoretical, but also from practical point of view, particularly, for 
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the development of state-of-art diagnostic, prognostic, preventive and therapeutic strategies 
for treatment of rarely occurring and common diseases. 

3.1 IDDM1 as an example of crucial role of genomics in clinical researches  
The use of high-throughput technologies in human genome studies was a step forward 
towards getting a deeper insight into pathogenetic mechanisms of many human diseases 
including insulin-dependent type 1 diabetes mellitus (T1D). Recent developments in the 
field of genetic factors and their pathogenetic roles suggest their high utility in the design of 
novel predictive strategies, stratification of patients according to disease risk and a search 
for new therapeutic targets. Among the immense variety of T1D strategies, two approaches 
are used methods of choice, viz.: (I) linkage studies of pairs of affected relatives (typically, 
siblings) aimed at a search for rarely occurring risk factors having large effective sizes; (II) 
association studies into more common risk factors having small effective sizes.  

3.2 MHC: Genes of instability 
As can be seen, identical genes can simultaneously trigger a variety of body-related 
autoimmune disorders. The latter form a disease-based cluster, which further develops into 
a polyglandular autoimmune syndrome. (Fernando MM et al., 2008) 
 

 
Fig. 2. The role of MHC genes in the development of diseases the key pathogenetic role in 
which is played by genetic predisposition. Some genes (DR7, DR8) determine the risk for 
only one disease (DR7, DR8), while others are responsible for two (DR1, DR10), three or 
even more (DR4) diseases. However, their presence is not prerequisite to the development 
of pathological processes, but, rather, significantly increases the likelihood of their early 
occurrence during the patient’s lifetime. 

MHC represents a large family of genes encoding molecules of three major HLA classes, 
viz., HLA class I, HLA class II and HLA class III. MHC plays an essential role in the 
functional activity of the immune system being directly involved in presentation of peptide 
antigens to APCs and formation of the so-called MHC restriction phenomenon. To-date, 
MHC is the most thoroughly investigated gene family in the human genome by virtue of its 
extremely close linkage to autoimmune diseases, hypersensitivity to infections and 
hyperbolic immune responsiveness. These genes are usually present in patients with severe 
autoimmune disorders and/or imbalances, e.g., rheumatoid arthritis (RA), multiple sclerosis 
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(MS), Crohn’s disease, aneurisms of large vessels (ALV), ulcerative colitis (UC), systemic 
lupus erythematosus (SLE) and type 1 diabetes (T1D).  
 

 
Fig. 3. The role of various MHC classes I, II and III alleles in the development of T1D. The x 
axis designates the continuous arrangement of some MHC 123 regions. The vertical graph 
segment indicates the association of an allele with a specific MHC region and the typical 
scatter of diabetogenicity probabilities for the given allele. 

3.3 HLA class I: Role in T1D 
Molecules of HLA class 1, jointly with HLA class II molecules and in closest association with 
one another afford effective protection against T1D and risks thereof. The HLA class I 
compartment contains both diabetoprotective genotypes (A*1101, A*3201, A*6601, B*0702, 
B*4403, B*3502, C*1601, C*0401) and highly associative genes (B*5701, B*3906). The 
diabetogenic alleles of MHC class I genes display age-related features. For example, HLA-
E*0101 is predominant in patients in whom T1D developed during the first 10 years of life, 
while HLA-E*0103 is found in children under 10. (Hodgkinson AD et al. 2000) Apart from 
borderline (diabetogenic or diabetoprotective) genes, there exist several intermediate types 
(A*2402, A*0201, B*1801, C*0501). All of them increase the risk of diabetes, but their role in 
triggering autoimmune responses is insignificant. (Noble JA et al., 2010) 
The increasing number of publications devoted to genes associated with T1D (Howson JM et al., 
2009; Viken MK et al., 2009) and identification of reactions stimulating or potentiating beta cell 
destruction testify to the fact that HLA class I initiate and potentiate autoimmune destruction of 
beta cells and manifest close linkage to HLA class II. (Lipponen K et al., 2010) Systemic 
autotolerance of homogeneic CD8(+) T cells is one of the patterns subject to regulatory control 
of HLA class I. It is well known that T1D is concomitant with disturbances in coordinated 
interactions between HLA-E CD8(+) T cells and HSP60sp that are specific to them. This 
phenomenon is responsible for disturbances in so-called “friend or foe” identification during a 
switchover of normal immune processes to self-destruction. (Jiang H et al. 2010) 
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Some methods for early diagnosis of T1D e.g., ex vivo detection of GAD65 autoreactive T cell 
CD8(+) by HLA class I tetramers, are based on the use of HLA class 1 I antigens. (Giuliani L 
et al. 2009) 

3.4 HLA class II: A wheelhorse or a time bomb? 
HLA class II constitute a family of genes localized on the short arm of the 6th chromosome. 
These genes encode glycoproteins with an Ig-like structure and are predominantly localized 
on the APCs surface. Their functional role consists in presentation of Ags peptides to 
CD4(+) T helper cells type I. There exist several autoimmune diseases (including T1D) 
supported by promoting effects of HLA class II Ags.  
Presumably, MHC glycoproteins modify positive and negative selection in the thymus 
allowing some immature autoAg-reactive T cells to escape from immune surveillance and 
thus avoid negative selection. However, presentation of morbid peptides to cytotoxic T 
lymphocytes (CTLs) or T helper cells by mature MHC seems to be more likely. Polymorphic 
variants (cytokin-related genes) residing in the vicinity of MHC classes I, II and III and non-
MHC significantly increase the predisposition to autoimmune diseases and impart high (in 
comparison with healthy individuals) genomic instability. When the cells switch over their 
modality from Ag expression to MHC class II production, the molecules localized on the cell 
surface begin to form potentially autoreactive complexes and thus provoke self-reactive 
immune responses. Such nondiscriminating Ags were identified on the surface of beta cells 
of patients with T1D, on thyroid cells of patients with Grave’s disease and on bile duct cells 
of patients with primary biliary cirrhosis. (Béatrice Faideau et al. 2005) 
 

 
Fig. 4. The distribution of diabetogenic and protective potentials of HLA class II in different 
racial populations. Green columns: low risk (diabetoprotective); yellow columns: medium 
risk (moderately diabetogenic); red columns: highly diabetogenic. The diabetogenicity of the 
same alleles in different populations is either similar or radically different. It is not excluded 
that this parameter is controlled by environment factors. 
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This bar chart displays the most important T1D-predetermining haplotypes and their 
distribution in different populations. As can be seen, the presence of the same haplotype in 
two different populations contributes differentially to T1D-associated risks. For example, in 
Russians DQA1*0301 elicits a nearly 85% risk of T1D, whereas in Latinos the risk is less than 
75%. Moreover, haplotypes spreading risks of diabetes in one population can be nonspecific 
for other populations. As regards DQA1*0301 its effect on acquisition of sensitivity to T1D is 
negligibly small in Brazilians, while in Chinese, Japanese, Arabians, Finns and Caucasians 
this haplotype is not associated with diabetes. These findings suggest that genetic features, 
haplotype frequency and contribution of specific haplotypes to susceptibility to T1D vary 
widely in different populations indicating different diabetogenic or protective orientation 
and high risk of T1D development. 
Analysis of specific domains of the human genome made it possible to establish their roles 
in pathological processes and to get a deeper insight into molecular mechanisms responsible 
for instability of the human biome. The clue to the practical solution of problems in this area 
is to discover novel genetic markers, to secure low cost of the analysis and to ensure high 
accuracy of the methods employed. The totality of these factors may culminate in the 
construction of unique tools for subclinical diagnosis and preventive medicine. 

3.5 HLA class III: Role in genetic predisposition 
Far fewer (compared to HLA classes I and II) messages deal with contribution of HLA class 
III to background predisposition to T1D. In constructing a basic screening algorithm with 
special reference to early diagnosis potentials, one should take into consideration the crucial 
role of this region’s genes in predisposition to T1D.  
There exist about a dozen HLA class III genes manifesting a diagnostically significant 
association with T1D. These include NOTCH4 (rs2395106) responsible for susceptibility to 
rheumatoid arthritis and MSH5 (rs707915) associated with a high risk of T1D. As an overall 
trend, HLA classes II and III provoke diabetes at the highest levels of the odds ratio, while 
the effect of HLA class I on T1D is much less expressed (see Figure 3). (Valdes AM et al. 
2006; Yamaji K et al.2006)  

3.6 Non-MHC genes and their contribution to T1D 
Any systemic approach to T1D diagnosis demands a large set of complementary and 
mutually specifying biomarkers. In addition to screening of circulating autoAbs and MHC 
Ags, systemic analysis of non-MHC genes is extremely important for validating the 
diagnosis. Though the odds ratios of the overwhelming majority of MHC genes are by one 
order of magnitude lower than that of MHC, identification of these gene clusters allows a 
qualitative description of risks for various autoimmune disorders including generation and 
progression of insulitis and, in a more distant perspective, objective prognosis of T1D 
outcomes.  
In all probability (and not too surprisingly), each individual gene does not act specifically 
upon every component of the immune system or cell metabolism, but, rather, exerts a 
complex action by forming a kind of a pathological system. An immense variety of genes 
responsible for susceptibility to T1D are known, but their functional capabilities are either 
obscure or poorly investigated. Some SNPs whose role in etiology and pathogenesis of T1D 
leaves no doubt are described below. (Barret et. al., 2009) 
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Fig. 5. A comparison of some diabetogenic non-HLA genes having mean values for HLA. 
The height of the column reflects the average probability of the clinical stage of type 1 
diabetes (IDDM1) for the given allele. at the same time, MHC genes manifest a high degree 
of variation and, in some special cases, diabetoprotective activity. 

TNFAIP3 (A20), tumor necrosis factor, alpha-induced protein 3. In the pancreas, this gene 
performs miscellaneous functions to include inactivation of NF-kappa B signals, prevention 
of inflammatory lesions of pancreatic cells, deceleration or delayed recruitment of 
immunocompetent cells into target organs, retardation of intercellular matrix restructuring, 
and so on. Studies by Liuwantara D et al. established that expression of the A20 gene is an 
effective mechanism of beta cell protection from TNF-induced apoptosis. Mutations in this 
gene and formation of SNPs initiate functional disturbances in NF-kappa B and represent 
the most common mechanism of disregulation and disorganization of immune reactions 
resulting in autoimmunity. Yet another salient feature of A20 is its ability to stimulate 
angiogenesis. Knockout of A20 shortens the tubule area and length in mice in vitro. (Grey ST 
et al., 2003) 
A crucial role in specification of APCs and pathogenesis of T1D is played by the ERBB3 
gene known under the official name “v-erb-b2 erythroblastic leukemia viral oncogen 
homolog 3 (avian)”. This gene encodes the family of specific receptors to the epidermal 
growth factor (EGFR).  
Mutations in ERBB3 lead to immunoregulatory collapses coupled with continuous 
emergence of autoreactive cells. By virtue of its ability to provide linkage between genetic 
predisposition, infectious diseases and adaptive immune reactions, ERBB3 has every right to 
be regarded as a central molecular constituent element of the T1D-inducing complex. 
(Hongjie Wang et al., 2010)  
PTPN22 (LYP), known under the official name “protein tyrosine phosphatase, non-receptor 
type 22 (lymphoid)”, encodes lymphoid-specific intracellular phosphatase able to bind to 
the molecular adaptor protein CBL and thus controls its activity in the signaling pathway of 
the T cell receptor (TCR).  
PTPN22 contains several SNPs disturbing normal operation of immune mechanisms. SNP 
rs2476601 is a valuable biomarker of susceptibility to autoimmune diseases, but its role in 
NK cell biology is not yet finally elucidated. The fact that SNP rs2476601 upsets the balance 
between T and NK cells in vitro points to the involvement of PTPN22 in immune regulation 
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of NK function. (Douroudis et al., 2010) The PTPN22 allele 1858T worsens the function of 
beta cells. 1858T is associated with IAA, an autoAb participating in pancreas destruction. 
The 1858TT and 1858CT genotypes exhibit a steadily increasing risk for the appearance of 
additional autoAbs and clinical manifestations of the disease. 
The primary mechanism of PTPN22 SNPs is launched upon triggering of insulin-specific 
autoimmune responses. SNPs produce multifarious effects: they disturb functional activity 
and suppress metabolic responses of beta cells to changing blood glucose levels, stimulate 
the transition from prediabetes to type 1 diabetes, and so on. (Fichna et al., 2010; Taniyama 
et al., 2010; Hermann et al., 2006) 
The IFIH1 gene (interferon induced by helicase C domain 1, also known as MDA5) encodes 
the DNA receptor associated with viral infections with a concomitant formation of 
autoreactive T cells and induction of autoimmune diabetes. Moreover, IFIH1 fulfils a 
protective function in hypomorphic expression of IFIH1. (Downes K et al., 2010) IFIH1 is 
directly involved in the destruction of Langerhans islets due to pooling and mobilization of 
autoreactive cells in response to viral invasion. This circumstance aggravates immune 
dissonance and promotes self-restructuring of targeted organs by provoking persistent 
deficiency of the pancreas and accelerating insulin failure. IFIH1 disturbs cell-mediated and 
humoral immunity by initiating selective deficiency of IgA. (Ferreira et al., 2010)   
IL2RA (interleukin 2 receptor, alpha, also known as CD25, T1D0, TGGFR) represents, along 
with IL2RB and the γ-chain IL2RG, a fragment of the high-affinity receptor IL-2 
(homodimerization of α-chains yields low-affinity receptors, while homodimerization of β-
chains gives receptors with medium affinity). By virtue of its structural and functional 
peculiarities, IL2RA makes the greatest contribution to the progression of T1D. It regulates 
immune and inflammatory responses, exerts negative control over cell proliferation and 
favors differentiation of T cells. In addition, IL2RA controls apoptosis via a positive 
feedback mechanism. Mutations in the IL2RA gene point to IL2RA insufficiency. Genetic 
variations in IL2-IL21 and IL2RA/CD25 regions predetermine the susceptibility to T1D by 
interfering with the transcription and/or splicing of mRNA. In this way, IL2 and IL2RA 
exert genetic control over protein expression in different cell subpopulations. (Dendrou et 
al., 2008)  
The INS (ILPR, IRDN, IDDM2, MODY) gene is a key participant in the synthesis of insulin 
molecules. In patients with T1D, the mutation frequency of this gene does not exceed 0.1%. 
(Rajasalu et al., 2007)  
CD226 (rs763361) SNPs regulate the activity of certain cells involved in immune 
mechanisms mediating beta cell destruction. The susceptibility to T1D is associated with 
SNPs rs763361 (genotype TT, OR = 2.29) and allele T (OR = 1.48). (Douroudis et al., 2009; 
Hafler et al., 2009)  
In conclusion, we can state with assurance that nearly the overall repertoire of genes whose 
mutations are known to increase the risk of T1D development has been identified and 
characterized in terms of functional activity, which includes:  
 Protection of beta cells from apoptosis (TNFAIP3); 
 Secretion and metabolism of insulin (INS); 
 General immunity (ERBB3, IL2RA, PTPN22, PTPN2, SH2B3, CTLA4, SUMO, ICOS;, 

etc.); 
 Undefined function (CTSH, CLEC16A, IL7RA, CIQTNF6); 
 Generation of autoAbs to beta cells (mostly, in adults) (HLA-DR3); 
 Generation of autoAbs to insulin and formation of the insulin resistance syndrome 

(mostly, in adolescents)(HLA-DR4); 
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 Supporting high risks of autoimmune processes (HLA-DQ-related T1D) (NB: HLA-
DR3-DQ2 and HLA-DR4-DQ8 genes are among the most popular T1D inducers in 
young children); 

 Diabetoprotective function (HLA-DR2, DR6, DR7) (NB: HLA-DR1, DR5, DR8 and DR9 
genes are usually identified in individuals for whom T1D is uncommon). 

From the foregoing it follows that the first step of preclinical diagnosis must include 
identification of classical genetic biomarkers for each concrete pathology and acquisition of 
information from three basic resources: (i) genealogic tree, (ii) anamnesis morbid and (iii) 
anamnesis vita. 
This approach would enable identification of individuals predisposed to a concrete disease 
and their distribution into risk groups with further transition to the second stage where 
patients are subject to investigation, using target panels of genotypic and phenotypic 
biomarkers and continuous monitoring of potentially affected cohorts and those 
predisposed to the preclinical pathology stage. The primary testing approach demands 
validated procedures for detecting molecular and cellular shifts in one or another cell 
and/or tissue function in the paradigm of the most pathogenetically significant targets. The 
methods employed thereupon include high-performance genomic and metagenomic 
scanning as well as proteomic and metabolic analyses in the paradigm of microbial colony-
forming populations. Moreover, biomonitoring is based on the use of a vast array of 
nanotools as well as visualization and biosensoric facilities allowing comprehensive 
examination of “suspected” individuals and elaboration of wide-range activity-oriented 
treatment schedules in a real-time mode.  

4. Proteomics: A powerful tool for predictive medicine 
The role of proteomic technologies in the study of autoimmune diseases can hardly be 
overestimated. Virtually all currently known autoimmune diseases including diabetes 
mellitus, multiple sclerosis, systemic lupus erythematosus and other severe autoimmune 
disorders have proteomic markers of their own. At the same time, the advent of efficient 
high-precision diagnostic technologies opened up new opportunities in the search for novel 
preclinical diagnostic markers. Identification of autoAbs to immunoglobulins GADA, IAA, 
ICA, IA-2A and ZnT8 has become a routine procedure in T1D diagnosis. In this chapter, the 
main emphasis will be laid on some characteristics of specific proteins for progressive T1D. 
Clusterin (apolipoprotein J) holds considerable promise as a candidate biomarker; its main 
function is traditionally recognized as a tool to control apoptosis. It should be noted, 
however, that clusterin exhibits the behaviour of an antiapoptotic chaperone when used at 
low concentrations; at higher concentrations ( 12% of control), it causes disruption of 
mitochondria and initiates cell apoptosis by a mitochondrial mechanism. Recent reports 
highlighted a high regenerative potential of Clusterin, particularly, with respect to beta cells. 
The functional activity of this protein demands further verification and analysis, but its 
elevation always points to apoptosis of pancreatic beta cells. (Lee et al., 2011)  
Transcortin (Corticosteroid-binding globulin, CBG) and Lumican are capable to induce 
pronounced (1.5–2-fold against control) upregulation. Transcortin fulfils the function of a 
glucocorticoid transporter and is strongly inhibited by insulin; hence, insulin deficiency is 
always associated with hyperproduction of Transcortin. (Fernández-Real et al., 1999) 
However, this protein is hardly effective as a selective biomarker for T1D, since it emerges 
exclusively at the latest stages of autoimmune aggression and its role in T1D etiogenesis is 
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of NK function. (Douroudis et al., 2010) The PTPN22 allele 1858T worsens the function of 
beta cells. 1858T is associated with IAA, an autoAb participating in pancreas destruction. 
The 1858TT and 1858CT genotypes exhibit a steadily increasing risk for the appearance of 
additional autoAbs and clinical manifestations of the disease. 
The primary mechanism of PTPN22 SNPs is launched upon triggering of insulin-specific 
autoimmune responses. SNPs produce multifarious effects: they disturb functional activity 
and suppress metabolic responses of beta cells to changing blood glucose levels, stimulate 
the transition from prediabetes to type 1 diabetes, and so on. (Fichna et al., 2010; Taniyama 
et al., 2010; Hermann et al., 2006) 
The IFIH1 gene (interferon induced by helicase C domain 1, also known as MDA5) encodes 
the DNA receptor associated with viral infections with a concomitant formation of 
autoreactive T cells and induction of autoimmune diabetes. Moreover, IFIH1 fulfils a 
protective function in hypomorphic expression of IFIH1. (Downes K et al., 2010) IFIH1 is 
directly involved in the destruction of Langerhans islets due to pooling and mobilization of 
autoreactive cells in response to viral invasion. This circumstance aggravates immune 
dissonance and promotes self-restructuring of targeted organs by provoking persistent 
deficiency of the pancreas and accelerating insulin failure. IFIH1 disturbs cell-mediated and 
humoral immunity by initiating selective deficiency of IgA. (Ferreira et al., 2010)   
IL2RA (interleukin 2 receptor, alpha, also known as CD25, T1D0, TGGFR) represents, along 
with IL2RB and the γ-chain IL2RG, a fragment of the high-affinity receptor IL-2 
(homodimerization of α-chains yields low-affinity receptors, while homodimerization of β-
chains gives receptors with medium affinity). By virtue of its structural and functional 
peculiarities, IL2RA makes the greatest contribution to the progression of T1D. It regulates 
immune and inflammatory responses, exerts negative control over cell proliferation and 
favors differentiation of T cells. In addition, IL2RA controls apoptosis via a positive 
feedback mechanism. Mutations in the IL2RA gene point to IL2RA insufficiency. Genetic 
variations in IL2-IL21 and IL2RA/CD25 regions predetermine the susceptibility to T1D by 
interfering with the transcription and/or splicing of mRNA. In this way, IL2 and IL2RA 
exert genetic control over protein expression in different cell subpopulations. (Dendrou et 
al., 2008)  
The INS (ILPR, IRDN, IDDM2, MODY) gene is a key participant in the synthesis of insulin 
molecules. In patients with T1D, the mutation frequency of this gene does not exceed 0.1%. 
(Rajasalu et al., 2007)  
CD226 (rs763361) SNPs regulate the activity of certain cells involved in immune 
mechanisms mediating beta cell destruction. The susceptibility to T1D is associated with 
SNPs rs763361 (genotype TT, OR = 2.29) and allele T (OR = 1.48). (Douroudis et al., 2009; 
Hafler et al., 2009)  
In conclusion, we can state with assurance that nearly the overall repertoire of genes whose 
mutations are known to increase the risk of T1D development has been identified and 
characterized in terms of functional activity, which includes:  
 Protection of beta cells from apoptosis (TNFAIP3); 
 Secretion and metabolism of insulin (INS); 
 General immunity (ERBB3, IL2RA, PTPN22, PTPN2, SH2B3, CTLA4, SUMO, ICOS;, 

etc.); 
 Undefined function (CTSH, CLEC16A, IL7RA, CIQTNF6); 
 Generation of autoAbs to beta cells (mostly, in adults) (HLA-DR3); 
 Generation of autoAbs to insulin and formation of the insulin resistance syndrome 

(mostly, in adolescents)(HLA-DR4); 
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 Supporting high risks of autoimmune processes (HLA-DQ-related T1D) (NB: HLA-
DR3-DQ2 and HLA-DR4-DQ8 genes are among the most popular T1D inducers in 
young children); 

 Diabetoprotective function (HLA-DR2, DR6, DR7) (NB: HLA-DR1, DR5, DR8 and DR9 
genes are usually identified in individuals for whom T1D is uncommon). 

From the foregoing it follows that the first step of preclinical diagnosis must include 
identification of classical genetic biomarkers for each concrete pathology and acquisition of 
information from three basic resources: (i) genealogic tree, (ii) anamnesis morbid and (iii) 
anamnesis vita. 
This approach would enable identification of individuals predisposed to a concrete disease 
and their distribution into risk groups with further transition to the second stage where 
patients are subject to investigation, using target panels of genotypic and phenotypic 
biomarkers and continuous monitoring of potentially affected cohorts and those 
predisposed to the preclinical pathology stage. The primary testing approach demands 
validated procedures for detecting molecular and cellular shifts in one or another cell 
and/or tissue function in the paradigm of the most pathogenetically significant targets. The 
methods employed thereupon include high-performance genomic and metagenomic 
scanning as well as proteomic and metabolic analyses in the paradigm of microbial colony-
forming populations. Moreover, biomonitoring is based on the use of a vast array of 
nanotools as well as visualization and biosensoric facilities allowing comprehensive 
examination of “suspected” individuals and elaboration of wide-range activity-oriented 
treatment schedules in a real-time mode.  

4. Proteomics: A powerful tool for predictive medicine 
The role of proteomic technologies in the study of autoimmune diseases can hardly be 
overestimated. Virtually all currently known autoimmune diseases including diabetes 
mellitus, multiple sclerosis, systemic lupus erythematosus and other severe autoimmune 
disorders have proteomic markers of their own. At the same time, the advent of efficient 
high-precision diagnostic technologies opened up new opportunities in the search for novel 
preclinical diagnostic markers. Identification of autoAbs to immunoglobulins GADA, IAA, 
ICA, IA-2A and ZnT8 has become a routine procedure in T1D diagnosis. In this chapter, the 
main emphasis will be laid on some characteristics of specific proteins for progressive T1D. 
Clusterin (apolipoprotein J) holds considerable promise as a candidate biomarker; its main 
function is traditionally recognized as a tool to control apoptosis. It should be noted, 
however, that clusterin exhibits the behaviour of an antiapoptotic chaperone when used at 
low concentrations; at higher concentrations ( 12% of control), it causes disruption of 
mitochondria and initiates cell apoptosis by a mitochondrial mechanism. Recent reports 
highlighted a high regenerative potential of Clusterin, particularly, with respect to beta cells. 
The functional activity of this protein demands further verification and analysis, but its 
elevation always points to apoptosis of pancreatic beta cells. (Lee et al., 2011)  
Transcortin (Corticosteroid-binding globulin, CBG) and Lumican are capable to induce 
pronounced (1.5–2-fold against control) upregulation. Transcortin fulfils the function of a 
glucocorticoid transporter and is strongly inhibited by insulin; hence, insulin deficiency is 
always associated with hyperproduction of Transcortin. (Fernández-Real et al., 1999) 
However, this protein is hardly effective as a selective biomarker for T1D, since it emerges 
exclusively at the latest stages of autoimmune aggression and its role in T1D etiogenesis is 
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still unclear. Lumican, the key mediator in fibrosis-related processes, manifests an even 
higher degree of upregulation than Transcortin and is widely distributed in all body tissues. 
Its significant elevation may represent an acute response of renal tissues to high plasma 
levels of glucose and is also characteristic of nephropathies. However, being a convenient 
tool for predicting diabetic nephropathies, Lumican cannot predict associated diseases. 
It may be concluded from the above-said that Clusterin is the only candidate for a selective 
protein biomarker for T1D, because it emerges at early stages of the disease and is more 
related to cause than effect.  

5. Effects of autoAbs on the launch of autoimmune processes and pancreas 
deficiency: Dynamics of spectra and prognostic value in preclinical 
diagnosis of T1D 
Today, autoantibodies (autoAbs) are the main biomarkers of diabetes mellitus. The presence 
of small concentrations of autoAbs in peripheral blood does not always indicate initiation of 
an autoimmune process, because the organism possesses a vast number of autoregulatory 
mechanisms. However, their collapse and significant elevation of Ab titers indicate a nearly 
100% risk for diabetes in the foreseeable future. Many autoAb classes are currently known 
including GADA (65 and 67), IA-2Ab, INSab, HSPab, ZnT8ab, IAA, etc. 
Each of these autoAbs has a prognostic value of its own and is associated with a definite 
type of diabetes (T1D, latent diabetes, fulminant diabetes, etc.). The factors initiating the 
appearance of autoAbs are also different. Among the immense diversity of causative factors, 
diabetogenic genes (classes I, II and III MHC) responding by activation to virus-induced 
inflammation (molecular mimicry) are of paramount importance. The results of in-depth 
studies on associativity between MHC II alleles and auto-Abs unequivocally suggest that in 
the present state of the problem generation of certain classes of auto-Abs and further 
progression of T1D can be predicted on the basis of genetic data even at the earliest stages of 
the disease.  

5.1 GADA 
Glutamate decarboxylase catalyzes the conversion of glutamic acid into γ-aminobutyric acid 
and CO2 and plays a prominent role in the functional activity of the central nervous system 
(CNS). Its substrate (glutamic acid) is responsible for excitation, while its major metabolic 
product (γ-aminobutyric acid) is a key mediator of inhibition in brain neurons. The 
physiological role of this enzyme is confined to various aspects of insulin-dependent 
diabetes. 
Two isoforms of GAD (GAD65 and GAD67) are encoded by two non-allelic genes localized 
on different chromosomes, more specifically, on the 2nd (GAD65) and 10th (GAD67) 
chromosomes. Both isoforms are actively expressed in CNS neurons. In human islet cells, 
GAD65 is a predominant isoform, while GAD67 is either present in negligibly small 
amounts or is not expressed at all. In contrast, in rat islet cells both GAD isoforms are 
expressed with a nearly equal efficiency, but the GAD67 isoform is predominant. 
The prognostic significance of GADA is rather high. These autoAbs appear in circulating 
blood before other auto-Abs ( 10 – 15 years before the appearance of first clinical 
manifestations of T1D) and are detected in 70 – 90% of cases.  
Risks for T1D and Ab titers 
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Autoantibody titer 10-year risk (% ± SE) HR (95% CI) P 
I quartile   35 ± 9 1*  
II quartile   22 ± 9 0.8 (0.3–1.9) 0.55 
III quartile   52 ± 9 1.7 (0.8–3.6) 0.18 
IV quartile   43 ± 10 1.6 (0.7–3.6) 0.26 

Likelihood of developing diabetes depending on the combination of epitope-specific GADA 
antibodies 

 
GADA 

Epitope combination n (T1D cases) 10-year risk 
MID COOH NH2 67  
+ + + + 24 (8) 39%
+ + + − 12 (6) 26%
+ + − + 15 (5) 56%
+ + − − 62 (21) 45%
+ − + − 1 (0) 
+ − − − 13 (3) 27%
− + + + 1 (0) 
− + − − 5 (2) 48%
− − + − 6 (1) 20%
− − − − 10 (3) 33%

For GAD antibodies, MID refers to epitopes within GAD65 amino acids 235–442, COOH 
refers to epitopes within GAD65 amino acids 436–585, NH2 refers to epitopes within GAD65 
amino acids 1–100, while GAD67 refers to epitopes present in GAD6 (combinations with no 
relatives are not shown). (Buzzetti et al., 2007; Mayr et al., 2007)  

5.2 IA-2 
IA-2 belongs to type 1 membrane-bound proteins containing extracellular NH2-terminal 
glycosylated, membrane-bound and СООН-terminal cytoplasmic regions. The immune 
epitope of IA-2 is localized exclusively in the cytoplasmic region of IA-2 where its PTP 
(protein-tyrosine-phosphate)-like domain is the main recognition site for auto-Abs. The fact 
that the dominant T cell epitope of IA-2, also localized in the PTP-like region, is structurally 
similar to the VP7 region (VP7 is a major immunogenic protein of rotaviruses) provides 
additional evidence for the crucial role of the molecular mimicry mechanism in the 
pathogenesis of T1D. 
IA-2β (also known as fogrin, PTP-NP, ICAAR and IAR) is structurally similar to IA-2. Its 
intracellular and extracellular domains are structurally identical (by 74 and 26%, 
respectively) to IA-2. IA-2β is predominantly localized in secretory vesicles of beta and some 
other neuroendocrine cells. Anti-IA-2β Abs are present in nearly 50% of patients with newly 
diagnosed T1D; their emergence is usually recorded several years before the appearance of 
the first clinical manifestations of the disease.  
AutoAbs against the insulin antigen are detected in 70–90% of individuals as early as 10 – 12 
years before the clinical stage of T1D. 
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still unclear. Lumican, the key mediator in fibrosis-related processes, manifests an even 
higher degree of upregulation than Transcortin and is widely distributed in all body tissues. 
Its significant elevation may represent an acute response of renal tissues to high plasma 
levels of glucose and is also characteristic of nephropathies. However, being a convenient 
tool for predicting diabetic nephropathies, Lumican cannot predict associated diseases. 
It may be concluded from the above-said that Clusterin is the only candidate for a selective 
protein biomarker for T1D, because it emerges at early stages of the disease and is more 
related to cause than effect.  

5. Effects of autoAbs on the launch of autoimmune processes and pancreas 
deficiency: Dynamics of spectra and prognostic value in preclinical 
diagnosis of T1D 
Today, autoantibodies (autoAbs) are the main biomarkers of diabetes mellitus. The presence 
of small concentrations of autoAbs in peripheral blood does not always indicate initiation of 
an autoimmune process, because the organism possesses a vast number of autoregulatory 
mechanisms. However, their collapse and significant elevation of Ab titers indicate a nearly 
100% risk for diabetes in the foreseeable future. Many autoAb classes are currently known 
including GADA (65 and 67), IA-2Ab, INSab, HSPab, ZnT8ab, IAA, etc. 
Each of these autoAbs has a prognostic value of its own and is associated with a definite 
type of diabetes (T1D, latent diabetes, fulminant diabetes, etc.). The factors initiating the 
appearance of autoAbs are also different. Among the immense diversity of causative factors, 
diabetogenic genes (classes I, II and III MHC) responding by activation to virus-induced 
inflammation (molecular mimicry) are of paramount importance. The results of in-depth 
studies on associativity between MHC II alleles and auto-Abs unequivocally suggest that in 
the present state of the problem generation of certain classes of auto-Abs and further 
progression of T1D can be predicted on the basis of genetic data even at the earliest stages of 
the disease.  

5.1 GADA 
Glutamate decarboxylase catalyzes the conversion of glutamic acid into γ-aminobutyric acid 
and CO2 and plays a prominent role in the functional activity of the central nervous system 
(CNS). Its substrate (glutamic acid) is responsible for excitation, while its major metabolic 
product (γ-aminobutyric acid) is a key mediator of inhibition in brain neurons. The 
physiological role of this enzyme is confined to various aspects of insulin-dependent 
diabetes. 
Two isoforms of GAD (GAD65 and GAD67) are encoded by two non-allelic genes localized 
on different chromosomes, more specifically, on the 2nd (GAD65) and 10th (GAD67) 
chromosomes. Both isoforms are actively expressed in CNS neurons. In human islet cells, 
GAD65 is a predominant isoform, while GAD67 is either present in negligibly small 
amounts or is not expressed at all. In contrast, in rat islet cells both GAD isoforms are 
expressed with a nearly equal efficiency, but the GAD67 isoform is predominant. 
The prognostic significance of GADA is rather high. These autoAbs appear in circulating 
blood before other auto-Abs ( 10 – 15 years before the appearance of first clinical 
manifestations of T1D) and are detected in 70 – 90% of cases.  
Risks for T1D and Ab titers 
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Autoantibody titer 10-year risk (% ± SE) HR (95% CI) P 
I quartile   35 ± 9 1*  
II quartile   22 ± 9 0.8 (0.3–1.9) 0.55 
III quartile   52 ± 9 1.7 (0.8–3.6) 0.18 
IV quartile   43 ± 10 1.6 (0.7–3.6) 0.26 

Likelihood of developing diabetes depending on the combination of epitope-specific GADA 
antibodies 

 
GADA 

Epitope combination n (T1D cases) 10-year risk 
MID COOH NH2 67  
+ + + + 24 (8) 39%
+ + + − 12 (6) 26%
+ + − + 15 (5) 56%
+ + − − 62 (21) 45%
+ − + − 1 (0) 
+ − − − 13 (3) 27%
− + + + 1 (0) 
− + − − 5 (2) 48%
− − + − 6 (1) 20%
− − − − 10 (3) 33%

For GAD antibodies, MID refers to epitopes within GAD65 amino acids 235–442, COOH 
refers to epitopes within GAD65 amino acids 436–585, NH2 refers to epitopes within GAD65 
amino acids 1–100, while GAD67 refers to epitopes present in GAD6 (combinations with no 
relatives are not shown). (Buzzetti et al., 2007; Mayr et al., 2007)  

5.2 IA-2 
IA-2 belongs to type 1 membrane-bound proteins containing extracellular NH2-terminal 
glycosylated, membrane-bound and СООН-terminal cytoplasmic regions. The immune 
epitope of IA-2 is localized exclusively in the cytoplasmic region of IA-2 where its PTP 
(protein-tyrosine-phosphate)-like domain is the main recognition site for auto-Abs. The fact 
that the dominant T cell epitope of IA-2, also localized in the PTP-like region, is structurally 
similar to the VP7 region (VP7 is a major immunogenic protein of rotaviruses) provides 
additional evidence for the crucial role of the molecular mimicry mechanism in the 
pathogenesis of T1D. 
IA-2β (also known as fogrin, PTP-NP, ICAAR and IAR) is structurally similar to IA-2. Its 
intracellular and extracellular domains are structurally identical (by 74 and 26%, 
respectively) to IA-2. IA-2β is predominantly localized in secretory vesicles of beta and some 
other neuroendocrine cells. Anti-IA-2β Abs are present in nearly 50% of patients with newly 
diagnosed T1D; their emergence is usually recorded several years before the appearance of 
the first clinical manifestations of the disease.  
AutoAbs against the insulin antigen are detected in 70–90% of individuals as early as 10 – 12 
years before the clinical stage of T1D. 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

206 

Auto-Ab titer 10-year risk  (% ± SE) HR (95% CI) P 
I quartile   20 ± 14 1*  
II quartile   74 ± 15 6.0 (1.6–22.4) 0.008 
III quartile   84 ± 10 5.9 (1.7–21.1) 0.006 
IV quartile   71 ± 15 4.8 (1.3–17.9) 0.02 

Likelihood of developing diabetes depending on combination of epitope-specific IA-2 
antibodies 

 

IA-2ab 

Epitope combination 
   n (T1D cases) 10-year risk 
IA-2β PTP JM   
+ + + 13 (8) 81%
+ + − 12 (10) 100%
+ − + 1 (1) 
+ − − 4 (3) 
− + + 8 (3) 34%
− + − 10 (4) 44%
− − + 9 (2) 41%
− − − 4 (1)  

For IA-2 antibodies, IA-2β refers to epitopes found in the PTP region of IA-2β and IA-2, PTP 
refers to epitopes found in the PTP region of IA-2 (but not IA-2β), while JM refers to 
epitopes within the IA-2 juxtamembrane region in amino acids 601–682 (combinations with 
no relatives are not shown). (Kordonouri et al., 2010; Kawasaki E et al., 2003; Hanifi-
Moghaddam et al., 2003)  

5.3 ICA  
The target antigen for pancreatic islet cell antibodies has not yet been finally identified. In all 
probability, it represents a heterogeneous cluster of antigens expressed in beta cells. In 
contrast to IA-2ab, ICA is a polyclonal antibody able to interact with all populations of islet 
cells (α, β, γ, δ, PP) and other auto-antigens (sialoglucoconjugate, GAD, IA-2A, etc.).  
Antibodies to islet cells are found in 85-90% of patients with onset T1D (cf. 0.5% in 
unaffected individuals) during the very first week after clinical diagnosis. Four weeks 
thereafter, their incidence does not exceed 50%. In patients with one-year history of T1D, 
antibodies to beta cells are present in only 10-20% of cases. 
Similar to other cell-related Abs, ICA does not play any crucial role in beta cell degradation, 
but is one of key markers of cell-mediated autoimmunity. Its detection in blood serum 
suggests latent autoimmune diabetes (LADA) and slow degradation of beta cells.The 
prognostic capacity of ICA is neither high, nor low and is usually manifested 12 years prior 
to T1D development. Its incidence at the clinical diagnosis stage varies from 60 to 80%. 
Correlation between antibody titers and risks for T1D over a period of 7 years. (Achenbach 
et al., 2004; Williams et al., 2002)  
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5.4 IAA - AutoAbs to insulin 
Insulin is a peptide hormone produced by beta cells of pancreatic Langerhans islets. The 
main physiological role of insulin consists in reducing glucose levels in the blood; its 
absolute deficiency is the main cause of T1D.Anti-insulin Abs are indispensable constituent 
elements of blood sera of healthy individuals where their concentrations vary from 1 to 5 
μg/ml. In patients with T1D, serum concentrations of anti-insulin autoAb IgG class can 
reach very high levels. 
Insulin antibodies are associated with many autoimmune pathologies including Graves’ 
disease (40%), Hashimoto’s disease (autoimmune thyroiditis) (20%), Addison’s disease 
(40%), chronic hepatitis (36%), systemic lupus erythematosus (29%), etc. 
Insulin-binding Ab are always present in the blood sera of insulin-treated patients. In 
patients with T1D, the therapeutic effect of insulin diminishes gradually with emergence of 
anti-insulin antibodies, especially after prolonged insulin therapy or administration of high 
daily doses of the hormone. Other factors, e.g., dosage form or purity of the hormonal 
preparation, also play a role. 
Seroconversion of insulin ABS is usually recorded as early as eight years before the onset 
and clinical diagnosis of T1D. However, after this period high antibody titers begin to 
decrease gradually up to the moment of their complete elimination and are detected in only 
30–60% of patients. 
 
Auto-Ab titers 10-year risk  (% ± SE) HR (95% CI) P 

I quartile 45 ± 16 1*  
II quartile   30 ± 13 0.7 (0.2–2.4) 0.55 
III quartile   38 ± 17 0.8 (0.2–2.7) 0.68 
IV quartile   77 ± 12 3.0 (1.1–8.1) 0.03 

(Catherine Pihoker et al., 2005; Heli et al., 2009)  

6. Metabolome as applicable to T1D management at subclinical stages to 
prevent or minimize the imbalance 
In a recent study, a comparison of blood sera from children with type 1 diabetes (T1D), non 
diabetic children and children without autoimmune antibodies revealed metabolic 
disturbances (significant reduction of serum levels of succinate, phosphatidylcholine, 
phospholipin and ketoleucine, drastic elevation of glutamate, etc.) in the T1D group. , 
(Bougnères et al., 2008) The true reason for these disturbances is difficult to establish, since 
all these changes can be associated, with an equal degree of probability, with asymptomatic 
damage of liver and body musculature, T1D, metabolic imbalance caused by environmental 
factors, etc.  
High lysophosphatidylcholine levels are detected in patients’ blood as early as several years 
before the first clinical manifestations of T1D. It should be noted, however, that the 
aforecited studies were performed on children, but not on adults with T1D; therefore, their 
clinical significance is ambiguous.  
Notable elevation of blood sera levels of glutamate potentiates the activity of GAD65, the 
major autoimmune antigen for autoAbs. The figure below shows the dynamics of the 
“glutamine–GABA–GADA“ sequence. As can be seen, neither GADA and IAA, nor unlimited 
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Auto-Ab titer 10-year risk  (% ± SE) HR (95% CI) P 
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5.4 IAA - AutoAbs to insulin 
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elevation of glutamine and moderate elevation of GABA take place in the initial steps. 
However, in the course of time the concentration of glutamic acid begins to decrease, while 
that of GABA increases; however, autoAbs are not generated even under these conditions. 
Subsequent decreases of glutamic acid and GABA are noted only against the background of 
increasing titers of anti-GAD65 and anti-insulin autoAbs (seroconversion). After T1D passes to 
the clinical diagnosis stage, auto-Abs titers begin to decrease gradually to a nearly 
undetectable level (this widely occurring phenomenon usually lasts 10 to 20 years).  
 

 
Fig. 6. The dynamics of changes in the concentrations of Glu / GABA / GADA and insulin 
Abs in the period between the commencement of the effect of the irreversible diabetes-
inducing factor and first clinical manifestations of T1D. There is a clear seroconversion 
sequence Glu / GABA / GADA with a period of about 1 year. By the moment of appearance 
of first clinical manifestations, some antibodies detected several years theretofore, may be 
missing. (Noteworthy, each individual case may be different from the average). 

There is evidence that in addition to the aforesaid metabolites T1D is characterized by 
fluctuations in the levels of succinic acid, phosphatidylcholine (even in newborns), 
triglycerides and phospholipids.  

7. Environmental factors triggering T1D 
Estimation of the role of environmental factors in triggering one or another pathology and 
development of adequate approaches to diagnosis within maximally short intervals of time 
is one of currently central problems in preclinical medicine. Here, it is necessary to draw a 
demarcation line between autoimmune disorders and background events in order to select 
optimal diagnostic procedures and reliable criteria, since clinical tests do not always provide 
unfailing results that are crucial for diagnosis. Therefore, development of strict elaborate 
protocols is of vital importance for identification and analysis of environmental factors. 
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Continuous exposure to hazardous effects of environmental factors and large-scale 
application of chemical substances in food industry, pharmaceutics and other sectors of 
national economy are harmful for human immune system, since all of them trigger 
pathological reactions resulting in diabetes. Furthermore, uncontrolled intake of drugs and 
frequent viral and bacterial infections form predisposition to allergic reactions and provoke 
autoagression and development of various immune disorders.  

8. Phase 2 characteristics  
8.1 Viral infections as triggering factors in type 1 diabetes 
The large body of evidence (serological, epidemiological, biological, etc.) obtained thus far 
testifies to the ability of certain viruses to provoke type 1 diabetes mellitus (T1D) in human 
beings. Among the immense diversity of other disease-provoking factors, enteroviruses, 
retroviruses, reoviruses, parotiditis viruses, cytomegalovirus, Epstein-Barr virus and a 
clinical variant of the diabetogenic encephalomyocarditis virus are the most likely 
candidates for T1D-triggering factors. 
Viral infections provoke diabetes by operating at different regulatory levels, e.g., by 
disregulating immune mechanisms, by stimulating the activity of pathological systems or by 
interfering with the normal course of regulatory processes occurring in the organism.  
The risks of viral infection and T1D development correlate with the functional stability of 
the organism and its genetic and immune backgrounds. It is well known that morbidity 
from seasonal (especially, in the winter period) virus-borne infections correlates with very 
high incidence of autoimmune diseases including T1D. The reason is in shorter (in 
comparison with summertime) duration of the daylight period and, as a consequence, low 
level of vitamin D synthesis and increased morbidity from viral infections and autoimmune 
disorders. Additional support in favor of this hypothesis can be derived from much greater 
incidence of T1D in North European countries in comparison with Southern Europe.  

8.2 Bacterial infections as triggering factors of T1D 
Recent advances in immunologic research and numerous animal and human model studies 
shed new light on the role of enteric bacteria in triggering autoimmune reactions. It was 
shown, in particular, that certain bacteria (e.g., Bacteroides ovatus) induce diabetes in young 
children predisposed to T1D. The mechanisms whereby bacterial agents interfere with 
immune homeostasis and provoke diabetes are still poorly understood; it is known, 
however, that intestinal bacteria trigger autoimmune responses that initiate destructive 
insulitis. The strongest argument in favor of this viewpoint is an ever increasing (by 20% in 
comparison with control) number of affected individuals infected with sporadic variants of 
these bacteria. The extent of bacterial infection is especially apparent in young children 
whose autoimmune microbiome is the least stable and diversified. Continuous 
sophistication and diversification of the microbiome with ageing point to the decreasing role 
of bacteria in initiating diabetes in adult individuals. (Giongo et al., 2010)  

8.3 Nutritional factors  
For quite a long period of time, viruses were considered to be the only etiogenic external 
factors in T1D. Today, there is evidence that nutritional factors also play a role in T1D 
development. Although the pathogenetic mechanisms of the disease are not yet completely 
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understood, the role of T1D as one of the most essential links in the human immune system 
leaves no doubt, particularly with regard to its tolerance to food antigens. 
As a rule, tolerance to food antigens largely depends on peculiarities of local immune 
reactions whose functional role consists in suppression of immune responses formed under 
the influence of several factors, viz., (i) oral tolerance, (ii) controlled chronic inflammation 
(so-called "physiological inflammation") and (iii) local secretion of IgA.  
Disturbances in the coordinated functioning of these mechanisms stimulate the appearance 
of characteristic manifestations of food allergy. Measurements of blood plasma levels of Abs 
against various food antigens in patients with clinically confirmed T1D revealed high titers 
of IgA and IgG against cow’s milk Ags (bovine serum albumin, BSA), beta lactoglobulin, 
BLG) and some other food Ags, e.g., ovalbumin, OVA. It should be noted, however, that in 
this particular case we deal with the so-called abuse tolerance, which can hardly be 
compared to food allergies associated with high levels of circulating IgE. (Kohno et al., 2002; 
Luopajärvi et al., 2008)  

8.3.1 Nitrosamines  
There is a statistic association between nitrosamines and diabetes as can be judged from 
some biochemical data on destructive effects of nitrosamines on pancreatic Langerhans islet 
beta cells. In a statistical study, nitrosamine levels were determined in foods consumed by 
children under 14 at risk of diabetes. It was found that in children with low dietary 
nitrosamine levels the Odds Ratio (OR) was equal to 1.0 (cf. 1.7 OR and 2.6 OR in children 
with medium and high levels of dietary nitrosamine). (Dahlquist et al., 1990)  
Statistic analysis established a correlation between the quality and quantity of consumed 
food, on the one hand, and susceptibility for diabetes, on the other hand. However, this 
correlation is purely statistical, since biological, biochemical and immunological 
mechanisms responsible for this phenomenon demand further investigation and analysis. 
(Essien & Akpan, 2006)  

8.4 Age  
The growing tendency in the past decades is towards higher incidence of T1D in young people 
and children. In the first place, this is due to negative influences of environmental factors. The 
first peak of T1D is normally observed between the 4th and 6th years of life; the second peak is 
associated with hormonal transformations in the pubertal period (10–12 years).  
On the other hand, there exists a special form of diabetes termed as latent autoimmune 
diabetes in adults (above 30) (LADA). Its most characteristic features are moderate clinical 
manifestations and slow progression of the autoimmune process. The finding that 6% of 
patients with LADA carry protective haplotypes responsible for more slow progression and 
less severe (in comparison with IDDM1) manifestations of the disease indicates that LADA 
appears to be a more widespread form of diabetes than its classical form, viz., T1D. This and 
the aforementioned data emphasize the need for elaborating novel effective criteria and 
approaches to treatment of patients with diagnosed LADA. (Bermúdez et al., 2010)   

8.5 Gender 
Analysis of sex steroids revealed that clinical manifestations of many autoimmune diseases 
vary widely depending on the hormonal status of the organism, e.g., menstrual cycle, 
administration of oral contraceptives, etc. Pregnancy should also be included in this list. The 

Preclinical and Predictive Algorithms in Monitoring  
Patients with Autoimmune Diseases and Their Relatives-at-Risks 

 

211 

alternative hypothesis states that higher X-linked genetic predisposition of females to 
autoimmune diseases is a result of unbalanced X chromosome inactivation. The X-
inactivation skew theory was recently corroborated for dermatosclerosis and autoimmune 
thyroiditis. Yet another possible mechanism is small-scale exchange of cells between mother 
and fetus pregnancy.  
At the same time, the current views on the role of environmental factors in T1D are often 
diametrally opposite and many practitioners in medicine are inclined to think that the 
stably increasing incidence of this severe autoimmune disease is unrelated to external 
factors. For example, a mass-scale retrospective investigation was carried out in Saudi 
Arabia in the period between 1980–2009. In this study, 119 patients with T1D were 
divided into six groups depending on early clinical manifestations of the disease. There 
was no correlation between the impact of environmental factors and the incidence of T1D 
over a period of three decades.  

9. Medicaments as potential T1D inducers  
For many decades, it was believed that certain chemical substances including patented 
medicaments are harmful for the pancreas and provoke T1D. The mechanisms whereby 
chemical drugs exert their hazardous effects vary widely and are not clearly understood. 
Active drug components accumulated in body cells slow down the functional processes in 
different body tissues and organs and trigger pathological reactions, e.g., by providing 
tropism of certain pathogens or restructuring the systemic architectonics of body organs 
including the pancreas. The presence, in such active components, of sequestered or cryptic 
epitopes provokes negative phenomena, such as molecular mimicry. Not infrequently, 
medicinal drugs trigger a series of immunoregulatory and immunoeffector shifts, which 
culminate in immune disorders including autoimmune destruction of the pancreas.  

10. T1D and vaccination: Is there a correlation between them? The role of 
passive immunization in T1D development  
There exist quite a few hypotheses concerning the role of vaccination in triggering 
autoimmune diseases including T1D. This fact notwithstanding, only few instances proved 
to display a clearcut correlation between vaccination and development of autoimmune 
syndromes. (Ethan Rubinstein, 2004) In the meantime, heated discussions about association 
between autoimmune disorders and vaccination do not abate. Advocates of the 
“autoimmunization” hypothesis refer to recent flagrant global-scale spreading of 
autoimmune diseases with a particular on responsibility of children’s vaccines 
manufacturers. (Classen JB & Classen DC, 1999)  
There is evidence that T1D indeed develop in response to immunization. At the same time, 
in newborn infants vaccinated at the age of several months the incidence of T1D did not 
exceed the morbidity level in children immunized with a single vaccinating dose at the age 
of 2 years. (Karvonen et al., 1999) Mass-scale serial investigations carried out in the USA did 
not establish any associativity between these two events. Similarly, studies into the role of 
vaccination and vaccination timing as risk factors in childhood diabetes failed to establish a 
correlation between vaccination and the risk for autoimmune diseases. (DeStefano et al., 
2001; Blom et al., 2001)  
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11. Associativity between T1D and autoimmune diseases. Polyglandular 
autoimmune syndromes 
T1D is often concomitant with local or systemic autoimmune disturbances, which further 
progress to complex autoimmune diseases or polyglandular syndromes via the cross-
reactivity mechanism. By illustration, in many patients T1D is associated with autoimmune 
thyroiditis (24.5%/autoAbs vs 47.5%), celiac disease (1.4%/autoAbs to gliadin and IgA to 
tissue transglutaminase vs 18.7%), MS (0.5-2%/autoAbs vs 7%), Addison’s disease 
(1.4%/adrenal cortex autoAbs vs 0.7%), autoimmune gastritis (6.9-7.2%/parietal cell 
autoAbs vs 20.9%), etc. (Somers et al., 2009; Villano et al., 2009; De Block et al., 2006)  
Secondary autoimmune disorders associated with later steps of T1D have a number of 
specific features. Thus, autoimmune thyroiditis (AIT) (autoimmune polyglandular 
syndrome 3A version (APS3Av)) is diagnosed in 12-15% of T1D patients; its clinical 
manifestations correlate positively with age, gender (AIT is more frequent in females (8.6%) 
than in males (3.4%)), duration of T1D (mean age of AIT patients varies between 5 and 15 
years), serum levels of the thyroid-stimulating hormone (TSH), etc. Both diseases have a 
common familial hereditary background, but can also be present in a single individual 
suggesting a crucial role of genetic predisposition in the development of polyglandular 
syndromes. Furthermore, high incidence of AIT among first-degree relatives of T1D patients 
points to a significant contribution of genetic factors to immune system failures (see above). 
(Severinski et al., 2003; Hunger-Battefeld et al., 2009)  
Noteworthy, the predominant form of AIT in patients of both sexes is hypothyroidism 
(8.1%), but in males with anti-thyroid Abs AIT is prevalent (85.7% vs 37.5% in females). the 
total incidence of hypothyroidism in T1D patients with anti-thyroid Abs is 52.2%. The 
interval between the onset of T1D and the appearance of first clinical manifestations of AIT 
varies from one year to 5–6 years, while the first thyroid autoAbs appear in the period 
between 6 months and 5–3 years before the onset of the disease. Blood sera of patients with 
APS3Av (AIT and T1D) (Hunger-Battefeld et al., 2009) contain circulating anti-thyroid 
peroxidase and anti-thyroglobulin Abs emerging soon after emergence of GADA (10% and 
8% of cases, respectively); more than 6% of such patients contain both types of autoAbs. As 
mentioned earlier in this chapter, MS is also associated with T1D. In this case, morbidity 
from MS among male patients exceeds that in females nearly fourfold (2% vs. 0.5%). 
According to statistic reports, non-diabetic sisters run five times higher risks for MS than 
other cohorts of the general population. Consequently, adult females with T1D can be 
assigned to the highest risk group for associated autoimmune disorders (e.g., MS). (Bussone 
et al., 2009; Otto-Buczkowska et al., 2009)  
The association between T1D and RA is not so apparent as in the case of T1D and MS. In 
depth studies established that about 13% of patients whose first-degree relatives suffer from 
T1D have clinical signs of RA. According to other authors, no such linkage does not exist. 
(Hakala et al., 1992)  
Based on these findings, we can state with assurance that T1D increases the risk for 
autoimmune disorders through triggering the formation of autoimmune clusters and 
polyglandular autoimmune syndromes. As a rule, circulating autoAbs begin to appear in 
the blood serum as early as several years before the development of severe secondary 
disorders and absolute clinical manifestations of the disease. The genetic data provide the 
physician with a broad spectrum of autoimmune diseases that are likely to develop in 
patients with T1D. Time-lapse monitoring of patients’ blood sera not only affords reliable 
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dynamic control over disease progression, but also enables the physician to estimate the 
efficiency of ongoing therapy, to search for early-stage biomarkers for diagnosing secondary 
autoimmune disorders and, last but not least, to implement adequate preventive and 
curative treatment.  

12. Multiple Sclerosis (MS) 
12.1 State-of-art models of multiple sclerosis 
Multiple sclerosis (MS), a remitting and relapsing autoimmune disease of the central 
nervous system (CNS), represents a generalized degenerative inflammatory process. Its 
main causative factors are demyelination, degradation of oligodendrocytes and 
degeneration of axons.  
The clinical course of MS includes three stages, viz., the preclinical stage, the autoimmune 
inflammation stage and the neurodegeneration stage. Some basically important targets 
(including gene-oriented ones) emerging in the course of MS evolution can be used in the 
design of novel preclinical diagnostic tools. Expression of gene products including 
functionally important transcripts is currently employed in the design of proteomes. The use 
of these constructs (commonly referred to as diagnostic microchips) as early as at the 
preclinical pathology stage allows multifarious manipulations with specific targets in the 
course of immune attacks. Impaired structure of the myelin sheath (demyelination) and 
degradation of axons take place at the very earliest stages of preclinical MS, i.e., long before 
the clinical onset of the disease. This generates a need for innovative preclinical diagnosis 
protocols and, in a more distant perspective, preventive treatment of MS. In this context, 
genetic tests acquire special importance as valuable analytical tools for predicting and 
estimating risks in MS. In terms of present-day classifications, the genes supporting 
predisposition to MS are divided into three main groups, viz., immune system genes (DRB1, 
OPN, CD44, CD24, CCR5-Δ32), myelin metabolism genes (MBP, CTLA4, ICAM1) and 
cytokins (TGFβ1, TNF). AutoAbs to the basic protein of myelin are amont the key 
autoaggression markers for demyelination-related pathologies. Some of these Abs have 
functional resources of their own, e.g., proteolytic activity towards the Ag substrate. The 
dynamics of Abs spectra in patients with MS reflect etiogenic peculiarities of MS evolution. 
It is now well established that pre-early stages of MS are accompanied by the appearance of 
specific Abs against two categories of determinants, viz., mimicking and myelin epitopes. 
After termination of the preclinical phase, serum titers of mimicking Abs show a tendency 
to decrease, while those of antimyelin and antineural autoAbs increase in contrast. This 
upward trend points to escalation of antitissue autoaggression and formation of a typical 
clinical picture of the disease including a complete set of clinical and serological criterial 
features of PIFAS. Early emergence and long persistence of antimyelin autoAbs in MS 
patients points to a correlation between serum positivity and duration of the disease. 
(Sepiashvili et al., 2010; Martynov et al., 2010) 

13. Aortic aneurisms 
Aortic aneurisms (AA) are related to the category of socially important diseases involving a 
high risk for lethality. Its main causal factors are degradation of elastin (e.g., by proteases), 
pronounced structural changes in medial smooth muscle cells (SMC), aortic vasculature 
atrophies and formation of the preclinical pathological syndrome. The main clinically 
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important causes of AA established thus far can be presented as follows: (i) genetic 
predisposition and hereditary diseases affecting the molecular architectonics of connective 
tissue (e. g. Marfan’s syndrome); (ii) atherosclerosis and arterial hypertension. Very often, AA 
is associated with atherosclerosis, especially, in patients of senior age groups. Male gender, 
smoking, carriage of specific infectious pathogens (herpes simplex virus, cytomegalovirus, Chl. 
pneumonia, syphilis and tuberculosis pathogens) also play a role in the pathogenesis of AA.  
Long duration of the preclinical stage (aortal dilation to the critical level) in patients with AA 
provides the physician with a unique opportunity to break the pathogenetic linkage and 
thus to arrest the further progression of the disease on going from the preclinical to the 
clinical stage.  
It is more expedient to perform preclinical screening in three steps in full conformity with 
prenosological diagnostic protocols. (i) identification of blood serum levels of biomarkers in 
the form of so-called serodiagnostic packages (matrix metalloproteinases (MMP), cystatin С, 
osteoprotegerin (OPG), soluble fractions of elastin (SFE) and heavy chains of myosin 
(HCM), antibodies against Ch. pneumonia, CMV and HSV). These biomarkers are used as 
diagnostic package components and allow maximally accurate diagnosis and, which is no 
less important, estimation of lesion size even at the preclinical stage; (ii) MRT or contrasting 
CT scanning angiography for identifying exact location of dilated vessels, viz., topological 
sites in the vascular network responsible for hypersecretion of specific biomarkers; (iii) 
biopsy of the dilated portion of the aorta containing a suspected aneurism followed by 
morphological, immunogenetic and molecular-biological testing of bioptats. This procedure 
is highly invasive and its implementation is not recommended in the absence of positive 
results in the first two steps. If the dilated portion of the aorta cannot be visualized directly 
and the first-step tests give positive results, screening for biomarkers must be repeated after 
a period of several months. If positive results are obtained from serological doublet tests, 
MRT or CT angiography must be conducted to the required extent.  
Early (preclinical) diagnosis holds especially great promise being the most efficient step in 
prophylactic and preventive treatment of AA. The uniqueness and high therapeutic 
potentials of preclinical diagnosis combined with low invasiveness of the nonsurgical 
approach and design, on its basis, of more advanced diagnostic protocols opens up fresh 
opportunities for the development of rationalized and practicable innovative technologies as 
a breakthrough in cardio- and angiosurgery. Prospective analysis of clinical utility of 
targeted therapy as a tool for preventive (preoperative) treatment and/or postsurgical 
angiorehabilitation will also make the subject of future investigations. 

14. Rheumatic diseases 
In considering the role of pathogenetic factors in rheumatoid arthritis (RA), systemic lupus 
erythematosus (SLE) and ankylosing spondylitis (AS), special emphasis should be laid on 
risk genes and the extent to which they overlap. 
According to GWA data, the contribution of MHC to RA risk can approximately be 
estimated as 30%, HLA-DRB1 alleles (e.g., DRB1*0401 with OR of 3) being critical for RA. 
Additional loci essential for estimating RA risks were identified by high-density genotyping 
as HLA-DP in patients with anticyclic citrullinated peptide antibodies, (HLA-
DR2(DRB1*1501)) and DR3 (DRB1*0301) alleles in the MHC class II region with Ors of 2, risk 
variants in the MHC class III cluster encoding the TNF gene and the C2 complement 
components C4A and C4B.  
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Other loci in the MHC class III region associated with SLE include: the SKIV2L gene 
encoding the superkiller viralicidic activity of a 2-like protein, the PTPN22 gene, TNFAIP3 
and TRAF1-C5 loci (TNF-associated signalling pathway genes), Integrin-α-M (ITGAM), 
STAT4, IL23R and a number of other genes.  

15. Conclusion 
In-depth studies into pathogenesis and etiogenesis of autoimmune diseases and discovery 
of reliable biomarkers for diagnosing various pathological conditions provide a way for 
predicting, with a sufficiently high degree of probability, the risk of relapses and 
exacerbations and possible clinical manifestations of the disease. In its turn, considerable 
recent progress in medical science (in medical genetics, bionanomedicine and 
bioinformatics, in particular) provides a clue to the design of advanced protocols for 
preclinical screening of patients. The construction of individual genetic maps with special 
reference to familial predispositions and time-lapse monitoring of risk groups for 
pathomorphological markers have one common goal, viz., to collect information for early 
implementation of preventive and therapeutic intervention strategies. Moreover, dynamic 
control over functional activities of different body organs and tissues on the basis of well 
established and validated proteomic and metabolomic data enables early prediction of 
exacerbations and complications and implementation of preventive therapy. The latter is 
based on the use of state-of-art pharmacological protocols and, if surgical correction is 
required, of the most recent advances in transplantation and regenerative medicine.  
Considerable improvement and wide-scale application of preclinical diagnosis algorithms 
and preventive treatment protocols for routine clinical application are among the most 
topical problems in today’s medical practice. More urgent strategies are aimed at 
compensating structural and functional deficiencies of damaged organs and fragments 
thereof. In genetic studies combined with early detection of minor lesion foci and analysis of 
immune, proteomic and metabolomic disturbances open up new vistas for social welfare 
with the ultimate goal to improve current standards of public health care at large. 
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1. Introduction 
Autoimmune diseases comprise a wide variety of systemic or organ-specific inflammatory 
diseases, characterized by aberrant activation of immune cells that target self tissues due to 
misrecognizing tissue-derived proteins as foreign antigens (Hueber and Robinson, 2006; 
Prince, 2005). The prevalence of autoimmune diseases is approximately 2,000 ~ 3,000 per 
100,000, although the prevalence varies depending on the diseases, ethnic groups and 
regions (Prieto and Grau, 2010). The etiology and exact pathogenesis of autoimmune 
diseases remain poorly understood. However, both genetic factors and environmental 
triggers are profoundly involved in the pathogenesis of autoimmune diseases. Notably, 
clinical manifestations of autoimmune disease may be different among patients, even 
though they have the same diagnosis, depending on the affected organs of each patient. 
Therefore, careful evaluation of the clinical manifestations combined with the examination 
of laboratory tests is required for proper diagnosis of autoimmune diseases and subsequent 
monitoring of the disease activity during therapy. In addition, therapeutic choices for these 
diseases have been limited so far and conventional therapeutics include non-steroidal anti-
inflammatory drugs (NSAID), glucocorticoids, cytotoxic drugs and disease modifying anti 
rheumatoid drugs (DMARDs). For these reasons, autoimmune diseases have been 
considered to be intractable and the goal of the treatment is to control disease activity rather 
than to achieve remission or cure.  
Recently, however, the advent of biological agents has led to the marked improvement in 
the treatment of rheumatoid arthritis (RA) and other inflammatory autoimmune diseases. 
These agents greatly contribute to improve health-related quality or daily life of patients 
with autoimmune diseases (Han et al., 2007; Keystone et al., 2008; Laas et al., 2009; Strand 
and Singh, 2007). Nevertheless, biological agents are not effective for all patients with 
autoimmune diseases and current biomarkers are not helpful to select an effective biological 
agent for individual patients. In addition, conventional inflammatory biomarkers are often 
inadequate to evaluate the disease activity in patients treated with biological agents. Thus, 
there is a growing need for the development of new biomarkers that can predict individual 
treatment response before starting biological therapy and evaluate the disease activity and 
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1. Introduction 
Autoimmune diseases comprise a wide variety of systemic or organ-specific inflammatory 
diseases, characterized by aberrant activation of immune cells that target self tissues due to 
misrecognizing tissue-derived proteins as foreign antigens (Hueber and Robinson, 2006; 
Prince, 2005). The prevalence of autoimmune diseases is approximately 2,000 ~ 3,000 per 
100,000, although the prevalence varies depending on the diseases, ethnic groups and 
regions (Prieto and Grau, 2010). The etiology and exact pathogenesis of autoimmune 
diseases remain poorly understood. However, both genetic factors and environmental 
triggers are profoundly involved in the pathogenesis of autoimmune diseases. Notably, 
clinical manifestations of autoimmune disease may be different among patients, even 
though they have the same diagnosis, depending on the affected organs of each patient. 
Therefore, careful evaluation of the clinical manifestations combined with the examination 
of laboratory tests is required for proper diagnosis of autoimmune diseases and subsequent 
monitoring of the disease activity during therapy. In addition, therapeutic choices for these 
diseases have been limited so far and conventional therapeutics include non-steroidal anti-
inflammatory drugs (NSAID), glucocorticoids, cytotoxic drugs and disease modifying anti 
rheumatoid drugs (DMARDs). For these reasons, autoimmune diseases have been 
considered to be intractable and the goal of the treatment is to control disease activity rather 
than to achieve remission or cure.  
Recently, however, the advent of biological agents has led to the marked improvement in 
the treatment of rheumatoid arthritis (RA) and other inflammatory autoimmune diseases. 
These agents greatly contribute to improve health-related quality or daily life of patients 
with autoimmune diseases (Han et al., 2007; Keystone et al., 2008; Laas et al., 2009; Strand 
and Singh, 2007). Nevertheless, biological agents are not effective for all patients with 
autoimmune diseases and current biomarkers are not helpful to select an effective biological 
agent for individual patients. In addition, conventional inflammatory biomarkers are often 
inadequate to evaluate the disease activity in patients treated with biological agents. Thus, 
there is a growing need for the development of new biomarkers that can predict individual 
treatment response before starting biological therapy and evaluate the disease activity and 
therapeutic efficacy during therapy. In this chapter, we first outline the clinical usage and 
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current understanding of biological agents for the treatment with autoimmune diseases and 
then describe our attempt to identify new biomarkers in autoimmune diseases by taking 
advantage of a new proteomic approach.  

2. Biological agents for the treatment of autoimmune diseases 
2.1 Biological agents for autoimmune therapy in clinics 
The immune response is a highly coordinated process and involves complex interactions of 
diverse molecules including cytokines and various cell types such as lymphocytes (Figure 
1). Dysregulation in immune response such as overproduction of cytokines and aberrant 
activation of immune cells is implicated in autoimmune disorders. Therefore, these 
molecules and/or cells involved in immune response have been targeted to develop 
therapies in autoimmune disorders (Figure 1).  
 

 
This figure summarizes the cellular interactions in the pathogenesis of RA and the interaction among 
antigen presenting cells (APCs), T cells, B cells, macrophages, hematopoietic cells (neutrophil, mast cell) 
and nonhematopoietic cells (fibroblast, connective tissue cell, and bone). These interactions are 
facilitated by the actions of cytokines released from the activated cells then induce the production of 
other pro-inflammatory and inflammatory cytokines, which contribute to the pathogenesis of RA. Also, 
this figure shows therapeutic biological agents proved as a RA treatment (Brennan and McInnes, 2008; 
McInnes and Schett, 2007). 

Fig. 1. An overview of the pathogenesis of rheumatoid arthritis (RA) and the cytokine targets.  
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Every biological agent used in clinics today has its own specific targets and can be grouped 
as follows according to its aims: 1) tolerance induction, 2) inhibition of MHC, antigen, and T 
cell receptor interaction, 3) Inhibition of cellular function and cell-cell interaction, 4) 
Interference with cytokines, 5) apoptosis (Table 1). Among them, the anticytokine biological  
 

                       
Table 1. Summary of biological agents 
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agents that suppress the action of proinflammatory cytokines such as TNF, IL-1 and IL-6 are 
well-known and widely used in clinics. These agents were developed as therapies in RA and 
recommended for the treatment of patients whose disease does not respond to conventional 
therapies (Gomez-Reino and Carmona, 2006). RA patients treated with the anticytokine 
biological agents show dramatic improvement of their clinical symptoms and the levels of 
inflammatory biomarkers such as C-reactive protein (CRP) and erythrocyte sedimentation 
rate (ESR). Subsequently, these agents have been applied to the treatment of other 
inflammatory autoimmune diseases and have had a significant impact on patients’ 
prognosis and survival (Andreakos et al., 2002; Efthimiou and Markenson, 2005; Maini et al., 
2006; Nishimoto et al., 2009; Yokota et al., 2008).  
However, it has been reported that substantial numbers of patients with autoimmune 
diseases still do not respond to one or more anticytokine biological agents. Among 
biological agents, TNF inhibitors have been extensively investigated with regard to the 
frequency of inadequate responders (Launois et al., 2011; Lovell et al., 2008; Maini et al., 
2006; Yokota et al., 2008), because anti-TNF antibodies were the first agents approved as the 
therapy of RA. For example, 20~40 % of patients treated with a TNF inhibitor failed to 
achieve an improvement of 20 % in American College of Rheumatology criteria (Emery et 
al., 2008; Rubbert-Roth and Finckh, 2009). More patients lose efficacy during therapy, as 
shown by a report that 21 % of RA patients initially treated with etanercept no longer 
receive this therapy after 24 months (Feltelius et al., 2005).  
Recently, patients who had an inadequate response or adverse events with one anticytokine 
agent are often treated with another biologic agent (Gomez-Reino and Carmona, 2006; Hyrich 
et al., 2007; Karlsson et al., 2008; Rubbert-Roth and Finckh, 2009). In the case of the treatment 
failure with the first TNF inhibitor, one survey reported that over 94 % of practicing 
rheumatologists in the United States of America have switched from one TNF inhibitor to 
another (Yazici et al., 2009). Interestingly, while some surveys reported that the efficiency of 
second TNF inhibitors is less than that of the first TNF inhibitor (Gomez-Reino and Carmona, 
2006; Hyrich et al., 2007; Karlsson et al., 2008; Rubbert-Roth and Finckh, 2009), a large cohort 
study from the UK revealed that patients who switched their therapy from an initial TNF 
inhibitor continued to receive the second TNF inhibitor for mean length of 6 months and only 
16 % of patients stopped it again due to poor response (Hyrich et al., 2007). This observation 
indicates that biological agents that share the common target do not always show the same 
effect on patients. One reason for the inefficacy of the first TNF inhibitor but not of the second 
one is the development of neutralizing antibody against the first agent, which may not 
interfere with the action of the second TNF inhibitor. Nevertheless, this observation also raises 
the possibility that these agents may have their own mode of action. Supporting the latter 
notion, there are differences in the efficacy between TNF inhibitors depending on diseases 
(Ackermann and Kavanaugh, 2007; Nash and Florin, 2005; Ramos-Casals et al., 2008; Sfikakis 
et al., 2007; Triolo et al., 2002; Veres et al., 2007). For example, while anti-TNF antibodies are 
effective for both RA and Crohn’s disease, TNF receptor-Fc fusion protein (TNFR-Fc) is 
effective for RA but not for Crohn’s disease.  
The other treatment option after the failure with TNF inhibitors is to switch from TNF 
inhibitors to other biological agents with different targets. The Abatacept Trial in Treatment of 
Anti-TNF INadequate responders (ATTAIN) study investigated the effect of abatacept 
(CTLA4-Ig), an inhibitor of T cell co-stimulatory signal, on patients with active RA and an 
inadequate response to previous anti-TNF therapy. At 6 months, the ACR20 response rate was 
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50.4% in the abatacept group versus 19.5% in the placebo group and sustained improvements 
in ACR responses were achieved after 2 years of threatment with abatacept (Genovese et al., 
2005; Rubbert-Roth and Finckh, 2009). In Randomized Evaluation of Long-Term Efficacy of 
Rituximab in RA (REFLEX) trial, B cell-depleting anti-CD20 antibody, rituximab, was 
administered to active RA patients with an inadequate response to TNF inhibitor. Among 208 
patients treated with rituximab, 51 % of patients achieved an ACR20 response compared to 18 
% of patients treated with placebo (Cohen et al., 2006). In addition, the patients treated with 
rituximab, by themselves, reported clinically meaningful and statistically improvements of 
pain, functional disability, and health-related quality of life (Keystone et al., 2008).  
Recently, the Research on Actemra Determining efficacy after Anti-TNF failures (RADIATE) 
study examined the efficacy and safety of anti-IL-6 receptor (IL-6R) antibody, tocilizumab, 
in patients with active RA who had failed TNF inhibitor. Especially, 50.0 % of patients 
treated with tocilizumab at the 8 mg/kg of dose achieved ACR20 as well as rapid and 
sustained improvement of RA symptoms compared to 10.1 % of patients treated with 
placebo achieved ACR20 (Emery et al., 2008) (Figure 2). These findings are in accordance 
with the supposition that biological agents targeting different molecules have distinctive 
mechanism of action and show different effects on patients. 
 

 
The second biological agents with other mechanisms with TNF inhibitors such as abatacept, rituximab 
and tocilizumab were used for patients who failed to initial TNF inhibitors. Bars show percentages of 
patients achieving a response according to the American College of Rheumatology 20% improvement 
criteria (ACR20), 50% improvement criteria (ACR50), and 70% improvement criteria (ACR70). The 
ACR20, ACR50, ACR70 responses in patients treated with abatacept, rituximab and tocilizumab were 
significantly higher than patients treated with placebo (p<.001, *p=.003).  

Fig. 2. Responsiveness of treatment with the second biological agents in the patients with 
RA refractory to initial TNF inhibitors.  
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2.2 Biological therapeutic agents tested in animal models of autoimmune disorders 
The analyses on murine disease models have contributed greatly to gain insight into 
pathogenesis and therapeutic strategy of autoimmune disorders. These models are also 
useful to clarify the detailed mechanisms of action of biological agents. We have recently 
investigated several disease models and reveled that anticytokine biological agents have 
different mechanism of action and show different effects on clinical manifestations of 
disease models (Fujimoto et al., 2008; Terabe et al., 2011).  
We analyzed the effect of two anticytokine agents, anti-IL-6R monoclonal antibody (mAb) 
and TNFR-Fc, on collagen-induced arthritis (CIA), a murine model of human RA (Fujimoto 
et al., 2008). In accordance with the pivotal proinflammatory role of IL-6 and TNF in this 
arthritis model, both agents could inhibit the development of arthritis. However, while anti-
IL-6R mAb potently inhibited the differentiation of Th17 cells, a highly inflammatory subset 
of T helper cells, TNFR-Fc exhibited no effect on Th17 cells. This observation suggests that 
these two agents have different action points: IL-6 blockade acts on initial phase of adoptive 
immune response and regulates T helper cell differentiation, whereas TNF inhibitors act 
much later, presumably at inflamed sites. Our study also suggests that IL-6 inhibitors may 
be applicable to other Th17-related autoimmune diseases. Indeed, anti-IL-6R mAb 
suppressed disease in a murine model of multiple sclerosis via the inhibition of Th17 cell 
differentiation  (Serada et al., 2008). The different modes of action in anti-IL-6R mAb and 
TNF inhibitors may explain the difference in their efficiency in a murine model of 
uveoretinitis. Anti-IL-6R mAb treatment had a significant protective effect in experimental 
autoimmune uveoretinitis (EAU) mice, but either TNFR-Fc or anti-TNF mAb treatment did 
not (Hohki et al., 2010). Interestingly, in the EAU model, anti-IL-6R mAb not only 
suppressed Th17 cell differentiation but also suppressed autoantigen-specific Th1 cells via 
the generation of induced regulatory T cells, supporting the notion that IL-6 inhibitors act on 
initial phase of adoptive immune response (Haruta et al., 2011).  
Confusingly, biological agents may act differently on different autoimmune diseases. 
Indeed, anti-IL-6R mAb and anti-TNF mAb, but not TNFR-Fc exerted similar effect on a 
murine inflammatory bowel disease (IBD) model (Terabe et al., 2011). This model is a T cell 
dependent colitis and is induced by the transfer of purified naïve CD4 T cells into 
lymphopenic mice. Both anti-IL-6R mAb and anti-TNF mAb successfully inhibited colitis, 
whereas TNFR-Fc did not show any protective effect on colitis. In addition, anti-IL-6R mAb 
and anti-TNF mAb could comparably inhibit the expansion of colitogenic T cells in this 
model, although like in other models, anti-IL-6R mAb additionally could modulate the 
profile of T helper cell differentiation (Terabe et al., 2011). Thus, anti-IL-6R mAb and anti-
TNF mAb may share a similar mode of action in the inhibition of IBD. It is also notable that 
TNFR-Fc failed to inhibit inflammation in this colitis model (Terabe et al., 2011). Similar 
discrepancy in the effect of anti-TNF mAb and TNFR-Fc has been observed in human IBD. 
Many mechanisms have been proposed so far to explain the difference of action between 
these two agents. For example, anti-TNF mAb binds not only to soluble TNF-α, but also to 
membrane-bound TNF-α, leading to the induction of antibody-dependent and complement 
dependent cytotoxicity (Maini, 2004). The anti-TNF mAb may also have more capacity than 
TNFR-Fc to induce apoptosis via reverse signaling with cross-linking by binding firmly to 
transmembrane TNF(Terabe et al., 2011). Nevertheless, these hypotheses are still 
controversial and it remains to be explained why anti-TNF mAb and TNFR-Fc have 
differential effectiveness in some autoimmune diseases such as Crohn’s disease. We believe 
that further study on this murine IBD model is useful for elucidation of this issue.  
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3. Biomarkers 
3.1 A need for new biomarkers in the era of biological agents 
Given the difference in mechanism and therapeutic effect of each biologic agent, it is 
desirable to select an effective biological agent on each patient before initiating therapy or 
after failure of the initial therapy. However, no reliable guidance is available at present for 
the selection of biological therapies. There is a growing need for the development of 
biomarkers that predict individual treatment response before therapy.  
In addition, in patients treated with biological agents in whom immune response is 
substantially suppressed, conventional laboratory biomarkers such as CRP and ESR do not 
always reflect disease activity. In particular, since serum CRP is primarily dependent on 
liver by circulating IL-6, CRP is unable to reflect disease activity in patients treated with IL-6 
inhibitors. Moreover, conventional markers may also be inadequate for the detection of 
inflammation unrelated to original diseases. In RA patients after joint surgery, anti-IL-6R 
mAb tocilizumab completely suppressed the increase in CRP and partially suppressed the 
rise in body temperature (Hirao et al., 2009). More importantly, biological agents may mask 
typical symptoms of bacterial infection and inhibit the elevation of serum biomarkers. 
Indeed, RA patients treated with tocilizumab did not present characteristic clinical 
symptoms and typical elevation of serum CRP after bacterial pneumonia and septic shock 
(Fujiwara et al., 2009). Even without biologic treatment, current inflammatory biomarkers 
are not useful to distinguish infection from flares of autoimmune diseases. This is an 
important issue in clinical settings, because therapeutic strategies for infection and disease 
flares are completely opposite. Infection must be treated primarily with antibiotics and 
discontinuation of biological agents should be considered. In contrast, disease flares should 
be treated intensively with the same or alternative biological agents. Thus, new biomarkers 
are needed for the detection and discrimination of inflammation by either infection or 
disease flares.  
Even after the successful repression of disease with biologic therapies, it remains unknown 
yet whether biological agents can be terminated safely without disease recurrence. 
Therefore, a biomarker that indicates clinical remission or cure of autoimmune diseases is 
helpful to determine the timing to stop biological agents.  
Collectively, the development of a number of novel biomarkers, such as those that can help 
to select biological agents before therapy, can precisely evaluate disease activity and 
therapeutic effect during the therapy or can instruct the timing of therapy completion after 
achievement of remission, are warranted for the appropriate clinical management of 
patients receiving biological therapies. 

3.2 Serum proteome analysis using the new technology iTRAQ 
The pathogenesis of autoimmune diseases involves alterations in the expression of genes 
that control pathways regulating self tolerance. However, gene transcripts may not 
faithfully reflect their protein levels. In addition, post-translational modifications are not 
amenable to the study of transcriptional profiling (Hueber and Robinson, 2006). Recently, 
there has been the remarkable improvement of the proteomic approaches as represented by 
the development of sophisticated methods of protein sample preparation and the 
improvement of the sensitivity, accuracy and resolution in mass spectrometer. Therefore, 
direct proteomic measurement may provide greater utility for the discovery of new 
biomarkers monitoring autoimmune diseases in the post genomic era. Current efforts to 
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identify autoimmune disease biomarkers have focused on three groups of proteins reflective 
of the autoimmune disease process. These groups include 1) degradation products arising 
from destruction of the affected tissues, 2) enzymes that play a role in tissue degradation, 
and 3) cytokines and other proteins associated with immune system activation and the 
inflammatory response (Prince, 2005). Recent proteomics technologies have enabled us to 
screen these markers from proteins extracted from tissues and sera from patients (Hueber 
and Robinson, 2006). Accordingly, there are many proteomic studies that analyzed protein 
profiles and searched new biomarkers in autoimmune diseases (Dwivedi et al., 2009; 
Ferraccioli et al., 2010; Ling et al., 2010; Serada et al., 2010; Takeuchi et al., 2007). 
The quantitative proteome analysis by mass spectrometry (MS) usually involves differential 
isotope labeling of proteins and peptides metabolically, enzymatically or chemically using 
 

 
In a single experiment of iTRAQ analysis, 4 to 8 samples differentially labeled with iTRAQ reagents can 
be quantitatively analyzed by mass spectrometry (this figure shows a four-plex reagent experiment). 
First, proteins extracted from cells, tissue and/or body fluid such as blood are reduced, alkylated and 
digested with trypsin. Second, obtained peptides in each sample are labeled with each iTRAQTM 
reagent at N-terminal amino group or epsilon amino group from lysine. The iTRAQ tags are isobaric 
and the labeling with iTRAQ reagents results in the uniform increase in molecular weight of peptides in 
every sample. After labeling, samples are mixed into one tube and analyzed by liquid chromatography-
tandem mass spectrometry (LC-MS/MS). Mass spectrometry is performed by full scan MS, followed by 
MS/MS spectra of peptides. In MS/MS spectra, iTRAQ tag-specific reporter ions (114.1, 115.1, 116.1, 
117.1 in the figure) are detected in low m/z region, and these reporter ion intensities represent the 
abundance of the peptide from each sample. Peptide sequence information is obtained from high m/z 
region of MS/MS spectra and the protein is identified by database search after comparing obtained 
MS/MS spectra with theoretical MS/MS spectra in the database. Usually, candidate biomarker proteins 
obtained by iTRAQ analysis are further verified by other methods such as ELISA analysis. 

Fig. 3. Flowchart of iTRAQ analysis 
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external reagent tags. These methods address some of the limitations faced in traditional 
gel-based proteomic approaches. However, these approaches still suffer from some 
limitations such as inability to multiplex and to quantify zero protein expression level. In 
contrast, a novel quantitative proteomic technology, isobaric tagging of peptides enable 
simultaneous identification and quantification of peptides by tandem MS and permit 
parallel proteome analysis of more than two samples (Aggarwal et al., 2006).  
The isobaric tags for relative and absolute quantitation (iTRAQ), which is one such method 
commercialized, uses four amine specific isobaric reagents to label the primary amines of 
peptides from four to eight different biological samples. The labeled peptides from each 
sample are mixed, separated using two-dimensional liquid chromatography and analyzed 
using MS and tandem mass spectrometry (Figure 3). The isobaric tagging strategy provides 
multiple independent measures of the relative abundance of a protein. The capability of 
iTRAQ for protein quantitation has been verified by analyzing standard mixtures of 
proteins of known proportions (Aggarwal et al., 2006). The iTRAQ approach has now been 
successfully used to identify and quantify the proteins in variety of prokaryotic and 
eukaryotic samples (Aggarwal et al., 2006; Cong et al., 2006; DeSouza et al., 2005; Dwivedi et 
al., 2009; Hardt et al., 2005; Zhang et al., 2005).  

3.3 Leucin-rich-α-2 glycoprotein as a novel biomarker 
We reported for the first time that the iTRAQ technology is applicable to identify novel 
biomarkers in sera from patients with autoimmune diseases (Serada et al., 2010). Before we 
publish our results, a study was published and reported the serum proteome of RA patients 
treated with anti-TNF mAb therapy. They provided evidence that iTRAQ strategy can be 
used to obtain quantitative data that reflect changes in the serum proteome after targeted 
therapeutic interventions (Dwivedi et al., 2009).  
We used iTRAQ technology to obtain profiles of serum proteome in RA patients before and 
after TNF inhibitor treatment. We then listed serum proteins that declined remarkably after 
treatment. Our strategy was verified by the detection of familiar biomarkers including CRP 
and serum amyloid A (SAA) as reduced serum proteins after treatment. Among the 
candidate proteins that declined after therapy, we focused on an uncharacterized protein 
called leucine-rich-α-2 glycoprotein (LRG) and examined further on this protein using other 
methods such as Western blot and ELISA. Indeed, taking advantage of ELISA analysis of 
many serum samples from RA patients, we found that serum levels of LRG significantly 
declined after therapy with TNF inhibitors and correlate well with disease activity of RA 
patients. In addition, LRG levels were significantly high in patients with other autoimmune 
diseases such as Crohn’s disease and Behcet disease. As expected, the LRG correlated well 
with a conventional biomarker CRP in patients with these autoimmune inflammatory 
diseases. Interestingly, however, while CRP correlated with serum IL-6 levels, LRG did not. 
In accordance with this, in some Crohn’s disease patients with active disease, CRP levels 
remained low but serum LRG concentrations were significantly elevated. Thus, LRG 
exhibits similarity with CRP but also has a unique property. Moreover, because serum LRG 
concentrations of Crohn’s disease patients before starting therapy were higher in the non-
responders to anti-TNF therapy than in the responders, LRG may predict therapeutic 
responses to TNF inhibitors in Crohn’s disease patients (Serada et al., 2010).  
Until now, LRG has been reported to be expressed by liver cells and neutrophils, and 
regulated by multiple factors and produced at local inflammatory sites. According to the 
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external reagent tags. These methods address some of the limitations faced in traditional 
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contrast, a novel quantitative proteomic technology, isobaric tagging of peptides enable 
simultaneous identification and quantification of peptides by tandem MS and permit 
parallel proteome analysis of more than two samples (Aggarwal et al., 2006).  
The isobaric tags for relative and absolute quantitation (iTRAQ), which is one such method 
commercialized, uses four amine specific isobaric reagents to label the primary amines of 
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multiple independent measures of the relative abundance of a protein. The capability of 
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publish our results, a study was published and reported the serum proteome of RA patients 
treated with anti-TNF mAb therapy. They provided evidence that iTRAQ strategy can be 
used to obtain quantitative data that reflect changes in the serum proteome after targeted 
therapeutic interventions (Dwivedi et al., 2009).  
We used iTRAQ technology to obtain profiles of serum proteome in RA patients before and 
after TNF inhibitor treatment. We then listed serum proteins that declined remarkably after 
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and serum amyloid A (SAA) as reduced serum proteins after treatment. Among the 
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called leucine-rich-α-2 glycoprotein (LRG) and examined further on this protein using other 
methods such as Western blot and ELISA. Indeed, taking advantage of ELISA analysis of 
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declined after therapy with TNF inhibitors and correlate well with disease activity of RA 
patients. In addition, LRG levels were significantly high in patients with other autoimmune 
diseases such as Crohn’s disease and Behcet disease. As expected, the LRG correlated well 
with a conventional biomarker CRP in patients with these autoimmune inflammatory 
diseases. Interestingly, however, while CRP correlated with serum IL-6 levels, LRG did not. 
In accordance with this, in some Crohn’s disease patients with active disease, CRP levels 
remained low but serum LRG concentrations were significantly elevated. Thus, LRG 
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previous reports, it seems that LRG is not a unique biomarker in autoimmune disease but 
rather is a generalized inflammatory biomarker, because serum LRG levels are reported to 
be increased in patients with bacterial infection and several types of cancers. Nevertheless, 
serum LRG satisfies the condition of an inflammatory biomarker in the point that its 
concentration is high at diagnosis, correlated well with disease activity and is a possible 
predictor of the responsiveness to biological agents. For these reasons, serum LRG is a novel 
inflammatory biomarker potentially surrogate for CRP. Further studies are in progress in 
our laboratory to determine the pathophysiological function of LRG and the clinical benefit 
of LRG measurement.  

4. Conclusion 
Autoimmune diseases including RA are not only rare but also difficult to treat. In the 
clinical field, biological agents have emerged as attractive therapeutic options for these 
diseases, because of their rapid and/or dramatic effectiveness to intractable diseases. 
However, biological agents are expensive and their usage is occasionally accompanied with 
severe adverse effects such as immunosuppression and fatal infection. To maximize the 
therapeutic potential and to minimize the adverse effects of biological agents, novel 
biomarkers are required for the selection of agents, monitoring of the disease activity and 
therapeutic efficacy or differential diagnosis of infection. In this respect, LRG we identified 
from iTRAQ analysis is a candidate of novel biomarkers useful for clinical practice of 
biological agents since it correlates with disease activity and therapeutic effectiveness of 
biological agents. In addition, the application of iTRAQ analysis, the novel quantitative 
proteomic approach, is useful for the identification of new serological biomarkers in patients 
with autoimmune diseases. Further studies using this approach may lead to the 
development of additional new biomarkers and may help to clarify the pathogenesis and 
identify therapeutic targets in autoimmune diseases. 
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previous reports, it seems that LRG is not a unique biomarker in autoimmune disease but 
rather is a generalized inflammatory biomarker, because serum LRG levels are reported to 
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predictor of the responsiveness to biological agents. For these reasons, serum LRG is a novel 
inflammatory biomarker potentially surrogate for CRP. Further studies are in progress in 
our laboratory to determine the pathophysiological function of LRG and the clinical benefit 
of LRG measurement.  
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1. Introduction 
A better understanding of the pathogenesis of autoimmunity makes it possible to select 
more specific therapeutic targets and design biological agents that can replace or enhance 
the effect of immunosuppressive drugs; these include monoclonal antibodies, soluble 
receptors and molecular mimetics. This chapter aims to give a brief summary on different 
protein-based medications: first on the biologicals targeting cytokines that induce 
inflammatory responses, then on drugs depleting B cells via CD20 and CD22 and finally, on 
agents that inhibit cell-cell contacts and block cell survival factors. Immunogenicity of these 
protein preparations causes a significant problem therefore the last section gives an 
overview of biotechnological approaches aiming to reduce this effect. 

2. The blockade of cytokines inducing inflammatory responses 
TNF-blocking agents (Etanercept, Adalimumab, Infliximab)  

Currently, there are 3 major TNF-blockers available for patients who do not react well to 
standard therapies like methotrexate or other disease modifying anti-rheumatic drugs 
(DMARDs), these are: etanercept, infliximab and adalimumab. Most common side effects of 
anti-TNF therapy are a higher susceptibility for infections and possible flares of TB.  
Etanercept, a fusion protein consisting of two extracellular binding domains of the TNF 
receptor 2 and the Fc-part of a human IgG1 molecule is acting like a soluble decoy receptor by 
inhibiting ligand-binding to TNF-receptors, only with an extended in vivo half-life due to the 
presence of the Fc-part. It is licensed by the FDA for the treatment of RA, polyarticular juvenile 
idiopathic arthritis (JIA), psoritic arthritis, ankylosing spondylitis and plaque psoriasis (1).  
Infliximab (Remicade) is a chimeric monoclonal antibody specific for TNF that was 
approved by the FDA in 1998 for the treatment of Crohn’s disease (2). Its use has been 
extended since then to the treatment of psoriasis, ankylosing spondylitis, psoriatic arthritis, 
rheumatoid arthritis and ulcerative colitis.  
Adalimumab (Humira), another monoclonal antibody of fully human origin was derived by 
a phage display library and used to treat RA patients first. Since then, clinical trials proved 
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idiopathic arthritis (JIA), psoritic arthritis, ankylosing spondylitis and plaque psoriasis (1).  
Infliximab (Remicade) is a chimeric monoclonal antibody specific for TNF that was 
approved by the FDA in 1998 for the treatment of Crohn’s disease (2). Its use has been 
extended since then to the treatment of psoriasis, ankylosing spondylitis, psoriatic arthritis, 
rheumatoid arthritis and ulcerative colitis.  
Adalimumab (Humira), another monoclonal antibody of fully human origin was derived by 
a phage display library and used to treat RA patients first. Since then, clinical trials proved 
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its effectiveness in psoriatic arthritis, ankylosing spondylitis, Crohn’s disease, psoriasis and 
juvenile idiopathic arthritis (3). 
Infliximab and adalimumab were shown to neutralize biological activity of TNF by 
binding to its soluble, membrane- or receptor-bound forms, while etanercept is unable to 
neutralize the receptor-bound form of TNF due to its structural features. Additionally, the 
anti-TNF monoclonal antibodies can induce Fc-receptor-mediated cell lysis and infliximab 
has been also shown to induce apoptosis of lamina propria T cells in Crohn’s patients in a 
TNF-dependent manner.  
In a follow-up comparative study Bacquet-Deschryver et al. evaluated the effects of the 3 
different anti-TNF biologics on the re-emerginig of anti-nuclear antibodies (ANA), anti-
dsDNA antibodies, RF and anti-CCP in rheumatoid arthritis and spondyloarthropathy 
patients (3). They found that the response to treatment is independent of the induction of 
ANA production and anti-dsDNA autoantibody variations regardless of the rheumatism 
and the anti-TNF treatment prescribed.  
Another study conducted in human TNF transgenic mice showed that in a strictly TNF-
driven model of RA the number of CD3+CD25+FoxP3+ Treg cells is initially lower than in 
wild-type counterparts, but gets elevated during the course of the disease. This population 
of regulatory T cells is attenuated in its suppressor activity, which can be restored with 
either passive (infliximab treatment) or active (TNF-K immunization) TNF-blocking 
approaches. Moreover, the differentiation of a CD62L- regulatory T cell population is 
induced (4). 
Blockade of IL-6 (tocilizumab) 

IL-6 is a widely expressed pleiotropic cytokine, best known as main mediator of fever and 
acute phase reactions alongside IL-1 and TNF. In hepatocytes it strongly induces 
production of acute phase proteins e.g. C-reactive protein, mannan-binding lectin, or serum 
amyloid protein A, and it also causes immobilization of neutrophil granulocytes from the 
bone marrow. Besides supporting B cell differentiation into antibody plasma cells, it has 
been shown to be essential in Th17 cell differentiation as well. The IL-6R consists of two 
chains, the 80-kDa IL-6-binding subunit and the 130-kDa membrane glycoprotein gp130 that 
is responsible for signal transduction (5). The expression of membrane bound IL6R is 
restricted to only few cell types including macrophages, neutrophils, some T-cell 
subpopulations and hepatocytes. On the other hand, gp130 is ubiquitously expressed. IL-6R 
is either shed from the cell surface by matrix metalloproteases or in human, expressed as a 
result of alternative splicing. Association of the IL-6/sIL-6R complex to gp130 mediates 
agonistic signaling events (trans-signaling) (6).  
Excessive levels of the IL-6/IL-6R complex can be detected in the synovial fluid of many RA 
patients, which could highly contribute to osteoclast-like cell formation and therefore, joint 
destruction (7). Also, IL-6 production of synovial fibroblasts induces excess production of 
vascular endothelial growth factor (VEGF) resulting in enhanced angiogenesis and 
increased vascular permeability of synovial tissue. Serum IL-6 levels were found elevated in 
other autoimmune conditions e.g. in SLE as well (8). 
Tocilizumab is a humanized IL6R-specific monoclonal antibody that blocks IL-6 mediated 
signal transduction via the inhibition of ligand-binding to the IL-6Rs. Phase III clinical 
studies showed a remarkable inhibition of radiological damage of joints. It has been 
approved as a therapeutic drug for the treatment of RA and in Japan for Castelman’s disease 
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and systemic juvenile idiopathic arthritis. Tocilizumab is a potential candidate drug for the 
therapy of several other disorders including SLE, Crohn’s disease or multiple sclerosis (9).  
Inhibition of the IL-1 mediated responses with a recombinant IL-1R antagonist (anakinra) 

Like TNF or IL-6, IL-1 and  also induce a wide spectrum of biological responses that 
contribute to fight infections: these include the production of acute phase proteins, raising 
body temperature (hence the term endogenous pyrogens) or mobilization of neutrophils, 
thus promoting microbe clearance by phagocytosis. The main source for IL-1 and  are 
macrophages and epithelial cells, whereas IL-1Ra, a naturally occurring IL-1R antagonist is 
released also by monocytes and hepatocytes (10). The IL-1 receptors CD121a and b are 
expressed on different subsets of lymphocytes, monocytes and macrophages.  
Recombinant IL-1a (anakinra) is an approved therapeutic drug for RA that mimics the 
effects of endogenous IL-1Ra, thus blocking the IL-1 binding site on the receptor without 
inducing any further signaling events. The treatment with anakinra is well tolerated, with 
less occurring opportunistic infections than in case of TNFblockage, and it was shown to 
improve joint swelling, pain and inflammation, although with less efficacy (11, 12, 13). 
Induction of alterations in IL-21 mediated cellular responses 
IL-21 is a type I cytokine expressed by activated CD4+ T cells and NKT cells (14), and 
induces the differentiation and activation of NK cells, promotes NKT proliferation, enhances 
the differentiation of Th17 cells and was found to regulate mature B cell responses 
depending on the type of co-stimulation (within a wide range of inducing proliferation to 
cell death) (15). IL21R-/-mice showed no defects in B cell development, but had severe 
problems with class-switch to IgG1 and IgG2b, and the down-regulation of the germinal 
center reaction. As a consequence they experienced a decrease in the number of plasma cells 
and an increase in memory B cells (16).  
Although IL-21 fulfills a complex role in the immune regulation, experimental animal 
models indicate that its targeting could be of therapeutic benefits. In MRL/lpr mice 
inhibition of IL-21 improved symptoms of the disease, the mice showing a reduction in 
proteinuria, skin lesions, circulating dsDNA autoantibodies and lymphadenopathy (17). In 
collagen-induced arthritis and in adjuvant-induced arthritis, the blockade of IL-21R with an 
IL-21R-Fc fusion protein reversed clinical disease activity, most probably via the down-
regulation of TNF and production of IL-17 (18). In RA patients, IL-21R is expressed in the 
synovial macrophages and fibroblasts. In addition, a significantly higher percentage of IL-
21R is to be found in the blood and synovial fluid of these individuals, where it might 
contribute to an increase in TNFand IFN secretion upon T cell activation, thus, in up-
regulating the pro-inflammatory response (19, 20). 

3. B cell depletion therapies mediated via CD20 and CD22 
While initially systemic autoimmunity was considered as a T cell-driven condition, multiple 
functions of B cells have been described in orchestrating autoimmune disorders, including 
self-reactive antibody production, auto-antigen presentation and co-stimulation of T 
lymphocytes, formation of ectopic lymphoid structures (neo-organogenesis) in the end-
target organs and pro-inflammatory cytokine production.  
CD20-mediated B cell depletion 
Due to their central role in the immune pathogenesis of systemic autoimmunity and the 
observation that patients treated with non-Hodgkin’s lymphoma and coexisting RA showed 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

240 

its effectiveness in psoriatic arthritis, ankylosing spondylitis, Crohn’s disease, psoriasis and 
juvenile idiopathic arthritis (3). 
Infliximab and adalimumab were shown to neutralize biological activity of TNF by 
binding to its soluble, membrane- or receptor-bound forms, while etanercept is unable to 
neutralize the receptor-bound form of TNF due to its structural features. Additionally, the 
anti-TNF monoclonal antibodies can induce Fc-receptor-mediated cell lysis and infliximab 
has been also shown to induce apoptosis of lamina propria T cells in Crohn’s patients in a 
TNF-dependent manner.  
In a follow-up comparative study Bacquet-Deschryver et al. evaluated the effects of the 3 
different anti-TNF biologics on the re-emerginig of anti-nuclear antibodies (ANA), anti-
dsDNA antibodies, RF and anti-CCP in rheumatoid arthritis and spondyloarthropathy 
patients (3). They found that the response to treatment is independent of the induction of 
ANA production and anti-dsDNA autoantibody variations regardless of the rheumatism 
and the anti-TNF treatment prescribed.  
Another study conducted in human TNF transgenic mice showed that in a strictly TNF-
driven model of RA the number of CD3+CD25+FoxP3+ Treg cells is initially lower than in 
wild-type counterparts, but gets elevated during the course of the disease. This population 
of regulatory T cells is attenuated in its suppressor activity, which can be restored with 
either passive (infliximab treatment) or active (TNF-K immunization) TNF-blocking 
approaches. Moreover, the differentiation of a CD62L- regulatory T cell population is 
induced (4). 
Blockade of IL-6 (tocilizumab) 

IL-6 is a widely expressed pleiotropic cytokine, best known as main mediator of fever and 
acute phase reactions alongside IL-1 and TNF. In hepatocytes it strongly induces 
production of acute phase proteins e.g. C-reactive protein, mannan-binding lectin, or serum 
amyloid protein A, and it also causes immobilization of neutrophil granulocytes from the 
bone marrow. Besides supporting B cell differentiation into antibody plasma cells, it has 
been shown to be essential in Th17 cell differentiation as well. The IL-6R consists of two 
chains, the 80-kDa IL-6-binding subunit and the 130-kDa membrane glycoprotein gp130 that 
is responsible for signal transduction (5). The expression of membrane bound IL6R is 
restricted to only few cell types including macrophages, neutrophils, some T-cell 
subpopulations and hepatocytes. On the other hand, gp130 is ubiquitously expressed. IL-6R 
is either shed from the cell surface by matrix metalloproteases or in human, expressed as a 
result of alternative splicing. Association of the IL-6/sIL-6R complex to gp130 mediates 
agonistic signaling events (trans-signaling) (6).  
Excessive levels of the IL-6/IL-6R complex can be detected in the synovial fluid of many RA 
patients, which could highly contribute to osteoclast-like cell formation and therefore, joint 
destruction (7). Also, IL-6 production of synovial fibroblasts induces excess production of 
vascular endothelial growth factor (VEGF) resulting in enhanced angiogenesis and 
increased vascular permeability of synovial tissue. Serum IL-6 levels were found elevated in 
other autoimmune conditions e.g. in SLE as well (8). 
Tocilizumab is a humanized IL6R-specific monoclonal antibody that blocks IL-6 mediated 
signal transduction via the inhibition of ligand-binding to the IL-6Rs. Phase III clinical 
studies showed a remarkable inhibition of radiological damage of joints. It has been 
approved as a therapeutic drug for the treatment of RA and in Japan for Castelman’s disease 
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and systemic juvenile idiopathic arthritis. Tocilizumab is a potential candidate drug for the 
therapy of several other disorders including SLE, Crohn’s disease or multiple sclerosis (9).  
Inhibition of the IL-1 mediated responses with a recombinant IL-1R antagonist (anakinra) 

Like TNF or IL-6, IL-1 and  also induce a wide spectrum of biological responses that 
contribute to fight infections: these include the production of acute phase proteins, raising 
body temperature (hence the term endogenous pyrogens) or mobilization of neutrophils, 
thus promoting microbe clearance by phagocytosis. The main source for IL-1 and  are 
macrophages and epithelial cells, whereas IL-1Ra, a naturally occurring IL-1R antagonist is 
released also by monocytes and hepatocytes (10). The IL-1 receptors CD121a and b are 
expressed on different subsets of lymphocytes, monocytes and macrophages.  
Recombinant IL-1a (anakinra) is an approved therapeutic drug for RA that mimics the 
effects of endogenous IL-1Ra, thus blocking the IL-1 binding site on the receptor without 
inducing any further signaling events. The treatment with anakinra is well tolerated, with 
less occurring opportunistic infections than in case of TNFblockage, and it was shown to 
improve joint swelling, pain and inflammation, although with less efficacy (11, 12, 13). 
Induction of alterations in IL-21 mediated cellular responses 
IL-21 is a type I cytokine expressed by activated CD4+ T cells and NKT cells (14), and 
induces the differentiation and activation of NK cells, promotes NKT proliferation, enhances 
the differentiation of Th17 cells and was found to regulate mature B cell responses 
depending on the type of co-stimulation (within a wide range of inducing proliferation to 
cell death) (15). IL21R-/-mice showed no defects in B cell development, but had severe 
problems with class-switch to IgG1 and IgG2b, and the down-regulation of the germinal 
center reaction. As a consequence they experienced a decrease in the number of plasma cells 
and an increase in memory B cells (16).  
Although IL-21 fulfills a complex role in the immune regulation, experimental animal 
models indicate that its targeting could be of therapeutic benefits. In MRL/lpr mice 
inhibition of IL-21 improved symptoms of the disease, the mice showing a reduction in 
proteinuria, skin lesions, circulating dsDNA autoantibodies and lymphadenopathy (17). In 
collagen-induced arthritis and in adjuvant-induced arthritis, the blockade of IL-21R with an 
IL-21R-Fc fusion protein reversed clinical disease activity, most probably via the down-
regulation of TNF and production of IL-17 (18). In RA patients, IL-21R is expressed in the 
synovial macrophages and fibroblasts. In addition, a significantly higher percentage of IL-
21R is to be found in the blood and synovial fluid of these individuals, where it might 
contribute to an increase in TNFand IFN secretion upon T cell activation, thus, in up-
regulating the pro-inflammatory response (19, 20). 

3. B cell depletion therapies mediated via CD20 and CD22 
While initially systemic autoimmunity was considered as a T cell-driven condition, multiple 
functions of B cells have been described in orchestrating autoimmune disorders, including 
self-reactive antibody production, auto-antigen presentation and co-stimulation of T 
lymphocytes, formation of ectopic lymphoid structures (neo-organogenesis) in the end-
target organs and pro-inflammatory cytokine production.  
CD20-mediated B cell depletion 
Due to their central role in the immune pathogenesis of systemic autoimmunity and the 
observation that patients treated with non-Hodgkin’s lymphoma and coexisting RA showed 
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improvements in symptoms of RA after anti-CD20 (Rituximab) treatment, several therapies 
target B cells.  
Physiological autoimmunity, thus the production of auto-antibodies in healthy individuals 
emerges upon infection and facilitates the clearing of apoptotic cells at the site of 
inflammation. Defects in down-regulation of this response can lead to the development of 
pathologic conditions. One of the several criteria by the diagnosis of autoimmunity is the 
presence of self-reactive antibodies in the circulation that are often present decades before 
the onset of clinical symptoms. During the course of B cell development, many checkpoints 
exist to prevent the escape of self-reactive B cells to the periphery these include receptor 
revision, clonal deletion and anergy (21, 22). Once an auto-reactive B cell is activated though 
by a self-structure first extra-follicular short-lived plasma cells are formed that produce low-
affinity antibodies. Some of these auto-reactive cells also enter the germinal centers where 
they undergo affinity maturation and class switch, and develop into long-lived auto-reactive 
memory cells.  
Antibodies can contribute to disease pathogenesis in two different ways: direct action by 
binding to its target e.g. in myasthenia gravis where anti-acetylcholine receptor antibodies 
bind post-synaptic receptors and compromise motor functions in neurons (23), or in Graves’ 
disease, where the anti-thyroid stimulating hormone (TSH) receptor auto-antibodies can act 
as receptor agonists (24). The indirect contribution of auto-antibodies to autoimmunity 
consists of the formation of immune complexes inducing Fc-receptor mediated phagocytosis 
and/or activation of the complement system and production of pro-inflammatory cytokines, 
thus leading to tissue damage. 
In addition to antibody production B cells also have an important role as antigen presenting 
cells. B cell deficiency in mice results in a disrupted lymphoid structure in the spleen, lack of 
follicular dendritic cell network and absence of Peyer’s patches (25). B cell depletion studies 
in mice showed a defect in CD4+ T cell priming in the absence of B cell co-stimulation, 
especially when the antigen is available only at low concentrations. B cells not only provide 
support to T cells via direct cell-cell contact, but also shape the immune response by 
producing either pro-inflammatory cytokines including IL-6, IFN and LT. Certain subsets 
are also able to produce IL-10 that has a regulatory function and contributes to the 
attenuation of the disease (26).  
Tertiary ectopic lymphoid structures have been described at the end-organ in several 
autoimmune disorders: in the synovium of RA patients organized zones of B, T and 
follicular dendritic cells can be found in more than 50% of the cases, while kidneys of SLE 
patients also often contain such organized structures. B cell depletion or the blockade of B 
cell-T cell contacts has been proved to disrupt these ectopic lymphoid follicles and attenuate 
disease severity in several animal models of autoimmunity (27). 
One of the most effective disease modifying anti-rheumatic drugs (DMARDs) is rituximab, a 
human CD20-specific chimeric monoclonal antibody. CD20 is a 35-37kDa tetra-spanning 
integral membrane protein first expressed on late pre-B cells in the bone marrow, present on 
naïve and mature B cells, down-regulated on antibody-secreting plasmablasts and 
extinguishing on plasma cells. It has been shown to regulate early steps of cell cycle 
progression, B cell proliferation and apoptosis. Upon cell activation, it gets trans-located to 
membrane lipid rafts, where it can act as a Ca2+-channel (28). CD20 is also expressed on a 
small subset of basally activated IL1- and TNF producing T cells (0.1-6.8% in healthy 
individuals) that showed enhanced susceptibility to apoptosis (29). Within an hour 
Rituximab treatment induces a ~90% reduction of the pre-treatment state in circulating 
CD20+ B cell numbers that lasts for at least 3 months and also mediates a decrease in the 
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number of resident CD20+ B cells in the damaged tissues, although with variable efficacy: 
70% of cells residing in the spleen and lymph nodes are depleted after 24 hours, while access 
to peritoneal B cells is limited (30, 31). Success of the depletion also varies among B cell 
subpopulations: splenic marginal zone B cells, germinal center B cells and peritoneal B1 cells 
are significantly more protected. 
The reemerging of the B cell population usually occurs in the majority of the patients after 4-
6 months and follows a definite pattern by immature CD5+ CD38high transitional B cells and 
re-circulating plasmablasts appearing first and later circulating naïve B cells. 
Monitoring of serum antibody levels in rituximab treated patients revealed that while titers 
of RF and anti-CCP antibodies significantly dropped, the humoral immune response 
towards most pathogens remained unaffected (e.g. pneumococcal capsular polysaccharide, 
tetanus toxoid) (32). Reduction in IgM-RF levels reflected to changes in total serum IgM 
levels, but the levels of IgA-RF, IgG-RF, and IgG anti-CCP antibodies decreased significantly 
more than those of their corresponding total serum immunoglobulin classes, which suggests 
that rituximab induces a selective reduction of short-lived autoantibody-secreting plasma 
cells. Two independent studies investigating changes in the synovial tissue composition of 
RA patients before and after rituximab treatment showed a significant decrease in B cell 
numbers in the synovium indicating that efficacy of the treatment lies in the disruption of 
extrafollicular lymphoid structures and the inhibition of B-T cell interactions (33).  
Data about the efficacy of B cell depletion in SLE are contradictory: several studies involving 
only a small group of patients reported a significant clinical improvement upon rituximab 
treatment, while phase II/III trials showed no difference in BILAG scores. In contrast, B cell 
deficient lupus-prone MRL/lpr mice do not develop nephritis due to the reduced activation 
of the T cell compartment while transgenic mice expressing only membrane bound BCR on 
the cell surface (mIgM.MRL/lpr) still develop the disease (34). Another study found that 
mouse strains prone to develop autoimmunity are a lot more resistant to B cell depletion. 
These data indicate a more complex role for B cells in SLE than the production of auto-
reactive antibodies. CD20-mediated B cell depletion at an early age in pristane-primed 
NZB/W F1 mice resulted in acceleration of the onset of disease, possibly due to the lack of 
IL-10 production by regulatory B cells. Treatment following the outbreak of symptoms on 
the other hand attenuated the intensity of the disease (35). 
CD22-mediated B cell depletion 
Another B lymphocyte restricted target is the Ig-superfamily member CD22, a 135kDa 
glycoprotein that is first detected in the cytoplasm of pro- and pre-B cells, becoming present 
on the cell surface of mature peripheral B cells. It remains expressed on germinal center B 
cells but is absent on plasmablasts and terminally differentiated plasma cells. Known 
ligands of CD22 include the tyrosine phosphatase CD45 and the lectin CD33, both binding 
through 2,6-linked sialic acid motifs. While CD22 was reported to inhibit BCR-mediated 
cell activation in vitro via the recruitment of SHP-1 phosphatase to its cytoplasmic ITIM 
sequences upon phosphorylation by the tyrosine kinase Lyn (36), its in vivo role is less 
clarified. CD22-deficient mice develop hyper-proliferative B-lymphocytes and in 
consequence increased levels of auto-antibodies. 
Epratuzumab, a humanized monoclonal IgG1 CD22-specific antibody recognizes a non-
ligand-binding site of the CD22 molecule. It is predicted to alter BCR-signaling by inducing 
disruption of cell surface signaling complexes and antibody-mediated depletion of B cells 
(37). Epratuzumab is shown to cause phosphorylation and internalization of CD22 on 
peripheral B cells in vitro. On a small cohort of SLE-patients, when administered four times 
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improvements in symptoms of RA after anti-CD20 (Rituximab) treatment, several therapies 
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inflammation. Defects in down-regulation of this response can lead to the development of 
pathologic conditions. One of the several criteria by the diagnosis of autoimmunity is the 
presence of self-reactive antibodies in the circulation that are often present decades before 
the onset of clinical symptoms. During the course of B cell development, many checkpoints 
exist to prevent the escape of self-reactive B cells to the periphery these include receptor 
revision, clonal deletion and anergy (21, 22). Once an auto-reactive B cell is activated though 
by a self-structure first extra-follicular short-lived plasma cells are formed that produce low-
affinity antibodies. Some of these auto-reactive cells also enter the germinal centers where 
they undergo affinity maturation and class switch, and develop into long-lived auto-reactive 
memory cells.  
Antibodies can contribute to disease pathogenesis in two different ways: direct action by 
binding to its target e.g. in myasthenia gravis where anti-acetylcholine receptor antibodies 
bind post-synaptic receptors and compromise motor functions in neurons (23), or in Graves’ 
disease, where the anti-thyroid stimulating hormone (TSH) receptor auto-antibodies can act 
as receptor agonists (24). The indirect contribution of auto-antibodies to autoimmunity 
consists of the formation of immune complexes inducing Fc-receptor mediated phagocytosis 
and/or activation of the complement system and production of pro-inflammatory cytokines, 
thus leading to tissue damage. 
In addition to antibody production B cells also have an important role as antigen presenting 
cells. B cell deficiency in mice results in a disrupted lymphoid structure in the spleen, lack of 
follicular dendritic cell network and absence of Peyer’s patches (25). B cell depletion studies 
in mice showed a defect in CD4+ T cell priming in the absence of B cell co-stimulation, 
especially when the antigen is available only at low concentrations. B cells not only provide 
support to T cells via direct cell-cell contact, but also shape the immune response by 
producing either pro-inflammatory cytokines including IL-6, IFN and LT. Certain subsets 
are also able to produce IL-10 that has a regulatory function and contributes to the 
attenuation of the disease (26).  
Tertiary ectopic lymphoid structures have been described at the end-organ in several 
autoimmune disorders: in the synovium of RA patients organized zones of B, T and 
follicular dendritic cells can be found in more than 50% of the cases, while kidneys of SLE 
patients also often contain such organized structures. B cell depletion or the blockade of B 
cell-T cell contacts has been proved to disrupt these ectopic lymphoid follicles and attenuate 
disease severity in several animal models of autoimmunity (27). 
One of the most effective disease modifying anti-rheumatic drugs (DMARDs) is rituximab, a 
human CD20-specific chimeric monoclonal antibody. CD20 is a 35-37kDa tetra-spanning 
integral membrane protein first expressed on late pre-B cells in the bone marrow, present on 
naïve and mature B cells, down-regulated on antibody-secreting plasmablasts and 
extinguishing on plasma cells. It has been shown to regulate early steps of cell cycle 
progression, B cell proliferation and apoptosis. Upon cell activation, it gets trans-located to 
membrane lipid rafts, where it can act as a Ca2+-channel (28). CD20 is also expressed on a 
small subset of basally activated IL1- and TNF producing T cells (0.1-6.8% in healthy 
individuals) that showed enhanced susceptibility to apoptosis (29). Within an hour 
Rituximab treatment induces a ~90% reduction of the pre-treatment state in circulating 
CD20+ B cell numbers that lasts for at least 3 months and also mediates a decrease in the 
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number of resident CD20+ B cells in the damaged tissues, although with variable efficacy: 
70% of cells residing in the spleen and lymph nodes are depleted after 24 hours, while access 
to peritoneal B cells is limited (30, 31). Success of the depletion also varies among B cell 
subpopulations: splenic marginal zone B cells, germinal center B cells and peritoneal B1 cells 
are significantly more protected. 
The reemerging of the B cell population usually occurs in the majority of the patients after 4-
6 months and follows a definite pattern by immature CD5+ CD38high transitional B cells and 
re-circulating plasmablasts appearing first and later circulating naïve B cells. 
Monitoring of serum antibody levels in rituximab treated patients revealed that while titers 
of RF and anti-CCP antibodies significantly dropped, the humoral immune response 
towards most pathogens remained unaffected (e.g. pneumococcal capsular polysaccharide, 
tetanus toxoid) (32). Reduction in IgM-RF levels reflected to changes in total serum IgM 
levels, but the levels of IgA-RF, IgG-RF, and IgG anti-CCP antibodies decreased significantly 
more than those of their corresponding total serum immunoglobulin classes, which suggests 
that rituximab induces a selective reduction of short-lived autoantibody-secreting plasma 
cells. Two independent studies investigating changes in the synovial tissue composition of 
RA patients before and after rituximab treatment showed a significant decrease in B cell 
numbers in the synovium indicating that efficacy of the treatment lies in the disruption of 
extrafollicular lymphoid structures and the inhibition of B-T cell interactions (33).  
Data about the efficacy of B cell depletion in SLE are contradictory: several studies involving 
only a small group of patients reported a significant clinical improvement upon rituximab 
treatment, while phase II/III trials showed no difference in BILAG scores. In contrast, B cell 
deficient lupus-prone MRL/lpr mice do not develop nephritis due to the reduced activation 
of the T cell compartment while transgenic mice expressing only membrane bound BCR on 
the cell surface (mIgM.MRL/lpr) still develop the disease (34). Another study found that 
mouse strains prone to develop autoimmunity are a lot more resistant to B cell depletion. 
These data indicate a more complex role for B cells in SLE than the production of auto-
reactive antibodies. CD20-mediated B cell depletion at an early age in pristane-primed 
NZB/W F1 mice resulted in acceleration of the onset of disease, possibly due to the lack of 
IL-10 production by regulatory B cells. Treatment following the outbreak of symptoms on 
the other hand attenuated the intensity of the disease (35). 
CD22-mediated B cell depletion 
Another B lymphocyte restricted target is the Ig-superfamily member CD22, a 135kDa 
glycoprotein that is first detected in the cytoplasm of pro- and pre-B cells, becoming present 
on the cell surface of mature peripheral B cells. It remains expressed on germinal center B 
cells but is absent on plasmablasts and terminally differentiated plasma cells. Known 
ligands of CD22 include the tyrosine phosphatase CD45 and the lectin CD33, both binding 
through 2,6-linked sialic acid motifs. While CD22 was reported to inhibit BCR-mediated 
cell activation in vitro via the recruitment of SHP-1 phosphatase to its cytoplasmic ITIM 
sequences upon phosphorylation by the tyrosine kinase Lyn (36), its in vivo role is less 
clarified. CD22-deficient mice develop hyper-proliferative B-lymphocytes and in 
consequence increased levels of auto-antibodies. 
Epratuzumab, a humanized monoclonal IgG1 CD22-specific antibody recognizes a non-
ligand-binding site of the CD22 molecule. It is predicted to alter BCR-signaling by inducing 
disruption of cell surface signaling complexes and antibody-mediated depletion of B cells 
(37). Epratuzumab is shown to cause phosphorylation and internalization of CD22 on 
peripheral B cells in vitro. On a small cohort of SLE-patients, when administered four times 
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every second week it was reported to improve clinical symptoms in all of the patients based 
on the 6-, 10- or 18-week assessments (38).  

4. Inhibition of cell-cell contacts and survival factors  
Several other monoclonal antibodies currently under clinical trial target B cell survival 
factors and cytokines like B-cell activating factor (BAFF), a proliferation inducing ligand 
(APRIL), IL-6 or IL-10. 
Inhibition of the B cell survival factors BAFF and APRIL 
BAFF and APRIL are members of the TNF superfamily that maintain peripheral B cell- and 
plasma cell homeostasis by supporting cell survival. Access to BAFF modifies the stringency 
of negative selection of naïve B cells, as auto-reactive B cells depend more on BAFF relative 
to naïve mature cells. BAFF is produced by neutrophil granulocytes, monocytes, 
macrophages, dendritic cells and T cells as a trans-membrane protein and cleaved from the 
cell surface by the protease furin (39). In the serum, BAFF and APRIL are found as both 
homo- and hetero-trimers. The expression of receptors for soluble BAFF (BR3/BAFFR, TACI 
and BCMA) varies depending on the B-cell developmental stage. Highest levels of 
BR3/BAFFR are observed on primary and activated follicular and marginal B cells, while 
expression is decreased but still detectable on germinal center B cells. BR3/BAFFR is 
reduced or absent on antibody producing plasma cells, whereas TACI and BCMA are 
abundantly expressed on these cells. Memory B cells express all three BAFF-receptors. 
Neutralizing antibodies against BAFF cause a loss of transitional-2, marginal zone and 
follicular B cells in vivo, but transitional-1, B1 B cells, and plasma cells are not affected 
because latter cells receive survival signals by TACI as well (40). 
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In the serum of patients with active SLE and Sjogren’s syndrome, the expression levels of 
soluble BAFF have been found elevated. Therefore, it is a potential target molecule in 
autoimmune disorders. Belimumab a humanized IgG1 monoclonal antibody blocks BAFF-
binding to its receptors, thereby inhibiting the persistence of antibody producing B cells by 
mediating apoptotic cell death of early plasmablasts, naïve B cells and activated B cells (41) 
(42). Restriction of BAFF levels might facilitate the function of regulatory B cell populations. 
Atacicept is a fully human chimeric molecule consisting of the TACI ligand-binding 
extracellular domain fused to the Fc-portion of a human IgG1. It blocks both TACI- and 
BAFF-binding to their receptors and resulted to be successful in phase I clinical trials for the 
treatment of RA (43, 44, 45).  
Inhibition of B-T cell interactions 

For RA patients who give an inadequate response to anti-TNF therapy, there is an 
increasing number of DMARDs that offer improvement of clinical symptoms by the 
inhibition of T cell-antigen presenting cell (APC) interactions.  
Activation of T cells by antigens not only requires TCR-binding to the specific peptide-MHC 
complex on the APC, but also the ligation of co-stimulatory molecules like CD40, inducible 
T cell co-stimulator (ICOS) and CD28. Therefore, biologics that block these interactions may 
interfere with sufficient helper T cell activation and inhibit B cell differentiation into 
antibody producing plasma cells. 
Abatacept is a soluble, fully human fusion protein of the extracellular domain of CTLA-4 
and the hinge region, the CH2 and CH3 domains of a human IgG1 molecule. It recognizes 
B7 (CD80/86) with a high affinity and blocks its interaction with CD28, this way selectively 
inhibiting T cell activation. Abatacept is approved for the treatment of RA and juvenile 
idiopathic arthritis, and in a phase I trial it was shown to improve the clinical symptoms of 
psoriasis patients via the reduction of the size of the intralesional T cell population. 
Combination of abatacept with TNF-blockers is not advised as it increases the occurrence 
of infections and provides no additional benefits (11).  
Although the role of ICOS in T cell signaling has not been completely resolved yet, 
experimental data demonstrate that ICOS/ICOSL is an important regulator of T cell 
activation. It is expressed on resting T cells only at low amounts, while it gets strongly up-
regulated upon activation. Highest level of expression is observed on T follicular helper 
cells. Blockade of ICOS/ICOSL interactions with monoclonal antibodies has been reported 
to improve collagen-induced arthritis and murine models of lupus (46). At the early stage of 
experimental autoimmune encephalomyelitis (EAE), a mouse model of sclerosis multiplex, 
inhibition of the ICOS/ICOSL interaction seemed to aggravate the disease, while it induced 
an improvement when administered at later phases (47). In glucose-6-phosphate isomerase 
(G6PI)-induced arthritis, early ICOSL-specific monoclonal antibody treatment resulted in 
significant loss of disease severity, but treatment at later stages of arthritis reduced 
symptoms only marginally. The number of G6PI-specific T helper cells decreased, but there 
was no difference in the antigen-specific antibody levels in the sera of the animals (48).  

5. Biotechnical approaches for the reduction of immunogenicity in 
monoclonal antibody therapies  
By the application of recombinant proteins in human medicine immunogenicity is one of the 
major concerns as several examples (insulin-, growth hormone-, factor VIII treatment or 
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abundantly expressed on these cells. Memory B cells express all three BAFF-receptors. 
Neutralizing antibodies against BAFF cause a loss of transitional-2, marginal zone and 
follicular B cells in vivo, but transitional-1, B1 B cells, and plasma cells are not affected 
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Table 1. Examples of therapeutic antibodies for the treatment of autoimmune disorders 
approved by the FDA 

 
Application of Monoclonal Antibody Therapies in Autoimmune Diseases 

 

245 

In the serum of patients with active SLE and Sjogren’s syndrome, the expression levels of 
soluble BAFF have been found elevated. Therefore, it is a potential target molecule in 
autoimmune disorders. Belimumab a humanized IgG1 monoclonal antibody blocks BAFF-
binding to its receptors, thereby inhibiting the persistence of antibody producing B cells by 
mediating apoptotic cell death of early plasmablasts, naïve B cells and activated B cells (41) 
(42). Restriction of BAFF levels might facilitate the function of regulatory B cell populations. 
Atacicept is a fully human chimeric molecule consisting of the TACI ligand-binding 
extracellular domain fused to the Fc-portion of a human IgG1. It blocks both TACI- and 
BAFF-binding to their receptors and resulted to be successful in phase I clinical trials for the 
treatment of RA (43, 44, 45).  
Inhibition of B-T cell interactions 

For RA patients who give an inadequate response to anti-TNF therapy, there is an 
increasing number of DMARDs that offer improvement of clinical symptoms by the 
inhibition of T cell-antigen presenting cell (APC) interactions.  
Activation of T cells by antigens not only requires TCR-binding to the specific peptide-MHC 
complex on the APC, but also the ligation of co-stimulatory molecules like CD40, inducible 
T cell co-stimulator (ICOS) and CD28. Therefore, biologics that block these interactions may 
interfere with sufficient helper T cell activation and inhibit B cell differentiation into 
antibody producing plasma cells. 
Abatacept is a soluble, fully human fusion protein of the extracellular domain of CTLA-4 
and the hinge region, the CH2 and CH3 domains of a human IgG1 molecule. It recognizes 
B7 (CD80/86) with a high affinity and blocks its interaction with CD28, this way selectively 
inhibiting T cell activation. Abatacept is approved for the treatment of RA and juvenile 
idiopathic arthritis, and in a phase I trial it was shown to improve the clinical symptoms of 
psoriasis patients via the reduction of the size of the intralesional T cell population. 
Combination of abatacept with TNF-blockers is not advised as it increases the occurrence 
of infections and provides no additional benefits (11).  
Although the role of ICOS in T cell signaling has not been completely resolved yet, 
experimental data demonstrate that ICOS/ICOSL is an important regulator of T cell 
activation. It is expressed on resting T cells only at low amounts, while it gets strongly up-
regulated upon activation. Highest level of expression is observed on T follicular helper 
cells. Blockade of ICOS/ICOSL interactions with monoclonal antibodies has been reported 
to improve collagen-induced arthritis and murine models of lupus (46). At the early stage of 
experimental autoimmune encephalomyelitis (EAE), a mouse model of sclerosis multiplex, 
inhibition of the ICOS/ICOSL interaction seemed to aggravate the disease, while it induced 
an improvement when administered at later phases (47). In glucose-6-phosphate isomerase 
(G6PI)-induced arthritis, early ICOSL-specific monoclonal antibody treatment resulted in 
significant loss of disease severity, but treatment at later stages of arthritis reduced 
symptoms only marginally. The number of G6PI-specific T helper cells decreased, but there 
was no difference in the antigen-specific antibody levels in the sera of the animals (48).  

5. Biotechnical approaches for the reduction of immunogenicity in 
monoclonal antibody therapies  
By the application of recombinant proteins in human medicine immunogenicity is one of the 
major concerns as several examples (insulin-, growth hormone-, factor VIII treatment or 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

246 

muronomab itself) had already shown us (49). The immune system may recognize these 
structures as foreign and develop an antibody response towards them, which may result in 
reduction of bioactivity. Factors like the sequence of the antibody, the secondary structure, 
the purity of the product, the dosage and frequency of administration, the diversity in MHC 
alleles within the population, the site of injection and the physical status of the individual all 
contribute to the outcome of the immunological response towards the protein-based 
medication (50, 51).  
The clinical effects of the antibodies raised against the therapeutic protein depend on the 
epitope they recognize, their affinity and titer: some cause no reduction in bioactivity while 
others induce complications besides affecting the therapeutic benefits. These complications 
include increased risk of infusion reactions such as fever or rashes, pure red-cell aplasia or 
even cardiopulmonary and anaphylactic-like adverse events (52). In general, the emerging 
antibody response can inhibit the binding of the ligand to the receptor, or change the 
conformation and therefore the affinity and signaling properties of the soluble mediator (e.g. 
in case of IFNβ treatment). Immunological responses against monoclonal antibodies often 
enhance clearance by complex formation or block target recognition by binding to the 
variable region (idiotype). Rituximab, a mouse-human chimeric antibody induces the 
development of human anti-chimeric antibodies (HACA) in 1-5% of Non Hodgin’s 
lymphoma and RA patients and in 65% of SLE patients, resulting in a reduction of the 
efficacy of B cell depletion and often in hypersensitivity reactions (53, 54). 
Several different techniques exist to attenuate the break-through of tolerance against 
monoclonal antibodies, these include: 
a. The replacement of murine constant regions with human sequences, where the 

specificity of the antibody remains intact (chimera design) 
The hybridoma technology enabled us to produce monoclonal murine antibodies in 
large quantities (55). On the other hand, generation of human hybridomas is difficult 
because they produce only small amounts of IgM and are very unstable. Recombinant 
DNA techniques make it possible to change the constant regions of murine 
immunoglobulins to human domains (56). The heavy and light chain genes are 
clustered into exons that represent the domain structures, which facilitates domain 
exchanges in antibody molecules. The vector selection is a critical step in the in vitro 
production of these monoclonal antibody constructs, as glycosylation patterns highly 
vary between species. Mammalian non-immune cells (HeLa or CHO cells) or certain 
myeloma cell lines are frequently used for this purpose. (57) 
The choice of the heavy chain isotype frequently defines the mechanism of action: IgG1 
is binding with high affinity to FcRs, therefore, the therapeutic antibody of such 
isotype is more likely to cause additional cell depletion via antibody-dependent cell-
mediated cytotoxicity (ADCC). On the other hand IgG2 interacts only weakly with low 
affinity FcRs, so the therapeutic effects observed are mainly attributed to the capacity 
of the antibody for blocking or altering cellular signaling through the targeted receptor. 

b. Humanization or reshaping of the variable region, thus partial exchange of framework 
residues to human sequences 
The antigen specificity of the antibody is defined by only a few amino acids that are 
exposed to the surface of the antigen-binding pocket (paratope) and interact with the 
antigen. By transferring this set of residues from a nonhuman origin to a human frame 
(FR), the specificity of the antibody should remain (58).  
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The engrafting of the complementary determining regions (CDR) consists of different 
steps: the determination of the sequences in the nonhuman antibody that participate in 
the specific recognition of the antigen, the selection of the fitting human frame to engraft it 
in, and finally, the assembly of the nonhuman CDR and the human FR to a functional 
antibody via the insertion of back mutations. In order to minimize the presence of 
nonhuman sequences within the humanized antibody construct, several methods e.g. 
specificity determining residue (SDR) engrafting or superhumanization had been 
proposed. While the first is based on the computational analysis of the three-dimensional 
structure of the antigen-antibody complex, suggesting that only 20-33% of CDR residues 
are in contact with the antigen, the latter relies on the in silico selection of the best 
matching canonical structures of both the nonhuman and human sequences (59, 60).  
For the engraftment, most frequently human germline sequences are used to minimize 
potential immunogenicity (61). The objective of the back mutations by establishing the 
functional antibody is to maintain, or if possible, even improve the affinity of the 
antibody. To obtain this several methods exist, such as e.g. error-prone PCR with low 
fidelity polymerases under nonstandard conditions or pooling random DNA fragments 
after digestion of the variable region with DNase I (62, 63). 
Despite the fact that humanized antibodies retain less than 5% of the murine sequences, 
a significant anti-drug response can still be observed in 0.1-9% of the treated patients 
(64, 65, 66). 

c. Selection of human antibody V regions using a phage library screen based on the 
affinity towards the antigen. 
Besides attempts to avoid immunogenicity, antigen display also provides the best 
method to overcome limitations of the hybridoma technology concerning toxic or 
highly conserved antigen structures. Several display systems that apply insertion of 
variable region fragments to the phage genome have been developed for phage T7 (67), 
phage  (68, 69, 70) and the Ff class (genus Inovirus) of the filamentous phage f1, fd, 
and M13 (71). The source for antibody fragments can either be a naive, a semi-synthetic 
or an entirely synthetic library. Naive libraries are generated by mRNA isolation and 
cDNA synthesis from B cells (naïve or antigen exposed cells), and the variable region 
genes are either expressed separately with a two or three step cloning strategy or fused 
as an scFv in a polymerase chain reaction (PCR). If the assembly PCR is involving 
randomization of the CDR3 region, namely the usage of oligonucleotide primers 
encoding various CDR3 and J gene segments (72), a semi-synthetic library is 
established. Entirely synthetic libraries use various different VH and VL germline master 
frameworks, combined with synthetically created CDR cassettes. 
The pIII minor coat protein of the filamentous phage M13 is widely used to fuse the 
antibody fragment of interest with, thus resulting in the expression of the antibody 
fragment on the surface of the phage. High affinity binding constructs can be then 
selected by panning, a method that consists of incubation cycles (2-5) with surface-
bound antigen, followed by a restricting washing to remove non-specific clones. 
Specificity of selected constructs can be evaluated then using enzyme-linked 
immunosorbent assay (ELISA).  
As a final step for the generation of therapeutic antibodies, the selected variable region 
genes need to be inserted into a human frame sequence. 
Clinical data show that despite the fully human sequence, many of the monoclonal 
antibodies produced by phage display technology e.g. the TNF-specific adalimumab 
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because they produce only small amounts of IgM and are very unstable. Recombinant 
DNA techniques make it possible to change the constant regions of murine 
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genes need to be inserted into a human frame sequence. 
Clinical data show that despite the fully human sequence, many of the monoclonal 
antibodies produced by phage display technology e.g. the TNF-specific adalimumab 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

248 

are still immunogenic (73). An explanation for this could be that in vitro affinity 
maturation lacks several control steps, as there is an additional in vivo selection for 
attributes such as stability and aggregation besides molecular recognition. 

d. Human antibody production of transgenic mice expressing human immunoglobulin 
genes 
Strategies to establish mouse strains with germ line modifications in their 
immunoglobulin genes usually aim for homologous recombination in mouse embryonic 
stem cells that disrupt endogenous Ig heavy and light chains, and introduce the human 
transgenes. In the past, different technologies were successfully applied to produce and 
deliver the human sequence transgenes: Lonberg et al. used pronuclear microinjection 
to introduce reconstructed minilocus transgenes (74), while Green et al. established 
transgenes with yeast artificial chromosome (YAC) (75). Initially, mouse heavy and  
light chain sequences were ‘replaced’ for several different VH, DH and JH regions with 
1,  or heavy chain constant region fragments and V, all five J and the C light chain 
genes. These transgenic animals were able to mount human antibodies in response to a 
targeted antigen.  
There have been many initiatives undertaken since then to broaden the size of the V-
region repertoire, as it has a strong influence on multiple checkpoints in B cell 
development and therefore the size of the mature B cell population (76). Following 
selection of the most efficient clones, for large-scale production usually a recombinant 
expression system is established to reduce costs (77). 
In contrast to chimeric, humanized or in vitro generated therapeutic monoclonal 
antibodies, there are no reported cases of the generation of anti-human Ig responses 
towards transgenic therapeutic antibodies. Table 1 summarizes the currently available 
monoclonal constructs and their origin.  

6. Conclusions  
Since the development of the hybridoma technique several monoclonal antibodies have 
been approved for the treatment of autoimmune diseases. Immunogenicity of murine 
sequences caused initial complications, which could be attenuated and finally overcome by 
the production of chimeric and humanized antibodies and with the generation of transgenic 
mouse strains for human Ig-sequences. One of the crucial steps by the design of a 
monoclonal antibody for therapeutic applications is the selection of the right target 
molecule. In autoimmune disorders several options exist: the blockade of the pro-
inflammatory cytokines TNF, IL-1 or IL-6, the inhibition of T cell-B cell interactions, B cell 
depletion to reduce autoantibody production and the establishment of ectopic lymphoid 
structures or the blockade of B cell survival factors. Although we still need to face adverse 
events upon the application of these therapeutic antibodies, targeting specific molecules will 
help us to reduce the severity of occurring side effects and provide more efficient 
medications.  
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In contrast to chimeric, humanized or in vitro generated therapeutic monoclonal 
antibodies, there are no reported cases of the generation of anti-human Ig responses 
towards transgenic therapeutic antibodies. Table 1 summarizes the currently available 
monoclonal constructs and their origin.  

6. Conclusions  
Since the development of the hybridoma technique several monoclonal antibodies have 
been approved for the treatment of autoimmune diseases. Immunogenicity of murine 
sequences caused initial complications, which could be attenuated and finally overcome by 
the production of chimeric and humanized antibodies and with the generation of transgenic 
mouse strains for human Ig-sequences. One of the crucial steps by the design of a 
monoclonal antibody for therapeutic applications is the selection of the right target 
molecule. In autoimmune disorders several options exist: the blockade of the pro-
inflammatory cytokines TNF, IL-1 or IL-6, the inhibition of T cell-B cell interactions, B cell 
depletion to reduce autoantibody production and the establishment of ectopic lymphoid 
structures or the blockade of B cell survival factors. Although we still need to face adverse 
events upon the application of these therapeutic antibodies, targeting specific molecules will 
help us to reduce the severity of occurring side effects and provide more efficient 
medications.  
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1. Introduction 
Systemic lupus erythematosus (SLE) is an autoimmune disease characterized by B cell 
hyperactivity and defective T-cell function, with production of high titer autoantibodies and 
clinical involvement in multiple organ systems. Patients with mild SLE can generally be 
maintained on a combination of non-steroidal anti-inflammatory drugs and antimalarials. 
Corticosteroids, azathioprine and cyclophosphamide remain important for long term 
management of most patients with active disease and even those in clinical remission. 
However, these agents have considerable side effects and are not effective in all patients 
with SLE. Novel immunological therapies include both B and T cell directed treatments, 
anticytokine and complement directed therapies. These modalities enable more specific 
immunosuppression, and include cyclosporin, high-dose intravenous immunoglobulin, 
mycophenolate mofetil, tacrolimus and new purine nucleoside analogs (Schröder and 
Zeunerorts 2009).  
In recent years, clinical studies have been undertaken with selected monoclonal antibodies 
(mAbs) in the treatment of several hematological diseases, especially in malignant disorders. 
However, some clinical observations indicate that mAbs may be an important alternative for 
the conventional therapy of some autoimmune disorders (Robak 2004). 
B-lymphocytes are an essential component of the acquired immune response (La Cava 
2010). They randomly express cell-surface receptors which are often autoreactive and must 
be controlled by the process of B-cell tolerance. In SLE, the number of B-cells in the 
peripheral blood is often decreased, and those that are present have abnormal phenotypes 
indicative of activation. The important role of B cells in the pathogenesis of SLE has 
provided a strong rationale to target B cells in SLE. Selective therapeutic depletion of B-cells 
became possible with the availability of the anti-CD20 antibody rituximab.  

2. Anti-CD20 monoclonal antibodies 
The CD20 (B1) antigen is a 33–35 kDa integral membrane protein expressed on the surfaces 
of non-malignant and most malignant B cells (Cragg, Walshe et al. 2005). The CD20 protein 
consists of cytoplasmic N- and C-termini and four hydrophobic regions for anchoring the 
molecule in the membrane (Robak 2008). The characteristics that make CD20 a good target 
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antigen include its relatively high level of expression and close location of the extracellular 
epitopes to the cell surface. The intensity of antigen expression or the number of receptor 
sites on the cell surface appears to correlate with the clinical response. The cytotoxic activity 
of mAbs directed against CD20+ cells is thought to be based on antibody-dependent cellular 
cytotoxicity (ADCC) via natural killer (NK) cell responses, complement-dependent 
cytotoxicity (CDC), or by the induction of cell signaling followed by apoptosis. At present, 
rituximab is the most important mAb of clinical value in patients with autoimmune 
disorders and B-cell lymphoid malignancies. Over the last few years, new generations of 
anti-CD20 mAbs have been developed for potential benefits over rituximab (Robak and 
Robak 2011; Lim, Beers et al. 2010). They were engineered to have augmented antitumor 
activity by increasing CDC or ADCC activity and increased Fc binding affinity for the low-
affinity variants of the FcγRIIIa receptor (CD16) on immune effector cells. The second-
generation mAbs are humanized or fully human to reduce immunogenicity, but with an 
unmodified Fc region. They include ofatumumab, veltuzumab, and ocrelizumab. The third-
generation mAbs are also humanized but in comparison with the second-generation mAbs 
they also have an engineered Fc region designed to increase their effector functions by 
increasing binding affinity for the FcγRIIIa receptor (Ruuls, Lammerts et al. 2008). Both 
polymorphisms in FcγRIIIa and structure of mAb Fc can impact on the affinity between 
FcγRIIIa and mAb. The third-generation mAbs include AME133v, Pro13192, and GA-101. 

2.1 Rituximab 
Rituximab is an IgG-1 immunoglobulin, containing murine light– and heavy–chain 
variable–region sequences and human constant region sequences. Rituximab is known as 
the first-generation mAb. Since approval in 1997, rituximab has become the standard of care 
in follicular B-cell lymphomas (FL), CLL, and aggressive lymphomas when combined with 
chemotherapy (Hauptrock and Hess 2008). Rituximab is administered as an intravenous 
infusion with a recommended dosage of 375 mg/m2 given once weekly for 4 weeks. 
Treatment with this agent is usually well tolerated. However, infusion-related reactions 
occur in the majority of patients. These adverse events are typically fever, chills, rigors and 
rare hypotension and bronchospasm, although the incidence of these side effects decreases 
with subsequent rituximab infusion. Moreover, prolonged impairment of antibody 
production causes the increased risk of viral and bacterial infections. It should be also 
remembered that rituximab is a human mouse chimeric antibody and hence treated patients 
may be susceptible to the development of human antichimeric antibodies, which can impact 
on responsiveness.  
A recent study has shown that treatment with rituximab affects both the cellular and 
humoral arm of the immune system in patients with SLE (Lu, Ng et al. 2009).  
A number of prospective studies and several retrospective cohort studies of rituximab in the 
treatment of SLE have been reported (Cambridge, Isenbergetal. 2008). In 2005 Leonardo et 
al. (Leandro, Cambridge et al. 2005) described female patients with SLE who were treated 
with combination of rituximab, CY and prednisolone. Each patient received two infusions of 
rituximab (500 mg/dose), two infusions of cyclophosphamide (750 mg/dose) and 60 mg 
prednisolone per day for five days. Five patients were analyzed and one patient was lost to 
follow up after 3 months. All five patients showed an improvement in British Isles Lupus 
Assessment Group (BILAG) scores from a median of 14 at baseline to a median of 6 at six 
months. Recently, the same group reported the results of 46 patients with active SLE were 
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treated with a 1 gm of rituximab, 750 mg of cyclophosphamide, and 100-250 mg of 
methylprednisolone, administered on 2 occasions 2 weeks apart (Lu, Ng et al. 2009). Twenty 
one patients (47%) reached partial remission after one cycle (mean followup 39.6 months). 
Treatment resulted in a decrease in median global BILAG scores from 12 to 5 (P < 0.0001) 
and median anti-double-stranded DNA antibody titers from 106 to 42 IU/ml (P < 0.0001). In 
addition an increase in the median C3 level from 0.81 to 0.95 mg/liter (P < 0.02) at 6 months 
was observed. Five serious adverse events were noted.  
Willems et al. (Willems, Haddad et al. 2006) described the safety and efficacy of rituximab in 
11 girls (mean age 13.9 years) with severe SLE including 8 girls with class IV or V lupus 
nephritis, 2 girls with severe autoimmune cytopenia and 1 girl with an antiprothrombin 
antibody. Patients received 2 to 12 intravenous infusions of rituximab (350-450 mg/m2/ 
infusion) with corticosteroids. Remission was achieved in 6 of 8 patients with lupus 
nephritis and in two patients with autoimmune cytopenia. However, severe adverse events 
occurred in 45% of the patients in this study. 
Looney et al. reported the results of the first dose escalation study of rituximab for the 
treatment of SLE (Looney, Anolik et al. 2004). The drug was added to ongoing therapy in 18 
patients with moderately active SLE. Six patients received a single infusion of 100 mg/m2, 
six received one infusion of 375 mg/m2 and six patients received four weekly doses of 375 
mg/m2. In this study, rituximab-induced B cell depletion was translated into a significant 
improvement in SLE disease activity even in the absence of substantial serologic responses. 
Most patients were able to decrease corticosteroid dose from 13 to 10 mg by the end of the 
study and three patients were able to discontinue concomitant immunosuppressives. The 
clinical response was most notable for rashes and arthritis. 
Terrier et al. analyzed recently prospective data from the French AutoImmunity and 
Rituximab (AIR) registry, which includes data on patients with autoimmune disorders 
treated with rituximb (Terrier, Amoura et al. 2010). Overall response was observed in 80 of 
113 patients (71%) by the SELENA-SLEDAI (SLE Disease Activity Index Score assessment). 
Efficacy was similar between patients receiving rituximab monotherapy and those receiving 
concomitant immunosuppressive agents. Articular, cutaneous, renal, and hematologic 
improvements were noted in 72%, 70%, 74%, and 88% of patients, respectively. In relapsed 
patients response was observed in 91% after retreatment with rituximab. Severe infections 
were observed in 12 patients (9%), corresponding to a rate of 6.6/100 patient-years. Most 
severe infections occurred within the first 3 months after the last rituximab infusion. Five 
patients died, due to severe infection (n = 3) or refractory autoimmune disease (n = 2). 
Merrill et al reported the results of the Exploratory Phase II/III SLE Evaluation of Rituximab 
(EXPLORER) trial, a placebo-controlled, double-blind, multicenter study of rituximab in 
patients with moderately-to-severely active extrarenal SLE (Merrill, Neuwelt et al. 2010). 
Patients were randomized at a 2:1 ratio to receive intravenous rituximab (1,000-mg) or 
placebo on days 1, 15, 168, and 182, which was added to prednisone. Of the 257 patients, 88 
were assigned to receive placebo, and 169 were randomized to the rituximab arm. At week 
52, no difference was observed in major clinical responses or partial clinical responses 
between the placebo group. Decreases in the level of anti-dsDNA autoantibodies and 
increases in complement C3 and C4 levels were greater in the rituximab group than in the 
placebo group. The overall response rate was 28.4% and 29.6%, respectively. The proportion 
of patients in whom serious infection developed was 17% in the placebo group and 9.5% in 
the rituximab group. 
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between the placebo group. Decreases in the level of anti-dsDNA autoantibodies and 
increases in complement C3 and C4 levels were greater in the rituximab group than in the 
placebo group. The overall response rate was 28.4% and 29.6%, respectively. The proportion 
of patients in whom serious infection developed was 17% in the placebo group and 9.5% in 
the rituximab group. 
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Rituximab is also an active treatment agent in patients with lupus nephritis and central 
nervous system (CNS) involvement. Sfikakis et al. reported clinical response in 80% and 
sustained complete response in 40% of patients with class III and IV nephritis treated with 
rituximab and moderate doses of corticosteroids (Sfikakis, Boletis et al. 2005). In the study of 
Ng et al. 21 patients with renal involvement were treated with rituximab and 
cyclophosphamide (Ng, Cambridge et al. 2007). They had a decrease in median urinary 
protein creatinine ratio (PCR) from 446 to 190 mg/mmol 6 months. More recently, Pepper et 
al. treated 18 patients with class III/IV/V lupus nephritis with rituximab. All patients were 
on steroids prior to the development of lupus nephritis (Pepper, Griffith et al. 2009). The 
patients received mycophenolate mofetil maintenance therapy. Fourteen of 18 patients 
achieved complete or partial remission with a sustained response of 67% at 1 year. In 
addition, serum albumin increased from a mean of 29 g/L at presentation to 34 g/L at 1 
year (P = 0.001). Importantly, following treatment with rituximab, 6 patients stopped 
prednisolone, 6 patients reduced their maintenance dose and 6 patients remained on the 
same dose (maximum 10 mg). No severe infections were observed. 
The study performed by Tokunaga et al. showed marked improvement following rituximab 
therapy in patients with neuropsychiatric SLE (Tokunaga, Saito et al. 2007). A monoclonal 
antibody was administered at doses of 375 mg/m2 once weekly for four weeks or 1000 mg 
once weekly for two weeks in 10 patients with refractory neuropsychiatric SLE. Treatment 
resulted in rapid improvement of CNS–related manifestations, particularly acute 
confusional state. Rituximab also improved cognitive dysfunction psychosis and seizure and 
reduced the SLEDAI on day 28 in all 10 patients. These effects lasted for more than a year in 
5 patients. In another study, Smith et al. (Smith, Jones et al. 2006) evaluated prospectively 
the effects of rituximab treatment for refractory SLE and vasculitis. Patients received four 
weekly infusions of rituximab at a dose of 375 mg/m2. Intravenous cyclophosphamide (500 
mg) was administered along with the first infusion in an effort to achieve early disease 
control. Remission followeing rapid B cell depletion was achieved in all 11 patients 
including 6 complete responses and 5 partial responses. Moreover, a renal response 
occurred in all 6 patients with lupus nephritis. Clinical improvement was accompanied by a 
significant reduction in the daily dose of prednisone. Seven of 11 patients experienced a 
relapse, a median of 12 months after treatment. After relapse, six patients with SLE were re-
treated with rituximab and all achieved remission and did so more quickly than after the 
primary treatment.  
Rituximab is generally well tolerated. Even fewer adverse events have been observed in 
patients treated for SLE than in the lymphoma patients (Tokunaga, Saito et al. 2007). The 
most common adverse events during or following rituximab therapy are infusion related 
symptoms, typically fever, chills, rigors and hypotension. In patients who receive 
premedication consisting of antipyretic and antihistaminic drugs together with 
corticosteroids, infusion-related side effects are usually only mild or moderate and do not 
require discontinuation of rituximab administration. Occasionally, serious infections were 
also reported. However, these may have been related to the underlying disease and/or 
concomitant therapy with other immunosuppressive agents. In 2006, an FDA alert was 
reported after two SLE patients treated with rituximab had died from progressive multifocal 
leukoencephalopathy (PML) (Ermann and Bermas 2007). However, both patients had 
received additional treatment with cyclophosphamide. At present, it is difficult to estimate 
the risk of this complication in SLE patients treated with rituximab. In recent analysis, 
among the rheumatic diseases, 43 cases of PML (0.44%) were associated with SLE, 24 (0.25%) 
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with rheumatoid arthritis (RA), and 25 (0.26%) with other connective tissue diseases (CTDs) 
(Molloy and Calabrese 2009). Additional controlled studies with new designs are needed to 
define the place of rituximab in the therapeutic arsenal for SLE. 

2.2 New generations of Anti-CD20 monoclonal antibodies 
Over the last few years, new generations of anti-CD20 monoclonal antibodies have been 
developed for potential benefits over the classical, first-generation mAb rituximab. 
Compared with rituximab, new mAbs have enhanced antitumor activity resulting from 
increased CDC and ADCC, and increased Fc binding affinity for the low-affinity variants of 
the FcγRIIIa receptor (CD16) on immune effector cells (Czuczman & Gregory 2010).  

2.2.1 Ofatumumab  
Ofatumumab (HuMax-CD20; Arzerra™, GlaxoSmithKline plc/Genmab A/S) is a second-
generation, fully human, anti-CD20, IgG1 mAb in phase I, II and III trials for hematological 
malignancies and autoimmune diseases such as rheumatoid arthritis (RA) and multiple 
sclerosis. Ofatumumab specifically recognizes an epitope encompassing both the small and 
large extracellular loops of CD20 molecule, and is more effective than rituximab at CDC 
induction and killing target cells. In April 2010, the European Medicines Agency granted a 
conditional marketing authorization for ofatumumab, for the treatment of fludarabine-
refractory CLL patients. It has been reported recently that ofatumumab, administered as 2 
i.v. infusions at doses 300 mg, 700 mg, or 1,000 mg is clinically effective in patients with 
active RA (Østergaard , Baslund et al. 2010). Rapid and sustained peripheral B cell depletion 
was noted in all dose groups. Overall, 70% of patients receiving ofatumumab had a 
moderate or good response according to the European League Against Rheumatism 
(EULAR) criteria at week 24. 

2.2.2 Veltuzumab 
Veltuzumab (IMMU-106, hA20; Immunomedics Inc., Morris Plains, NJ) is a second-
generation, type 1, humanized, anti-CD20, IgG1 mAb with complementarity-determining 
regions (CDRs) similar to rituximab (Goldenberg, Rossi et al. 2009). This mAb is generated 
using the same human immunoglobulin as epratuzumab and has a >90% humanized 
framework. It is also very similar to rituximab in terms of antigen binding, specificity 
binding, and dissociation constant. Veltuzumab differs from rituximab by one amino acid 
(Asp101 instead of Asn101) in the CDR 3 of the variable heavy chain. Smaller murine 
regions may reduce infusion reactions, infusion times, and immunogenicity. This antibody 
has enhanced binding avidities and a stronger effect on CDC compared with rituximab in 
selected cell lines. Veltuzumab is safe and active agent in NHL. B cells were depleted after 
the first infusion of all tested doses, including dose levels less than those typically used with 
rituximab (Morschhauser, Leonard et al. 2009).  

2.2.3 Ocrelizumab  
Ocrelizumab (Genentech Inc/Biogen Idec Inc/Chugai Pharmaceutical Co Ltd/Roche 
Holding Ag) is a second-generation, type 1, humanized, anti-CD20, IgG1 mAb with 
modifications of the Fc region that lead to enhanced ADCC and reduced CDC activities 
compared with rituximab (Kausar, Mustafa et al. 2009).This agent has the potential for 
enhanced efficacy compared with rituximab due to increased binding affinity for the low-
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Rituximab is also an active treatment agent in patients with lupus nephritis and central 
nervous system (CNS) involvement. Sfikakis et al. reported clinical response in 80% and 
sustained complete response in 40% of patients with class III and IV nephritis treated with 
rituximab and moderate doses of corticosteroids (Sfikakis, Boletis et al. 2005). In the study of 
Ng et al. 21 patients with renal involvement were treated with rituximab and 
cyclophosphamide (Ng, Cambridge et al. 2007). They had a decrease in median urinary 
protein creatinine ratio (PCR) from 446 to 190 mg/mmol 6 months. More recently, Pepper et 
al. treated 18 patients with class III/IV/V lupus nephritis with rituximab. All patients were 
on steroids prior to the development of lupus nephritis (Pepper, Griffith et al. 2009). The 
patients received mycophenolate mofetil maintenance therapy. Fourteen of 18 patients 
achieved complete or partial remission with a sustained response of 67% at 1 year. In 
addition, serum albumin increased from a mean of 29 g/L at presentation to 34 g/L at 1 
year (P = 0.001). Importantly, following treatment with rituximab, 6 patients stopped 
prednisolone, 6 patients reduced their maintenance dose and 6 patients remained on the 
same dose (maximum 10 mg). No severe infections were observed. 
The study performed by Tokunaga et al. showed marked improvement following rituximab 
therapy in patients with neuropsychiatric SLE (Tokunaga, Saito et al. 2007). A monoclonal 
antibody was administered at doses of 375 mg/m2 once weekly for four weeks or 1000 mg 
once weekly for two weeks in 10 patients with refractory neuropsychiatric SLE. Treatment 
resulted in rapid improvement of CNS–related manifestations, particularly acute 
confusional state. Rituximab also improved cognitive dysfunction psychosis and seizure and 
reduced the SLEDAI on day 28 in all 10 patients. These effects lasted for more than a year in 
5 patients. In another study, Smith et al. (Smith, Jones et al. 2006) evaluated prospectively 
the effects of rituximab treatment for refractory SLE and vasculitis. Patients received four 
weekly infusions of rituximab at a dose of 375 mg/m2. Intravenous cyclophosphamide (500 
mg) was administered along with the first infusion in an effort to achieve early disease 
control. Remission followeing rapid B cell depletion was achieved in all 11 patients 
including 6 complete responses and 5 partial responses. Moreover, a renal response 
occurred in all 6 patients with lupus nephritis. Clinical improvement was accompanied by a 
significant reduction in the daily dose of prednisone. Seven of 11 patients experienced a 
relapse, a median of 12 months after treatment. After relapse, six patients with SLE were re-
treated with rituximab and all achieved remission and did so more quickly than after the 
primary treatment.  
Rituximab is generally well tolerated. Even fewer adverse events have been observed in 
patients treated for SLE than in the lymphoma patients (Tokunaga, Saito et al. 2007). The 
most common adverse events during or following rituximab therapy are infusion related 
symptoms, typically fever, chills, rigors and hypotension. In patients who receive 
premedication consisting of antipyretic and antihistaminic drugs together with 
corticosteroids, infusion-related side effects are usually only mild or moderate and do not 
require discontinuation of rituximab administration. Occasionally, serious infections were 
also reported. However, these may have been related to the underlying disease and/or 
concomitant therapy with other immunosuppressive agents. In 2006, an FDA alert was 
reported after two SLE patients treated with rituximab had died from progressive multifocal 
leukoencephalopathy (PML) (Ermann and Bermas 2007). However, both patients had 
received additional treatment with cyclophosphamide. At present, it is difficult to estimate 
the risk of this complication in SLE patients treated with rituximab. In recent analysis, 
among the rheumatic diseases, 43 cases of PML (0.44%) were associated with SLE, 24 (0.25%) 
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with rheumatoid arthritis (RA), and 25 (0.26%) with other connective tissue diseases (CTDs) 
(Molloy and Calabrese 2009). Additional controlled studies with new designs are needed to 
define the place of rituximab in the therapeutic arsenal for SLE. 

2.2 New generations of Anti-CD20 monoclonal antibodies 
Over the last few years, new generations of anti-CD20 monoclonal antibodies have been 
developed for potential benefits over the classical, first-generation mAb rituximab. 
Compared with rituximab, new mAbs have enhanced antitumor activity resulting from 
increased CDC and ADCC, and increased Fc binding affinity for the low-affinity variants of 
the FcγRIIIa receptor (CD16) on immune effector cells (Czuczman & Gregory 2010).  

2.2.1 Ofatumumab  
Ofatumumab (HuMax-CD20; Arzerra™, GlaxoSmithKline plc/Genmab A/S) is a second-
generation, fully human, anti-CD20, IgG1 mAb in phase I, II and III trials for hematological 
malignancies and autoimmune diseases such as rheumatoid arthritis (RA) and multiple 
sclerosis. Ofatumumab specifically recognizes an epitope encompassing both the small and 
large extracellular loops of CD20 molecule, and is more effective than rituximab at CDC 
induction and killing target cells. In April 2010, the European Medicines Agency granted a 
conditional marketing authorization for ofatumumab, for the treatment of fludarabine-
refractory CLL patients. It has been reported recently that ofatumumab, administered as 2 
i.v. infusions at doses 300 mg, 700 mg, or 1,000 mg is clinically effective in patients with 
active RA (Østergaard , Baslund et al. 2010). Rapid and sustained peripheral B cell depletion 
was noted in all dose groups. Overall, 70% of patients receiving ofatumumab had a 
moderate or good response according to the European League Against Rheumatism 
(EULAR) criteria at week 24. 

2.2.2 Veltuzumab 
Veltuzumab (IMMU-106, hA20; Immunomedics Inc., Morris Plains, NJ) is a second-
generation, type 1, humanized, anti-CD20, IgG1 mAb with complementarity-determining 
regions (CDRs) similar to rituximab (Goldenberg, Rossi et al. 2009). This mAb is generated 
using the same human immunoglobulin as epratuzumab and has a >90% humanized 
framework. It is also very similar to rituximab in terms of antigen binding, specificity 
binding, and dissociation constant. Veltuzumab differs from rituximab by one amino acid 
(Asp101 instead of Asn101) in the CDR 3 of the variable heavy chain. Smaller murine 
regions may reduce infusion reactions, infusion times, and immunogenicity. This antibody 
has enhanced binding avidities and a stronger effect on CDC compared with rituximab in 
selected cell lines. Veltuzumab is safe and active agent in NHL. B cells were depleted after 
the first infusion of all tested doses, including dose levels less than those typically used with 
rituximab (Morschhauser, Leonard et al. 2009).  

2.2.3 Ocrelizumab  
Ocrelizumab (Genentech Inc/Biogen Idec Inc/Chugai Pharmaceutical Co Ltd/Roche 
Holding Ag) is a second-generation, type 1, humanized, anti-CD20, IgG1 mAb with 
modifications of the Fc region that lead to enhanced ADCC and reduced CDC activities 
compared with rituximab (Kausar, Mustafa et al. 2009).This agent has the potential for 
enhanced efficacy compared with rituximab due to increased binding affinity for the low-
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affinity variants of the FcγRIIIa receptor on immune effector cells (Genovese, Kaine et al. 
2008). Ocrelizumab binds to a different, but overlapping, epitope of the extracellular domain 
of CD20 as compared with rituximab. Ocrelizumab is a humanized mAb with the potential 
for enhanced efficacy in lymphoid malignancies compared with rituximab due to increased 
binding affinity for the low-affinity variants of the FcγRIIIa receptor (Faria & Isenberg 2010). 

2.2.4 GA-101  
GA-101 (RO5072759) is a fully humanized, type II, IgG1 mAb derived from humanization of 
the parental B-Ly1 mouse antibody and subsequent glycoengineering using GlycoMab® 
technology. GA-101 was designed for enhanced ADCC and superior direct cell-killing 
properties, in comparison with currently available type I antibodies (Robak 2009). In 
contrast to rituximab GA101, mediated significant NK cell degranulation in whole blood 
samples. Thus, CDC and ADCC are believed to be the major effector mechanisms of GA101 
in whole blood assays (Bologna, Gotti et al. 2011).  

2.2.5 TRU-015 
TRU-015 (CytoxB20G, Trubion Pharmaceuticals Inc and Pfizer Inc) is a small modular 
immunopharmaceutical (SMIP) derived from key domains of an anti-CD20 antibody. TRU-
015 represents a novel biological compound that retains Fc-mediated effector functions and 
is smaller than mAbs (Rubbert-Roth 2010). SMIPs belong to a novel proprietary biologic 
compound class that retain Fc-mediated effector functions and are smaller than mAbs 
(Robak, Robak et al. 2009). A SMIP molecule is a single-chain polypeptide consisting of one 
binding domain, one hinge domain, and one effector domain. The TRU-015 SMIP molecule 
is the homogeneous single-chain immunotherapeutic derived from key domains of an anti-
CD20 antibody, for the potential intravenous infusion treatment of RA, SLE and B-cell 
lymphoid malignancies (Hayden-Ledbetter, Cerveny et al. 2009). This molecule is a compact 
dimer of 104 kDa that co-migrates with albumin in size exclusion chromatography and 
retains a long half-life in vivo. It is effective in mediating target cell killing in the mechanism 
of ADCC but has reduced CDC activity compared with rituximab. TRU-015 could represent 
a novel therapy for the treatment of SLE, although the efficacy, safety profile, and 
advantages of this compound compared with existing therapeutic options would need to be 
established in clinical trials (Burge, Bookbinder et al. 2008). TRU-015 has shown clinical 
efficacy and tolerability in phase IIa and IIb studies in patients with rheumatoid arthritis, 
and clinical development efforts for the treatment of lymphoma and inflammatory disease 
are ongoing. In the ongoing trial pharmacokinetics of TRU-015 after a single administration 
in subjects with membranous nephropathy secondary SLE is investigated (ClinicalTrials.gov 
Identifier: NCT00479622). 
All new anti-CD20 mAbs are potentially useful in the treatment of SLE. However, the 
advantage of these new drugs over rituximab should be proven by well-designed clinical 
trials in rituximab-refractory patients or through head-to-head comparison.  

3. Other B cell targeting monoclonal antibodies 
3.1 Anti-CD22 antibody epratuzumab 
Epratuzumab (Immunomedics, Inc.) is a humanized monoclonal IgG antibody that 
specifically targets the CD22 antigen on B cells (Leonard & Goldenberg 2007). This 
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monoclonal antibody is 90% to 95% of human origin thus greatly reducing the potential for 
immunogenicity. Unconjugated anti-CD22 antibodies only partially deplete B cells, but 
might deliver a negative signal by binding CD22 to the cell surface (Daridon, Blassfeld et al. 
2010). Treatment of SLE patients with epratuzumab leads to a reduction of circulating CD27 
negative B-cells, although epratuzumab is weakly cytotoxic to B-cells in vitro. Epratuzumab 
binding was higher on B-cells relative to T-cells. In addition, weak non-specific binding of 
epratuzumab on monocytes was noted. On B-cells, binding of epratuzumab was enhanced 
on CD27negative B-cells compared to CD27 positive B-cells, primarily related to a higher 
expression of CD22 on CD27negative B-cells. Epratuzumab also enhanced the migration of 
CD27negative B-cells towards the chemokine CXCL12. 
Recently, Dorner et al. reported the results of an open-label, single-center study of 14 
patients with moderately active SLE (Dörner, Kaufmann et al. 2006). Patients received 360 
mg/m2 of epratuzumab intravenously every 2 weeks for 4 doses with analgesic 
antihistamine premedication prior to each dose. Total BILAG scores decreased by 50% in 
all 14 patients at some point during the study with 92% having decrease in various amounts 
continuing to at least 18 weeks. 
Epratuzumab toxicity consisted primarily of mild to moderate transient infusion–related 
events during the first infusion. These results support conducting multicenter controlled 
studies to examine the effects of epratuzumab in broader patient populations. A U.S. patent 
has been issued to Immunomedics, Inc. for epratuzumab as a potential new treatment for 
lupus. 

3.2 Anti-BlyS monoclonal antibodies 
The B-lymphocyte Stimulator (BLyS) and A Proliferatiave Inducing Ligand (APRIL) are 
ligands for receptors BAFF-R (B Cell Activation Factor), BCMA (B Cell Maturation 
Associate) and TACI (Transmembrane Activator and Calcium Reproducing Initiator). BLyS 
also known as BAFF, THANK, TALL-1 or zTNF4, is a member of TNF super-family, which 
stimulates immunoglobulin (Ig) production by binding to specific receptors (King and Hahn 
2007). In patients with SLE, the serum levels of BLyS are elevated and its neutralization has 
suggested that higher levels of BLyS contribute to the generation of autoantibodies and is 
important in SLE pathogenesis (Toubi, Kessel et al. 2006). In consequence, neutralization of 
BLyS may play a role in the therapy of this disease. 

3.2.1 Belimumab 
Belimumab (Human Genome Sciences, (Rockville, MD, USA)/Glaxo Smith Kline, 
(Uxbridge, UK)) is a fully human IgG1 mAb that specifically binds and inhibits the 
biological activity of BLyS (Wiglesworth, Ennis et al. 2010). The antibody exerts its biological 
activity by preventing the binding of BLyS to its receptors, resulting in autoreactive B cell 
apoptosis (Baker, Edwards et al. 2003). It also inhibits soluble BLyS activity at subnanomolar 
concentrations in a murine model. Belimumab inhibits also BLyS- induced proliferation of 
B-cells in vitro and prevents human BLyS-induced increases in splenic B-cell numbers and 
serum IgA titers in mice. 
The safety, tolerability, immunogenicity, and pharmacology of belimumab were 
investigated in a phase I, randomized, placebo controlled, double-blind study in patients 
with SLE (Furie, Stohl et al. 2008). Seventy patients with mild to moderate disease were 
enrolled in this trial. Fifty-seven patients were treated with mAb and 13 with placebo. The 
drug was administered at 4 different doses (1.0, 4.0, 10 and 20 mg/kg) as single infusions, 21 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

260 

affinity variants of the FcγRIIIa receptor on immune effector cells (Genovese, Kaine et al. 
2008). Ocrelizumab binds to a different, but overlapping, epitope of the extracellular domain 
of CD20 as compared with rituximab. Ocrelizumab is a humanized mAb with the potential 
for enhanced efficacy in lymphoid malignancies compared with rituximab due to increased 
binding affinity for the low-affinity variants of the FcγRIIIa receptor (Faria & Isenberg 2010). 

2.2.4 GA-101  
GA-101 (RO5072759) is a fully humanized, type II, IgG1 mAb derived from humanization of 
the parental B-Ly1 mouse antibody and subsequent glycoengineering using GlycoMab® 
technology. GA-101 was designed for enhanced ADCC and superior direct cell-killing 
properties, in comparison with currently available type I antibodies (Robak 2009). In 
contrast to rituximab GA101, mediated significant NK cell degranulation in whole blood 
samples. Thus, CDC and ADCC are believed to be the major effector mechanisms of GA101 
in whole blood assays (Bologna, Gotti et al. 2011).  

2.2.5 TRU-015 
TRU-015 (CytoxB20G, Trubion Pharmaceuticals Inc and Pfizer Inc) is a small modular 
immunopharmaceutical (SMIP) derived from key domains of an anti-CD20 antibody. TRU-
015 represents a novel biological compound that retains Fc-mediated effector functions and 
is smaller than mAbs (Rubbert-Roth 2010). SMIPs belong to a novel proprietary biologic 
compound class that retain Fc-mediated effector functions and are smaller than mAbs 
(Robak, Robak et al. 2009). A SMIP molecule is a single-chain polypeptide consisting of one 
binding domain, one hinge domain, and one effector domain. The TRU-015 SMIP molecule 
is the homogeneous single-chain immunotherapeutic derived from key domains of an anti-
CD20 antibody, for the potential intravenous infusion treatment of RA, SLE and B-cell 
lymphoid malignancies (Hayden-Ledbetter, Cerveny et al. 2009). This molecule is a compact 
dimer of 104 kDa that co-migrates with albumin in size exclusion chromatography and 
retains a long half-life in vivo. It is effective in mediating target cell killing in the mechanism 
of ADCC but has reduced CDC activity compared with rituximab. TRU-015 could represent 
a novel therapy for the treatment of SLE, although the efficacy, safety profile, and 
advantages of this compound compared with existing therapeutic options would need to be 
established in clinical trials (Burge, Bookbinder et al. 2008). TRU-015 has shown clinical 
efficacy and tolerability in phase IIa and IIb studies in patients with rheumatoid arthritis, 
and clinical development efforts for the treatment of lymphoma and inflammatory disease 
are ongoing. In the ongoing trial pharmacokinetics of TRU-015 after a single administration 
in subjects with membranous nephropathy secondary SLE is investigated (ClinicalTrials.gov 
Identifier: NCT00479622). 
All new anti-CD20 mAbs are potentially useful in the treatment of SLE. However, the 
advantage of these new drugs over rituximab should be proven by well-designed clinical 
trials in rituximab-refractory patients or through head-to-head comparison.  

3. Other B cell targeting monoclonal antibodies 
3.1 Anti-CD22 antibody epratuzumab 
Epratuzumab (Immunomedics, Inc.) is a humanized monoclonal IgG antibody that 
specifically targets the CD22 antigen on B cells (Leonard & Goldenberg 2007). This 
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monoclonal antibody is 90% to 95% of human origin thus greatly reducing the potential for 
immunogenicity. Unconjugated anti-CD22 antibodies only partially deplete B cells, but 
might deliver a negative signal by binding CD22 to the cell surface (Daridon, Blassfeld et al. 
2010). Treatment of SLE patients with epratuzumab leads to a reduction of circulating CD27 
negative B-cells, although epratuzumab is weakly cytotoxic to B-cells in vitro. Epratuzumab 
binding was higher on B-cells relative to T-cells. In addition, weak non-specific binding of 
epratuzumab on monocytes was noted. On B-cells, binding of epratuzumab was enhanced 
on CD27negative B-cells compared to CD27 positive B-cells, primarily related to a higher 
expression of CD22 on CD27negative B-cells. Epratuzumab also enhanced the migration of 
CD27negative B-cells towards the chemokine CXCL12. 
Recently, Dorner et al. reported the results of an open-label, single-center study of 14 
patients with moderately active SLE (Dörner, Kaufmann et al. 2006). Patients received 360 
mg/m2 of epratuzumab intravenously every 2 weeks for 4 doses with analgesic 
antihistamine premedication prior to each dose. Total BILAG scores decreased by 50% in 
all 14 patients at some point during the study with 92% having decrease in various amounts 
continuing to at least 18 weeks. 
Epratuzumab toxicity consisted primarily of mild to moderate transient infusion–related 
events during the first infusion. These results support conducting multicenter controlled 
studies to examine the effects of epratuzumab in broader patient populations. A U.S. patent 
has been issued to Immunomedics, Inc. for epratuzumab as a potential new treatment for 
lupus. 

3.2 Anti-BlyS monoclonal antibodies 
The B-lymphocyte Stimulator (BLyS) and A Proliferatiave Inducing Ligand (APRIL) are 
ligands for receptors BAFF-R (B Cell Activation Factor), BCMA (B Cell Maturation 
Associate) and TACI (Transmembrane Activator and Calcium Reproducing Initiator). BLyS 
also known as BAFF, THANK, TALL-1 or zTNF4, is a member of TNF super-family, which 
stimulates immunoglobulin (Ig) production by binding to specific receptors (King and Hahn 
2007). In patients with SLE, the serum levels of BLyS are elevated and its neutralization has 
suggested that higher levels of BLyS contribute to the generation of autoantibodies and is 
important in SLE pathogenesis (Toubi, Kessel et al. 2006). In consequence, neutralization of 
BLyS may play a role in the therapy of this disease. 

3.2.1 Belimumab 
Belimumab (Human Genome Sciences, (Rockville, MD, USA)/Glaxo Smith Kline, 
(Uxbridge, UK)) is a fully human IgG1 mAb that specifically binds and inhibits the 
biological activity of BLyS (Wiglesworth, Ennis et al. 2010). The antibody exerts its biological 
activity by preventing the binding of BLyS to its receptors, resulting in autoreactive B cell 
apoptosis (Baker, Edwards et al. 2003). It also inhibits soluble BLyS activity at subnanomolar 
concentrations in a murine model. Belimumab inhibits also BLyS- induced proliferation of 
B-cells in vitro and prevents human BLyS-induced increases in splenic B-cell numbers and 
serum IgA titers in mice. 
The safety, tolerability, immunogenicity, and pharmacology of belimumab were 
investigated in a phase I, randomized, placebo controlled, double-blind study in patients 
with SLE (Furie, Stohl et al. 2008). Seventy patients with mild to moderate disease were 
enrolled in this trial. Fifty-seven patients were treated with mAb and 13 with placebo. The 
drug was administered at 4 different doses (1.0, 4.0, 10 and 20 mg/kg) as single infusions, 21 
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days apart. The incidence of adverse events and laboratory abnormalities was similar 
among the belimumab and placebo groups. A significant reduction in the median 
percentage of CD20+ B-cells was noted with a one and two doses of belimumab versus 
placebo. However, SLE activity did not change after treatment with this mAb. 
Wallace et al. assessed the safety, tolerability, biological activity, and efficacy of belimumab in 
combination with standard of care therapy in patients with active SLE (Wallace, Stohl et al. 
2009). In this phase II, randomized trial 449 patients with SELENA-SLEDAI score ≥ 4 were 
randomly assigned to belimumab (1, 4, 10 mg/kg) or placebo in a 52-week study. In this study, 
belimumab treatment did not result in significant improvement compared with placebo. 
Percentage change in the SELENA-SLEDAI score at week 24, the primary endpoint of the 
study, was similar in both arms (19.5% in the belimumab group versus 17.2% in the placebo 
group). There was no significant difference in time to first SFI-defined flare over 52 weeks 
between the belimumab and placebo groups (67 versus 83 days, respectively). However, the 
median time to first SLE flare during weeks 24–52 was significantly longer with belimumab 
treatment (154 versus 108 days; P=0.0361). During the 52-week study and 8-week follow-up 
period, the incidence of AEs were similar in all treatment groups, including placebo. Only 
urticaria was statistically more frequent in belimumab-treated patients (4% versus 0%). 
The efficacy and safety of belimumab in patients with active SLE was also assessed in a 
large, randomized, multicenter study recently reported by Navarra et al 2011 (Navarra, 
Guzmán et al. 2011). In this trial, 865 patients with scores of at least 6 on the Safety of 
Estrogens in Lupus Erythematosus National Assessment-Systemic Lupus Erythematosus 
Disease Activity Index (SELENA-SLEDAI) were randomly assigned to belimumab 1 mg/kg 
or 10 mg/kg, or placebo by intravenous infusion in 1 h on days 0, 14, and 28, and then every 
28 days until 48 weeks, with standard of care. Significantly higher Systemic Lupus 
Erythematosus Responder Index (SRI) rates were noted with belimumab 1 mg/kg (51%, 
P=0.0129) and 10 mg/kg (58%, p=0.006) than with placebo (44%) at week 52. In addition, 
more patients had SELENA-SLEDAI score reduced by at least 4 points during 52 weeks with 
belimumab 1 mg/kg (53%, P=0.0189) and 10 mg/kg (58%, P=0.0024) than with placebo 
(46%). Moreover, more patients receiving belimumab 1 mg/kg (78%, P=0.1064) and 10 
mg/kg (81%, P=0.0181) had no new BILAG A or no more than 1 new B flare than did those 
receiving placebo (73%). There was no difference in rates of adverse events in patients given 
belimumab 1 mg/kg and 10 mg/kg, and placebo. Serious infection was noted in 8%, 4%, 
and 6% patients, respectively. Severe or serious hypersensitivity reactions on an infusion 
day were reported in four patients.  

3.2.2 LY2127399 
Anti-BAFF monoclonal antibody LY2127399 (Eli Lilly & Company Limited) is a fully human 
IgG4 antibody with neutralizing activity against both membrane-bound and soluble BAFF. 
This may reduce the activity, proliferation and survival of B-cells. The ongoing study 
evaluates the efficacy, safety and tolerability of two different doses of LY2127399 
administered in addition to standard of care therapy in patients with active SLE 
(ClinicalTrials.gov Identifier: NCT01205438). 

4. Monoclonal antibodies inhibiting T cell costimulation 
Cytotoxic lymphocyte-associated antigen-4 (CTLA-4) is a potent inhibitor of the costimulation 
pathway necessary to activate T cells. Abatacept (CTLA-4 immunoglobulin; CTLA4-Ig, 
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Orencia) is a recombinant fully humanized fusion protein, composed of the extracellular 
domain of human CTLA-4 and a modified Fc part of IgG-1that was engineered to prevent 
complement fixation (St Clair 2009). It targets T cell activation by interfering with one of the 
costimulatory mechanisms that are essential for cell activation. CTLA4-Ig binds to B7-1 and 
B7-2 on antigen presenting cells and downregulates T cell activation by disrupting CD28-B7 
costimulatory interaction. Abatacept blocks the interaction between CD28 expressed on the 
surface of T cells and CD80/CD86 on the surface of antigen-presenting cells. The drug was 
approved for RA by the FDA US (Food and Drug Administration) in 2005. Abatacept was 
compared to placebo in a randomized, placebo controlled, phase II trial of patients with active 
SLE characterized by arthritis, serositis, or rash (Merrill, Burgos-Vargas et al. 2010). SLE 
patients were randomized at a ratio of 2:1 to receive abatacept (10 mg/kg of body weight) or 
placebo. Prednisone (30 mg/day or equivalent) was given for 1 month, and then the dosage 
was tapered. There was no difference in the percentage of patients who experienced the 
primary endpoint of SLE flare, as defined by BILAG, over the course of 52 weeks. However, 
the investigators discerned a difference in flare rates between the abatacept group (64%) and 
placebo group (83%). This difference was especially pronounced in the subgroup of patients 
with arthritis. The frequency of adverse events was comparable in the abatacept and placebo 
groups (90.9% versus 91.5%), but serious adverse events were higher in the abatacept group 
(19.8 versus 6.8%). Most serious adverse events were single, disease-related events occurring 
during the first 6 months. Improvements in certain exploratory measures suggest that 
abatacept has some efficacy in patients with non-life-threatening manifestations of SLE.  

5. Anticytokine monoclonal antibodies 
In the course of SLE, a wide variety of cytokines is dysregulated, many of which are likely to 
influence autoimmunity and lupus tissue inflammation (La Cava. 2010; Robak, Kulczycka et 
al. 2007). They are not only involved in the immune dysregulation of SLE, but also in the 
local inflammatory response which ultimately leads to tissue injury. Proinflammatory 
cytokines such as tumor necrosis factor  (TNF), iterleukin-6 (IL-6), IL-1 and interferon- 
(IFN-) may play an important role in propagating the inflammatory process responsible for 
tissue damage. IL-12, IL-15 and IL-18 are probably also involved in pathogenesis of SLE. The 
possibility of blocking the proinflammatory cascade by selective inactivation of cytokines 
can be a successful therapy for patients with SLE. 

5.1 Anti-IL-6 monoclonal antibodies 
Data from several studies suggests that IL-6 plays an important role in the B-cell 
hyperactivity and immunopathology of SLE (Klashman, Martin et al. 1991). One of the most 
important effects of IL-6 is to induce the maturation of B lymphocytes into plasma cells and 
augment the imunoglobulin secretion. IL-6 binds to the IL-6 receptors which belong to the 
type 1 cytokine receptor superfamily that consists of two subunits, namely the IL-6 R and 
the gp 130. This cytokine may have a direct influence in mediating tissue damage. Elevated 
levels of IL-6 were detected in the serum, urine and renal glomerulli of patients with active 
SLE and in murine models of SLE (Grondal, Gunnarsson et al. 2000).  
Tocilizumab (ACTEMRA, MRA, Roche Pharmaceuticals) is a humanized anti-human IL-6R 
mAb considered as a therapeutic option for patients with SLE. It is an antibody which 
inhibits the interleukin-6 receptor. It binds to both soluble IL-6R and transmembrane IL-6R 
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days apart. The incidence of adverse events and laboratory abnormalities was similar 
among the belimumab and placebo groups. A significant reduction in the median 
percentage of CD20+ B-cells was noted with a one and two doses of belimumab versus 
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median time to first SLE flare during weeks 24–52 was significantly longer with belimumab 
treatment (154 versus 108 days; P=0.0361). During the 52-week study and 8-week follow-up 
period, the incidence of AEs were similar in all treatment groups, including placebo. Only 
urticaria was statistically more frequent in belimumab-treated patients (4% versus 0%). 
The efficacy and safety of belimumab in patients with active SLE was also assessed in a 
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Guzmán et al. 2011). In this trial, 865 patients with scores of at least 6 on the Safety of 
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or 10 mg/kg, or placebo by intravenous infusion in 1 h on days 0, 14, and 28, and then every 
28 days until 48 weeks, with standard of care. Significantly higher Systemic Lupus 
Erythematosus Responder Index (SRI) rates were noted with belimumab 1 mg/kg (51%, 
P=0.0129) and 10 mg/kg (58%, p=0.006) than with placebo (44%) at week 52. In addition, 
more patients had SELENA-SLEDAI score reduced by at least 4 points during 52 weeks with 
belimumab 1 mg/kg (53%, P=0.0189) and 10 mg/kg (58%, P=0.0024) than with placebo 
(46%). Moreover, more patients receiving belimumab 1 mg/kg (78%, P=0.1064) and 10 
mg/kg (81%, P=0.0181) had no new BILAG A or no more than 1 new B flare than did those 
receiving placebo (73%). There was no difference in rates of adverse events in patients given 
belimumab 1 mg/kg and 10 mg/kg, and placebo. Serious infection was noted in 8%, 4%, 
and 6% patients, respectively. Severe or serious hypersensitivity reactions on an infusion 
day were reported in four patients.  

3.2.2 LY2127399 
Anti-BAFF monoclonal antibody LY2127399 (Eli Lilly & Company Limited) is a fully human 
IgG4 antibody with neutralizing activity against both membrane-bound and soluble BAFF. 
This may reduce the activity, proliferation and survival of B-cells. The ongoing study 
evaluates the efficacy, safety and tolerability of two different doses of LY2127399 
administered in addition to standard of care therapy in patients with active SLE 
(ClinicalTrials.gov Identifier: NCT01205438). 

4. Monoclonal antibodies inhibiting T cell costimulation 
Cytotoxic lymphocyte-associated antigen-4 (CTLA-4) is a potent inhibitor of the costimulation 
pathway necessary to activate T cells. Abatacept (CTLA-4 immunoglobulin; CTLA4-Ig, 
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Orencia) is a recombinant fully humanized fusion protein, composed of the extracellular 
domain of human CTLA-4 and a modified Fc part of IgG-1that was engineered to prevent 
complement fixation (St Clair 2009). It targets T cell activation by interfering with one of the 
costimulatory mechanisms that are essential for cell activation. CTLA4-Ig binds to B7-1 and 
B7-2 on antigen presenting cells and downregulates T cell activation by disrupting CD28-B7 
costimulatory interaction. Abatacept blocks the interaction between CD28 expressed on the 
surface of T cells and CD80/CD86 on the surface of antigen-presenting cells. The drug was 
approved for RA by the FDA US (Food and Drug Administration) in 2005. Abatacept was 
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placebo. Prednisone (30 mg/day or equivalent) was given for 1 month, and then the dosage 
was tapered. There was no difference in the percentage of patients who experienced the 
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abatacept has some efficacy in patients with non-life-threatening manifestations of SLE.  
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local inflammatory response which ultimately leads to tissue injury. Proinflammatory 
cytokines such as tumor necrosis factor  (TNF), iterleukin-6 (IL-6), IL-1 and interferon- 
(IFN-) may play an important role in propagating the inflammatory process responsible for 
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possibility of blocking the proinflammatory cascade by selective inactivation of cytokines 
can be a successful therapy for patients with SLE. 

5.1 Anti-IL-6 monoclonal antibodies 
Data from several studies suggests that IL-6 plays an important role in the B-cell 
hyperactivity and immunopathology of SLE (Klashman, Martin et al. 1991). One of the most 
important effects of IL-6 is to induce the maturation of B lymphocytes into plasma cells and 
augment the imunoglobulin secretion. IL-6 binds to the IL-6 receptors which belong to the 
type 1 cytokine receptor superfamily that consists of two subunits, namely the IL-6 R and 
the gp 130. This cytokine may have a direct influence in mediating tissue damage. Elevated 
levels of IL-6 were detected in the serum, urine and renal glomerulli of patients with active 
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Tocilizumab (ACTEMRA, MRA, Roche Pharmaceuticals) is a humanized anti-human IL-6R 
mAb considered as a therapeutic option for patients with SLE. It is an antibody which 
inhibits the interleukin-6 receptor. It binds to both soluble IL-6R and transmembrane IL-6R 
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and inhibit IL-6 binding to its receptors, leading to the blockade of IL-6 signaling through 
both receptors (Jones and Ding 2010). Tocilizumab suppresses the biological activity of IL-6 
and is now being used in clinical trials for RA and SLE (ClinicalTrials.gov Identifier: 
NCT00046774). An intraperitoneal administration of an anti-IL-6 mAb decreased the 
production of anti-ds DNA antibodiess in murine model of SLE and prevented the 
development of severe kidney disease. These results suggest that treatment with anti-IL-6 
mAb has a beneficial effect on autoimmunity in murine SLE and that autoreactive B cells 
may be the primary target for anti-IL-6 antibody treatment (Liang, Gardner et al. 2006). 
Tocilizumab is an effective agent in all the stages of RA (Jones, Sebba et al. 2010). Tocilizumab 
is the first agent that has been shown to be superior to methotrexate (MTX) as monotherapy 
for the signs and symptoms of this disease. It is also an active drug in SLE patients. 
Tocilizumab when used in mild to moderate lupus patient has demonstrated preliminary 
success and good tolerability in an open-label phase I dosage-escalation study (Illei, Shirota et 
al. 2010). In this trial 16 patients with mild-to-moderate disease activity were assigned to 
receive 1 of 3 doses of tocilizumab given intravenously every other week for total of 7 
infusions: 2 mg/kg in 4 patients, 4 mg/kg in 6 patients, or 8 mg/kg in 6 patients. Patients were 
then monitored for an additional 8 weeks. The median decrease in anti-dsDNA antibody levels 
at week 14 was −9 IU/ml (P = 0.03). There was improvement in overall disease activity over 
the course of treatment. Mean SLAM scores decreased from 7.1 at baseline to 5.0 at week 14 (P 
= 0.002), and mean mSELENA–SLEDAI scores decreased from 9.5 to 5.5 (P = 0.001). In 
addition, there was no SLE flare during the treatment period. The infusions were well 
tolerated, without any clinically significant infusion reactions. However, the treatment 
induced dosage-related decreases in the absolute neutrophil count, with a median decrease of 
38% in the 4 mg/kg dosage group and 56% in the 8 mg/kg dosage group. Infections were 
observed in 11 patients between the start of study treatment and the end of the follow up 
period. This study provides the first evidence that treatment with tocilizumab has an 
acceptable safety profile and suggests a possible immunologic and clinical benefit in SLE. 

5.2 Anti-IL 10 monoclonal antibody  
Interleukin-10 (IL-10) is a cytokine produced mainly by monocytes and lymphocytes. It 
impedes the activation of antigen presenting cells, down-regulates the expression of co-
stimulatory molecules and blunts T cell activation and TNF-α secretion. IL-10 boosts B cell 
proliferation and immunoglobulin class switching resulting in enhanced antibody secretion 
with the capacity to enter extravascular compartments and promote inflammation in SLE (Yap 
& Lai 2010). The levels of IL-10 increase in the serum of patients with active SLE and correlates 
with disease activity. Alteration in IL-10 regulation may result in accelerated T-cell apoptosis 
and aberrant T-cell dependent B-cell function. In animal models of lupus nephritis, anti-IL 10 
blockade offered some benefits in limiting renal damage (Ravirajan, Wang et al. 2004). The 
beneficial effect of a combined therapy using both anti-IL-10 and anti-C5 mAb to prevent or 
reduce the effect of the humoral immune response in lupus disease was also suggested. 
Preliminary data has shown that anti-IL-10 monoclonal antibody improved cutaneous lesions, 
joint symptoms, and SLEDAI in lupus patients (Llorente, Richaud-Patin et al. 2000). The anti-
IL-10 monoclonal antibody was administered to six patients with steroid resistant SLE in an 
open label pilot study. Treatment consisted of an 20 mg/day intravenous administration of an 
anti-IL-10 murine mAb (B-N10) for 21 consecutive days, with a follow-up period of 6 months. 
Therapy was well tolerated and marked improvement in skin lesions and joint symptoms was 
observed in all patients over the next 6 months. Furthermore, three times lower doses of 
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prednisone were used. The study indicates that the use of IL-10 antagonists may be beneficial 
in the management of refractory SLE. 

6. Anti-CD40 and anti-CD40L monoclonal antibodies 
CD40, a member of the tumor necrosis factor receptor super family, is highly expressed in 
normal B-cells and a variety of B-cell malignancies. CD40 ligand, also called CD154 or gp39, 
is a protein expressed on activated CD4+ T cells as well as on platelets, mast cells, 
macrophages, basophils, NK cells and B lymphocytes. An increased expression of CD40L 
has been found in the peripheral lymphocytes of patients with active SLE (Devi, Van 
Noordin et al. 1998). Moreover, serum levels of CD154 (CD40L) are higher in lupus patients 
than in normal persons (van Kooten & Banchereau 2000). The high expression of CD154 on 
T and B cells may increase production of potentially harmful auto-antibodies. The results of 
preclinical studies indicate that lupus-prone mice treated with anti-CD40L Abs had 
diminished inflammation, reduced anti-DNA autoantibody production and prolonged 
survival. Prolonged administration was particularly helpful in preventing fibrosis in 
severely nephritic mice (Kalled, Cutler et al. 2001). These results prompted the testing of 
anti-CD40L mAbs in human SLE.  

6.1 Anti-CD40 monoclonal antibodies 
Two mAbs directed against CD40 have been developed and investigated in preclinical 
studies and clinical trials, lucatumumab (HCD122) and dacetuzumab (SGN-40) (Kelley, 
Gelzleichter et al. 2006).  

6.1.1 Lucatumumab 
Lucatumumab ((HCD122, CHIR-0.12.12; Novartis Pharmaceuticals) is a fully human anti-
CD40 mAb directed against the B-cell surface antigen CD40. It blocks CD40/CD40L 
interactions in vitro and inhibits CD40L-induced proliferation of human peripheral blood 
lymphocytes without disturbing baseline lymphocyte proliferation. Lucatumumab triggers 
cell lysis via ADCC in cells overexpressing CD40 (Luqman, Klabunde et al. 2008). 

6.1.2 Dacetuzumab  
Dacetuzumab (Seattle Genetics, Inc), is another humanized anti-CD40 IgG1 mAb, which 
induces ADCC and apoptosis of normal and malignant B-cells (Kelley, Gelzleichter et al. 
2006). Dacetuzumab is able to initiate multiple signalling cascades upon ligation of CD40 on 
NHL cell lines. Dacetuzumab-mediated cytotoxicity is associated with up-regulation of 
cytotoxic ligands of the tumor necrosis factor (TNF) family including Fas/FasL, TNF-related 
apoptosis-inducing ligand, and TNFalpha. 

6.2 Anti-CD40L monoclonal antibodies 
6.2.1 IDEC-131 
IDEC-131/E6040 (Idec Pharmaceuticals Corp. San Diego) is a humanized mAb against 
human CD154, comprising human 1 heavy chains and human  light chains with 
complementarity-determining regions of murine mAb clone 24-31. In Phase I clinical trial, 
IDEC-131 was administered in a single intravenous infusion at doses of 0.05-15.0 mg/kg in 
patients with SLE. Patients were followed for 3 months to evaluate toxicity and 
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and inhibit IL-6 binding to its receptors, leading to the blockade of IL-6 signaling through 
both receptors (Jones and Ding 2010). Tocilizumab suppresses the biological activity of IL-6 
and is now being used in clinical trials for RA and SLE (ClinicalTrials.gov Identifier: 
NCT00046774). An intraperitoneal administration of an anti-IL-6 mAb decreased the 
production of anti-ds DNA antibodiess in murine model of SLE and prevented the 
development of severe kidney disease. These results suggest that treatment with anti-IL-6 
mAb has a beneficial effect on autoimmunity in murine SLE and that autoreactive B cells 
may be the primary target for anti-IL-6 antibody treatment (Liang, Gardner et al. 2006). 
Tocilizumab is an effective agent in all the stages of RA (Jones, Sebba et al. 2010). Tocilizumab 
is the first agent that has been shown to be superior to methotrexate (MTX) as monotherapy 
for the signs and symptoms of this disease. It is also an active drug in SLE patients. 
Tocilizumab when used in mild to moderate lupus patient has demonstrated preliminary 
success and good tolerability in an open-label phase I dosage-escalation study (Illei, Shirota et 
al. 2010). In this trial 16 patients with mild-to-moderate disease activity were assigned to 
receive 1 of 3 doses of tocilizumab given intravenously every other week for total of 7 
infusions: 2 mg/kg in 4 patients, 4 mg/kg in 6 patients, or 8 mg/kg in 6 patients. Patients were 
then monitored for an additional 8 weeks. The median decrease in anti-dsDNA antibody levels 
at week 14 was −9 IU/ml (P = 0.03). There was improvement in overall disease activity over 
the course of treatment. Mean SLAM scores decreased from 7.1 at baseline to 5.0 at week 14 (P 
= 0.002), and mean mSELENA–SLEDAI scores decreased from 9.5 to 5.5 (P = 0.001). In 
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in the management of refractory SLE. 
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Noordin et al. 1998). Moreover, serum levels of CD154 (CD40L) are higher in lupus patients 
than in normal persons (van Kooten & Banchereau 2000). The high expression of CD154 on 
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pharmacokinetics (Davis, Totoritis et al. 2001). All patients experienced at least one adverse 
event. However, no infusion related cytokine-release syndrome was observed and all 
patients completed treatment. In a phase II, double blind, placebo-controlled, multiple-
center, multiple-dose study, 85 patients with mild-to-moderately active SLE were 
randomized to receive 6 infusions of IDEC-131, ranging from 2.5 mg/kg to 10.0 mg/kg, or 
placebo over 16 weeks (Kalunian, Davis et al. 2002). At week 20, the mean change from 
baseline total SLEDAI scores indicated improvement in disease activity within each 
treatment group. In addition, the median global BILAG scores at week 20 indicated a 
reduction in SLE activity. However, results did not differ among the IDEC-131 treatment 
and placebo groups, and no dose-response relationship was noted at week 20. Moreover, the 
changes in levels of anti-dsDNA antibody and serum complement were not statistically 
significant in any group or between treatment groups and placebo. In addition, the changes 
in levels of anti-dsDNA antibody and serum complement were not different between 
treatment groups and placebo. The adverse events were also similar between the IDEC-131 
and placebo groups. 

6.2.2 BG9588 
BG9588 (Biogen, Inc., Cambridge, MA) is a recombinant humanized anti-human CD40L 
monoclonal antibody that specifically binds to the CD40 ligand expressed on the surface of 
activated T lymphocytes. It blocks the CD40L/CD40 interaction between T and B cells that is 
required for the initiation for certain antibody responses. A short course of BG9588 
treatment in patients with proliferative lupus nephritis reduced anti-dsDNA antibodies, 
increased C3 concentrations, and decreased hematuria (Boumpas, Furie et al. 2003). These 
results indicate that the drug has immunomodulatory action. Additional studies will be 
needed to evaluate its long-term effects. 

7. Anticomplement antibody 
Patients with SLE have widespread activation and deposition of the complement fragment 
in affected tissues. In murine models of SLE, the administration of the anti-C5 monoclonal 
antibody delayed the onset of proteinuria and prolonged survival. Moreover, 
pharmacological blockade of C5 receptor with a specific receptor antagonist reduces disease 
manifestation in experimental lupus nephritis (Cordeiro & Isenberg 2008). Furthermore, in 
mice with renal disease induced by a human anti-dsDNA antibody, RH-14 anti-C5 
monoclonal antibody significantly reduced proteinuria.  
Eculizumab (Soliris; Alexion Pharmaceuticals, Inc., Cheshire, CT) is a recombinant 
humanized monoclonal antibody that works by binding to complement protein C5, 
inhibiting its enzymatic cleavage, blocking formation of the terminal complement complex, 
and thus preventing red cell lysis (Parker , Kar et al. 2007). It has a molecular weight of 148 
kD. Eculizumab is approved for the treatment of paroxysmal nocturnal hemoglobinuria 
(PNH) (Hillmen, Young et al. 2006). This antibody is potentially useful for treating patients 
with lupus nephritis. In this disease, the terminal components of the complement C5b-C9 
play an important role in mediating the inflammation and the damage of podocytes and 
glomerular basement membrane (Robak & Robak 2009). Eculizumab has been recently 
developed and investigated in a phase I single dose study in SLE. 
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mice with renal disease induced by a human anti-dsDNA antibody, RH-14 anti-C5 
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play an important role in mediating the inflammation and the damage of podocytes and 
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MoAb Target Antibody characteristics 

Lucatumumab 
(HCD122, CHIR-
0.12.12) 

CD40 Human IgG1 mAb that blocks CD40/CD40L interactions 
and inducesADCC 

Dacetuzumab (SGN-
40) 

CD40 Humanized anti-CD40 IgG1 mAb, which induces ADCC 
and apoptosis of B-cells

Eculizumab Comple
mentpro-
tein C5

Recombinant humanized mAb binding to complement 
protein C5, inhibiting its enzymatic cleavage, blocking 
formation of the terminal complement complex 

ADCC=antibody-dependent cellular cytotoxicity; BLyS=B-lymphocyte Stimulator;  
CDC=complement-dependent cytotoxicity; mAb= monoclonal antibody;  
SMIP=small modular immunopharmaceutical 

Table 1. Monoclonal antibodies potentially useful in systemic lupus erythematosus 

8. Conclusions 
In recent years, clinical studies have been undertaken with selected mAbs in the treatment 
of SLE. The most frequently used mAb is rituximab, which is directed against CD20, a 
membrane protein expressed on B lymphocytes. Rituximab is effective in depleting B cells 
from peripheral blood, lymph nodes and bone marrow. Recent clinical studies confirm the 
high activity of rituximab in SLE patients, especially with lupus nephritis and 
neuropsychiatric involvement. Rituximab was generally well tolerated. However, 
occasionaly serious infections were reported. Over the last few years new generations of 
anti-CD20 mAbs have been developed for potential benefits over rituximab. They were 
engineered to have augmented antitumor activity by increasing CDC or ADCC activity and 
increased Fc binding affinity for the low-affinity variants of the FcγRIIIa receptor (CD16) on 
immune effector cells. This mAbs are are highly cytotoxic against B-cell lymphoid cells and 
are now being evaluated in clinical trials.  
More recently, several newer mAbs have been developed and are being evaluated in phase 
I/II clinical trials. These include anti-cytokine therapies anti-CD40L mAbs, anti-CD-22 mAb, 
anti-BLys mAbs and anti- C5 mAbs. Belimumab is a fully human monoclonal antibody that 
binds to BLyS and inhibits its biological activity. Significantly positive results in both phase 
3 studies have raised hopes that belimumab may be the long-awaited new effective therapy 
for SLE. Proinflammatory cytokines such as tumor necrosis factor (TNF) and interleukin- 6 
(IL-6) play an important role in propagating the inflammatory process responsible for tissue 
damage. Blocking of these cytokines by mAbs can be also a successful therapy for patients 
with SLE. Finally, mAb eculizumab that specifically inhibits terminal complement activation 
has been recently developed and investigated in a phase I single dose study in SLE. These 
potentially useful agents should be further evaluated in well designed controlled trials.  
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1. Introduction 
Optimal treatment for lupus nephritis in adolescents is still a great challenge. Systemic 
lupus erythematosus (SLE) is a chronic disease characterized by frequent disease flares for 
which effective and safe maintenance therapy is required (Chan et al., 2005; Lai et al., 2005). 
Since diffuse proliferative lupus nephritis (DPLN) is a major concern regarding treatment of 
young patients with SLE, the optimal immunosuppressive therapy for controlling the 
activity of DPLN in this population remains controversial (Niaudet, 2000; Tanaka et al., 
2004, 2009). Intermittent monthly pulses of intravenous cyclophosphamide (CPA) have been 
reported to be effective even for patients with pediatric-onset SLE (Lehman & Onel, 2000); 
however, CPA is a potent immunosuppressive agent associated with myelotoxicity, gonadal 
toxicity, and an increased risk of secondary malignancy (Chan et al., 2000; Lai et al., 2005). 
Since therapy related-adverse events are a major therapeutic risk of the immunosuppressive 
treatment in patients with SLE, selecting a safe and effective treatment protocol poses a big 
dilemma for physicians treating young patients. Thus, optimal maintenance treatment for 
controlling the clinical activity of SLE, particularly in young patients with pediatric-onset 
SLE, remains to be established (Yang et al., 1994; Niaudet, 2000; Tanaka et al., 2001).  
Mycofenolate mofetil (MMF) has recently been reported to be as effective as and less toxic than 
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in patients other than those undergoing solid organ transplantation, has not been approved by 
the Japanese Ministry of Health and Welfare yet. On the other hand, mizoribine (MZR), a 
selective inhibitor of inosine monophosphate dehydrogenase in the de novo pathway of purine 
nucleotides, which acts very similar to MMF (Burkhardt & Kalden, 1997; Yokota, 2002), has 
been successfully used without any serious adverse effects for the long-term treatment of 
young patients with lupus nephritis (Tanaka et al., 2004; Yumura et al., 2005). We 
hypothesized that calcineurin inhibitors, other than MZR, might be a feasible alternative 
treatment for patients with pediatric-onset lupus nephritis (Tanaka et al., 2007a, 2009). 
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1. Introduction 
Optimal treatment for lupus nephritis in adolescents is still a great challenge. Systemic 
lupus erythematosus (SLE) is a chronic disease characterized by frequent disease flares for 
which effective and safe maintenance therapy is required (Chan et al., 2005; Lai et al., 2005). 
Since diffuse proliferative lupus nephritis (DPLN) is a major concern regarding treatment of 
young patients with SLE, the optimal immunosuppressive therapy for controlling the 
activity of DPLN in this population remains controversial (Niaudet, 2000; Tanaka et al., 
2004, 2009). Intermittent monthly pulses of intravenous cyclophosphamide (CPA) have been 
reported to be effective even for patients with pediatric-onset SLE (Lehman & Onel, 2000); 
however, CPA is a potent immunosuppressive agent associated with myelotoxicity, gonadal 
toxicity, and an increased risk of secondary malignancy (Chan et al., 2000; Lai et al., 2005). 
Since therapy related-adverse events are a major therapeutic risk of the immunosuppressive 
treatment in patients with SLE, selecting a safe and effective treatment protocol poses a big 
dilemma for physicians treating young patients. Thus, optimal maintenance treatment for 
controlling the clinical activity of SLE, particularly in young patients with pediatric-onset 
SLE, remains to be established (Yang et al., 1994; Niaudet, 2000; Tanaka et al., 2001).  
Mycofenolate mofetil (MMF) has recently been reported to be as effective as and less toxic than 
oral CPA or monthly intermittent pulse therapy with intravenous CPA (iv-CPA) for SLE 
patients (Chan et al., 2000; Lai et al., 2005; Sinclair et al., 2007). However, clinical use of MMF, 
in patients other than those undergoing solid organ transplantation, has not been approved by 
the Japanese Ministry of Health and Welfare yet. On the other hand, mizoribine (MZR), a 
selective inhibitor of inosine monophosphate dehydrogenase in the de novo pathway of purine 
nucleotides, which acts very similar to MMF (Burkhardt & Kalden, 1997; Yokota, 2002), has 
been successfully used without any serious adverse effects for the long-term treatment of 
young patients with lupus nephritis (Tanaka et al., 2004; Yumura et al., 2005). We 
hypothesized that calcineurin inhibitors, other than MZR, might be a feasible alternative 
treatment for patients with pediatric-onset lupus nephritis (Tanaka et al., 2007a, 2009). 
Tacrolimus (Tac) is a T-cell-specific calcineurin inhibitor that prevents the activation of helper 
T cells, thereby inhibiting the transcription of the early activation genes of interleukin (IL)-2 
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and suppressing the T cell-induced activation of tumor necrosis factor (TNF)-α, IL-1β and IL-6 
(Kawai & Yamamoto, 2006). Therefore, Tac is an attractive therapeutic option for young 
patients with lupus nephritis. We believe that both MZR and Tac may be new options of less 
cytotoxic immunosuppressive therapy for pediatric patients with lupus nephritis. Recently, a 
multidrug regimen comprising prednisolone (PDN), Tac, and MMF has been reported to be 
safe and effective for the treatment of adult lupus (Lanta et al., 2010). We also propose that as 
an alternative to CPA, a multidrug therapy consisting the immunosuppressive agents, MZR 
and Tac, which have different modes of action, combined with PDN would be an effective and 
safe treatment for pediatric-onset SLE (Watanabe et al., 2011).  
From our recent clinical experiences, we would like to introduce this new less cytotoxic 
immunosuppressive therapy for the treatment of pediatric-onset lupus nephritis. 
Furthermore, we would like to discuss the novel signaling pathways in mesangial cells, 
which may be involved in the pathogenesis of lupus nephritis. 

2. A new option of less cytotoxic immunosuppressive therapy for pediatric-
onset lupus nephritis 
Recent advances in the management of lupus nephritis, together with earlier renal biopsy 
and selective use of aggressive immunosuppressive therapy, have contributed to a favorable 
outcome in children and adolescents with SLE (Yang et al., 1994; Niaudet, 2000; Tanaka et 
al., 2001). Nevertheless, for optimal control of the activity of lupus nephritis, we believe that 
more effective and less toxic treatment strategies need to be developed. Although it has been 
reported that iv-CPA is effective for preserving renal function in adult patients (Austin & 
Balow, 1999), CPA is a potent immunosuppressive agent that induces severe toxicity, 
including myelotoxicity, gonadal toxicity, and an increased risk of secondary malignancy 
(Chan et al, 2000). Thus, the optimal treatment strategy for controlling the activity of lupus 
nephritis, especially in children and adolescents, is still controversial (Niaudet, 2000; Tanaka 
et al., 2004). 

2.1 Mizoribine, a selective inhibitor of inosine monophosphate dehydrogenase in the 
de novo pathway 
The mode of action of mizoribine (MZR) is, very similar to that of MMF, owing to the 
selective inhibition of inosine monophosphate dehydrogenease (IMPD) in the de novo 
pathway of purine nucleotide synthesis. MZR inhibits T cell and B cell proliferation 
(Burkhardt & Kalden, 1997; Yokota, 2002). MZR inhibition of IMPD is competitive and 
different from that induced by MMF (Sonda et al., 1996). Indeed, it has been reported that 
the concentrations of MZR required to effectively inhibit human mixed-lymphocyte 
reaction, must reach peak blood levels ranging approximately from 3.0 to 6.0 μg/mL, while 
beyond the 6.0 μg/mL level, it may lead to myelotoxicity (Sonda et al., 1996). It has also 
been reported that following MZR administration, 14-3-3 proteins, that is, MZR-binding 
proteins in vivo, interact with glucocorticoid receptors to enhance the transcriptional activity 
of these receptors (Takahashi et al., 2000). In vitro, the MZR concentration required to 
effectively enhance steroid receptor activity has been reported to be more than 10 μM, which 
corresponds to a blood MZR level of approximately 2.6 μg/mL. Clinically, MZR has been 
successfully used without any serious adverse effects for the long-term treatment of young 
patients with lupus nephritis (Tanaka et al., 2004; Yumura et al., 2005). Based on previous 
clinical observations, the efficacy of MZR may depend on the peak serum level of the drug 
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(Tanaka et al., 2003; Nozu et al., 2006; Kuroda et al., 2007). In addition, it has been reported 
that a peak serum MZR level of at least 2.5-3.0 μg/mL may be needed to effectively 
suppress of serum anti-dsDNA antibody titers and attain satisfactory clinical efficacy in 
lupus nephritis patients (Tanaka et al., 2005). However, when using MZR with the 
conventional protocol of low-dose (3-4 mg/kg) daily MZR (MZR-C) in young patients with 
lupus nephritis, the peak blood level of the drug usually remains at around 1.0 μg/mL 
(Tanaka et al., 2003), which may explain the relatively mild efficacy of MZR observed in 
clinical practice (Kuroda et al., 2007).  
In this context, we conducted a trial of relatively long-term (at least 12 months or longer) 
intermittent pulse therapy with oral MZR (up to 10 mg/kg as a single dose before breakfast 
on 2 days of the week, MZR-P), to attain increased peak blood levels of MZR, in young 
patients with flares of lupus nephritis (Tanaka et al., 2008a). Our results suggested that this 
new treatment protocol was beneficial and resulted in higher efficacy and lower toxicity, in 
terms of reduction of proteinuria, decrease in the serum anti-dsDNA antibody titer, 
recovery of hypocomplementemia, preservation serum creatinine level, and decrease in the 
European Consensus Lupus Activity Measurement index (ECLAM) (Masca et al., 2000) than 
the MZR-C (Tanaka et al., 2008a and b). The rationale for using MZR-P was as follows: 1) 
MZR is rapidly excreted into the urine: about 90% of the drug is completely eliminated from 
the circulation within about 12 hours after oral intake; thus, the accumulation of the drug is 
not considered to be a problem, at least under the condition of normal renal function 
(Yokota, 2002). Considering this point, the intermittent use of high-dose MZR may be 
relatively safe. 2) Higher doses of MZR increase the area under the serum concentration-
time curve (AUC) in lupus patients (Yumura et al., 2005); thus, the efficacy of MZR may 
depend on the peak serum level of the drug, which, in turn, may be closely correlated with 
the AUC of the drug (Tanaka et al., 2003). 3) In an SLE mouse model, the intermittent 
administration (every other day) of MZR effectively reduced anti-DNA antibody production 
(Kamata et al., 1984). In our recent multicenter study, we confirmed that the MZR-P protocol 
was more effective than the MZR-C protocol, with no serious adverse events occurring 
during the long-term treatment of young patients with DPLN (Tanaka et al., 2008a). Also, 
MZR-P showed the potential usefulness of MZR-P as induction therapy in young patients 
even in those with DPLN (Tanaka et al., 2008a and b). Follow-up renal biopsy specimens 
obtained after the initiation of MZR-P revealed an apparent improvement in the 2003 
classification of lupus nephritis by the International Society of Nephrology/Renal Pathology 
Society (ISN/RPS), with a decrease in the activity indices without a significant progression 
in the chronicity indices described by Austin et al. (1984). It is noteworthy that no clinical 
toxicity, not even amenorrhea- a serious problem in female patients, occurred in any of the 
study patients. This low clinical toxicity is an important advantage of MZR-P treatment, 
especially for long-term treatment of young patients. 
Besides its immunosuppressive effects, MZR has recently been reported to suppress the 
progression of histologic chronicity in selected patients with lupus nephritis and IgA 
nephropathy (Kawasaki et al., 2004; Tanaka et al., 2007b and c; Ikezumi et al., 2008). 
Moreover, MZR has been reported to attenuate tubulointerstitial fibrosis in a dose-
dependent manner in rat models of unilateral ureteral obstruction, non-insulin-dependent 
diabetes and peritoneal fibrosis via suppression of macrophage infiltration of the 
interstitium (Sato et al., 2001; Kikuchi et al., 2005; Takahashi et al., 2009). Interestingly, MZR 
has been reported to bind specifically to heat shock protein (HSP) 60, which results in 
interference of the chaperone activity of HSP60 in vitro (Itoh et al., 1999). This may, in turn, 
lead to suppression of the activity of α3β1-integrin, which is known to play a role in the  
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and suppressing the T cell-induced activation of tumor necrosis factor (TNF)-α, IL-1β and IL-6 
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multidrug regimen comprising prednisolone (PDN), Tac, and MMF has been reported to be 
safe and effective for the treatment of adult lupus (Lanta et al., 2010). We also propose that as 
an alternative to CPA, a multidrug therapy consisting the immunosuppressive agents, MZR 
and Tac, which have different modes of action, combined with PDN would be an effective and 
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immunosuppressive therapy for the treatment of pediatric-onset lupus nephritis. 
Furthermore, we would like to discuss the novel signaling pathways in mesangial cells, 
which may be involved in the pathogenesis of lupus nephritis. 

2. A new option of less cytotoxic immunosuppressive therapy for pediatric-
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Recent advances in the management of lupus nephritis, together with earlier renal biopsy 
and selective use of aggressive immunosuppressive therapy, have contributed to a favorable 
outcome in children and adolescents with SLE (Yang et al., 1994; Niaudet, 2000; Tanaka et 
al., 2001). Nevertheless, for optimal control of the activity of lupus nephritis, we believe that 
more effective and less toxic treatment strategies need to be developed. Although it has been 
reported that iv-CPA is effective for preserving renal function in adult patients (Austin & 
Balow, 1999), CPA is a potent immunosuppressive agent that induces severe toxicity, 
including myelotoxicity, gonadal toxicity, and an increased risk of secondary malignancy 
(Chan et al, 2000). Thus, the optimal treatment strategy for controlling the activity of lupus 
nephritis, especially in children and adolescents, is still controversial (Niaudet, 2000; Tanaka 
et al., 2004). 

2.1 Mizoribine, a selective inhibitor of inosine monophosphate dehydrogenase in the 
de novo pathway 
The mode of action of mizoribine (MZR) is, very similar to that of MMF, owing to the 
selective inhibition of inosine monophosphate dehydrogenease (IMPD) in the de novo 
pathway of purine nucleotide synthesis. MZR inhibits T cell and B cell proliferation 
(Burkhardt & Kalden, 1997; Yokota, 2002). MZR inhibition of IMPD is competitive and 
different from that induced by MMF (Sonda et al., 1996). Indeed, it has been reported that 
the concentrations of MZR required to effectively inhibit human mixed-lymphocyte 
reaction, must reach peak blood levels ranging approximately from 3.0 to 6.0 μg/mL, while 
beyond the 6.0 μg/mL level, it may lead to myelotoxicity (Sonda et al., 1996). It has also 
been reported that following MZR administration, 14-3-3 proteins, that is, MZR-binding 
proteins in vivo, interact with glucocorticoid receptors to enhance the transcriptional activity 
of these receptors (Takahashi et al., 2000). In vitro, the MZR concentration required to 
effectively enhance steroid receptor activity has been reported to be more than 10 μM, which 
corresponds to a blood MZR level of approximately 2.6 μg/mL. Clinically, MZR has been 
successfully used without any serious adverse effects for the long-term treatment of young 
patients with lupus nephritis (Tanaka et al., 2004; Yumura et al., 2005). Based on previous 
clinical observations, the efficacy of MZR may depend on the peak serum level of the drug 

Treatment of Pediatric-Onset Lupus Nephritis:  
A New Option of Less Cytotoxic Immunosuppressive Therapy 

 

277 

(Tanaka et al., 2003; Nozu et al., 2006; Kuroda et al., 2007). In addition, it has been reported 
that a peak serum MZR level of at least 2.5-3.0 μg/mL may be needed to effectively 
suppress of serum anti-dsDNA antibody titers and attain satisfactory clinical efficacy in 
lupus nephritis patients (Tanaka et al., 2005). However, when using MZR with the 
conventional protocol of low-dose (3-4 mg/kg) daily MZR (MZR-C) in young patients with 
lupus nephritis, the peak blood level of the drug usually remains at around 1.0 μg/mL 
(Tanaka et al., 2003), which may explain the relatively mild efficacy of MZR observed in 
clinical practice (Kuroda et al., 2007).  
In this context, we conducted a trial of relatively long-term (at least 12 months or longer) 
intermittent pulse therapy with oral MZR (up to 10 mg/kg as a single dose before breakfast 
on 2 days of the week, MZR-P), to attain increased peak blood levels of MZR, in young 
patients with flares of lupus nephritis (Tanaka et al., 2008a). Our results suggested that this 
new treatment protocol was beneficial and resulted in higher efficacy and lower toxicity, in 
terms of reduction of proteinuria, decrease in the serum anti-dsDNA antibody titer, 
recovery of hypocomplementemia, preservation serum creatinine level, and decrease in the 
European Consensus Lupus Activity Measurement index (ECLAM) (Masca et al., 2000) than 
the MZR-C (Tanaka et al., 2008a and b). The rationale for using MZR-P was as follows: 1) 
MZR is rapidly excreted into the urine: about 90% of the drug is completely eliminated from 
the circulation within about 12 hours after oral intake; thus, the accumulation of the drug is 
not considered to be a problem, at least under the condition of normal renal function 
(Yokota, 2002). Considering this point, the intermittent use of high-dose MZR may be 
relatively safe. 2) Higher doses of MZR increase the area under the serum concentration-
time curve (AUC) in lupus patients (Yumura et al., 2005); thus, the efficacy of MZR may 
depend on the peak serum level of the drug, which, in turn, may be closely correlated with 
the AUC of the drug (Tanaka et al., 2003). 3) In an SLE mouse model, the intermittent 
administration (every other day) of MZR effectively reduced anti-DNA antibody production 
(Kamata et al., 1984). In our recent multicenter study, we confirmed that the MZR-P protocol 
was more effective than the MZR-C protocol, with no serious adverse events occurring 
during the long-term treatment of young patients with DPLN (Tanaka et al., 2008a). Also, 
MZR-P showed the potential usefulness of MZR-P as induction therapy in young patients 
even in those with DPLN (Tanaka et al., 2008a and b). Follow-up renal biopsy specimens 
obtained after the initiation of MZR-P revealed an apparent improvement in the 2003 
classification of lupus nephritis by the International Society of Nephrology/Renal Pathology 
Society (ISN/RPS), with a decrease in the activity indices without a significant progression 
in the chronicity indices described by Austin et al. (1984). It is noteworthy that no clinical 
toxicity, not even amenorrhea- a serious problem in female patients, occurred in any of the 
study patients. This low clinical toxicity is an important advantage of MZR-P treatment, 
especially for long-term treatment of young patients. 
Besides its immunosuppressive effects, MZR has recently been reported to suppress the 
progression of histologic chronicity in selected patients with lupus nephritis and IgA 
nephropathy (Kawasaki et al., 2004; Tanaka et al., 2007b and c; Ikezumi et al., 2008). 
Moreover, MZR has been reported to attenuate tubulointerstitial fibrosis in a dose-
dependent manner in rat models of unilateral ureteral obstruction, non-insulin-dependent 
diabetes and peritoneal fibrosis via suppression of macrophage infiltration of the 
interstitium (Sato et al., 2001; Kikuchi et al., 2005; Takahashi et al., 2009). Interestingly, MZR 
has been reported to bind specifically to heat shock protein (HSP) 60, which results in 
interference of the chaperone activity of HSP60 in vitro (Itoh et al., 1999). This may, in turn, 
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Pre-treatment renal biopsy specimen of a patient with diffuse proliferative lupus nephritis (DPLN) 
showing numerous CD68-positive cells (a), and the area expressing osteopontin (b) Post-MZR treatment 
renal biopsy specimen of a patient with DPLN who received MZR treatment showing a significant 
decrease in the infiltration by CD68-positive cells (c) associated with markedly decrease in the area 
expressing osteopontin (d) 

Fig. 1. (Tanaka H, et al. Clin Rheumatol 2010) 

development of interstitial fibrosis. Indeed, in a clinical setting, it has also been reported that 
posttreatment renal biopsy specimen from patients with severe IgA nephropathy treated 
with MZR, showed marked attenuation of glomerular and interstitial lesions, and 
significantly reduced the number of activated macropharges, associated with the expression  
of 14-3-3 proteins and HSP60, which are known to be MZR-binding proteins, in the inflamed 
glomerular cells (Ikezumi et al., 2008). Thus, it is speculated that MZR may bind directly to 
inflamed glomerular cells and prevent progressive damage by suppressing activated 
macrophages and intrinsic renal cells. Therefore, MZR itself may have a favorable effect 
against the progression of interstitial fibrosis in the diseased kidney. These laboratory and 
clinical observations suggest another beneficial mechanism of action of MZR in the 
treatment of renal diseases. From our recent study, we confirmed the reported beneficial 
histologic effects of MZR, that is, we found a significant suppression of intraglomerular 
macrophage infiltration accompanied with significant suppression of the chronicity indices 
following MZR treatment (Tanaka et al., 2010). MZR treatment also resulted in a decreasing 
tendency of interstitial macrophage infiltration and the expression of osteopontin, known to 
be a chemoattractant protein for macrophages (Fig. 1). Since the inflamed glomeruli express 
14-3-3 proteins and HSP60 (Ikezumi et al., 2008), MZR may directly interact with inflamed 
glomerular cells, because MZR is directly excreted into the urine. Moreover, Takeuchi et al. 
(2010) reported that MZR directly prevented podocyte injury in experimental puromycin 
aminonucleoside-induced nephropathy, suggesting an anti-proteinuic effect of MZR besides 
its immunosuppressive effects. These beneficial mechanisms of action of MZR would 
warrant its use in the treatment of patients with lupus nephritis, although this theory 

Treatment of Pediatric-Onset Lupus Nephritis:  
A New Option of Less Cytotoxic Immunosuppressive Therapy 

 

279 

remains speculative. We suspect that this mechanism may represent a mode of action 
different from that of MMF, although we could not demonstrate whether MZR was superior 
to MMF treatment for DPLN patients. 
Further detailed studies involving a larger number of patients are needed to draw a 
conclusion. We believe that MZR is an attractive treatment for young patients with lupus 
nephritis because of attenuated histologic progression resulting from a suppressed 
accumulation of activated macrophages in the glomeruli. From the view point of the balance 
between suppression of disease activity and the adverse effects of treatment, we believe that 
long-term MZR treatment, including use of our MZR-P protocol, may become the new 
treatment of choice for young patients with lupus nephritis. 

2.2 Tacrolimus, a calcineurin inhibitor 
Some studies have recently suggested that cyclosporine A (CsA), a calcineurin inhibitor 
similar to Tac, might replace cytotoxic agents and reduce the dosage of concomitantly 
administered PDN for maintenance therapy in selected patients with lupus nephritis 
(Rihova et al., 2007; Moroni et al., 2008). It has been reported CsA treatment has beneficial 
effects in some pediatric patient with SLE resistant to conventional immunosuppressive 
therapy, including iv-CPA (Sakano et al., 2004; Suzuki et al., 2006). However, CsA-related 
nephrotoxicity, posterior reversible encephalopathy syndrome, as well as unfavorable 
cosmetic effects, such as hypertrichosis and gingival hypertrophy, remain major concerns 
for young patients with SLE, especially female adolescents.  
Tacrolimus (Tac) is a T cell-specific calcineurin inhibitor that prevents activation of helper T 
cells, thereby inhibiting transcription of the early activation genes of IL-2 and suppressing 
the production of TNF-α, IL-1β, and IL-6. Considering its effects, Tac is expected to have 
clinical benefits in the treatment of patients with active SLE. Indeed, to date several papers 
have described the efficacy and safety of Tac in patients with active SLE (Duddridge & 
Powell, 1997). Recently, Tac combined with PDN has been successfully administered 
without serious adverse effects, as induction and maintenance treatment for patients with 
proliferative and membranous lupus nephritis (Politt et al., 2004; Maruyama et al., 2005; 
Mok et al., 2005; Tse et al., 2007; Szeto et al., 2008). However, there is little information 
regarding the efficacy and safety of Tac in young patients with lupus nephritis (Tanaka et 
al., 2007a, 2009). The safety of Tac treatment is important because of its potent 
nephrotoxicity. Although these patients did not necessarily have permanently high blood 
levels of Tac (Duddridge & Powell, 1997; Tse et al., 2007), the development of an optimal Tac 
treatment strategy for lupus nephritis, with a dose as low as possible, is sought to minimize 
treatment toxicity while maintaining treatment efficacy. In this context, in Japan, Tac is 
usually administered once daily for patients with rheumatoid arthritis (RA) or lupus 
nephritis since once-daily administration of Tac is the governmental approved protocol 
(Kawai & Yamamoto, 2006; Tanaka et al., 2007a, 2009; Asamiya et al., 2009). Kawai and 
Yamamoto (2006) reported the safety of Tac administered at a dose of 1.5-3.0 mg once daily 
for the treatment of RA even in the elderly. Although further studies, including a histologic 
evaluation following Tac treatment, are needed, we consider that a once-daily regimen 
could shorten the exposure to Tac, would be more cost-beneficial than the conventional 
twice-daily protocol, and might result in better treatment compliance. Interestingly, Tac has 
been reported to stimulate glucocorticoid receptor (GR) transactivity through its ligands 
(Davies et al., 2005), which may explain the tendency to exacerbate glucose intolerance in 
selected patients (Mok et al., 2005). However, some patients who had experienced new flares 
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development of interstitial fibrosis. Indeed, in a clinical setting, it has also been reported that 
posttreatment renal biopsy specimen from patients with severe IgA nephropathy treated 
with MZR, showed marked attenuation of glomerular and interstitial lesions, and 
significantly reduced the number of activated macropharges, associated with the expression  
of 14-3-3 proteins and HSP60, which are known to be MZR-binding proteins, in the inflamed 
glomerular cells (Ikezumi et al., 2008). Thus, it is speculated that MZR may bind directly to 
inflamed glomerular cells and prevent progressive damage by suppressing activated 
macrophages and intrinsic renal cells. Therefore, MZR itself may have a favorable effect 
against the progression of interstitial fibrosis in the diseased kidney. These laboratory and 
clinical observations suggest another beneficial mechanism of action of MZR in the 
treatment of renal diseases. From our recent study, we confirmed the reported beneficial 
histologic effects of MZR, that is, we found a significant suppression of intraglomerular 
macrophage infiltration accompanied with significant suppression of the chronicity indices 
following MZR treatment (Tanaka et al., 2010). MZR treatment also resulted in a decreasing 
tendency of interstitial macrophage infiltration and the expression of osteopontin, known to 
be a chemoattractant protein for macrophages (Fig. 1). Since the inflamed glomeruli express 
14-3-3 proteins and HSP60 (Ikezumi et al., 2008), MZR may directly interact with inflamed 
glomerular cells, because MZR is directly excreted into the urine. Moreover, Takeuchi et al. 
(2010) reported that MZR directly prevented podocyte injury in experimental puromycin 
aminonucleoside-induced nephropathy, suggesting an anti-proteinuic effect of MZR besides 
its immunosuppressive effects. These beneficial mechanisms of action of MZR would 
warrant its use in the treatment of patients with lupus nephritis, although this theory 
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remains speculative. We suspect that this mechanism may represent a mode of action 
different from that of MMF, although we could not demonstrate whether MZR was superior 
to MMF treatment for DPLN patients. 
Further detailed studies involving a larger number of patients are needed to draw a 
conclusion. We believe that MZR is an attractive treatment for young patients with lupus 
nephritis because of attenuated histologic progression resulting from a suppressed 
accumulation of activated macrophages in the glomeruli. From the view point of the balance 
between suppression of disease activity and the adverse effects of treatment, we believe that 
long-term MZR treatment, including use of our MZR-P protocol, may become the new 
treatment of choice for young patients with lupus nephritis. 

2.2 Tacrolimus, a calcineurin inhibitor 
Some studies have recently suggested that cyclosporine A (CsA), a calcineurin inhibitor 
similar to Tac, might replace cytotoxic agents and reduce the dosage of concomitantly 
administered PDN for maintenance therapy in selected patients with lupus nephritis 
(Rihova et al., 2007; Moroni et al., 2008). It has been reported CsA treatment has beneficial 
effects in some pediatric patient with SLE resistant to conventional immunosuppressive 
therapy, including iv-CPA (Sakano et al., 2004; Suzuki et al., 2006). However, CsA-related 
nephrotoxicity, posterior reversible encephalopathy syndrome, as well as unfavorable 
cosmetic effects, such as hypertrichosis and gingival hypertrophy, remain major concerns 
for young patients with SLE, especially female adolescents.  
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selected patients (Mok et al., 2005). However, some patients who had experienced new flares 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

280 

of SLE while receiving CsA were successfully treated with Tac (Tanaka et al., 2007a, 2009). 
Differential control of the GR hormone-binding function by immunosuppressive ligands, 
such as Tac, reportedly stimulates GR transactivity beyond the effect of the ligand on 
hormone retention although this is not the case with CsA (Davies et al., 2005). These 
laboratory observations may explain the superior effect of Tac to that of CsA in selected 
patients with lupus, although this hypothesis remains speculative.  
 

 
Individual changes in the ECLAM index (a), the serum anti-dsDNA antibody titer (b), the serum 
complement hemolytic activity (CH50) value (c) and the urinay protein/creatinone (Up/cr) ratio (d) in 
patients with lupus nephritis (LN) treated with tacrolimus administered once daily. A significant 
decrease in the ECLAM index was noted after 1 month treatment (a). A significant decrease was also 
noted in the serum anti-dsDNA antibody titer and the serum CH50 value after 3 months treatment (b, 
c). One patient with class V LN associated with massive proteinuria showed a significantly decrease in 
the Up/cr ratio after 12 months treatment (d).  

Fig. 2. (Tanaka H, et al. Clin Nephrol 2009) 

In our recent study, 11 consecutive patients with long-standing biopsy-proven lupus 
nephritis were recruited for at least 6 months or longer (6-24 months) as part of an open-
label trial of single-daily-dose administration of Tac (3 mg/day, 0.04-0.075 mg/kg). As a 
result, despite the gradual tapering of the PDN dose, a marked improvement of the ECLAM 
index, compared with the baseline values, was observed even at 1 month after the start of 
treatment and in the serological parameters at 3 months. These favorable results persisted 
until the end of the study. Proteinuria gradually decreased and had dropped significantly 
by 24 months after the start of treatment (Fig. 2). After a mean of 18 months, a complete 
response was achieved in 8 patients (73%) and a partial response was achieved in two 
patients (Tanaka et al., 2009). Adverse reactions to Tac treatment were not severe and were 
well tolerated. Although the blood levels of Tac in the participants ranged from 1.5 ng/mL 
to 7.5 ng/mL, no definite relationship between the efficacy of the drug and its blood level 
was noted. Even though the absorption profile of Tac showed some variations among the 
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study patients, the appropriate blood levels and doses of Tac for the treatment of young 
patients with lupus nephritis remains to be determined. Measuring the AUC in the 
pharmacokinetic profile of Tac obtained from each patient is also needed to confirm whether 
its efficacy depends on its blood levels. From our recent studies, although further studies 
involving a larger number of patients, including a histologic evaluation following Tac 
treatment, are needed, we believe that low-dose Tac treatment, administered once daily, 
may be an effective and safe method for managing selected young patients with pediatric-
onset, long-standing lupus nephritis (Tanaka et al., 2007, 2009). 
Tac has been reported to reduce proteinuria and mesangial alterations due to its suppressive 
effects on glomerular expression of IFN-γ mRNA in rat models (Ikezumi et al., 2002) In 
addition, it has recently been reported that Tac may overcome treatment unresponsiveness 
through the blockade of the drug exclusion effect of P-glycoprotein, leading to restoration of 
the intracellular therapeutic levels of corticosteroids and clinical improvement (Suzuki et al., 
2010). These laboratory and clinical observations suggest that Tac might have other useful 
mechanisms of action besides its immunosuppressive effects, which would warrant its use 
in the treatment of patients with active and steroid-resistant SLE with lupus nephritis. 

2.3 New multidrug therapy using tacrolimus and mizoribine 
Combination therapy consisting of two immunosuppressive agents with different modes of 
action is useful and frequently used for immunosuppression in solid organ 
transplantation.The efficacy of multidrug therapy using MMF and Tac as induction therapy 
in patients with class V+IV lupus nephritis (DPLN with membranous lesions; Bao et al., 
2008), has recently been reported. This multidrug therapy resulted in less cytotoxicity than 
iv-CPA therapy; the authors concluded that multidrug therapy MMF and Tac was superior 
to iv-CPA for inducing remission of class V+IV lupus nephritis and was well tolerated. Also, 
Lanta et al. (2010) reported the efficacy of adding Tac to the MMF plus PDN treatment 
regimen in some patients with DPLN resistant to MMF and PDN, although clinical toxicity, 
such as ketoacidosis, infections and muscle pain, limited the use of this combination 
therapy. Since the mechanisms of action of MMF and Tac are probably complementary, 
these clinical observations suggested the potential usefulness of multidrug therapy for the 
treatment of lupus nephritis. However, therapy related-adverse events remain a major 
therapeutic risk of the immunosuppressive treatment for patients with lupus patients. 
The inhibitor of purine synthesis, MZR has reportedly exhibits relatively low clinical toxicity 
in patients with lupus nephritis (Tanaka et al., 2004; Yumura et al., 2005). Interestingly, aside 
from its immunosuppressive effect, MZR also appears to have a beneficial effect against the 
adverse effects of calcineurin inhibitors, such as CsA-induced intimal hyperplasia and 
perivascular inflammatory cell infiltration observed in rat models (Shimizu et al., 2003; Hara 
et al., 2009). We recently documented significant suppression of intraglomerular and 
interstitial macrophage infiltration accompanied by significant suppression of chronicity 
indices following MZR treatment in patients with lupus nephritis (Tanaka et al., 2010). Thus, 
we speculate that these histological observations may further support the use of MZR to 
treat selected patients with glomerular diseases, especially those treated with calcineurin 
inhibitors, such as CsA or Tac. Moreover, we hypothesized that combination therapy using 
low-dose Tac administered once-daily and MZR, instead of MMF, might be a beneficial 
alternative for the treatment of pediatric-onset refractory renal diseases including lupus 
nephritis (Aizawa-Yashiro et al., 2011; Watanabe et al., 2011).  
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We present here typical cases of pediatric-onset lupus nephritis in which the efficacy and 
safety of our novel multidrug therapy were observed. Patient 1 was an 11-year-old Japanese 
girl with a 2-year history of SLE with ISN/RPS classification class V lupus nephritis. She 
suddenly developed refractory epistaxis due to severe thrombocytopenia (7,000/μL) 
associated with serum C4 depression. The patient had been successfully managed with PDN 
combined with Tac. Consequently, the patient was given an emergency intravenous 
infusion of high-dose immunoglobulin, which transiently raised her platelet count to 
36,000/μL. Because the patient was in a near-pubertal state, we avoided the use of iv-CPA. 
Thus, we used MZR in addition to Tac. After this combination therapy, her platelet count 
remained normal at 200,000/μL. The dose of concomitantly administered PDN was tapered 
without recurrence of thrombocytopenia. At present, 18 months after administration of this 
therapy, she is free of SLE signs and symptoms without therapy-related clinical toxicity 
(Watanabe et al., 2011). Patient 2 was a 14-year-old Japanese girl. She was treated with PDN 
because of hemophagocytic syndrome that she had developed 6 months earlier. When PDN 
was tapered, she developed malar rash, significant proteinuria/hematuria, 
hypocomplementemia and elevation of serum anti-dsDNA antibody titers. Percutaneous 
renal biopsy revealed ISN/RPS class IIIa lupus nephritis (activity index, 8; chronicity index, 
2). She was administered 2 courses of methyprednisolone pulse therapy followed by 
multidrug therapy consisting of Tac, MZR and PDN. Because she was of pubertal age, the 
PDN dose was reduced to a minimum at a relative early stage. Her clinical and laboratory 
signs improved, and the second renal biopsy, performed 12 months after the initial biopsy, 
revealed marked improvement to ISN/RPS class II lupus nephritis (activity index, 4; 
chronicity index, 1) without any significant increase in the number of chronic lesions. At 
present, 36 months after the start of the administration of this therapy, she is free of SLE 
signs and symptoms without therapy-related clinical toxicity. In lupus nephritis patients, it 
is well known that flares may occur during long-term immunosuppressive treatment, even 
after at least a 12 month-long successful treatment with MMF or MZR (Tanaka et al., 2006; 
Posalski et al., 2009). Although the optimal treatment strategy for managing long-standing 
SLE, especially in pediatric patients, remains controversial, we believe that our treatment 
protocol is both effective and safe, and also easy to comply with for patients with pediatric-
onset lupus. However, the long-term efficacy and safety of this regimen remains unclear. 
Further studies in a larger number of young patients with lupus nephritis are necessary to 
confirm the long-term efficacy and safety of our current protocol.  

3. A potential new therapeutic strategy for pediatric-onset lupus nephritis: 
targeting the IFN regulatory factor signaling pathways 
Recently, the importance of innate immunity in the pathogenesis of glomerulonephritis has 
been reported (Robson, 2009; Coppo et al., 2010). Toll-like receptors (TLRs), which are cell 
surface and intracelluar receptors for pathogen-associated molecules, play a central role in 
the response of both the innate and adaptive immune systems to microbial ligands (Robson, 
2009). Once presumptive antigenic ligands bind to TLRs, the activation of transcriptional 
factors, such as interferon regulatory factors (IRF) and nuclear factor kappa B (NF-κB) is 
induced through intracellular signaling cascade activation. The activation results in the 
release of adhesion molecules, cytokines and chemokines, which play a pivotal role in the 
innate and adaptive immune responses (Coppo et al., 2010). Interestingly, recent studies 
revealed the expressions of TLRs in resident renal cells, suggesting the involvement of the 
TLR signaling pathway in the pathogenesis of glomerular diseases (Patole et al., 2006). 

Treatment of Pediatric-Onset Lupus Nephritis:  
A New Option of Less Cytotoxic Immunosuppressive Therapy 

 

283 

3.1 The retinoic acid-inducible gene-I (RIG-I) and lupus nephritis 
Retinoic acid-inducible gene-I (RIG-I) encodes a DExH box protein, which is a RNA helicase. 
The DExH box family of proteins regulates RNA metabolism and has various biological 
functions. Like toll-like receptor (TLR)-3, RIG-I may detect viral RNAs and mediate immune 
reactions against RNA viruses (Yoneyama et al., 2004). RIG-I has also been suggested to be 
involved in immune and inflammatory responses in various physiological and morbid 
conditions (Imaizumi et al., 2009) 
 

 
The cells were transfected with siRNA against RIG-I or a negative control non-silencing siRNA. At 24 h 
after the transfection, the cells were treated with 5 ng/ml IFN-γ for 24 h. RNA was extracted from the 
cells and RT-PCR analyses for RIG-I, IRF1, IRF7, IFN-β and GAPDH were performed.  

Fig. 3. (Imaizumi et al., Lupus 2010) 

In a recent study, we showed that RIG-I controlled the immune and inflammatory responses 
by regulating the expression of various downstream genes, including IFNs regulatory factor 
(IRF) genes, in mesangial cells (Imaizumi et al., 2010). We previously found RIG-I was highly 
expressed in the glomeruli examined in biopsy specimens from patients with lupus nephritis, 
and the level of expression correlated with the severity of acute inflammatory lesions (Suzuki 
et al., 2007). In addition, we found that the levels of RIG-I mRNA in the urinary sediment of 
patients with lupus nephritis were higher than those in patients with IgA nephropathy and 
controls (Tsugawa et al. 2008). Interestingly, repeated measurements of RIG-I mRNA in the 
urinary sediment of lupus patients revealed a reduction of the expression following 
immunosuppressive treatment (Tsugawa et al., 2008). These findings suggest that RIG-I may 
be involved in the acute inflammatory process in human lupus nephritis. In order to examine 
the involvement of RIG-I in lupus nephritis, we conducted experimental studies using human 
mesangial cells. Because Th1-derived cytokines are known to be key mediators in the 
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progression of lupus-associated renal injury, and IFN-γ is one of the major Th1 type cytokines 
with potent proinflammatory effects that exerts its effects through the upregulation of IFN-
inducible genes (Patole et al., 2006), we examined the effects of IFN-γ on the expression of RIG-
I in human mesangial cells. As a result, IFN-γ treatment resulted in a concentration-dependent 
upregulation of the expression of RIG-I mRNA and protein in human mesangial cells. 
Treatment of cells with IFN-γ also induced the expression of mRNA of both IRF 1 and IRF7, 
which are important IFN-inducible transcriptional factors. Furthermore, knockdown of RIG-I 
expression by RNA interference inhibited the IFN-γ-induced expression of IRF7, but not that 
of IRF1. In contrast, IFN-γ did not induce the expression of IFN-β, which is known to be a 
target gene of IRF-7, in mesangial cells (Fig. 3) (Imaizumi et al., 2010) 
Interestingly, pretreatment of cells with dexamethasone inhibited the IFN-γ-induced 
expression of monocyte chemoattractant protein (MCP)-1 mRNA but did not affect the 
induction of RIG-I or IRF7 mRNA in mesangial cells. The induction of MCP-1 mRNA by 
IFN-γ was not inhibited by the knockdown of NF-κB p65, indicating that the NF-κB 
signaling pathway was not involved. Our results suggest selective regulation of the 
expression of IRFs by RIG-I in human mesangial cells. The function of IRF7 has been well 
studied, mainly in dendritic cells and in mouse embryonic fibroblasts, and IRF7 is thought 
to be an important transcriptional factor that affects anti-viral responses by inducing the 
production of type I IFN (Honda et al., 2005).  

3.2 Treatment of pediatric-onset lupus nephritis by direct targeting the IFN-γ/RIG-
I/IRF7 pathway 
Although the functional significance of IRF7 expression in mesangial cells remains to be 
elucidated, our recent observations suggest that the IFN-γ/RIG-I/IRF7 signaling pathways 
may be involved in the pathogenesis of lupus nephritis. We believe that the involvement of 
the newly observed IFN-γ/RIG-I/IRF7 pathway in mesangial cells may contribute to 
mesangial inflammation, and the intervention of this signaling pathway may lead to the 
development of optimal future therapeutic strategies for patients with lupus nephritis. 
However, further clinical and experimental issues remain to be examined in future studies. 
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progression of lupus-associated renal injury, and IFN-γ is one of the major Th1 type cytokines 
with potent proinflammatory effects that exerts its effects through the upregulation of IFN-
inducible genes (Patole et al., 2006), we examined the effects of IFN-γ on the expression of RIG-
I in human mesangial cells. As a result, IFN-γ treatment resulted in a concentration-dependent 
upregulation of the expression of RIG-I mRNA and protein in human mesangial cells. 
Treatment of cells with IFN-γ also induced the expression of mRNA of both IRF 1 and IRF7, 
which are important IFN-inducible transcriptional factors. Furthermore, knockdown of RIG-I 
expression by RNA interference inhibited the IFN-γ-induced expression of IRF7, but not that 
of IRF1. In contrast, IFN-γ did not induce the expression of IFN-β, which is known to be a 
target gene of IRF-7, in mesangial cells (Fig. 3) (Imaizumi et al., 2010) 
Interestingly, pretreatment of cells with dexamethasone inhibited the IFN-γ-induced 
expression of monocyte chemoattractant protein (MCP)-1 mRNA but did not affect the 
induction of RIG-I or IRF7 mRNA in mesangial cells. The induction of MCP-1 mRNA by 
IFN-γ was not inhibited by the knockdown of NF-κB p65, indicating that the NF-κB 
signaling pathway was not involved. Our results suggest selective regulation of the 
expression of IRFs by RIG-I in human mesangial cells. The function of IRF7 has been well 
studied, mainly in dendritic cells and in mouse embryonic fibroblasts, and IRF7 is thought 
to be an important transcriptional factor that affects anti-viral responses by inducing the 
production of type I IFN (Honda et al., 2005).  

3.2 Treatment of pediatric-onset lupus nephritis by direct targeting the IFN-γ/RIG-
I/IRF7 pathway 
Although the functional significance of IRF7 expression in mesangial cells remains to be 
elucidated, our recent observations suggest that the IFN-γ/RIG-I/IRF7 signaling pathways 
may be involved in the pathogenesis of lupus nephritis. We believe that the involvement of 
the newly observed IFN-γ/RIG-I/IRF7 pathway in mesangial cells may contribute to 
mesangial inflammation, and the intervention of this signaling pathway may lead to the 
development of optimal future therapeutic strategies for patients with lupus nephritis. 
However, further clinical and experimental issues remain to be examined in future studies. 
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1. Introduction  
Autoimmune diseases are a complex group of diseases arising because of the breakdown of 
narrow margin that exists between the immunity and tolerance. In simpler terms either T or 
B-cells or both are activated in the absence of a progressive infection or any other noticeable 
cause (Davidson & Diamond, 2001). Unable to distinguish self from non self, the renegade 
immune cells pose a serious threat to self molecules leading to severe destruction.  The 
precise mechanisms that drive this event are still unclear but, most of the studies identified 
that genetics, environment and infections will have a role in triggering the autoimmune 
attack (Smith et al., 1999). An approximate of 5% of the population in western countries are 
currently the victims of these diseases and in this component, a major proportion of them 
are females displaying a higher risk of incidence (Jacobson, 1997; Kanwar, 2005). Added to 
this, the general ailments of the humans like atherosclerosis and gastrointestinal 
disturbances are found to be associated with an autoimmune component, predisposing the 
risk of developing an autoimmune disease (Ross, 1990, Galperin & Gershwin 1997).The 
influence of hormones cannot be neglected as preclinical studies have witnessed the role of 
oestrogen in the emergence of autoimmune diseases while testosterone was found to lower 
the risk in lupus prone mice (Sakic, 1998; Roubinian et al., 1978). Few epidemiological 
studies also revealed the preponderance of autoimmune diseases mediated by the nocturnal 
hormone, melatonin (Cutolo, 2003). In addition, cortisol levels and the secondary events like 
stress were also found to influence the autoimmune disease generation (Webster et al, 1998).  
Since ages, the basic principle of immunology has been the concept of clonal deletion of 
autoreactive immune cells and generation of a mature T & B-cell repertoire that could 
distinguish self from non self. The formation and survival of mature immune repertoire, 
always demands prolonged auto antigen exposure acknowledging the physiological 
importance of autoreactivity (Goldrath & Bevan, 1999; Gu et al., 1991). Though structural 
resemblances exist between self and non self antigens the attack is directed against self 
antigens under stimulatory conditions like the presence of infections, cytokines etc 
(Silverstein & Rose, 2000; Kanwar, 2005; Kanwar et al, 2009). Thus it is always fascinating to 
find answers for how the physiology of autoimmunity is turned to pathology and how the 
immune cells enforce their attack. This review focuses on introduction to immunity, 
pathology of autoimmune diseases and their treatments along with recent advancements. 
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2. Basics of immune system 
The immune system comprises of a complex array of immune cells tailored to defend the 
body against a variety of substances that are considered as foreign including pathogenic 
microbes and tumors while remaining nonreactive towards the self. Immune cells are 
originated from the haematopoietic stem cells and are classified as lymphoid and myeloid 
cells comprising B & T-lymphocytes, Natural killer cells (NKs), dendritic cells and 
polymorphonuclear leukocytes, monocytes, mast cells, macrophages respectively (Delves, 
2006). The immune cells constantly patrol the body and involve specific and non specific 
mechanisms in executing immune attack upon finding a foreign substance. The specificity 
rests particularly with T and B-cells as they display the receptors capable of recognising non 
self molecules from the self.  
The specific attack is also complimented before by the strategic non specific immune 
responses generated by polymmorphonucelar cells, NKs, macrophages, co-stimulatory 
molecules like cytokines and serves as the initial site of attack upon finding the foreign 
entities. The abnormal levels of cytokines have a strong impact in the initiation and 
progression of autoimmune diseases. Also, therapeutic interventions with exogenous 
cytokines were found to be associated with the disease process, suggesting their key role in 
mediating the disease (Hooks et al., 1982; Trembleau et al., 1995; McKall-Faienza et al., 1998;  
Schattner, 1994; Kanwar et al, 1999; Kanwar et al, 2005; Kanwar et al, 2009). The complex 
network of immune cells is classified into subpopulations based on the expression of surface 
markers, functional characteristics, regions where they mature and activate. Likewise, T-
cells include helper cells (Th) displaying CD4+ marker and involve in modulating the 
immune responses. Further they comprise subsets of Th1 cells that aid other T-cells and Th2 
subtype mediates the antibody generation.  Cytotoxic cells (Tc) with CD8+ marker are killer 
cells with lethal effect on intracellular pathogens, infected and tumor cells. Lastly, 
suppressor cells (Ts) down regulate and monitor the immune reactions. The naive T-cells 
undergo maturation in the thymus (hence the name T-cells) and are able to respond only to 
the processed antigens. Most of the nucleated cells of the mammalian system function as the 
antigen presenting cells (APCs) and dendrites are unique in this category expressing major 
histocompatibility complex proteins (MHC) and generating co stimulatory gestures for T-
cell activation. APCs process the antigen and represent them in association with cell surface 
MHCs for T-cell recognition. These MHCs categorised as class I and Class II are crucial in 
the selection process of cytotoxic and helper cells respectively. 
The T-cells bear an antigen recognition site on their surface called as T-cell receptor (TCR) 
and the initiation of T-cell mediated immunity requires the complex association of the 
antigen, MHC and the TCR. B-cells are specialised immune cells that act as APCs along with 
a prime function of antibody generation. The immature B-cells initially express a pre-B cell 
receptor (pre-BCR) on their surface and upon maturation they produce antibodies that act as 
antigen receptors towards the native antigen (Yang & Santamaria, 2006; Austyn, 2000; Roitt 
et al., 1998; Janeway & Travers, 1998).  Both the T and B-cells express specific receptors for 
each antigen and this diversity is exhibited by the rearrangement of receptor gene sequences 
in the somatic cells rather than acquired through the inheritance (Gellert, 2002). In order to 
mount immune responses, the T and B-cells are activated through corresponding receptors 
in the presence of co-stimulatory molecules (Crow, 2004; Kanwar et al, 2000; Kanwar et al, 
2003; Kanwar et al, 2005). Another essential feature of both these cells is that, upon initial 
exposure to an antigen both these cells generate memory cells that expand clonally. These 
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memory cells unleash an accelerated immune attack upon antigen re-exposure (Swain, 2003; 
Bishop et al., 2003). 

3. Tolerance 
Because of the expression of vast diversity of antigen recognition sites on T and B-cells, 
molecules that are considered as self also may find chances of binding with the immune 
cells. Hence, a diverse range of tolerance mechanisms have been developed that train the T 
& B-cells to differentiate self from nonself. This process is tightly controlled in the primary 
lymphoid organs and is continuous to inhibit the various modes of auto reactive 
lymphocyte generation and activation. The basic mechanisms dealt are clonal deletion, 
clonal anergy and inhibition of self reactive lymphocytes (Yoshida & Gershwin, 1993; 
Rajewsky, 1996). 

3.1 T and B cell tolerance 
The tolerance mechanisms that develop in the primary lymphoid organs like thymus and 
bone marrow respectively for T and B cells constitute central tolerance. The naive T-cells 
originated from haematopoietic stem cells are devoid of CD4 and CD8 cell surface markers. 
Once migrated to the thymus, the TCR gene rearranges to develop double positive T-cells 
that display CD4+ and CD8+. Then these cells are positively selected as CD4+ and CD8+ cells 
based on their interactions with the MHC class II and Class I respectively. The cells with 
TCR, that fail to bind or interact MHC with little affinity undergo death and are positively 
selected based on weaker interactions between TCR and MHC carrying self antigens. T-cells 
are killed if found to interact strongly with a self antigen displayed by MHC and thus 
selected negatively (Palmer, 2003; Starr, 2006; Bretscher & Cohn, 1970; Kanwar et al, 2004; 
Kanwar, 2005). As a matter of enhanced protection from immune attack, the T-cells 
receiving stronger signals through TCR are deleted and this inactivation is much more 
sensitive compared to activation of T-cells that demand a stronger interaction between TCR 
and self antigen-MHC complex (Kappler, 1987; Pircher et al., 1991; Yagi & Janeway, 1990). 
Similar tolerance mechanisms exist for B-cell repertoire, as they are negatively selected if the 
BCR is found to interact strongly with the self antigens. However, active investigation is 
recommended to determine the existence of positive selection for B-cells. Interestingly, 
successful T-lymphocyte tolerance cuts down the signals for few autoreactive B-cells and 
thus induces B-cell tolerance (Bretscher & Cohn, 1970). During the course of their 
maturation, the pre B-cell receptor (BCR) cross links several avid auto-antigens. This event 
stimulates the rearrangement of light chain genes of the Ig’s thus, driving the process of 
receptor editing where self antigens are replaced with non self ones (Ana et al., 2010). B-cells 
are deleted by apoptotic mechanism if found to interact strongly with self antigens (this 
happens mostly in bone marrow) and anergised if bound with little affinity (this happens 
mostly in periphery) (Monroe et al., 2003; Hodgkin & Basten, 1995). T-cells have a potential 
role in the generation and progression of chemical and spontaneously induced autoimmune 
diseases and the same was also demonstrated successfully in the animal studies (Singer & 
Theofilopoulos, 1990; Druet, 1989; Pettinelli & McFarlin, 1989; Waldor et al., 1985). Few 
autoreactive T-cells may escape tolerance mechanisms and spread in the periphery but, they 
are naive and do not hold any threat unless APCs turn active. Potential problem persists 
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incase of molecular mimicry (where pathogenic antigens resemble self antigens) as APCs 
turn active and trigger T-cell attack that is indiscriminate towards self and nonself. The same 
also holds true for B-cells (Damian, 1964; Oldstone, 1998). On the whole, generation of 
autoimmune diseases is based on the narrow margin that exists between tolerance and 
immunity executed by deletion and survival of self reactive lymphocytes. Too much 
deletion compromises the immunity and too little deletion follows subsequent 
autoimmunity. The following figure is an ideal representation of healthy and pathologic 
immunity and the differentiation between tolerance and autoimmunity. 
 

 
Fig. 1. Showing the comparison of healthy and pathologic immune system. A healthy T-cell 
upon exposure to self antigens undergo specific mechanisms of inactivation like deletion or 
clonal anergy constituting peripheral tolerance while an autoreactive T-cell is dysregulated 
with indiscriminate attack on self and non self antigens because of the lack of tolerance in 
autoimmunity. 

4. Autoimmune triggers 
4.1 Genetics 
The enhanced knowledge of the mammalian immune system and the genetics lead to 
understanding the role of genes in autoimmune diseases. In the case of disease pathology, 
genetic variations are found to affect the MHC and several immunological pathways that in 
turn lead to the stimulation of autoimmunity. A number of studies have evidenced the 
potential role of genetics in the disease generation. Twin studies of multiple sclerosis (MS), 
rheumatoid arthritis (RA), Type- 1 diabetes and systemic lupus erythematosus (SLE) have 
reported a marked genetic predisposition of which the risk factor was found to be higher for 
monozygotic twins than the dizygotic twins. The risk of inheriting the systemic autoimmune 
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diseases was also reported and this etiology could be due to the family history associated 
with the genetic vairaitons. In addition, a variety of MHC and non-MHC susceptible genes 
are identified in the genome wide studies of MS, SLE and RA while, few studies reported 
that many autoimmune diseases have a common genetic etiology operating (Glinda, 1999). 
Likewise, the association of intracellular tyrosine phosphatise, PTPN22 was shared in the 
pathologies of Type-1diabetes, RA and myasthenia gravis (Bottini, 2004; Begovich, 2004; 
Vandiedonck et al., 2006). In brief, genetics underscore a significant risk factor for the 
autoimmune etiology and presents a new area to explore. 

4.2 Auto antigens 
In the early stages of development some of the self antigens might escape recognition from 
the T-cell populations. This could happen because, they might not have been formed at the 
time of T-cell development or they might be separated from T-cell access due to remote 
anatomical existence (e.g. myelin basic protein) or due to the presence of membrane barriers 
or they might be inappropriately presented by the MHC proteins (Manoury, 1998). These 
cryptic antigens hinder the tolerance mechanisms and drive the autoimmune attack if they 
are encountered by the T-cells upon membrane barrier disruption for e.g. orchiditis upon 
vasectomy (Flickinger, 1994; Jarow et al., 1994) infections (Type 1 diabetes upon coxsackie B 
virus infection) or any other mechanism that exposes them (Yoon et al., 1979). A striking 
feature of auto antigens is that they are not specific to any tissue and form the integral 
components of all various cell types (Tan et al., 1987). 

4.3 Role of infections 
Infections have an interesting role to play in the induction of autoimmune diseases and 
there are several interesting mechanisms where infections mediate them. In the instances of 
microbial infections, immune cells cannot differentiate antigenic sequences from self 
proteins if structural similarities are found. This molecular mimicry unleashes the immune 
attack that is directed towards self and nonself leading to tissue destruction. For e.g. 
hepatitis B virus polymerase resembles myelin basic protein and generates auto antibodies 
that destroy myelin leading to multiple sclerosis (Fujinami & Oldstone, 1989; Oldstone, 
1998; Fujinami & Oldstone, 1985). Infections are associated with interesting mechanisms that 
may enhance the severity of autoimmune diseases. Among these, epitope spreading is an 
instance where in an inflammatory burst, the avid APCs over process and presents the 
antigens to activate the large T-cell populations lowering the threshold to the disease onset. 
The other mechanism is termed as polyclonal activation where abundant B-cell populations 
are activated generating loads of antibodies along with immune complexes that pose serious 
threat to the tissues. The next mechanism involves the over activation and indiscriminate 
expansion of self reactive T-cells that are initially considered to be inefficient but can cause 
the disease in the presence of elevated levels of cytokines. Finally, microbes express super 
antigens on their surfaces that are unique in coupling T-cells with MHC complexes 
irrespective of their relativities (Barzilai et al., 2007a, 2007b). On the contrary when 
correlations were made between autoimmune diseases and infections, the incidences were 
found to be increased in the subjects who are at reduced risk of infections. The same holds 
true as autoimmune diseases have a rampant growth in western countries where the 
infectious incidences are lower compared to less developed nations (Bach, 2002; Patterson et 
al., 1996) substantiating the concept of hygiene hypothesis which states that the microbial 
exposure enhances the body’s defence mechanisms ( Bjorksten B, 1994). 
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turn active and trigger T-cell attack that is indiscriminate towards self and nonself. The same 
also holds true for B-cells (Damian, 1964; Oldstone, 1998). On the whole, generation of 
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diseases was also reported and this etiology could be due to the family history associated 
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are identified in the genome wide studies of MS, SLE and RA while, few studies reported 
that many autoimmune diseases have a common genetic etiology operating (Glinda, 1999). 
Likewise, the association of intracellular tyrosine phosphatise, PTPN22 was shared in the 
pathologies of Type-1diabetes, RA and myasthenia gravis (Bottini, 2004; Begovich, 2004; 
Vandiedonck et al., 2006). In brief, genetics underscore a significant risk factor for the 
autoimmune etiology and presents a new area to explore. 

4.2 Auto antigens 
In the early stages of development some of the self antigens might escape recognition from 
the T-cell populations. This could happen because, they might not have been formed at the 
time of T-cell development or they might be separated from T-cell access due to remote 
anatomical existence (e.g. myelin basic protein) or due to the presence of membrane barriers 
or they might be inappropriately presented by the MHC proteins (Manoury, 1998). These 
cryptic antigens hinder the tolerance mechanisms and drive the autoimmune attack if they 
are encountered by the T-cells upon membrane barrier disruption for e.g. orchiditis upon 
vasectomy (Flickinger, 1994; Jarow et al., 1994) infections (Type 1 diabetes upon coxsackie B 
virus infection) or any other mechanism that exposes them (Yoon et al., 1979). A striking 
feature of auto antigens is that they are not specific to any tissue and form the integral 
components of all various cell types (Tan et al., 1987). 

4.3 Role of infections 
Infections have an interesting role to play in the induction of autoimmune diseases and 
there are several interesting mechanisms where infections mediate them. In the instances of 
microbial infections, immune cells cannot differentiate antigenic sequences from self 
proteins if structural similarities are found. This molecular mimicry unleashes the immune 
attack that is directed towards self and nonself leading to tissue destruction. For e.g. 
hepatitis B virus polymerase resembles myelin basic protein and generates auto antibodies 
that destroy myelin leading to multiple sclerosis (Fujinami & Oldstone, 1989; Oldstone, 
1998; Fujinami & Oldstone, 1985). Infections are associated with interesting mechanisms that 
may enhance the severity of autoimmune diseases. Among these, epitope spreading is an 
instance where in an inflammatory burst, the avid APCs over process and presents the 
antigens to activate the large T-cell populations lowering the threshold to the disease onset. 
The other mechanism is termed as polyclonal activation where abundant B-cell populations 
are activated generating loads of antibodies along with immune complexes that pose serious 
threat to the tissues. The next mechanism involves the over activation and indiscriminate 
expansion of self reactive T-cells that are initially considered to be inefficient but can cause 
the disease in the presence of elevated levels of cytokines. Finally, microbes express super 
antigens on their surfaces that are unique in coupling T-cells with MHC complexes 
irrespective of their relativities (Barzilai et al., 2007a, 2007b). On the contrary when 
correlations were made between autoimmune diseases and infections, the incidences were 
found to be increased in the subjects who are at reduced risk of infections. The same holds 
true as autoimmune diseases have a rampant growth in western countries where the 
infectious incidences are lower compared to less developed nations (Bach, 2002; Patterson et 
al., 1996) substantiating the concept of hygiene hypothesis which states that the microbial 
exposure enhances the body’s defence mechanisms ( Bjorksten B, 1994). 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

294 

4.4 Role of cell adhesion molecules 
The propagation of autoimmune attack desperately needs the in and out migration of the 
immune cells, in particular T-cells, into the susceptible environment with potent 
inflammatory mediation. Cell adhesion molecules provide a suitable platform for this 
setting and are categorised as integrins, immunoglobulins and the selectins (Ziff, 1991). An 
autoimmune inflammatory setting leads to the enhanced expression of vascular endothelial 
proteins that constitute mucosal addressin cell adhesion molecule-1 (MAdCAM-1), 
intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-
1). Correspondingly, the lymphocytes express the cell surface molecules P-selectin 
glycoprotein ligand-1 (PSGL-1), leukocyte function-associated antigen-1 (LFA-1) and very 
late antigen-4 (VLA-4) on their surface facilitating the adherence and entry of the immune 
traffic into the lesions and further enhancing the autoimmune spread (Dedrick  et al., 2003; 
Kanwar et al., 1999).VLA-4 and LFA-1are specifically expressed by the human B cells (Alter 
et al, 2003) and therapeutic interventions with anti-adhesion molecule antibodies have 
witnessed successful termination of autoimmune disease severity in preclinical and clinical 
models (McMurray, 1996; Kanwar et al, 2000; Kanwar et al 2003; Kanwar, 2005; Kanwar et al 
2009). 
 

 
Fig. 2. Showing a typical T-cell exhibiting the phenomenon of rolling, adhesion and 
migration through the blood brain barrier (BBB) into the CNS. T-cell expresses PSGL-1, 
VLA-4 and LFA-1 on its cell surface and rolls over to adhere to the corresponding cell 
adhesion molecules, mucosal addressin cell adhesion molecule  (MAdCAM), Vascular cell 
adhesion molecule (VCAM) and Intracellular cell adhesion molecule, (ICAM) respectively 
on the blood brain barrier capillary endothelial cells. These cell surface ligands are over 
expressed in an inflammatory condition facilitating the entry of T-cells into the BBB and 
thus initiating an autoimmune cascade. 

4.5 Long lived plasma cells 
The concept of long lived antibody secreting plasma cells were first demonstrated in a 
mouse model immunized with ovalbumin where in the plasma cells secreted antibodies 
against ovalbumin and the production was continuous independent of antigen exposure 
and memory cell assistance (Manz et al., 1997, 1998). The same was also observed in another 
mouse model infected with lymphocytic choriomeningitis virus (Slifka et al., 1998). The 
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potential role of long lived plasma cells in the generation of autoimmune diseases was 
studied in NZB/W mice that served as a model for systemic lupus erythematosis (Hoyer et 
al, 2004). The differentiation of B-cells leading to the generation of memory cells and 
antibody secreting plasma cells is guided both by the antigenic and non antigenic stimuli 
(Tarlinton et al., 2008; Radbruch et al., 2006). However not all antibody secreting plasma 
cells turn long lived as it entirely depends on the antibody titre maintenance for the 
generation of secondary immune responses (Manz et al., 2005). 
Long lived plasma cells mainly originate from the germinal centre regions and require a 
close reciprocation of the T and B-cells. But, once generated these cells act independently. In 
one of the autoimmune pathologies, it was found that self reactive B-cells are not excluded 
from the germinal centre region allowing the production of long lived plasma cells that were 
autoreactive (Cappione et al., 2005). This concept of long lived plasma cells is novel and 
serves as attractive targets for treating autoimmune diseases. 

4.6 Auto antibodies  
The role of auto antibodies in the pathogenesis of autoimmune diseases is often elusive but 
considering few autoimmune diseases like myasthenia gravis, the antibodies are specific to 
cell surface receptors. The basic principle for the autoantibody directed cytotoxicity is the 
identification of cell surface antigen followed by cell death mechanisms either through 
complement activated system, antibody dependent cell mediated cytotoxicity (ADCC) or by 
the macrophage uptake mechanism (Ohishi et al., 1995; Frisoni et al., 2005). Complement 
activated system is constituted by a collection of specific group of plasma proteins and are 
considered to be more prevailing in autoimmune diseases. The class of autoimmune 
haemolytic anaemia, lupus syndrome typically fall under the complement system generated 
autoimmune diseases (Fang et al., 2009). In the case of classical ADCC, NKs play a prime 
role in mediating the cell death, after the binding of antibody with the target antigen. NK’s 
binds the Fc portions of these antibodies and induce cell death by free radical generation. 
Autoimmune thyroid disease is a fine example of ADCC mediated autoimmune disease 
(Rodien et al., 1996). Finally, macrophages execute the uptake and cell lysis processes once 
they find the appropriate antibody-antigen interaction (Gehrs & Friedberg, 2002). In general, 
the auto antibodies are directed to intracellular antigens and this understanding unveils 
fascinating questions of how they interact with intracellular antigens. The possible 
explanation could be because of the cross reaction of surface antigens with the intracellular 
antigens (Frisoni et al., 2005) and the exposure of intracellular components after lysis due to 
an impaired macrophage phagocytosis (Hansen et al., 2002). The potential significance of 
auto antibodies in autoimmune diseases were also demonstrated in the foetus as few of the 
immunoglobulin’s (IgG) can cross the placenta and target the cell surface creating a havoc of 
tissue destruction (Clancy et al., 2004a, 2004b). Also, the apoptotic cells were found to be 
potent enough to generate autoantibodies if accompanied by other moieties like dendritic 
cells or Freunds incomplete adjuvant. These dying cells tend to activate Toll like receptors 
and NF-kB pathway that are associated with inflammation which in turn is linked to 
generation of autoantibodies (Bondanza et al., 2004), in conclusion it has to keep in mind 
that, auto antibodies are not always associated with the disease and few of them are 
valuable diagnostic aids implicated in a clinical setting. 

4.7 Stress and autoimmune diseases 
Stress of both versions physical and physiological is found to be associated with the disease 
generation. This was also supported from the several past studies that emotional stress was 
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highly proportionate for predicting the disease onset. These two are related because, stress 
presumably shoots the neuroendochrine triggers that are predicted to alter the immune 
function or the cytokine levels ending up with the disease generation (Herrmann et al., 2000;  
Stojanovich & Marisavljevich, 2008). Also, stress induces the expression of heat shock 
proteins that are highly immunogenic with a potential of triggering autoimmune diseases 
(Kanwar et al., 2001). Therefore, therapeutic interventions for these diseases should consider 
management of emotions and stress.  

4.8 Pregnancy and autoimmune diseases 
In order to escape the immune attack neither the sperms nor the developing trophoblast 
bear the MHC proteins of either class. This peculiar feature allows the escape and survival 
of the sperm from the immune attack to fertilize the ovum (Johnson, 1993). Soon after 
fertilisation, many protective measures are adopted to protect the developing foetus and 
likewise it bears the human leucocyte antigen (HLA-G) marker which if otherwise would 
have been killed by the natural killer cells (VanVoorhis & Stovall, 1997). Also regulatory 
proteins from the foetus avoid the activation of complement system and its subsequent 
attack (Holmes & Simpson, 1992). Interesting immunological features are noticed in a 
pregnant woman, as changes are seen in the immune reactions that shift from Th1 to Th2 
type due to the release of cytokines like TGF-beta (Raghupathy, 1997; Lim et al., 1998). This 
modification has a striking implication in that many of the pregnant woman experience 
remission of autoimmune diseases like rheumatoid arthritis (RA) and multiple sclerosis that 
are Th1 mediated (Allebeck et al., 1984; Cutolo & Accardo, 1991). However the risk of 
systemic lupus erythematosis (SLE) in pregnant woman is much higher compared to non 
pregnant woman and this also has drastic effects on the survival of the foetus (Khamashta et 
al., 1997; Cooper et al., 2002;  Fraga et al., 1974).  

4.9 T and B-cell traffic in the CNS  
The migration of T-cells into the CNS adopt the same principles as they enter the peripheral 
tissues namely, activated T-cells migrate the tissues from the blood where as inactive  ones 
remains in the lymph vessels (Mackay et al., 1990). To demonstrate the migration of T-cells 
into the CNS, Hickey et al administered labelled T-cells intravenously and observed the 
appearance of T-cells in the brain parenchyma soon after 3 hrs (Hickey et al., 1991). Also, T-
cells in very minute levels were detected in the rat and human brains suggesting the fact 
that they continuously monitor the CNS (Pender, 1995).  Similarly B-cells cross the BBB, 
perhaps more rapidly than the T-cells and differentiate into the plasma cells in response to 
an antigen as they do in the periphery (Knopf et al., 1998; Anthony et al., 2003; Kanwar, 
2005). The following figure 3 represents the autoreactive T-cell entry and further 
consequences that lead to the generation of autoimmunity.  

4.10 Co-stimulatory molecules 
The phenomenon of T-cell activation and the generation of autoimmunity also depend on 
the involvement of several co-stimulatory molecules like B7-1, B7-2, CD28, inducible co 
stimulator (ICOS), OX 40 and CD40 ligand that are associated with T-cell activation. Other 
molecules like cytotoxic T lymphocyte antigen 4 (CTLA-4) and programmed death 1 (PD-1) 
regulate negative co-stimulation. Hence, effective therapeutics targeting these molecules 
will have a significant impact in the autoimmune disease control (Racke & Stuart, 2002; 
Kanwar et al 2004). 
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Fig. 3. Schematic representation of autoimmune attack in the CNS APCs-Antigen presenting 
cells; BBB-Blood brain barrier; ICAM- intercellular cell adhesion molecule; MHC-Major 
histocompatibility complex; TCR-T-cell receptor; VCAM- Vascular intercellular cell 
adhesion molecule. 

The auto reactive T-cells gain entry into the CNS by the pairing of cell surface molecules 
leukocyte function-associated antigen-1 (LFA-1) and very late antigen-4(VLA-4) with the cell 
adhesion molecules, intercellular cell adhesion molecule (ICAM) and vascular cell adhesion 
molecule (VCAM) expressed on the brain capillary endothelium. Once after entry the helper 
T-cells (Th) bind with the processed peptide fragments presented along with MHC II by the 
antigen presenting cells (APCs).The threshold for triggering immune attack is lowered in 
autoimmune diseases and is stimulated by a variety of factors. The Th cells secrete a variety 
of cytokines that further activate the cytotoxic T-cells (Tc) and the antibody secreting B-cells. 
Tc cells, when activated mediate the cytotoxicity by releasing the granzymes while the B-
cells differentiate into plasma cells that produce auto antibodies against a variety of targets 
like the myelin, nicotinic acetylcholine receptors (NAchRs), voltage gated calcium channels 
(VGCC), voltage gated potassium channels (VGKC), glycolipids etc mediating the 
corresponding neurological autoimmune disorder. 

4.11 Autoimmunity and survivin 
In an effort to address issues involved with the treatment of neurodegenerative and 
autoimmune diseases, the two following strategies can be employed: a neuroprotection 
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strategy and a neuroproliferative strategy. Findings suggest that Bcl2 and IAP inducers are 
able to inhibit apoptosis for the purpose of neuroprotection in preclinical models (Kanwar, 
2010a-d, Baratchi, 2010 a&b). Our understanding of neurodegenerative diseases has 
improved over the past two decades. Whereas these disorders are initiated due to a range of 
insults such as reactive oxygen species or misfolded proteins, all of these pathologies end 
with a common consequence, which is the degeneration and deterioration of neuronal cells 
(Kanwar et al, 2010a). Despite all of the efforts to understand and treat neurodegenerative 
diseases, their successful treatment has still not been achieved. A proper treatment should 
not only protect neural cells but should also increase their proliferation and differentiation 
so as to provide a promising future for an aging population and families with a history of 
degenerative disorders, including multiple sclerosis, Parkinson’s disease and stroke. The 
brain’s environment is the most protected part of our body and neurons are a unique cell 
type (Baratchi, 2011a&b). Despite playing an important role in the analysis and transfer of 
information to the entire body, the lack of neural self-proliferation and repair highlights the 
importance of their protection and proliferation.  To be able to protect these cells from death 
and to facilitate their proliferation involves mechanisms that still need to be identified. 
Experimental findings achieved over the past few years have suggested that inhibitors of 
apoptosis (IAP), which serve a natural role in balancing cell death, might be candidate 
proteins with a unique potential for drug discovery (Kanwar et al, 2010). Recently we 
reviewed the exceptional capabilities of survivin (a unique member of IAPs) in both cell 
cycle and cell death pathways and its unique characteristics related to neuronal cell survival 
and proliferation (Baratchi, 2010a&b). 
Given that this is the first report of a protective effect of SurR9-C84A following an oxidative 
stress injury, further work should be done to study the effects of SurR9-C84A on in vivo 
models of degenerative diseases. In summary, we reported for the first time, a recombinant, 
cell-permeable form of the survivin mutant protein (SurR9-C84A) efficiently enters neuronal 
cells, protects differentiated SK-N-SH cells from the activation of apoptosis induced by 
H2O2, decreases the expression of cell cycle markers, and increases antioxidant activity. 
Emerging nano-delivery systems could be used to bypass the blood brain barrier, facilitating 
drug delivery to the damaged brain. Survivin is a member of the IAP family, which has been 
shown to have a role in early brain development and serves a bifunctional role during 
mitosis and inhibition of apoptosis (Baratchi et al., 2010a; Kanwar et al., 2010). Different 
forms of survivin mutants (such as C84A, Δ106 and T34A) have been used for the purpose 
of targeting survivin overexpression in cancer cells (Cheung, 2010a&b; Kanwar et al, 2010b; 
(Baratchi, 2010a&b). Among the various survivin mutants, the baculovirus IAP repeat motif 
(C84A) was initially produced and has since been shown to have proapoptotic effects on 
human cancer cells. Furthermore, we previously found that SurR9-C84A has protective 
effects against retinoic acid induced cell toxicity (Baratchi et al., 2011b). We used the SK-N-
SH cell line as a culture model of retinoic acid-induced neuronal differentiation (Baratchi, 
2010a&b). We showed for the first time, the neuroprotective effect of SurR9-C84A against 
cytotoxic elements existing in activated T-cell supernatants such as GrB. Because GrB is a 
powerful pro-apoptotic member of granzymes family and is a very important mediator of 
damage in progressive MS and other neuro-inflammatory disorders we examined the 
importance of GrB released from the activated T-cells in an in-vitro system and compared 
the protective effect of SurR9-C84A with GrB inhibitor (Baratchi, 2011a&b). SurR9-C84A can 
be applied in neuroprotective strategies to protect differentiated neural cells from cell cycle 
re-entry and apoptosis. Additionally, one important advantage of this mutant over the wild 
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type survivin is that it does not form tumour due to its pro-apoptotic effect in cancer cells. 
Because the over-expression of survivin has been reported in stimulated T-cells derived 
from patients with active MS, the neuroprotective ability of SurR9-C84A has the potential to 
be employed for future neurodegenerative therapies, and may also be further evaluated for 
targeting stimulated T-cells for the treatment of neurodegenerative diseases such as MS and 
other brain injuries (Baratchi, 2010a&b). 

5. Classification of autoimmune diseases 
Autoimmune diseases are characterised by the abnormal activation of the immune 
responses against our own tissues evidenced by the inability of the immune cells to 
differentiate self from non self antigens. Hence, mistakenly immune attack is directed 
towards our own body parts. They are categorised as systemic, involving multi target organ 
damage (e.g. systemic lupus erythematosis) or they can be localised involving damage to a 
single organ. (e.g. Type 1 diabetes) (Mackay & Rosen, 2001). 
A list of autoimmune neurological diseases are included and described as follows  (Dalakas, 
2006). 

5.1 Multiple sclerosis (MS)  
MS is a localised neurological autoimmune disease and is marked by the characteristic 
inflammation and degradation of the protective nerve lining, the myelin (Lucchinetti et al., 
2000; Lassmann, 2000). More than 1 million people are affected by MS with a characteristic 
presentation of weakness, abnormal senses, ataxia, poor balance, fatigue, vision loss and 
impaired cognition (Fugger et al., 2009; Kanwar et al 2004; Kanwar, 2005). Based on the 
histopathology multicentred inflammatory lesions were observed in the patient’s brain and 
the spinal cord (Frohman et al, 2006). Multiple aetiological factors are involved in the 
preponderance of the disease and are often found to be triggered by a viral infection 
(Lucchinetti et al., 2000). This initiation by an infection is by the process of molecular 
mimicry as discussed earlier. It is rather fascinating to study the generation of inflammatory 
lesions and the entry mechanisms of immune cells in MS. A specific population of activated 
T-cells that are selective towards myelin crosses the blood brain barrier under the strong 
influence of chemokines while the resting T-cells are inaccessible towards the BBB due to the 
unfeasible environment (Charo & Ransohoff, 2006). 
The cell surface molecules (integrins, selectins and cadherins) of the T-cells bind with the 
adhesion molecules expressed on the brain endothelial cells and finally escape into the CNS. 
Following their entry, the T-cells then direct the immune attack towards myelin antigen 
presented on their surface by the APCs (Greter et al., 2005). Along with macrophages, 
dendritic cells, glial cells and astrocytes present the MHC class II expression in the CSF and 
thus attract the T-cell traffic (Heppner et al., 2005; Greter et al., 2005). Under the influence of 
activated T-cells the immune attack is boosted up towards the myelin sheath and is executed 
by recruiting the T-cells and antibody secreting B-cells from the periphery driving the 
myelin assault leading to demyelination (Cepok et al., 2005; Steinman, 2002). The severity 
and progression of the demyelination process is influenced significantly by the B-cells as 
evidenced by the infiltration of macrophages and the deposition of immunoglobulins 
(Lucchinetti et al., 2000). The same was also supported by the observations made on clonal 
expansion and the presence of IgG complexes of B-cell populations in the brain and 
cerebrospinal fluid lesions (Qin et al., 1998; Baranzini et al., 1999; Colombo et al., 2000). The 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

298 

strategy and a neuroproliferative strategy. Findings suggest that Bcl2 and IAP inducers are 
able to inhibit apoptosis for the purpose of neuroprotection in preclinical models (Kanwar, 
2010a-d, Baratchi, 2010 a&b). Our understanding of neurodegenerative diseases has 
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shown to have a role in early brain development and serves a bifunctional role during 
mitosis and inhibition of apoptosis (Baratchi et al., 2010a; Kanwar et al., 2010). Different 
forms of survivin mutants (such as C84A, Δ106 and T34A) have been used for the purpose 
of targeting survivin overexpression in cancer cells (Cheung, 2010a&b; Kanwar et al, 2010b; 
(Baratchi, 2010a&b). Among the various survivin mutants, the baculovirus IAP repeat motif 
(C84A) was initially produced and has since been shown to have proapoptotic effects on 
human cancer cells. Furthermore, we previously found that SurR9-C84A has protective 
effects against retinoic acid induced cell toxicity (Baratchi et al., 2011b). We used the SK-N-
SH cell line as a culture model of retinoic acid-induced neuronal differentiation (Baratchi, 
2010a&b). We showed for the first time, the neuroprotective effect of SurR9-C84A against 
cytotoxic elements existing in activated T-cell supernatants such as GrB. Because GrB is a 
powerful pro-apoptotic member of granzymes family and is a very important mediator of 
damage in progressive MS and other neuro-inflammatory disorders we examined the 
importance of GrB released from the activated T-cells in an in-vitro system and compared 
the protective effect of SurR9-C84A with GrB inhibitor (Baratchi, 2011a&b). SurR9-C84A can 
be applied in neuroprotective strategies to protect differentiated neural cells from cell cycle 
re-entry and apoptosis. Additionally, one important advantage of this mutant over the wild 
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type survivin is that it does not form tumour due to its pro-apoptotic effect in cancer cells. 
Because the over-expression of survivin has been reported in stimulated T-cells derived 
from patients with active MS, the neuroprotective ability of SurR9-C84A has the potential to 
be employed for future neurodegenerative therapies, and may also be further evaluated for 
targeting stimulated T-cells for the treatment of neurodegenerative diseases such as MS and 
other brain injuries (Baratchi, 2010a&b). 

5. Classification of autoimmune diseases 
Autoimmune diseases are characterised by the abnormal activation of the immune 
responses against our own tissues evidenced by the inability of the immune cells to 
differentiate self from non self antigens. Hence, mistakenly immune attack is directed 
towards our own body parts. They are categorised as systemic, involving multi target organ 
damage (e.g. systemic lupus erythematosis) or they can be localised involving damage to a 
single organ. (e.g. Type 1 diabetes) (Mackay & Rosen, 2001). 
A list of autoimmune neurological diseases are included and described as follows  (Dalakas, 
2006). 

5.1 Multiple sclerosis (MS)  
MS is a localised neurological autoimmune disease and is marked by the characteristic 
inflammation and degradation of the protective nerve lining, the myelin (Lucchinetti et al., 
2000; Lassmann, 2000). More than 1 million people are affected by MS with a characteristic 
presentation of weakness, abnormal senses, ataxia, poor balance, fatigue, vision loss and 
impaired cognition (Fugger et al., 2009; Kanwar et al 2004; Kanwar, 2005). Based on the 
histopathology multicentred inflammatory lesions were observed in the patient’s brain and 
the spinal cord (Frohman et al, 2006). Multiple aetiological factors are involved in the 
preponderance of the disease and are often found to be triggered by a viral infection 
(Lucchinetti et al., 2000). This initiation by an infection is by the process of molecular 
mimicry as discussed earlier. It is rather fascinating to study the generation of inflammatory 
lesions and the entry mechanisms of immune cells in MS. A specific population of activated 
T-cells that are selective towards myelin crosses the blood brain barrier under the strong 
influence of chemokines while the resting T-cells are inaccessible towards the BBB due to the 
unfeasible environment (Charo & Ransohoff, 2006). 
The cell surface molecules (integrins, selectins and cadherins) of the T-cells bind with the 
adhesion molecules expressed on the brain endothelial cells and finally escape into the CNS. 
Following their entry, the T-cells then direct the immune attack towards myelin antigen 
presented on their surface by the APCs (Greter et al., 2005). Along with macrophages, 
dendritic cells, glial cells and astrocytes present the MHC class II expression in the CSF and 
thus attract the T-cell traffic (Heppner et al., 2005; Greter et al., 2005). Under the influence of 
activated T-cells the immune attack is boosted up towards the myelin sheath and is executed 
by recruiting the T-cells and antibody secreting B-cells from the periphery driving the 
myelin assault leading to demyelination (Cepok et al., 2005; Steinman, 2002). The severity 
and progression of the demyelination process is influenced significantly by the B-cells as 
evidenced by the infiltration of macrophages and the deposition of immunoglobulins 
(Lucchinetti et al., 2000). The same was also supported by the observations made on clonal 
expansion and the presence of IgG complexes of B-cell populations in the brain and 
cerebrospinal fluid lesions (Qin et al., 1998; Baranzini et al., 1999; Colombo et al., 2000). The 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

300 

whole process of immune attack and tissue damage is also encouraged by the active 
macrophages and glial cells (Brosnan & Raine,1996;  Heppner et al., 2005). Interesting results 
were obtained from the animal model of MS, experimental autoimmune encephalomyelitis 
where it was found that, the pro-inflammatory T cells of Th1-type were found to be 
responsible for the disease exacerbations (Wekerle et al., 1986;  Gold et al., 2006). There are 
four subtypes of MS and categorised as relapsing remitting (RR) with majority of the 
patients displaying recovery symptoms after disability. People who experience RR often 
complain a second variety of MS termed as secondary-progressive MS where the disability 
doesn’t subside between the cycles of relapses and recoveries. The third form is the primary 
progressive stage where there is only progression and no remission. The last form of MS is 
rather rare and termed as Progressive-relapsing MS (PRMS) characterised by the severe 
attacks and symptoms during the remission period (Mayoclinic, 2008). More than 1 million 
people are affected by MS with a characteristic presentation of weakness, abnormal senses, 
ataxia, poor balance, fatigue, vision loss and impaired cognition. Significant contributions 
are being made for the disease diagnostics and management with the introduction of 
potential biomarkers. There are findings of glial fibrillary acidic protein (GFAP) and 
neurofilament light protein (NFL) (the cytoskeletal proteins of astrocytes and axons 
respectively) release into the CSF during the disease progression (Axelsson et al., 2010).  
As per clinical data, the plasma levels of osteopontin was increased well before the 
induction of lesions with gadolinium (Gd) and  similar profiles were observed with 7KC and 
15 oxy sterol derivatives of cholesterol in MS patients. Added to this, enhanced antibody 
binding was reported towards these entities suggesting their potentials as biomarkers (Vogt 
et al., 2003; Whitaker, 1987). Also in a longitudinal cross sectional study of MS patients, it 
was found that levels of pentosidine, a well characterised biomarker for advanced glycation 
end products (AGE) were significantly elevated compared to the healthy controls. It was 
also observed that patients on treatment showed pentosidine down regulation compared to 
untreated patients. Thus, this study considers the AGE inhibitors as novel therapeutic 
interventions against MS. ( Sternberg et al., 2011) The recent reports on the associated tissue 
damage in MS patients found that it is not only limited to axons but also included 
significant retinal damage (Green et al., 2010). 
The current therapeutic strategies for MS include the treatment for disease progression and 
the symptoms. Interferon’s of type I (IFN-1) specifically marked as IFNb1a, IFNb1b and 
glatiramer acetate are considered as the first line drugs against RR form of MS but have a 
limited effectiveness. The mechanism of these drugs is that they down regulate the 
proliferation of T-cells, reduced antigen presentation, T-cell migration (interferon’s in 
particular) and shift the immune response to Th2 type (Clerico et al., 2007; Arnon & 
Aharoni, 2004).  Natalizumab, a humanized monoclonal antibody (mab) is found effective 
against MS as it inhibits the entry of T-cells into the CNS by acting against the cell surface 
molecule α-integrins and showed significant reduction in the relapse rate compared to the 
above treatment strategies (Polman et al., 2006). However, limitation exists on its 
indiscriminate use as it poses a serious risk of brain infection, progressive multifocal 
leukoencephalopathy (PML) that even causes death (Clifford et al., 2010). Corticosteroids 
like prednisone, prednisolone, methyl prednisolone and dexamethasone are also used 
against the RR and rarely against secondary progressive multiple sclerosis as they act by 
suppressing the immune system. They are strictly contraindicated for long term use as they 
are associated with a number of side effects (Merck,). Chemotherapeutics with a potential of 
suppressing the immune system like mitoxantrone inducing the apoptosis of lymphocytes 

 
Recent Advances in the Treatment of Neurological Autoimmune Disorders 

 

301 

and cyclophosphamide acting against both the T & B-cell activities, were also tried against 
RR and secondary progressive MS (Chan et al., 2005; Fauci et al., 1971; Multiple Sclerosis 
Treatments). The drugs in development for MS are Fingolimod and BG00012 that are in 
phase II clinical trials. Fingolimod acts by complexing the lymphocytes in the lymph nodes 
preventing their entry into the CNS and BG00012 is an oral formulation of Fumarate and 
presumed to act by neuroprotective and anti-inflammatory mechanisms inhibiting the 
oxidative stress (Lutterotti & Berger, 2010). Drugs in phase III clinical trials for RR form of 
MS are Laquinimod that acts by shifting the T-cell response to Th2 type and Teriflunomide 
acts by interrupting pyrimidine synthesis inhibiting the dihydro-orotate dehydrogenase and 
stops the expansion of T and B cells. Cladribine is efficient against both the resting and 
dividing T-cells and acts against the adenosine deaminase enzyme (Yang et al., 2004; 
Warnke et al., 2009). Monoclonal antibodies are also under evaluation and CAMPATH is 
tried against the CD52 expression on leukocytes. This activity depleted a majority of the 
lymphocytes, monocytes and dendritic cells in MS patients (Osborne, 2009; Hauser et al., 
2008). A similar effect was observed with Rituximab that acts against the CD20 expression. 

5.2 Myasthenia Gravis (MG) 
In the case of myasthenia gravis the prototypic B cells produce the auto antibodies that are 
directed against the nicotinic acetylcholine receptor (AchR) in the neuromuscular junction 
(NMJ) (Drachman, 1994; Ragheb & Lisak, 1998). These antibodies from the peripherally 
activated B cells infiltrate the end-plate region of NMJ, and down regulate the functionally 
active Ach receptors either by cross linking the receptor followed by internalization or by 
initiating the complement-mediated immune destruction or they may make the binding site 
unavailable for activity (Bufler et al., 1996). Following this, the signal transmission and 
communication is significantly affected between the neurons and the muscles in NMJ region 
due to the immune attack.  
Based on the symptom severity there are three subtypes of MG, Pure ocular MG 
characterised by weakness and fatigue of extra ocular muscles, resulting in ptosis and 
diplopia. Generalized MG, with extensive skeletal muscle weakness and finally myasthenia 
crisis, with disturbances in swallowing and respiratory failure (Hohlfeld et al., 2003). The 
exact role of antibodies in the pathogenesis of myasthenia gravis was confirmed from the 
results that, administration of myasthenic IgG antibodies generated the symptoms while the 
symptoms were ameliorated upon their removal (Drachman, 1994; Vincent et al., 2000). In a 
patient subgroup with myasthenia gravis, another variety of autoimmunity was reported 
with the detection of auto antibodies directed towards the muscle specific kinase. These 
patients were considered as seronegative to MG. (Vincent et al., 2003). The treatment 
modalities for MG include the acetylcholinesterase (AchE) inhibitors as the mainstay of 
treatment as they improve the bioavailability of Ach in the NMJ and the immune 
modulating agents. The AchE inhibitors of clinical significance are the pyridostigmine and 
neostigmine. They act by binding with AchE enzyme because of structural resemblance to 
Ach and slowly get hydrolysed compared to it. This improves the availability and 
subsequent binding of Ach to the available AchR in the NMJ. The common adverse effects 
associated are disturbances of GIT, respiratory system, cardiovascular system and glandular 
secretions (Kumar & Kaminski, 2011). 

5.2.1 Agents acting on immune system 
Glucocorticosteroids with a potential of strong anti-inflammatory and immunosuppressive 
activity are tried with a successful outcome. The orally administered glucocorticoids 
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whole process of immune attack and tissue damage is also encouraged by the active 
macrophages and glial cells (Brosnan & Raine,1996;  Heppner et al., 2005). Interesting results 
were obtained from the animal model of MS, experimental autoimmune encephalomyelitis 
where it was found that, the pro-inflammatory T cells of Th1-type were found to be 
responsible for the disease exacerbations (Wekerle et al., 1986;  Gold et al., 2006). There are 
four subtypes of MS and categorised as relapsing remitting (RR) with majority of the 
patients displaying recovery symptoms after disability. People who experience RR often 
complain a second variety of MS termed as secondary-progressive MS where the disability 
doesn’t subside between the cycles of relapses and recoveries. The third form is the primary 
progressive stage where there is only progression and no remission. The last form of MS is 
rather rare and termed as Progressive-relapsing MS (PRMS) characterised by the severe 
attacks and symptoms during the remission period (Mayoclinic, 2008). More than 1 million 
people are affected by MS with a characteristic presentation of weakness, abnormal senses, 
ataxia, poor balance, fatigue, vision loss and impaired cognition. Significant contributions 
are being made for the disease diagnostics and management with the introduction of 
potential biomarkers. There are findings of glial fibrillary acidic protein (GFAP) and 
neurofilament light protein (NFL) (the cytoskeletal proteins of astrocytes and axons 
respectively) release into the CSF during the disease progression (Axelsson et al., 2010).  
As per clinical data, the plasma levels of osteopontin was increased well before the 
induction of lesions with gadolinium (Gd) and  similar profiles were observed with 7KC and 
15 oxy sterol derivatives of cholesterol in MS patients. Added to this, enhanced antibody 
binding was reported towards these entities suggesting their potentials as biomarkers (Vogt 
et al., 2003; Whitaker, 1987). Also in a longitudinal cross sectional study of MS patients, it 
was found that levels of pentosidine, a well characterised biomarker for advanced glycation 
end products (AGE) were significantly elevated compared to the healthy controls. It was 
also observed that patients on treatment showed pentosidine down regulation compared to 
untreated patients. Thus, this study considers the AGE inhibitors as novel therapeutic 
interventions against MS. ( Sternberg et al., 2011) The recent reports on the associated tissue 
damage in MS patients found that it is not only limited to axons but also included 
significant retinal damage (Green et al., 2010). 
The current therapeutic strategies for MS include the treatment for disease progression and 
the symptoms. Interferon’s of type I (IFN-1) specifically marked as IFNb1a, IFNb1b and 
glatiramer acetate are considered as the first line drugs against RR form of MS but have a 
limited effectiveness. The mechanism of these drugs is that they down regulate the 
proliferation of T-cells, reduced antigen presentation, T-cell migration (interferon’s in 
particular) and shift the immune response to Th2 type (Clerico et al., 2007; Arnon & 
Aharoni, 2004).  Natalizumab, a humanized monoclonal antibody (mab) is found effective 
against MS as it inhibits the entry of T-cells into the CNS by acting against the cell surface 
molecule α-integrins and showed significant reduction in the relapse rate compared to the 
above treatment strategies (Polman et al., 2006). However, limitation exists on its 
indiscriminate use as it poses a serious risk of brain infection, progressive multifocal 
leukoencephalopathy (PML) that even causes death (Clifford et al., 2010). Corticosteroids 
like prednisone, prednisolone, methyl prednisolone and dexamethasone are also used 
against the RR and rarely against secondary progressive multiple sclerosis as they act by 
suppressing the immune system. They are strictly contraindicated for long term use as they 
are associated with a number of side effects (Merck,). Chemotherapeutics with a potential of 
suppressing the immune system like mitoxantrone inducing the apoptosis of lymphocytes 
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and cyclophosphamide acting against both the T & B-cell activities, were also tried against 
RR and secondary progressive MS (Chan et al., 2005; Fauci et al., 1971; Multiple Sclerosis 
Treatments). The drugs in development for MS are Fingolimod and BG00012 that are in 
phase II clinical trials. Fingolimod acts by complexing the lymphocytes in the lymph nodes 
preventing their entry into the CNS and BG00012 is an oral formulation of Fumarate and 
presumed to act by neuroprotective and anti-inflammatory mechanisms inhibiting the 
oxidative stress (Lutterotti & Berger, 2010). Drugs in phase III clinical trials for RR form of 
MS are Laquinimod that acts by shifting the T-cell response to Th2 type and Teriflunomide 
acts by interrupting pyrimidine synthesis inhibiting the dihydro-orotate dehydrogenase and 
stops the expansion of T and B cells. Cladribine is efficient against both the resting and 
dividing T-cells and acts against the adenosine deaminase enzyme (Yang et al., 2004; 
Warnke et al., 2009). Monoclonal antibodies are also under evaluation and CAMPATH is 
tried against the CD52 expression on leukocytes. This activity depleted a majority of the 
lymphocytes, monocytes and dendritic cells in MS patients (Osborne, 2009; Hauser et al., 
2008). A similar effect was observed with Rituximab that acts against the CD20 expression. 

5.2 Myasthenia Gravis (MG) 
In the case of myasthenia gravis the prototypic B cells produce the auto antibodies that are 
directed against the nicotinic acetylcholine receptor (AchR) in the neuromuscular junction 
(NMJ) (Drachman, 1994; Ragheb & Lisak, 1998). These antibodies from the peripherally 
activated B cells infiltrate the end-plate region of NMJ, and down regulate the functionally 
active Ach receptors either by cross linking the receptor followed by internalization or by 
initiating the complement-mediated immune destruction or they may make the binding site 
unavailable for activity (Bufler et al., 1996). Following this, the signal transmission and 
communication is significantly affected between the neurons and the muscles in NMJ region 
due to the immune attack.  
Based on the symptom severity there are three subtypes of MG, Pure ocular MG 
characterised by weakness and fatigue of extra ocular muscles, resulting in ptosis and 
diplopia. Generalized MG, with extensive skeletal muscle weakness and finally myasthenia 
crisis, with disturbances in swallowing and respiratory failure (Hohlfeld et al., 2003). The 
exact role of antibodies in the pathogenesis of myasthenia gravis was confirmed from the 
results that, administration of myasthenic IgG antibodies generated the symptoms while the 
symptoms were ameliorated upon their removal (Drachman, 1994; Vincent et al., 2000). In a 
patient subgroup with myasthenia gravis, another variety of autoimmunity was reported 
with the detection of auto antibodies directed towards the muscle specific kinase. These 
patients were considered as seronegative to MG. (Vincent et al., 2003). The treatment 
modalities for MG include the acetylcholinesterase (AchE) inhibitors as the mainstay of 
treatment as they improve the bioavailability of Ach in the NMJ and the immune 
modulating agents. The AchE inhibitors of clinical significance are the pyridostigmine and 
neostigmine. They act by binding with AchE enzyme because of structural resemblance to 
Ach and slowly get hydrolysed compared to it. This improves the availability and 
subsequent binding of Ach to the available AchR in the NMJ. The common adverse effects 
associated are disturbances of GIT, respiratory system, cardiovascular system and glandular 
secretions (Kumar & Kaminski, 2011). 

5.2.1 Agents acting on immune system 
Glucocorticosteroids with a potential of strong anti-inflammatory and immunosuppressive 
activity are tried with a successful outcome. The orally administered glucocorticoids 
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(prednisone in common) show a delayed onset of action and take even months to exhibit 
maximum therapeutic benefit (Hohlfeld et al., 2003). However, intravenous administration 
is recommended for the management of exacerbations (Arsura et al., 1985). Long-term 
treatment is not recommended due to the severe side effects featuring crushing’s syndrome, 
obesity, precipitation of diabetes, gastrointestinal ulcers, opportunistic infections and 
hypertension etc. In the class of immune suppressive drugs, Azathioprine is the prominent 
and well tolerated drug tried against MG patients. This is a purine analogue and displays 
significant decrement in the levels of both T & B-cells thus monitoring the immune attack. 
Added to its mechanism it also exhibits anti-inflammatory actions by inhibiting 
promonocyte cell proliferation. It is generally given in combination to lower the dose of 
glucocorticoids but can also be prescribed alone for long term therapy (Mertens et al., 1981; 
Gold et al., 2003). Cyclosporine-A acts by binding to an intracellular protein, cyclophilin and 
forms a cyclosporine-cyclophilin complex. This complex exhibits immunosuppressive 
activity by inhibiting the phosphatase, calcineurin and prevents the cytokine formation. The 
clinical significance of this drug was that, it was the first drug tried in a double-blind and 
placebo-controlled trial MG patient population (Tindall et al., 1987). Patients with refractory 
MG show better responses towards cyclophosphamide, methotrexate and mycophenolate 
mofetil (Schneider-Gold et al., 2006). The recent advancements included are the 
administration of intravenous IgG that has a potential blocking activity against auto 
antibodies. This treatment is recommended when all the treatment modalities have failed. 
(Zinman et al., 2007) Advancements are made in the therapeutics of MG with the 
introduction of SHG2210, a novel entity with a potential to fuse with the α-subunit of the 
auto antibodies that are directed against AchR. This SHG2210 -autoantibody fusion complex 
is later cleared by the transferrin receptor mediated cellular uptake (Keefe et al., 2010).  
On the whole due to the advancements made in the diagnosis and treatment, MG stands as 
a rear but treatable autoimmune disease. 

5.3 Guillainbarre syndrome (GBS) 
GBS is classified as an acute auto immune disease of demyelinating type mostly affecting 
the peripheral nervous system. Depending upon the target affected by the immune attack it 
is categorised to 4 subtypes. The first of its kind is the acute inflammatory demyelinating 
polyneuropathy (AIDP) where the immune attack is directed towards the myelin or 
schwann cell surface membrane. The next subtype is the acute motor axonal neuropathy 
(AMAN) targeting the axonal membrane in motor fibres where as both the motor and 
sensory nerve fibres are targeted in acute motor sensory axonal neuropathy (AMSAN). In 
the last subtype, distal nerve terminals and nodal regions of the ocular motor nerve are 
affected and termed as Miller Fisher syndrome (MFS) (Willison et al., 2002; Kuwabara, 
2004). GBS is often triggered by an infection of bacterial or viral origin with auto antibodies 
directed against gangliosides particularly in AMAN where infections with campylobacter 
jejuni produced auto antibodies against GM1, GM1b, GD1 or Ga1NAc-GD1a gangliosides 
(Ogawara et al., 2000). There were also detectable levels of IgG and complement deposition 
in the nerves (Hafer-Macko et al., 1996).  The distinct involvement of T and B-cells are 
identified in few subtypes, with the activated complement system playing a prime role in 
mediating demyelination and impaired conduction but still understanding the pathology of 
GBS remains rather elusive (Kieseier et al., 2004). The treatment for GBS is often confined to 
the immunomodulatory therapy where plasmapheresis and intravenous administration of 
immunoglobulin’s IVIg are given the priority (Dalakas, 1999; Hadden et al., 1998). 
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Plasmapheresis is the plasma exchange where the immunoglobulins and antibodies are 
removed from the serum with a subsequent separation of the blood cells. Then these blood 
cells are isolated and added to the fresh plasma or saline to administer back into the patient. 
IVIg operates through multiple mechanisms that include the inhibition of antibody 
production, complement binding, macrophage receptor blockade and the abnormal 
antibody neutralisation. Both these strategies were found to have equal efficiencies in 
reducing the disease progression (Heather Rachel Davids).. Future therapies for GBS are 
directed towards the complement inhibitors. (Walgaard et al., 2011) 

5.4 Neuromyelitis optica (NMO) 
The pathology of this neurological autoimmune disorder is clear with the detection of 
antibodies against the aquaporin -4 water channels of the endothelial cells in the CNS 
(Lennon et al., 2005). In the autopsy studies, deposition of Immunoglobulins particularly of 
the IgM subtype were detected in the lesions with activated complimentary system leading 
to vascular damage. The predominant immune attack directed in this disorder is of the 
humoral type with majority of the attack directed towards the optic nerve and the spinal 
cord (Lucchinetti et al., 2002; Wingerchuk et al., 2004; Bergamaschi, 2007). 
Immunosuppressive therapeutics like mycophenolate mofetil, mitoxantrone and rituximab 
are far beneficial rather than immunomodulating agents like interferons in 
NMO(Bergamaschi, 2007).Eculizumab, is a new molecule under Phase I/II clinical trials and 
the proposed mechanism for this entity is that it inhibits the complement activation and 
subsequent destruction (. clinicaltrials.gov.). 

5.5 Stiff-Man syndrome (SMS) 
Stiff man or Stiff-person syndrome is also a predominant antibody directed autoimmune 
disease with majority of the auto antibodies directed towards the enzyme, glutamic acid 
decarboxylase (GAD) that is essential for the synthesis of gamma-amino butyric acid, a 
principal inhibitory neurotransmitter in the brain. Also, detectable levels of 
Immunoglobulin belonging to the subtype IgG were found in the CSF confirming the 
infiltration of B-cells (Dalakas et al., 2001; Ishii, 2010). The recent epidemiological studies 
report the existence of anti-gephyrin, anti-amphiphysin and anti-gamma-aminobutyric acid 
A receptor-associated protein (GABARAP) antibodies in the disease pathology. The patients 
experiencing this disease complain symptoms of muscular rigidity in the legs and trunk 
region often associated with muscle spasms (Dalakas et al., 2000). The medication for stiff 
man syndrome initially should begin with the skeletal muscle relaxants benzodiazepine or 
baclofen. Intrathecal administration of baclofen was even considered in a selected patient 
group. However great care has to be taken in performing this procedure as it is involved 
with puncturing the meninges (Duddy & Baker, 2009). Other treatment options considered 
are plasmapheresis and administration of Intravenous immunoglobulins like Gamimune, 
Gammagard, Sandoglobulin (Dalakas, 2009; Hayashi et al., 1999). 

5.6 Paraneoplastic neurological syndromes (PNS) 
The pathology associated with this autoimmune disease is quite peculiar. Antigens that are 
confined to the nervous system are capable of mediating an immune attack if the same 
antigens are expressed in the case of pathological conditions such as the breast or ovarian 
cancers. The immune cells that are activated against these antigens also direct their attack 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

302 
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indiscriminately towards the antigens of the CNS that were once considered as self. A diverse 
range of self-antigens are identified in this setting and within this diversity, multiple epitopes 
are recognized within each antigen encountered. Thus, stimulated by the cancers, immune 
drive is targeted against the CNS evidenced by the detection of serum antibodies. The most 
common serum antibody detected is the anti-Hu antibody in patients coexisting with sensory 
neuropathy, encephalomyelitis or cerebellar ataxia (Dalmau et al., 1992; Graus et al., 2001; 
Darnell & Posner, 2003; Maverakis  et al., 2011). Other such auto antibodies detected are anti-
Yo antibodies in cerebellar degeneration (Peterson et al., 1992) anti-Ma1 and anti-Ma2 
antibodies in limbic encephalitis in patients with testicular cancer (Rosenfeld et al, 2001) and 
antibodies in Lambert-Eaton myasthenic syndrome in small cell lung cancer patients 
(Carpentier & Delattre, 2001). In the paraneoplastic autoimmune CNS disorders, immune cells 
penetrate the blood–brain barrier and the antibody mediated destruction serves as the 
dominant mode of immune attack as evidenced by the localised synthesis of antibodies by the 
B cells (Darnell & Posner, 2003 & Pranzatelli et al., 2004). However, defining the precise 
mechanisms of cellular and humoral pathways in the pathophysiology is still unclear and the 
immune system adapts the elusive mode to identify the intracellular antigens. 
The treatment for this disorder should be aimed at treating the underlying tumor with 
standard anticancer therapeutic regimen while the immune mediated disorder is treated by 
plasmapheresis or administration of immune suppressive drugs like Cyclosporine and 
glucocorticoids. Cyclosporine acts against both the cell and humoral mediated immune 
reactions and glucocorticoids are the potent anti-inflammatory and immune suppressive 
agents as discussed. Immune reaction suppression is even achieved by the administration of 
IVIg and Antithymocyte globulin is recommended in this case. It is a polyclonal IgG 
antibody particularly effective against T-lymphocytes and reduces the count to 85-90% 
(Buchwald et al., 2005; Koski & Patterson, 2006). 

5.7 Lambert-Eaton Myasthenic Syndrome (LEMS) 
Lambert-Eaton syndrome is a muscular disorder characterised by the autoantibody 
generation against the voltage gated calcium channels in the presynaptic nerve terminals. 
The communication is drastically affected between the nerves and muscles due to the 
inability of the nerve cells to release Ach required for muscular contraction. Hence, the 
symptoms of muscular rigidity and weakness are experienced in the patient population. The 
difference noticed between MG and LEMS is that in the latter form of the disease, with 
repeated contractions the muscle gets stronger for a shorter span of time instead of turning 
weaker (Lambert-Eaton syndrome, 2000). The primary treatment for LEMS aims to enhance 
the levels of Ach either by increasing its release or by inhibiting its metabolism thus making 
it available at the NMJ. The agents  that are considered effective in this regard are 
Pyridostigmine bromide, 3,4-Diaminopyridine (DAP) and guanidine HCl. Pyridostigmine is 
an AchE inhibitor and shows symptomatic relief, while DAP and guanidine HCL acts by 
enhancing the release of Ach with noticeable improvement in the muscular strength. 
Patients who are refractory to the above treatment are prescribed with the 
immunosuppressive drugs as mentioned earlier (McEvoy et al., 1989; Sanders, 1995). 

5.8 Neuromyotonia (NM) 
Neuromyotonia, is a rare autoimmune disorder with antibodies directed against the voltage 
gated K+ channels of the Shaker-type (Kv1). Based on the symptoms observed the disease is 
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categorised as acquired neuromyotonia (NMT) with peripheral nerve hyperexcitability, 
fasciculations and muscle stiffness. Morvan’s syndrome is associated with the symptoms of 
NMT along with encephalopathy and sleep disorders. The last subtype is the limbic 
encephalitis characterised by the CNS involvement with encephalopathic seizures, 
hyponatremia and abnormal electroencephalographic abnormalities. The antibodies noticed 
in this immune disorder were pathogenic and were confirmed by the observations of 
electrophysiological changes in mice, upon administration of IgG derived from patients 
(Kleopas et al., 2006; Buckley & Vincent, 2005; Merchut, 2010). Recently, a novel pathology 
was attributed to limbic encephalitis in which auto antibodies were identified against 
leucine-rich glioma-inactivated 1 (LGI1) protein. Previously, these auto antibodies were 
assumed to be acting against K+ channels and hence, this disorder is now termed as limbic 
encephalitis associated with LGI1 antibodies (Lai et al., 2010).  
Most of the patients with these disorders fairly respond when treated with 
immunosuppressive drugs like glucocorticosteroids. Also other recommendations include 
plasmapheresis and IVIg (Merchut, 2010). 

5.9 Polyneuropathies (PN) 
Polyneuropathies are divided into 3 subtypes as chronic inflammatory demyelinating 
polyneuropathy (CIDP), multifocal motor neuropathy (MMN) and IgM anti-myelin-
associated glycoprotein (MAG) demyelinating neuropathy (Kornberg & Pestronk, 2003;  
Czaplinski & Steck, 2004; Kieseier et al., 2004). Both the T and B-cell mediated immune 
havoc is noticed in CIDP with the majority of antibodies directed towards the glycolipids 
GM1 (Yan et al., 2000). Similar type of antibody production is identified against GM1 in half 
of the patient population in MMN but the pathogenecity of these antibodies are left 
unidentified (Nobile-Orazio, 2001). On the contrary, the IgM antibodies generated against 
the myelin associated glycoprotein in anti-MAG neuropathies are identified as pathogenic 
with a successful transfer of the disease to the animals. The normal cellular interactions were 
also found to be disturbed by these anti-MAG antibodies by the complement activation 
towards the myelin lamellae (Latov, 1994; Dalakas & Quarles, 1996; Quarles & Weiss, 1999). 
The treatment options considered are mainly immunosuppressive in nature and 
administration of glucocorticosteroids, plasmapheresis and IVIg are in use (Shy, 2007). 
Figure 4 summarises the pathologies of all the neurological autoimmune diseases. 

6. What’s in the pipeline? 
The role of B-cells in the autoimmune disorders is inevitable and considering this concrete 
paradigm researchers have now focussed targeting them with the mainstay of B-cell 
depletion. The targets identified were the B-lymphocyte stimulator (BLyS) protein and the 
CD20 expression on B-cells. Belimumab, is the humanised anti-BLyS monoclonal antibody 
and showed effective inhibition of invitro B-cell proliferation. (Baker et al, 2003) Also, phase 
I clinical trials of belimumab in SLE was well tolerated and further results are yet to be 
reported (Stohl, 2004). Rituximab, a chimeric anti-CD20 monoclonal antibody has the ability 
to deplete B-cells by multiple mechanisms and results are encouraging when it was tried 
against a variety of autoimmune disorders (Wylam et al., 2003; Ruegg et al., 2004;  Stuve et 
al., 2005).. In extension ocrelizumab, a humanized version of rituximab is currently in the 
developing stage for targeting several autoimmune disorders (Genovese et al., 2008). The 
same also holds true for Epratuzumab, a humanised mab that acts by blocking CD22 and 
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immunosuppressive drugs as mentioned earlier (McEvoy et al., 1989; Sanders, 1995). 

5.8 Neuromyotonia (NM) 
Neuromyotonia, is a rare autoimmune disorder with antibodies directed against the voltage 
gated K+ channels of the Shaker-type (Kv1). Based on the symptoms observed the disease is 

 
Recent Advances in the Treatment of Neurological Autoimmune Disorders 

 

305 

categorised as acquired neuromyotonia (NMT) with peripheral nerve hyperexcitability, 
fasciculations and muscle stiffness. Morvan’s syndrome is associated with the symptoms of 
NMT along with encephalopathy and sleep disorders. The last subtype is the limbic 
encephalitis characterised by the CNS involvement with encephalopathic seizures, 
hyponatremia and abnormal electroencephalographic abnormalities. The antibodies noticed 
in this immune disorder were pathogenic and were confirmed by the observations of 
electrophysiological changes in mice, upon administration of IgG derived from patients 
(Kleopas et al., 2006; Buckley & Vincent, 2005; Merchut, 2010). Recently, a novel pathology 
was attributed to limbic encephalitis in which auto antibodies were identified against 
leucine-rich glioma-inactivated 1 (LGI1) protein. Previously, these auto antibodies were 
assumed to be acting against K+ channels and hence, this disorder is now termed as limbic 
encephalitis associated with LGI1 antibodies (Lai et al., 2010).  
Most of the patients with these disorders fairly respond when treated with 
immunosuppressive drugs like glucocorticosteroids. Also other recommendations include 
plasmapheresis and IVIg (Merchut, 2010). 
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unidentified (Nobile-Orazio, 2001). On the contrary, the IgM antibodies generated against 
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with a successful transfer of the disease to the animals. The normal cellular interactions were 
also found to be disturbed by these anti-MAG antibodies by the complement activation 
towards the myelin lamellae (Latov, 1994; Dalakas & Quarles, 1996; Quarles & Weiss, 1999). 
The treatment options considered are mainly immunosuppressive in nature and 
administration of glucocorticosteroids, plasmapheresis and IVIg are in use (Shy, 2007). 
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The role of B-cells in the autoimmune disorders is inevitable and considering this concrete 
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GAD-Glutamicacid decarboxylase; NAchR-Nicotinic acetylcholine receptors; VGCC- Voltage gated 
calcium channels; VGKC- Voltage gated potassium channels 

Fig. 4. Representing the various triggers of autoimmune diseases and the different targets 
involved in the generation of neurological autoimmune diseases. 

thereby depletes B-cell population (Dalakas, 2008). Targeting the T-cell antigens was always 
an area of intense interest. Researchers have made significant contributions with the 
development of anti-CD3 MAbs that displayed not only potent immunosuppressive 
activities but also the ability to restore self tolerance (Chatenoud, 2003). Progress was also 
presumed with the introduction of T-lymphocyte subsets, the invariant natural killer T 
(iNKT) cells. These unique cells stimulate a diverse range of cytokines that regulate the 
activities of various immune cells and thus prove to be handy for autoimmune disease 
therapeutics (Gabriel et al., 2010). The preclinical studies of methyl thioadenosine, a natural 
metabolite was found effective with its immunomodulatory activity in MS model. The 
results of this study showed an enhanced efficiency when it was combined with interferon’s 
or glatiramer acetate (Moreno et al., 2010). Midkine (MK) a cytokine that binds heparin is 
generally involved in inflammation by promoting T-cell traffic and cytokine up regulation.  
The MK inhibitors are assumed to be very valuable for treating MS as an aptamer to MK 
was found to repress experimental autoimmune encephalitis (Muramatsu, 2011). Histone 
deacetylase inhibitors were also found to have a potential against MS as they are found to 
interfere the immune system activation empowered with neuroprotective activities (Faraco 
et al., 2011). Recent advancements include the application of autologous and allogenic stem 
cell transplantations following intense immunoablation and the former application has 
lower toxicities compared to the latter. Encouraging results were obtained in a group of MS 
patients when treated with autologous stem cells compared to the existing therapies. 
However, further trials are warranted for the effective use (Marmont, 2000). 
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S. 
No Disorder Immune attack 

directed to Current therapy Future drugs 

1 MS Myelin 

IFNb1a, IFNb1b, 
(Clerico et al., 2007) 
glatiramer acetate, 
(Arnon & Aharoni, 
2004)  
natalizumab, (Polman 
et al., 2006) 
glucocorticosteroids 
(Merck) and 
chemotherapeutics 
(Chan et al., 2005) 

Fingolimod, BG00012, 
(Lutterotti & Berger, 2010) 
Laquinimod 
Teriflunomide Cladribine 
(Yang et al., 2004; Warnke 
et al., 2009) 
Rituximab  
(Hauser et al., 2008) 
CAMPATH  
(Osborne, 2009) 
Midkine  
(Muramatsu, 2011) 
Methylthio-adenosine 
(Moreno et al., 2010) 
MAdCAM-1) antibody 
(Kanwar et al., 2004) 
Histone deacetylase 
inhibitors  
(Faraco et al., 2011) 

2 MG 

Nicotinic 
acetylcholine 
receptor and 
muscle specific 
kinase 

AchE inhibitors, 
(Kumar & Kaminski, 
2011) 
Glucocorticosteroids, 
(Hohlfeld et al., 2003) 
Azathioprine, (Mertens 
et al., 1981). 
cyclosporine, (Tindall 
et al., 1987) 
Cyclophosphamide 
and mycophenolate 
mofetil (Schneider-
Gold et al., 2006) 

SHG2210  
(Keefe et al., 2010) 

3 GBS 

Myelin and axonal 
membrane in 
motor and sensory 
fibres 

immunomodulatory 
therapy with 
plasmapheresis and 
IVIg (Dalakas, 1999; 
Hadden et al., 1998) 

Complement inhibitors 
(Walgaard et al., 2011) 

4 NMO Aquaporin -4 
water channels 

interferons , 
mycophenolate 
mofetil, mitoxantrone 
and rituximab 
(Bergamaschi, 2007) 

Eculizumab 
(clinicaltrials.gov) 
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thereby depletes B-cell population (Dalakas, 2008). Targeting the T-cell antigens was always 
an area of intense interest. Researchers have made significant contributions with the 
development of anti-CD3 MAbs that displayed not only potent immunosuppressive 
activities but also the ability to restore self tolerance (Chatenoud, 2003). Progress was also 
presumed with the introduction of T-lymphocyte subsets, the invariant natural killer T 
(iNKT) cells. These unique cells stimulate a diverse range of cytokines that regulate the 
activities of various immune cells and thus prove to be handy for autoimmune disease 
therapeutics (Gabriel et al., 2010). The preclinical studies of methyl thioadenosine, a natural 
metabolite was found effective with its immunomodulatory activity in MS model. The 
results of this study showed an enhanced efficiency when it was combined with interferon’s 
or glatiramer acetate (Moreno et al., 2010). Midkine (MK) a cytokine that binds heparin is 
generally involved in inflammation by promoting T-cell traffic and cytokine up regulation.  
The MK inhibitors are assumed to be very valuable for treating MS as an aptamer to MK 
was found to repress experimental autoimmune encephalitis (Muramatsu, 2011). Histone 
deacetylase inhibitors were also found to have a potential against MS as they are found to 
interfere the immune system activation empowered with neuroprotective activities (Faraco 
et al., 2011). Recent advancements include the application of autologous and allogenic stem 
cell transplantations following intense immunoablation and the former application has 
lower toxicities compared to the latter. Encouraging results were obtained in a group of MS 
patients when treated with autologous stem cells compared to the existing therapies. 
However, further trials are warranted for the effective use (Marmont, 2000). 
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Teriflunomide Cladribine 
(Yang et al., 2004; Warnke 
et al., 2009) 
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(Hauser et al., 2008) 
CAMPATH  
(Osborne, 2009) 
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(Muramatsu, 2011) 
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(Moreno et al., 2010) 
MAdCAM-1) antibody 
(Kanwar et al., 2004) 
Histone deacetylase 
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(Faraco et al., 2011) 

2 MG 
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muscle specific 
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(Kumar & Kaminski, 
2011) 
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(Hohlfeld et al., 2003) 
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et al., 1981). 
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et al., 1987) 
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and mycophenolate 
mofetil (Schneider-
Gold et al., 2006) 

SHG2210  
(Keefe et al., 2010) 

3 GBS 

Myelin and axonal 
membrane in 
motor and sensory 
fibres 

immunomodulatory 
therapy with 
plasmapheresis and 
IVIg (Dalakas, 1999; 
Hadden et al., 1998) 

Complement inhibitors 
(Walgaard et al., 2011) 

4 NMO Aquaporin -4 
water channels 

interferons , 
mycophenolate 
mofetil, mitoxantrone 
and rituximab 
(Bergamaschi, 2007) 

Eculizumab 
(clinicaltrials.gov) 
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5 SMS 
Glutamic acid 
decarboxylase 
enzyme 

skeletal muscle 
relaxants, (Duddy & 
Baker, 2009) 
Plasmapheresis and 
IVIg (Dalakas, 2009; 
Hayashi et al., 1999) 

------- 

6 PNS Hu, Yo,Ma1 & 
Ma2 antibodies 

Cyclosporine, 
glucocorticoids and 
Antithymocyte 
globulin (Buchwald et 
al., 2005; Koski & 
Patterson, 2006) 

------- 

7 LEMS Voltage gated 
calcium channels 

Pyridostigmine 
bromide, 3,4-
Diaminopyridine, 
guanidine HCl and 
immunosuppressive 
agents (McEvoy et al., 
1989; Sanders, 1995) 

------- 

8 NM 

Voltage gated K+ 
channels and 
leucine-rich 
glioma-inactivated 
1 protein 

Glucocorticosteroids, 
Plasmaoheresis and 
IVIg (Merchut, 2010) 

------- 

9 PN 

Glycolipid GM1 
and myelin 
associated 
glycoprotein 

Glucocorticosteroids, 
Plasmapheresis and 
IVIg (Shy, 2007) 

------- 

Multiple sclerosis=MS; Myasthenia gravis=MG; Guillain-Barre syndrome=GBS; Neuromyelitis 
optica=NMO; Stiff-Man syndrome =SMS; Paraneoplastic neurological syndromes=PNS; Lambert-Eaton 
myasthenic syndrome=LEMS; Neuromyotonia=NM and Polyneuropathies=PN 

Table 1. showing the disease mechanisms, current and future therapeutics for neurological 
autoimmune diseases. 

Targeting the immune cell entry is considered to be an ideal approach and based on this 
concept we noticed a significant blockade of lymphocyte traffic and eventual recovery in 
EAE mouse model when administered with mucosal addressin cell adhesion molecule 
(MAdCAM-1) antibody that binds with the integrins on the lymphocyte cell surface. We 
also developed a combinatorial approach for this model to protect the neurons against 
glutamate mediated damage with the α-amino-3-hydroxy-5-methyl-4-isoxazolepropionate 
(AMPA)/ Kainate receptor antagonist 2,3-dihydroxy -6- nitro-7- sulfamoylbenzo 
(f)quinoxaline (NBQX), and the N-methyl D-aspartate (NMDA) receptor  antagonist 
GPE(neuro protector glycine-proline-glutamic acid;N-terminal tripeptide of insulin like 
growth factor ). This combinatorial therapy also helps in reducing the infiltrating immune 
cells at the site of inflammation in the brain (Kanwar et al, 2004).. We have also patented the 
treatment of demyelinating diseases by administering GPE (WIPO).In addition, there are 
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reports on the highly conserved BARF1 epitopes of Epstein Barr Virus with potent 
neuroprotective and mitogenic activities (Wynne et al., 2010). We, therefore anticipate 
conjugating antibodies with such neuroprotectors that would be definitely fruitful for 
treating a group of neurological autoimmune diseases. Application of nanotechnology also 
has a tremendous potential for their treatment, as the conjugation of nanoparticles with 
neuroprotectors and other therapeutics will significantly enhance the targeted delivery, 
bioavailability and efficacy. Finally introduction of locked nucleic acids (LNAs) has opened 
a new boom in the area of gene silencing. These LNAs are valuable nucleic acid analogues 
with striking abilities to regulate gene expression both in vitro and in vivo (Kauppinen et al., 
2005). Thus, in the near future they can be suitably modified to control the genetically 
mediated autoimmune diseases. Table 1 shows the comparison of current and future drugs. 

7. Conclusion 
Further to conclude, the immunosuppressive and anti-inflammatory treatments considered 
for treating autoimmune diseases pose serious side effects upon long term administration. 
Hence, it is rather expected, than to hope that emerging therapies based on the 
advancements made in  T and B-cell targeting would definitely complement or if not replace 
the existing therapies. It is worth mentioning to find many new novel entities that are in 
clinical trials for MS and other neurological autoimmune diseases. Inspite of these attractive 
therapeutic strategies strenuous efforts are to be made to identify the best possible 
candidates for effective disease control benefiting the patient population. 
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1. Introduction  
Glucocorticoids are hormones synthesized from cholesterol in the cortex of adrenal glands. 
Synthetic glucocorticoids are chemical derivatives synthesized from cholic acid obtained 
from cattle or steroid sapogenins.  The chemical structure of these drugs is very similar to 
that of natural glucocorticoids. Therefore, the synthetic derivatives efficiently bind to 
intracellular receptors of glucocorticoid and mineralocorticoid, which promote a myriad of 
transcriptional and non-transcriptional processes.  Synthetic glucocorticoids can trigger a 
cascade of events including neurotransmitter modulation, protein expression, neuronal 
firing or neurite growth.  In addition, these substances are some of the most potent 
antiinflammatory and immunosuppressive agents available in human medicine with a good 
drug safety profile in humans.  Thus, they are a valuable pharmacological tool for the 
treatment of acute and chronic neuroinflammation, and autoimmune disorders with 
neurological involvement.  However, increasing evidence indicates that a high-dose or a 
long-term delivery of synthetic glucocorticoids may promote cognitive dysfunction, 
memory impairment, apoptosis, systemic hypersensitivity, urticaria-angioedema, neuronal 
degeneration, cerebral atrophy, major depression or steroid psychosis.  Yet, these major side 
effects are relatively infrequent, the unrestricted use of glucocorticoids has to be avoided 
and systematic neuropsychological assessments are recommended to detect early 
neurological impairment. Herein, we discuss the mechanisms by which synthetic 
glucocorticoids may induce neural degeneration and other pathological changes in different 
brain regions. In addition, we describe the role of glucocorticoids in some autoimmune 
neurological disorders. 

2. Glucocorticoids 
The hypothalamus-pituitary-adrenal axis exerts an important regulation on neural functions 
mediated by the releasing of steroid molecules named corticosteroids.  These hormones are 
synthesized from cholesterol in the cortex of adrenal glands (Fietta et al., 2009; Nicolaides et 
al., 2010).  Two types of corticoids have been identified: glucocorticoids and 
mineralocorticoids.  Glucocorticoids are produced in the inner region of the adrenal cortex 
(fascicular zone), while mineralocorticoids are synthesized in the outer part of the adrenal 
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cortex (glomerular zone) (Schimmer & George 1998).  The name mineralocorticoid derives 
from early observations that associated these hormones with the homeostasis of sodium and 
water, whereas glucocorticoids obtained their name from initial observations that these 
steroids were involved in the metabolism of glucose.  To date, it is well accepted that gluco- 
and mineralocorticoids have a number of pleiotropic and systemic effects (Figure 1) on 
cardiovascular system (Schimmer & George 1998; Ullian 1999), erythropoiesis (Amylon et al. 
1986; King et al. 1988), calcium and bone metabolism (Thacker 2010), gastrointestinal tract 
(Black 1988), nitrogen excretion and glucose metabolism (Schimmer & George 1998), and 
exert a strong regulation in the immune system (Silverman et al. 2005). These physiological 
properties of glucocorticoids are useful in clinical medicine to treat and control a broad 
spectrum of diseases, such as: allergies, autoimmune diseases, cancer, hormonal 
replacement, asthma and sepsis.  Nevertheless, glucocorticoids also have potentially 
harmful effects on several body systems, including the central nervous system.  Some of 
these neurological impairments will be discussed below. 
 

 
Fig. 1. Physiological effects of glucocorticoids and the hypothalamus-pituitary-adrenal axis.  
CRF = corticotropin-releasing factor ;  ACTH = adrenocorticotrophin hormone;  (+) indicates 
stimulation and (-) indicates inhibition. 

3. Synthetic glucocorticoids 
Synthetic glucocorticoids are usually synthesized from cholic acid obtained from cattle or 
steroid sapogenins found in plants.  The chemical structure of these drugs is slightly 
different from that of natural glucocorticoids (Figure 2 A - B).  For example, prednisolone 
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differs from cortisol only by a δ-1-dihydro configuration.  Instead, bexamethasone and 
betamethasone have additional 9-α-fluoro and 16-β- or 16-α-methyl groups, respectively 
(Tegethoff et al. 2009).  
 

 
Fig. 2. Chemical structures of glucocorticoids.  A. Metabolic pathways in the adrenocortical 
hormone biosynthesis. B. Synthetic glucocorticoids with anti-inflammatory and 
immunosuppressive activity. 

Endogenous and synthetic glucocorticoids regulate a number of physiological and 
behavioural responses via intracellular receptors, which modulate the function of neural 
cells.   In several brain regions, neural cells express two types of corticoid receptors:  Type-1 
receptors, also called mineralocorticoid receptors (MRs), and Type-2 receptors, also called 
glucocorticoid receptors (GRs) or NR3C1 (nuclear receptor subfamily 3, group C, member 1) 
(Fietta et al. 2009; Hoppmann et al. 2010; Marques et al. 2009; Prager et al. 2010).  NR3C1 
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mediates the negative feedback in the HPA axis and in other limbic structures (de Kloet 
2003; De Kloet et al. 1998).   GRs have tenfold lesser affinity for corticosteroids than MRs 
(Table 1).  The physiological outcome of these interactions is that GRs are mainly active 
during periods of abundant glucocorticoid secretion, such as circadian peak, systemic 
inflammation or stress.  Thus, some of the functions of GRs include the regulation of energy 
metabolism, cellular homeostasis, stress-induced response, information storage and retrieval 
(de Kloet 2003; de Kloet et al. 1999; De Kloet et al. 1998).  In contrast, MRs have a high 
affinity for corticosteroids; as a result, they are active when circulating glucocorticoid levels 
are relatively low. These receptors are highly expressed in hippocampus, septum, amygdala, 
frontal cortex, hypothalamic paraventricular nucleus and locus coeruleus (de Kloet 2003; De 
Kloet et al. 1998).  One of the main functions of MRs is the regulation of basal HPA tone (de 
Kloet 2003; De Kloet et al. 1998).   
 

Characteristics 11β-HSD1 11β-HSD2
Molecular mass 34 kDa 40 kDa
Activity (Km) Low affinity

Cortisol: 17 mM 
Corticosterone: 20 mM 
Cortisone: 200 mM

High affinity
Cortisol:12 nM 
Corticosterone: 45 nM 
Dexamethasone: 140 nM 

Inhibitors Glycerhetinic acid
Carbenoxolone

Table 1. Glucocorticoid affinity in type-1 (11β-HSD1) and type-2 receptors (11β-HSD2).  
Modified from Buckingham 2006. 
 

Glucocorticoid Plasma half-life Potency 
Cortisol 
Cortisone 
Hydrocortisone 

Short 
t1/2 8-12 h 

0.8 
1 

0.8 
Deflazacort 
Prednisone 
Prednisolone 
Methylprednisolone 
Triamcinolone 

Intermediate 
t1/2 12-36 h 

5 
4 
4 
5 
5 

Dexamethasone
Betamethasone 

Long 
t1/2 36–72 h 

25 
30-40 

Table 2. Potency and plasma half-life of natural and synthetic glucocorticoids commonly 
used in medicine. 

The pharmacological effects of natural and synthetic glucocorticoids are mediated by the same 
genomic and non-genomic pathways (Buckingham 2006; Lowenberg et al. 2005; Lowenberg et 
al. 2006).  The levels of efficacy, potency and pharmacological activity of synthetic hormones 
are determined by their pharmacokinetic properties (Table 2) (Fietta et al. 2009; Gonzalez-
Perez et al. 2007).  In clinic, synthetic glucocorticoids are commonly used as anti-inflammatory 
drugs for the treatment of allergies, rheumatic diseases, asthma, lymphoproliferative diseases 
and autoimmune disorders (Liberman et al. 2010).  Most, if not all, of them can bind to both 
MRs and GRs, but with different affinities (Gonzalez-Perez et al. 2007). Remarkably, an 
increasing number of pre-clinical and clinical studies indicate that synthetic glucocorticoids 
can modify the citoarchitecture and function of glial cells, which alter the brain homeostasis. 
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Fig. 3. Astrocytes modulate and/or promote several effects into the brain under the 
influence of glucocorticoids. Corticoids (GCs); glucocorticoid receptor (GR); 
mineralocorticoid receptor (MR). 
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Fig. 3. Astrocytes modulate and/or promote several effects into the brain under the 
influence of glucocorticoids. Corticoids (GCs); glucocorticoid receptor (GR); 
mineralocorticoid receptor (MR). 
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4. Effects of synthetic glucocorticoids on astroglia 
GRs and MRs are expressed not only by neurons, but also by glial cells or neuroglia (Bohn et 
al. 1991; Vielkind et al. 1990). Glial cells are non-neuronal cells that preserve neural 
homeostasis, form myelin, and provide support and protection for neurons.  In fact, 
corticoids exert several effects into the brain by targeting glial cells that, in turn, modify the 
cerebral functioning (Figure 3). Astrocytes, collectively known as astroglia, are the most 
abundant glial cells and play multiple roles into the brain, such as: Neurotransmitter 
reuptake and release, modulation of synaptic transmission, nervous system repair, 
hormonal signalling, vascular tone regulation, preservation of blood–brain barrier and, in 
some cases, astrocytes may function as neural stem cells (Gonzalez-Perez & Alvarez-Buylla 
2011; Kettenmann & Ransom 2005).  
Astroglia expresses the intermediate filament glial fibrilliary acidic protein (GFAP), which is 
used as cellular marker of these cells (Ihrie & Alvarez-Buylla 2008).  Interestingly, astrocytes 
contain high number of GRs and MRs; consequently, astrocyte function and their GFAP 
expression are highly susceptible to glucocorticoids (Lambert et al. 2000; Rozovsky et al. 
1995). Some of the effects of glucocorticoids on gene and protein expression in astrocytes are 
summarized in the table 3.   
 

Protein / gene Function Glucocorticoid 
effect 

Reference 

Glial fibrilliary acidic 
protein (GFAP) 

Intermediate 
filament protein 

Upregulation (O'Callaghan et al. 
1991; Ramos-Remus et 

al. 2002) 
Glial glutamate 

transporter (GLT-1) 
Neurotransmitter 

recycling 
Upregulation (Reagan et al. 2004; 

Zschocke et al. 2005) 
Glutamine synthetase Neurotransmitter 

recycling 
Upregulation (Hansson 1989; 

Vardimon et al. 1999) 
Basic fibroblast growth 

factor (bFGF) 
Neurotrophic 

protein 
Upregulation (Niu et al. 1997) 

S100β Ca2+-binding 
neurotrophic 

protein 

Upregulation (Van den Hove et al. 
2006) 

N-myc downstream-
regulated gene (Ndrg2)

Cell differentiation Upregulation (Nichols et al. 2005) 
 

Lipocortin-1 Anti-inflammatory 
protein 

Upregulation (McLeod & Bolton 
1995) 

Nerve growth factor 
(NGF) 

Neurotrophic 
protein 

Downregulation (Niu et al. 1997) 

Vimentin Intermediate 
filament 

Downregulation (Avola et al. 2004) 

Table 3. Effects of glucocorticoids on protein and gene expression in astrocytes. 

In vitro administration of dexamethasone, corticosterone or aldosterone inhibits astrocyte 
proliferation in a dose-dependent manner (Crossin et al. 1997). This effect seems to be 
mediated by neural cell adhesion molecules, which inhibit activation of mitogen-activated 
protein (MAP) kinase (Krushel et al. 1998).  The corticoid-induced inhibition of cell 
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proliferation and growth retardation may also be enhanced by a concomitant reduction in  
the production of insulin-like growth factor 1 (IGF-1) in parenchymal astrocytes (Adamo et 
al. 1988).  On the other hand, the overexpression of GFAP and chondroitin sulfate 
proteoglycans in reactive astrocytes has been related to a deficient neuronal repair and less 
neurite outgrowth.  Methylprednisolone can revert these adverse effects by downregulating 
astrocyte activation (Liu et al. 2008) and reducing the number of GFAP-expressing astroglia 
(Sabolek et al. 2006).  Further studies indicate that dexamethasone can modify hippocampal 
neuron development and survival by decreasing the mRNA levels of nerve growth factor 
(NGF) (Niu et al. 1997) and GFAP in hippocampus and neocortex (Aleong et al. 2003).  In 
contrast, other reports using corticosterone (Bridges et al. 2008), prednisone (Ramos-Remus 
et al. 2002) and deflazacort (Gonzalez-Castaneda et al. 2007) reported an increase in the 
number and cytoplasmic processes of hippocampal and cortical astrocytes.  The reason for 
these discrepancies is not well-known, but they appear to be mediated by dose- and region-
dependent phenomena (Gonzalez-Perez et al. 2001).  
Glucocorticoids not only modify the function of glial cells in adult stages, but also during 
prenatal development. Prenatal betamethasone administration delays both astrocyte and 
capillary tight junction maturation (Huang et al. 2001a), as well as the myelination in the 
corpus callosum (Huang et al. 2001b).  Remarkably, glucocorticoid effects are not limited to 
the modulation of cell morphology or molecular expression in neuroglia. Instead, they are 
key modulators of glycogen metabolism and neurotransmitter transporter homeostasis as 
demonstrated in several experimental models.  For instance, cortical astrocytes exposed to 
dexamethasone show a reduction of noradrenaline-induced glycogen synthesis (Allaman et 
al. 2004).  Prednisolone, betamethasone and dexamethasone inhibit the transporter uptake of 
monoamines producing effects on physiological and behavioral processes (Hill et al. 2010).  
The glial glutamate transporter-1 (GLT-1) is also affected by synthetic glucocorticoids.  In 
cortical astrocytes, dexamethasone provokes a marked increase in the GLT-1 transcription 
and GLT-1 protein levels (Zschocke et al. 2005).  GABAergic neurons are also affected by 
synthetic glucocorticoids that impair their rhythmic firing, which may lead to cognitive 
deficit (Hu et al. 2010).  Taken together, this evidence indicates that synthetic glucocorticoids 
exert a strong modulation on neural cells by modifying protein expression, neurite growth, 
cell proliferation, neurotransmitter uptake, neuronal firing, vasculature function and 
neuronal degeneration.  

4.1 Implications in autoimmune neurological disorders. Pathological features 
observed in patients upon GCs administration 
One major application of synthetic glucocorticoids is the treatment of acute and chronic 
neuroinflammatory disorders, such as multiple sclerosis, autoimmune encephalomyelitis, 
immune rejection, Parkinson’s disease, retinal degeneration and others.  Increasing evidence 
indicates that the therapeutic efficacy of glucocorticoids against autoimmune disorders may 
rely not only on their well-known anti-inflammatory effects, but also on their properties of 
neuro-gliomodulation (Gonzalez-Perez et al. 2007).  For instance, methylprednisolone has a 
synergistic effect with Nogo-66 receptor protein, which promotes functional recovery and 
axonal growth in a model of spinal cord contusion (Ji et al. 2005).  Methylprednisolone also 
mediates anti-apoptotic effects on oligodendrocytes by activating STAT5 proteins, which 
up-regulate a splicing isoform of the bcl-x gene (Xu et al. 2009).  On the other hand, 
prednisone contributes to attenuate experimental autoimmune encephalomyelitis by 
preventing the reduction of brain-derived neurotrophic factor (BDNF) and NGF mRNA 
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al. 1991; Vielkind et al. 1990). Glial cells are non-neuronal cells that preserve neural 
homeostasis, form myelin, and provide support and protection for neurons.  In fact, 
corticoids exert several effects into the brain by targeting glial cells that, in turn, modify the 
cerebral functioning (Figure 3). Astrocytes, collectively known as astroglia, are the most 
abundant glial cells and play multiple roles into the brain, such as: Neurotransmitter 
reuptake and release, modulation of synaptic transmission, nervous system repair, 
hormonal signalling, vascular tone regulation, preservation of blood–brain barrier and, in 
some cases, astrocytes may function as neural stem cells (Gonzalez-Perez & Alvarez-Buylla 
2011; Kettenmann & Ransom 2005).  
Astroglia expresses the intermediate filament glial fibrilliary acidic protein (GFAP), which is 
used as cellular marker of these cells (Ihrie & Alvarez-Buylla 2008).  Interestingly, astrocytes 
contain high number of GRs and MRs; consequently, astrocyte function and their GFAP 
expression are highly susceptible to glucocorticoids (Lambert et al. 2000; Rozovsky et al. 
1995). Some of the effects of glucocorticoids on gene and protein expression in astrocytes are 
summarized in the table 3.   
 

Protein / gene Function Glucocorticoid 
effect 

Reference 

Glial fibrilliary acidic 
protein (GFAP) 

Intermediate 
filament protein 

Upregulation (O'Callaghan et al. 
1991; Ramos-Remus et 

al. 2002) 
Glial glutamate 

transporter (GLT-1) 
Neurotransmitter 

recycling 
Upregulation (Reagan et al. 2004; 

Zschocke et al. 2005) 
Glutamine synthetase Neurotransmitter 

recycling 
Upregulation (Hansson 1989; 

Vardimon et al. 1999) 
Basic fibroblast growth 

factor (bFGF) 
Neurotrophic 

protein 
Upregulation (Niu et al. 1997) 

S100β Ca2+-binding 
neurotrophic 

protein 

Upregulation (Van den Hove et al. 
2006) 

N-myc downstream-
regulated gene (Ndrg2)

Cell differentiation Upregulation (Nichols et al. 2005) 
 

Lipocortin-1 Anti-inflammatory 
protein 

Upregulation (McLeod & Bolton 
1995) 

Nerve growth factor 
(NGF) 

Neurotrophic 
protein 

Downregulation (Niu et al. 1997) 

Vimentin Intermediate 
filament 

Downregulation (Avola et al. 2004) 

Table 3. Effects of glucocorticoids on protein and gene expression in astrocytes. 

In vitro administration of dexamethasone, corticosterone or aldosterone inhibits astrocyte 
proliferation in a dose-dependent manner (Crossin et al. 1997). This effect seems to be 
mediated by neural cell adhesion molecules, which inhibit activation of mitogen-activated 
protein (MAP) kinase (Krushel et al. 1998).  The corticoid-induced inhibition of cell 

Synthetic Glucocorticoids Modulate Function of Neural  
Cells: Implications in Autoimmune Neurological Disorders 

 

329 

proliferation and growth retardation may also be enhanced by a concomitant reduction in  
the production of insulin-like growth factor 1 (IGF-1) in parenchymal astrocytes (Adamo et 
al. 1988).  On the other hand, the overexpression of GFAP and chondroitin sulfate 
proteoglycans in reactive astrocytes has been related to a deficient neuronal repair and less 
neurite outgrowth.  Methylprednisolone can revert these adverse effects by downregulating 
astrocyte activation (Liu et al. 2008) and reducing the number of GFAP-expressing astroglia 
(Sabolek et al. 2006).  Further studies indicate that dexamethasone can modify hippocampal 
neuron development and survival by decreasing the mRNA levels of nerve growth factor 
(NGF) (Niu et al. 1997) and GFAP in hippocampus and neocortex (Aleong et al. 2003).  In 
contrast, other reports using corticosterone (Bridges et al. 2008), prednisone (Ramos-Remus 
et al. 2002) and deflazacort (Gonzalez-Castaneda et al. 2007) reported an increase in the 
number and cytoplasmic processes of hippocampal and cortical astrocytes.  The reason for 
these discrepancies is not well-known, but they appear to be mediated by dose- and region-
dependent phenomena (Gonzalez-Perez et al. 2001).  
Glucocorticoids not only modify the function of glial cells in adult stages, but also during 
prenatal development. Prenatal betamethasone administration delays both astrocyte and 
capillary tight junction maturation (Huang et al. 2001a), as well as the myelination in the 
corpus callosum (Huang et al. 2001b).  Remarkably, glucocorticoid effects are not limited to 
the modulation of cell morphology or molecular expression in neuroglia. Instead, they are 
key modulators of glycogen metabolism and neurotransmitter transporter homeostasis as 
demonstrated in several experimental models.  For instance, cortical astrocytes exposed to 
dexamethasone show a reduction of noradrenaline-induced glycogen synthesis (Allaman et 
al. 2004).  Prednisolone, betamethasone and dexamethasone inhibit the transporter uptake of 
monoamines producing effects on physiological and behavioral processes (Hill et al. 2010).  
The glial glutamate transporter-1 (GLT-1) is also affected by synthetic glucocorticoids.  In 
cortical astrocytes, dexamethasone provokes a marked increase in the GLT-1 transcription 
and GLT-1 protein levels (Zschocke et al. 2005).  GABAergic neurons are also affected by 
synthetic glucocorticoids that impair their rhythmic firing, which may lead to cognitive 
deficit (Hu et al. 2010).  Taken together, this evidence indicates that synthetic glucocorticoids 
exert a strong modulation on neural cells by modifying protein expression, neurite growth, 
cell proliferation, neurotransmitter uptake, neuronal firing, vasculature function and 
neuronal degeneration.  

4.1 Implications in autoimmune neurological disorders. Pathological features 
observed in patients upon GCs administration 
One major application of synthetic glucocorticoids is the treatment of acute and chronic 
neuroinflammatory disorders, such as multiple sclerosis, autoimmune encephalomyelitis, 
immune rejection, Parkinson’s disease, retinal degeneration and others.  Increasing evidence 
indicates that the therapeutic efficacy of glucocorticoids against autoimmune disorders may 
rely not only on their well-known anti-inflammatory effects, but also on their properties of 
neuro-gliomodulation (Gonzalez-Perez et al. 2007).  For instance, methylprednisolone has a 
synergistic effect with Nogo-66 receptor protein, which promotes functional recovery and 
axonal growth in a model of spinal cord contusion (Ji et al. 2005).  Methylprednisolone also 
mediates anti-apoptotic effects on oligodendrocytes by activating STAT5 proteins, which 
up-regulate a splicing isoform of the bcl-x gene (Xu et al. 2009).  On the other hand, 
prednisone contributes to attenuate experimental autoimmune encephalomyelitis by 
preventing the reduction of brain-derived neurotrophic factor (BDNF) and NGF mRNA 
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expression into the brain (Chen et al. 2009).  Promising results have also been obtained with 
dexamethasone and fluocinolone in several studies, i.e. dexamethasone reduces astroglial 
reactivity to implanted neuroprosthetic devices in rat cortex (Spataro et al. 2005), whereas 
intravitreous administration of fluocinolone attenuates retinal degeneration (Glybina et al. 
2010).  Further evidence suggests that dexamethasone produces immunosuppressive effects 
on the astrocyte response to interleukin-1-beta stimulation (Pousset et al. 1999) and 
counteracts blood–brain barrier failure by decreasing transendothelial permeability (Cucullo 
et al. 2004).  
Despite synthetic glucocorticoids have demonstrated an adequate safety profile, increasing 
clinical experience and experimental studies indicate that corticoids are able to promote 
cognitive dysfunction, anxiety, cerebral atrophy, depression and steroid psychosis.  One of 
the first studies that associated the glucocorticoid delivery with mood disorders in humans 
was reported in prednisone-treated asthmatic children (Bender et al. 1991).  However, adults 
are also affected by corticoids as demonstrated in healthy volunteers that, after receiving a 
high-dose prednisone or dexamethasone, showed mood changes and memory impairment 
(Keenan et al. 1996; Schmidt et al. 1999; Wolkowitz 1994).  Cerebral atrophy was reported 
after a long-term treatment with glucocorticoids in patients with no previous history of 
central nervous system affection (Bentson et al. 1978; Hara et al. 1981). Other immunologic 
disorders, such as systemic corticosteroid hypersensitivity (de Sousa et al. 2010; Rachid et al. 
2011), toxic epidermal necrolysis (Navarro Llanos et al. 1996) or urticaria-angioedema 
(Gomez et al. 2002), have also been associated with the administration of glucocorticoids.  
Under specific circumstances synthetic corticoids may impair or even potentiate the 
progress of neurological disorders as reported in experimental models of Alzheimer’s 
disease, hypoxia or prenatal glucocorticoid delivery.  This fact appears to be particularly 
important in neurodegenerative disorders related to oxysterol production such as 
Alzheimer's disease and multiple sclerosis.  Oxysterols are oxidized forms of cholesterol that 
provokes oligodendrocyte apoptosis.  Dexamethasone exacerbates the apoptotic effects of 
oxysterols on oligodendrocytes, resulting in secondary necrosis (Trousson et al. 2009).  
Cerebral vasculature is also altered by exposure to dexamethasone that may deteriorate 
hippocampal functions (Neigh et al. 2010).  In hypoxia models, dexamethasone increases the 
expression of Bnip3, a pro-apoptotic Bcl-2 family, which impairs hypoxic tissue damage 
(Sandau & Handa 2007). 
Neuronal function and survival are also affected by synthetic corticoids.  Dexamethasone 
increases oxidative stress and expression of monoamine oxidase A and B, resulting in a 
higher loss of dopaminergic neurons (Arguelles et al. 2010).  Oral administration of 
prednisone or deflazacort promotes neuronal degeneration of pyramidal neurons in CA1 
and CA3 hippocampal regions (Gonzalez-Castaneda et al. 2007; Gonzalez-Perez et al. 2007; 
Ramos-Remus et al. 2002).  Dexamethasone also decreases the number of neurons in the 
striatum (dorsomedial caudate-putamen) and hippocampus (dentate gyrus, CA1 and CA3 
subfields), which may account for some of the cognitive deficits seen following 
administration of glucocorticoids to healthy volunteers (Haynes et al. 2001).  Glucocorticoids 
also target the developing brain as reported in children exposed to synthetic glucocorticoids 
in uterus, who showed a reduction in fetal and, in some cases, newborn and infant HPA axis 
activity (Tegethoff et al. 2009).  Other studies indicate that prenatal dexa- or betamethasone 
exposure also affects postnatal cognitive functions (Hauser et al. 2007; Hauser et al. 2006), 
reduces the survival of cholinergic neurons (Emgard et al. 2007), and produces permanent 
changes in the cytoarchitecture within midbrain dopamine nuclei (McArthur et al. 2005).  
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Taken together, this evidence indicates that synthetic glucocorticoid may have detrimental 
effects on glial and neuronal integrity. Therefore, some authors have proposed that 
uncontrolled use of glucocorticoids may predispose to the development of a range of 
psychiatric and neurological conditions throughout life. 

5. Conclusion 
Synthetic glucocorticoids are a valuable therapeutic strategy against neuroinflammation and 
autoimmune disorders with neurological involvement.  In fact, anti-inflammatory strategies 
receive growing attention for their potential to prevent pathological deterioration in 
multiple sclerosis (the most prevalent chronic autoimmune disease of the central nervous 
system), Parkinson's disease, autoimmune encephalomyelitis and other severe neurological 
disorders.  Nevertheless, the uncontrolled use of glucocorticoids must be avoided because of 
their deleterious potential on cognition, neuronal survival and apoptosis induction.  Yet, in 
those clinical situations where glucocorticoid use is necessary, a continuous 
neuropsychological assessment is strongly recommended to detect a possible neurological 
deterioration. 
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cognitive dysfunction, anxiety, cerebral atrophy, depression and steroid psychosis.  One of 
the first studies that associated the glucocorticoid delivery with mood disorders in humans 
was reported in prednisone-treated asthmatic children (Bender et al. 1991).  However, adults 
are also affected by corticoids as demonstrated in healthy volunteers that, after receiving a 
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1. Introduction 
Over the last decade, high-dose polyclonal intravenous immunoglobulin (IVIg) is used 
increasingly in the management of autoimmune conditions of the central and peripheral 
nervous system. Despite the expanded use of IVIg, the consensus on its optimal use is 
insufficient. Currently chronic idiopathic demyelinating polyneuropathy (CIDP), Guillain – 
Barre syndrome (GBS) and multifocal motor neuropathy (MMN) are the three major 
immune neuropathies, in which the latest evidence strongly supports the use of IVIg as a 
first-line therapy. In addition to these disorders, there is a rising number of other 
neurological indications in which IVIg has been used as a therapy, even though the 
available evidence-based data are relatively sparse and less convincing. Due to increasing 
costs of this treatment and relative shortage of products, careful selection of patients who 
will benefit from IVIg is extremely important (Elovaara & Hietaharju, 2010). 
In this paper the current literature  on the use of IVIG in treatment of neurological diseases 
has been reviewed and evidence-based recommendations, as well as less convincing data 
and future possibilities for its use in these disorders are presented. 

2. IVIg in therapy of autoimmune neuropathies   
Currently CIDP, GBS and MMN are the three major immune neuropathies, in which the 
latest evidence strongly supports the use of IVIg as a first-line therapy (level A 
recommendation). However, questions remain regarding the dose, timing and duration of 
IVIg treatment in these disorders. The efficacy of IVIg has been also proven in some 
paraneoplastic neuropathies (level B) (European Federation of Neurology Society [EFNS] 
task force, 2008; Elovaara & Hietaharju, 2010). There are other peripheral neuropathies in 
which there are reports of the efficacy of IVIg. These include diabetic amyotrophy, vasculitic 
peripheral neuropathy and painful sensory neuropathy associated with Sjogren’s syndrome. 
The evidence for these conditions has been insufficient to earn a recommendation for the use 
of IVIg from national or international guidelines (Hughes et al, 2009).  

2.1 Guillan-barre syndrome (GBS)  
GBS is an autoimmune disorder of the peripheral nervous system. The incidence of GBS is 
approximately two per 100 000/year in adults. It may lead to respiratory failure requiring 
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1. Introduction 
Over the last decade, high-dose polyclonal intravenous immunoglobulin (IVIg) is used 
increasingly in the management of autoimmune conditions of the central and peripheral 
nervous system. Despite the expanded use of IVIg, the consensus on its optimal use is 
insufficient. Currently chronic idiopathic demyelinating polyneuropathy (CIDP), Guillain – 
Barre syndrome (GBS) and multifocal motor neuropathy (MMN) are the three major 
immune neuropathies, in which the latest evidence strongly supports the use of IVIg as a 
first-line therapy. In addition to these disorders, there is a rising number of other 
neurological indications in which IVIg has been used as a therapy, even though the 
available evidence-based data are relatively sparse and less convincing. Due to increasing 
costs of this treatment and relative shortage of products, careful selection of patients who 
will benefit from IVIg is extremely important (Elovaara & Hietaharju, 2010). 
In this paper the current literature  on the use of IVIG in treatment of neurological diseases 
has been reviewed and evidence-based recommendations, as well as less convincing data 
and future possibilities for its use in these disorders are presented. 

2. IVIg in therapy of autoimmune neuropathies   
Currently CIDP, GBS and MMN are the three major immune neuropathies, in which the 
latest evidence strongly supports the use of IVIg as a first-line therapy (level A 
recommendation). However, questions remain regarding the dose, timing and duration of 
IVIg treatment in these disorders. The efficacy of IVIg has been also proven in some 
paraneoplastic neuropathies (level B) (European Federation of Neurology Society [EFNS] 
task force, 2008; Elovaara & Hietaharju, 2010). There are other peripheral neuropathies in 
which there are reports of the efficacy of IVIg. These include diabetic amyotrophy, vasculitic 
peripheral neuropathy and painful sensory neuropathy associated with Sjogren’s syndrome. 
The evidence for these conditions has been insufficient to earn a recommendation for the use 
of IVIg from national or international guidelines (Hughes et al, 2009).  

2.1 Guillan-barre syndrome (GBS)  
GBS is an autoimmune disorder of the peripheral nervous system. The incidence of GBS is 
approximately two per 100 000/year in adults. It may lead to respiratory failure requiring 
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artificial ventilation in up to 30% of patients and about 5% die in this disease (Hughes et al, 
2006).  
GBS consists of four major subtypes: acute inflammatory demyelinating polyneuropathy 
(AIDP); acute motor axonal neuropathy (AMAN); acute motor and sensory axonal 
neuropathy (AMSAN); and Fisher syndrome. The subtypes can be differentiated by clinical, 
electrophysiological and pathological findings. Diagnosis of GBS is made in the setting of 
the classic clinical scenario of a monophasic illness reaching a nadir within 4 weeks with 
symmetric weakness and sensory loss, areflexia and elevated cerebrospinal fluid (CSF) 
protein without pleocytosis. Presumed antecedent inciting events, such as infections, occur 
in up to 80% (van Doorn P.A. et al, 2008).   
Molecular mimicry probably plays an important role in the pathogenesis. Infection with a 
pathological agent such as Campylobacter jejuni leads to the formation of cross-reacting 
antibodies. In AIDP, such cross-reacting anti-myelin or anti-ganglioside antibodies attack 
Schwann cell surface epitopes of motor and sensory fibres. Subsequent complement 
activation and macrophage infiltration leads to multi-focal inflammatory demyelination 
with conduction failure and secondary axonal degeneration. AMAN and AMSAN are 
characterized by axonal/nodal antibody binding, complement activation, macrophage 
attachment at nodes, opening of the periaxonal space and macrophage infiltration in motor 
axons in AMAN, or in motor and sensory axons in AMSAN (van Doorn P.A. et al, 2008).    
The proposed autoimmune aetiology led to the introduction of immunotherapy. Before its 
introduction, 10% of patients died and 20% were left seriously disabled (EFNS task force, 
2008). Plasma exchange (PE) was the first treatment of GBS that was shown to offer a 
significant benefit in randomized controlled trials (RCT) and became. The first RCT on the 
use of IVIg was published in 1992, followed later by other trials.  
Even though both IVIG and PE are considered as first-line therapy for GBS, IVIG is usually 
favored over PE due to its simplicity and better availability. Standard therapy of IVIG is 0.4 
g  kg given for 5 days, but there is only limited evidence concerning the optimal dosage. 
There are also other unanswered questions. Additional primary treatments are needed, as 
up to 20% of patients with GBS die or are unable to walk after 1 year. Treatments to enhance 
nerve regeneration and to improve function in existing but partially repaired nerves are also 
required. The Inflammatory Neuropathy Consortium of the Peripheral Nerve Society 
defined a need for trials of IVIg treatment in mild GBS and Fisher syndrome, an IVIg dose-
finding study in GBS and studies on  the use of complement inhibitors and sodium channel 
blockers (Hughes et al, 2009).The most urgent question is whether patients who continue to 
deteriorate after a standard course of IVIG should receive a second course or receive some 
other additional treatment An international study concerning this last issue is about to be 
launched in the near future (Elovaara & Hietaharju, 2010).  
Recommendations: 
- IVIg 0.4 g/kg/day for 5 days or PE can be used as first line treatment and are 

considered to be equally effective (level A).  
- IVIg has lesser side effects than PE and this would favour IVIg over PE treatment (level 

B). --IVIg treatment after PE, as standard combination, does not produce significant 
extra benefit and can not be recommended (level B).  

- Combining high-dose intravenous methylprednisolone with IVIg may have a minor 
shortterm benefit (level C).  

- Children, who generally have a better prognosis, should be treated with IVIg as firstline 
treatment (level C).  
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- Patients who improve after IVIg and then relapse should preferentially be retreated 
with a second course of IVIg (good practice point).  
- In patients who seem to be unresponsive to the first course of IVIg a second course may 

be tried, but evidence supporting such a strategy is lacking (good practice point).  
- No recommendations can be given whether mildly affected GBS patients or patients 

with Miller Fisher syndrome should be treated with IVIG. (EFNS task force, 2008). 

2.2 Chronic Inflammatory Demyelinating Polyneuropathy (CIDP)  
CIDP is a progressive or relapsing autoimmune disease that targets the myelin sheaths of 
the peripheral nerves, leading to weakness, sensory loss and impairment of gait and 
coordination. It has a variable clinical course causing both temporary and permanent 
disability. There is no definitive test for CIDP, and in most patients diagnosis is based on the 
clinical presentation and demonstration of demyelinating abnormalities in electrodiagnostic 
studies (Hughes et al, 2009). 
It has been shown to respond to several therapies, including corticosteroids, PE and IVIg. 
The efficacy of IVIg has been assessed in five RCTs including 235 participants. In addition, 
there is one RCT, which has compared IVIg with PE, and one study, which has compared 
IVIg with prednisolone. A recently published Cochrane review summarizes the results of 
these studies and concludes that IVIg therapy improves disability for at least 2–6 weeks 
compared with placebo (Eftimov et al., 2009). During this induction period IVIg has an 
efficacy similar to PE and corticosteroids.  
The ICE study (Hughes et al, 2008) that is included in this review is not only the largest but 
also the longest reported RCT ever performed in CIDP patients. Furthermore, it was the first 
trial aimed to assess the long-term efficacy of IVIg. The results of ICE study unequivocally 
demonstrated a beneficial effect on disability that is sustained up to 48 weeks. 
The initial dose used in the ICE study (2 g/kg) was similar to that used in practice. This dose 
was shown to be more effective than 1 g/kg or 0·25 g/kg, although higher doses were not 
examined. The initial dose is usually given over one or several days, depending on 
tolerability or convenience. Patients who do not respond to an initial dose may respond to 
subsequent doses. In the ICE study, 44% of responders improved by 3weeks after the initial 
treatment, and an additional 50% of patients responded only after a second dose of 1 g/kg 
at week 3, as measured at week 6 of the study. However, it is not known whether even more 
patients would have improved if additional treatments had been given, as patients who did 
not show improvement, including those who were stable, were crossed-over at week 6.  In 
clinical practice, initial responses have been seen up to 3 months into the treatment, and 
stabilization of previously progressive disease is considered to be a positive response 
(Hughes et al, 2009). 
IVIg responsive patients in the ICE trial were treated with 1 g/kg every 3 weeks for up to 24 
weeks, with the responsive patients re-randomized to continue treatment or placebo in 
phase 2 of the study for an additional 24 weeks. Continued improvement was observed in 
some patients at up to 32 weeks into the study. Approximately 50% of the responders in the 
first phase of the study suffered a relapse during phase 2 when switched to placebo. Given 
the goal of achieving maximal improvement, a reasonable strategy would be to continue 
treatment until the improvement plateaus, before stopping to see whether additional 
treatments are still needed. Discontinuing the treatments prior to that point would risk 
leaving the patient with less than optimal function. 
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artificial ventilation in up to 30% of patients and about 5% die in this disease (Hughes et al, 
2006).  
GBS consists of four major subtypes: acute inflammatory demyelinating polyneuropathy 
(AIDP); acute motor axonal neuropathy (AMAN); acute motor and sensory axonal 
neuropathy (AMSAN); and Fisher syndrome. The subtypes can be differentiated by clinical, 
electrophysiological and pathological findings. Diagnosis of GBS is made in the setting of 
the classic clinical scenario of a monophasic illness reaching a nadir within 4 weeks with 
symmetric weakness and sensory loss, areflexia and elevated cerebrospinal fluid (CSF) 
protein without pleocytosis. Presumed antecedent inciting events, such as infections, occur 
in up to 80% (van Doorn P.A. et al, 2008).   
Molecular mimicry probably plays an important role in the pathogenesis. Infection with a 
pathological agent such as Campylobacter jejuni leads to the formation of cross-reacting 
antibodies. In AIDP, such cross-reacting anti-myelin or anti-ganglioside antibodies attack 
Schwann cell surface epitopes of motor and sensory fibres. Subsequent complement 
activation and macrophage infiltration leads to multi-focal inflammatory demyelination 
with conduction failure and secondary axonal degeneration. AMAN and AMSAN are 
characterized by axonal/nodal antibody binding, complement activation, macrophage 
attachment at nodes, opening of the periaxonal space and macrophage infiltration in motor 
axons in AMAN, or in motor and sensory axons in AMSAN (van Doorn P.A. et al, 2008).    
The proposed autoimmune aetiology led to the introduction of immunotherapy. Before its 
introduction, 10% of patients died and 20% were left seriously disabled (EFNS task force, 
2008). Plasma exchange (PE) was the first treatment of GBS that was shown to offer a 
significant benefit in randomized controlled trials (RCT) and became. The first RCT on the 
use of IVIg was published in 1992, followed later by other trials.  
Even though both IVIG and PE are considered as first-line therapy for GBS, IVIG is usually 
favored over PE due to its simplicity and better availability. Standard therapy of IVIG is 0.4 
g  kg given for 5 days, but there is only limited evidence concerning the optimal dosage. 
There are also other unanswered questions. Additional primary treatments are needed, as 
up to 20% of patients with GBS die or are unable to walk after 1 year. Treatments to enhance 
nerve regeneration and to improve function in existing but partially repaired nerves are also 
required. The Inflammatory Neuropathy Consortium of the Peripheral Nerve Society 
defined a need for trials of IVIg treatment in mild GBS and Fisher syndrome, an IVIg dose-
finding study in GBS and studies on  the use of complement inhibitors and sodium channel 
blockers (Hughes et al, 2009).The most urgent question is whether patients who continue to 
deteriorate after a standard course of IVIG should receive a second course or receive some 
other additional treatment An international study concerning this last issue is about to be 
launched in the near future (Elovaara & Hietaharju, 2010).  
Recommendations: 
- IVIg 0.4 g/kg/day for 5 days or PE can be used as first line treatment and are 

considered to be equally effective (level A).  
- IVIg has lesser side effects than PE and this would favour IVIg over PE treatment (level 

B). --IVIg treatment after PE, as standard combination, does not produce significant 
extra benefit and can not be recommended (level B).  

- Combining high-dose intravenous methylprednisolone with IVIg may have a minor 
shortterm benefit (level C).  

- Children, who generally have a better prognosis, should be treated with IVIg as firstline 
treatment (level C).  
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- Patients who improve after IVIg and then relapse should preferentially be retreated 
with a second course of IVIg (good practice point).  
- In patients who seem to be unresponsive to the first course of IVIg a second course may 

be tried, but evidence supporting such a strategy is lacking (good practice point).  
- No recommendations can be given whether mildly affected GBS patients or patients 

with Miller Fisher syndrome should be treated with IVIG. (EFNS task force, 2008). 

2.2 Chronic Inflammatory Demyelinating Polyneuropathy (CIDP)  
CIDP is a progressive or relapsing autoimmune disease that targets the myelin sheaths of 
the peripheral nerves, leading to weakness, sensory loss and impairment of gait and 
coordination. It has a variable clinical course causing both temporary and permanent 
disability. There is no definitive test for CIDP, and in most patients diagnosis is based on the 
clinical presentation and demonstration of demyelinating abnormalities in electrodiagnostic 
studies (Hughes et al, 2009). 
It has been shown to respond to several therapies, including corticosteroids, PE and IVIg. 
The efficacy of IVIg has been assessed in five RCTs including 235 participants. In addition, 
there is one RCT, which has compared IVIg with PE, and one study, which has compared 
IVIg with prednisolone. A recently published Cochrane review summarizes the results of 
these studies and concludes that IVIg therapy improves disability for at least 2–6 weeks 
compared with placebo (Eftimov et al., 2009). During this induction period IVIg has an 
efficacy similar to PE and corticosteroids.  
The ICE study (Hughes et al, 2008) that is included in this review is not only the largest but 
also the longest reported RCT ever performed in CIDP patients. Furthermore, it was the first 
trial aimed to assess the long-term efficacy of IVIg. The results of ICE study unequivocally 
demonstrated a beneficial effect on disability that is sustained up to 48 weeks. 
The initial dose used in the ICE study (2 g/kg) was similar to that used in practice. This dose 
was shown to be more effective than 1 g/kg or 0·25 g/kg, although higher doses were not 
examined. The initial dose is usually given over one or several days, depending on 
tolerability or convenience. Patients who do not respond to an initial dose may respond to 
subsequent doses. In the ICE study, 44% of responders improved by 3weeks after the initial 
treatment, and an additional 50% of patients responded only after a second dose of 1 g/kg 
at week 3, as measured at week 6 of the study. However, it is not known whether even more 
patients would have improved if additional treatments had been given, as patients who did 
not show improvement, including those who were stable, were crossed-over at week 6.  In 
clinical practice, initial responses have been seen up to 3 months into the treatment, and 
stabilization of previously progressive disease is considered to be a positive response 
(Hughes et al, 2009). 
IVIg responsive patients in the ICE trial were treated with 1 g/kg every 3 weeks for up to 24 
weeks, with the responsive patients re-randomized to continue treatment or placebo in 
phase 2 of the study for an additional 24 weeks. Continued improvement was observed in 
some patients at up to 32 weeks into the study. Approximately 50% of the responders in the 
first phase of the study suffered a relapse during phase 2 when switched to placebo. Given 
the goal of achieving maximal improvement, a reasonable strategy would be to continue 
treatment until the improvement plateaus, before stopping to see whether additional 
treatments are still needed. Discontinuing the treatments prior to that point would risk 
leaving the patient with less than optimal function. 
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CIDP patients with very mild symptoms may not need any treatment at all. Approximately 
20% of the CIDP patients seem to improve spontaneously.  Treatment should be considered 
for patients with moderate or severe disability. IVIg (2 g  kg in 2–5 days) or corticosteroids 
(1 mg  kg or 60 mg daily) are recommended as first-line treatment in sensory and motor 
CIDP (EFNS task force, 2008). For pure motor CIDP, IVIg treatment should be the first 
choice and if corticosteroids are used, patients should be monitored closely for deterioration. 
In patients with relapsing–remitting CIDP responding to IVIg, attempts should be made to 
reduce the dose in order to find out if the patient still needs IVIg and what is the adequate 
dose. In addition to IVIg, PE can be considered as a treatment of choice in long-term therapy 
of relapsing–remitting CIDP. A number of immunosuppressant and chemotherapeutic 
agents have been reported to be effective in open studies, but only azathioprine and 
interferon beta have been investigated in RCT, with negative results (Hughes et al, 2004).  
CIDP is a treatable disease whose manifestations can be prevented by early diagnosis and 
treatment with IVIg. Additional efforts are needed, however, to develop more reliable 
diagnostic tests, establish optimal treatment regimens and increase awareness of this 
condition. 
Recommendations: 
- Patients with very mild symptoms which do not or only slightly interfere with activities 

of daily living may be monitored without treatment (good practice point). 
- Treatment should be considered for patients with moderate or severe disability. 
- IVIg (2 g/kg in 2–5 days) (level A) or corticosteroids (1 mg/kg or 60 mg daily) (level B) 

can be used as first-line treatment in sensorimotor CIDP. The presence of relative 
contraindications to either treatment should influence the choice (good practice point). -
For pure motor CIDP IVIg treatment should be first choice and if corticosteroids are 
used, patients should be monitored closely for deterioration (good practice point).  

- If a patient responds to IVIg, attempts should be made at intervals to reduce the dose to 
discover whether the patient still needs IVIg and what dose is needed (good practice 
point).  

- It is important to avoid deterioration sometimes seen just before the next IVIg course. 
The treatment intervals should be such that this deterioration does not happen.  

- If a patient becomes stable on intermittent IVIg the dose should be reduced before the 
frequency of administration is lowered (good practice point) (EFNS task force, 2008). 

2.3 Multifocal motor neuropathy (MMN)  
MMN is a rare autoimmune disorder which may cause prolonged periods of disability due 
to progressive weakness of one or more limbs. 
There are four RCTs, which have examined the effects of IVIg vs placebo in patients with 
MMN. The total number of participants in these trials was only 34.  A Cochrane review, 
however, showed that muscle strength improved in 78% of patients treated with IVIg and 
only in 4% of those who received placebo (van Schaik et al, 2005).  
Because both prednisolone and PE have proved to be ineffective and even harmful, and 
cyclophosphamide, even though moderately effective, has significant side effects in long-
term use, IVIg remains the only beneficial treatment for MMN. 
Approximately one third of patients with MMN have a sustained remission (>12 months) 
with IVIg alone and approximately half of the patients need repeated IVIg infusions (Leger 
et al, 2008). The effect of IVIg declines during prolonged treatment, even if the dosage is 
increased, probably due to ongoing axonal degeneration (Terenghi et al, 2004). 
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There is only one RCT on the use of an immunosuppressive agent as an additional therapy 
(Piepers et al, 2007). This study with 28 patients showed that mycophenolate mofetil neither 
produced significant benefit nor reduced the need for IVIg.  
Elevated anti-ganglioside GM1 antibodies and definite conduction block have been shown 
to be correlated with a favourable response to IVIg (class IV evidence) (EFNS task force, 
2008). However, in one retrospective study, treatment with higher than normal maintenance 
doses of IVIg (1.6–2.0 g/kg given over 4–5 days) promoted re-innervation, decreased the 
number of conduction blocks and prevented axonal degeneration in 10 MMN patients for 
up to 12 years (Vucic et al, 2004).  
Recommendations: 
- As there is no other treatment of proven benefit, the recommendation is to use IVIg (2 

g/kg in 2–5 days) as a first-line treatment (level A).  
- If the initial IVIg treatment is effective, repeated infusions should be considered (level 

C).  
- A considerable number of patients need prolonged treatment, but attempts should be 

made to decrease the dose to discover whether a patient still needs IVIg (good practice 
point).  

- Furthermore, the frequency of maintenance therapy should be guided by the individual 
response, whereby typical treatment regimens are 1 g/kg every 2–4 weeks or 2 g/kg 
every 4–8 weeks (good practice point) (EFNS task force, 2008). 

2.4 Paraproteinaemic demyelinating neuropathy   
Paraproteinaemia, also known as monoclonal gammopathy, is characterized by the presence 
of abnormal immunoglobulin (M protein) produced by bone marrow cells in blood. The 
different types of immunoglobulin are classified according to the heavy chain class as IgG, 
IgA or IgM. The non-malignant paraproteinaemias are generally referred to as monoclonal 
gammopathy of undetermined significance (MGUS). 
Paraproteins are found in up to 10% of patients with peripheral neuropathy which is not 
secondary to another primary illness. In about 60% of patients with MGUS-related 
neuropathy the paraprotein belongs to the IgM subclass. In almost 50% of patients who have 
IgM MGUS and a peripheral neuropathy, the M protein reacts against myelin-associated 
glycoprotein. The most common type of IgM MGUS related peripheral nerve involvement is 
a distal, symmetrical demyelinating neuropathy. Patients with IgG or IgA paraproteinaemic 
neuropathy usually have both proximal and distal weakness and sensory impairment that is 
indistinguishable from CIDP. 
Two RCTs with IVIg have been performed, encompassing 33 patients with IgM 
paraproteinaemic demyelinating neuropathy (class II). A third randomized study was an 
open parallel group trial with 20 patients which compared IVIg and recombinant interferon-
a (class II). The results of these three trials have been summarized in a Cochrane review, 
which concluded that IVIg is relatively safe and may produce some short-term benefit 
(Lunn & Nobile-Orazio, 2006).  
No RCTs are available on the effects of IVIg in IgG or IgA paraproteinaemic neuropathy. 
There is one retrospective review of 20 patients with IgG MGUS neuropathy treated with 
IVIg; beneficial response was found in eight of them (class IV). An open prospective trial of 
IVIg reported clinical improvement in two of four patients with IgG MGUS (class IV). In a 
review which included 124 patients with IgG MGUS neuropathy, 81% of the 67 patients 
with a predominantly demyelinating neuropathy responded to the same immunotherapies 
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CIDP patients with very mild symptoms may not need any treatment at all. Approximately 
20% of the CIDP patients seem to improve spontaneously.  Treatment should be considered 
for patients with moderate or severe disability. IVIg (2 g  kg in 2–5 days) or corticosteroids 
(1 mg  kg or 60 mg daily) are recommended as first-line treatment in sensory and motor 
CIDP (EFNS task force, 2008). For pure motor CIDP, IVIg treatment should be the first 
choice and if corticosteroids are used, patients should be monitored closely for deterioration. 
In patients with relapsing–remitting CIDP responding to IVIg, attempts should be made to 
reduce the dose in order to find out if the patient still needs IVIg and what is the adequate 
dose. In addition to IVIg, PE can be considered as a treatment of choice in long-term therapy 
of relapsing–remitting CIDP. A number of immunosuppressant and chemotherapeutic 
agents have been reported to be effective in open studies, but only azathioprine and 
interferon beta have been investigated in RCT, with negative results (Hughes et al, 2004).  
CIDP is a treatable disease whose manifestations can be prevented by early diagnosis and 
treatment with IVIg. Additional efforts are needed, however, to develop more reliable 
diagnostic tests, establish optimal treatment regimens and increase awareness of this 
condition. 
Recommendations: 
- Patients with very mild symptoms which do not or only slightly interfere with activities 

of daily living may be monitored without treatment (good practice point). 
- Treatment should be considered for patients with moderate or severe disability. 
- IVIg (2 g/kg in 2–5 days) (level A) or corticosteroids (1 mg/kg or 60 mg daily) (level B) 

can be used as first-line treatment in sensorimotor CIDP. The presence of relative 
contraindications to either treatment should influence the choice (good practice point). -
For pure motor CIDP IVIg treatment should be first choice and if corticosteroids are 
used, patients should be monitored closely for deterioration (good practice point).  

- If a patient responds to IVIg, attempts should be made at intervals to reduce the dose to 
discover whether the patient still needs IVIg and what dose is needed (good practice 
point).  

- It is important to avoid deterioration sometimes seen just before the next IVIg course. 
The treatment intervals should be such that this deterioration does not happen.  

- If a patient becomes stable on intermittent IVIg the dose should be reduced before the 
frequency of administration is lowered (good practice point) (EFNS task force, 2008). 

2.3 Multifocal motor neuropathy (MMN)  
MMN is a rare autoimmune disorder which may cause prolonged periods of disability due 
to progressive weakness of one or more limbs. 
There are four RCTs, which have examined the effects of IVIg vs placebo in patients with 
MMN. The total number of participants in these trials was only 34.  A Cochrane review, 
however, showed that muscle strength improved in 78% of patients treated with IVIg and 
only in 4% of those who received placebo (van Schaik et al, 2005).  
Because both prednisolone and PE have proved to be ineffective and even harmful, and 
cyclophosphamide, even though moderately effective, has significant side effects in long-
term use, IVIg remains the only beneficial treatment for MMN. 
Approximately one third of patients with MMN have a sustained remission (>12 months) 
with IVIg alone and approximately half of the patients need repeated IVIg infusions (Leger 
et al, 2008). The effect of IVIg declines during prolonged treatment, even if the dosage is 
increased, probably due to ongoing axonal degeneration (Terenghi et al, 2004). 
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There is only one RCT on the use of an immunosuppressive agent as an additional therapy 
(Piepers et al, 2007). This study with 28 patients showed that mycophenolate mofetil neither 
produced significant benefit nor reduced the need for IVIg.  
Elevated anti-ganglioside GM1 antibodies and definite conduction block have been shown 
to be correlated with a favourable response to IVIg (class IV evidence) (EFNS task force, 
2008). However, in one retrospective study, treatment with higher than normal maintenance 
doses of IVIg (1.6–2.0 g/kg given over 4–5 days) promoted re-innervation, decreased the 
number of conduction blocks and prevented axonal degeneration in 10 MMN patients for 
up to 12 years (Vucic et al, 2004).  
Recommendations: 
- As there is no other treatment of proven benefit, the recommendation is to use IVIg (2 

g/kg in 2–5 days) as a first-line treatment (level A).  
- If the initial IVIg treatment is effective, repeated infusions should be considered (level 

C).  
- A considerable number of patients need prolonged treatment, but attempts should be 

made to decrease the dose to discover whether a patient still needs IVIg (good practice 
point).  

- Furthermore, the frequency of maintenance therapy should be guided by the individual 
response, whereby typical treatment regimens are 1 g/kg every 2–4 weeks or 2 g/kg 
every 4–8 weeks (good practice point) (EFNS task force, 2008). 

2.4 Paraproteinaemic demyelinating neuropathy   
Paraproteinaemia, also known as monoclonal gammopathy, is characterized by the presence 
of abnormal immunoglobulin (M protein) produced by bone marrow cells in blood. The 
different types of immunoglobulin are classified according to the heavy chain class as IgG, 
IgA or IgM. The non-malignant paraproteinaemias are generally referred to as monoclonal 
gammopathy of undetermined significance (MGUS). 
Paraproteins are found in up to 10% of patients with peripheral neuropathy which is not 
secondary to another primary illness. In about 60% of patients with MGUS-related 
neuropathy the paraprotein belongs to the IgM subclass. In almost 50% of patients who have 
IgM MGUS and a peripheral neuropathy, the M protein reacts against myelin-associated 
glycoprotein. The most common type of IgM MGUS related peripheral nerve involvement is 
a distal, symmetrical demyelinating neuropathy. Patients with IgG or IgA paraproteinaemic 
neuropathy usually have both proximal and distal weakness and sensory impairment that is 
indistinguishable from CIDP. 
Two RCTs with IVIg have been performed, encompassing 33 patients with IgM 
paraproteinaemic demyelinating neuropathy (class II). A third randomized study was an 
open parallel group trial with 20 patients which compared IVIg and recombinant interferon-
a (class II). The results of these three trials have been summarized in a Cochrane review, 
which concluded that IVIg is relatively safe and may produce some short-term benefit 
(Lunn & Nobile-Orazio, 2006).  
No RCTs are available on the effects of IVIg in IgG or IgA paraproteinaemic neuropathy. 
There is one retrospective review of 20 patients with IgG MGUS neuropathy treated with 
IVIg; beneficial response was found in eight of them (class IV). An open prospective trial of 
IVIg reported clinical improvement in two of four patients with IgG MGUS (class IV). In a 
review which included 124 patients with IgG MGUS neuropathy, 81% of the 67 patients 
with a predominantly demyelinating neuropathy responded to the same immunotherapies 
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used for CIDP (including IVIg) as compared with 20% of those with axonal neuropathy 
(class IV). A Cochrane review states that observational or open trial data provides limited 
support for the use of immunotherapy, including IVIg, in patients with IgG and IgA 
paraproteinaemic neuropathy (Allen et al, 2007).  
Recommendations: 
- IVIg should be considered as initial treatment of demyelinating IgM MGUS-related 

neuropathy (level B recommendation).  
- As long as long-term effects and cost-benefit aspects are not known, routine use of IVIg 

cannot be recommended in patients without significant disability (good practice point).  
- However, in patients with significant disability or rapid worsening, IVIg may be tried, 

although its efficacy is not proven (good practice point).  
- In patients with CIDP-like neuropathy, the detection of paraproteinaemia does not 

justify a different therapeutic approach from CIDP without a paraprotein. (EFNS task 
force, 2008). 

2.5 Diabetic amyotrophy  
Lumbosacral radiculoplexus neuropathy (LRPN) originally described in diabetic patients as 
diabetic amyotrophy is a distinct clinical condition characterized by debilitating pain, 
weakness and atrophy most commonly affecting the proximal thigh muscles 
asymmetrically. The syndrome is usually monophasic and preceded by significant weight 
loss (at least more than 10 lbs). Though a self-limited condition, recovery is gradual with 
some residual weakness (Bhanushai & Muley, 2008). 
- There are reports and small open studies of the efficacy of IVIg in diabetic amyotrophy 

(Hughes et al, 2009). 
Recommendations: 
- The evidence for this condition has been insufficient to earn a recommendation for the 

use of IVIg. 

2.6 Vasculitic peripheral neuropathy   
Vasculitic neuropathy is routinely considered as a vasculitis associated with neuropathy. 
The consensus definition of pathologically definite vasculitic neuropathy requires that 
vessel wall inflammation is accompanied by vascular damage. A case definition of clinically 
probable vasculitic neuropathy in patients lacking biopsy proof incorporates clinical 
features typical of vasculitic neuropathy: sensory or sensory-motor involvement, 
asymmetric/multifocal pattern, lower-limb predominance, distal-predominance, pain, acute 
relapsing course, and non-demyelinating electrodiagnostic features (Good Practice Points 
from class II/III evidence). (Collins et al, 2010). There are reports of the efficacy of IVIg in 
vasculitic peripheral neuropathy (Hughes et al, 2009). 
Recommendations: 
- The evidence for this condition has been insufficient to earn a recommendation for the 

use of IVIg. 

2.7 Painful sensory neuropathy of Sjogren’s syndrome  
Primary Sjogren's syndrome is associated with seven forms of neuropathy: sensory ataxic 
neuropathy, painful sensory neuropathy without sensory ataxia, multiple 
mononeuropathy, multiple cranial neuropathy, trigeminal neuropathy, autonomic 
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neuropathy and radiculoneuropathy, based on the predominant neuropathic symptoms. 
The majority of patients are diagnosed with Sjogren's syndrome after neuropathic 
symptoms appearance. Painful sensory neuropathy without sensory ataxia is the second 
more frequent form of neuropathy associated with Sjogren's syndrome. It is characterised 
by chronic progression of sensory symptoms without substantial motor involvement, 
although the affected sensory modalities and distribution pattern vary. Autonomic 
symptoms, like abnormal pupils and orthostatic hypotension are often seen.  Unelicited 
somatosensory evoked potentials and spinal cord posterior column abnormalities in MRI 
are observed. Sural nerve biopsy specimens reveal variable degrees of axon loss, 
predominantly small fibre loss (Mori et al, 2005). Patients usually suffer from severe 
neuropathic pain, with small-fiber neuropathy causing lancinating or burning pain which 
can disproportionately affect the proximal torso or extremities, and the face (ie, in a "non-
length-dependent distribution") (Birnbaum, 2010).   
There are reports and small open studies of the efficacy of IVIg in painful sensory 
neuropathy associated with Sjogren’s syndrome (Hughes et al, 2009). 
Recommendations: 
- The evidence for this condition has been insufficient to earn a recommendation for the 

use of IVIg. 

3. IVIg in therapy of myasthenia gravis (MG)  
Myasthenia gravis (MG) is caused by autoantibodies against antigen in the post-synaptic 
neuromuscular membrane; in most patients against the acetylcholine receptor (AChR), in 
5% against muscle-specific tyrosin kinase (MuSK), and in 5% against undefined antigen. A 
direct induction of muscle weakness by the autoantibodies has been shown.  
The efficacy of IVIg in the treatment of MG has been confirmed by five controlled, 
prospective studies that are summarized in a Cochrane review. In acute exacerbations of 
MG, IVIG and PE have roughly the same efficacy, but when using IVIg the effect is slightly 
slower and there are less side effects (Gajdos et al, 2006).  
The optimal dose of IVIG in MG has also been debated. So far no marked superiority of IVIg 
2 g  kg over 2 days compared to 1 g kg in a single day has been detected. The dose used has 
mostly been 2 g  kg resulting in the improvement after 3–6 days. Although IVIg is an 
effective treatment for acute exacerbations of MG, it is not recommended as maintenance 
therapy. Importantly, IVIg is often used in preparing MG patients for thymectomy or other 
types of surgery in case they have severe weakness, bulbar symptoms, poor pulmonary 
function, or a thymoma, even though there are no controlled studies justifying this practice. 
IVIg therapy has also been considered as rescue therapy in worsening MG, exacerbations of 
the disease during pregnancy and before giving birth, and neonatal MG. IVIg is considered 
safe in children and in elderly patients (EFNS task force, 2008). 
Recommendations 
- Intravenous immunoglobulin is an effective treatment for acute exacerbations of MG 

and for short-term treatment of severe MG (level A). 
- IVIG is similar to PE regarding effect. 
- This treatment is safe also for children, during pregnancy and for elderly patients with 

complicating disorders. 
- There is not sufficient evidence to recommend IVIG for chronic  maintenance therapy in 

MG alone or in combination with other immunoactive drugs (EFNS task force, 2008). 
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2.6 Vasculitic peripheral neuropathy   
Vasculitic neuropathy is routinely considered as a vasculitis associated with neuropathy. 
The consensus definition of pathologically definite vasculitic neuropathy requires that 
vessel wall inflammation is accompanied by vascular damage. A case definition of clinically 
probable vasculitic neuropathy in patients lacking biopsy proof incorporates clinical 
features typical of vasculitic neuropathy: sensory or sensory-motor involvement, 
asymmetric/multifocal pattern, lower-limb predominance, distal-predominance, pain, acute 
relapsing course, and non-demyelinating electrodiagnostic features (Good Practice Points 
from class II/III evidence). (Collins et al, 2010). There are reports of the efficacy of IVIg in 
vasculitic peripheral neuropathy (Hughes et al, 2009). 
Recommendations: 
- The evidence for this condition has been insufficient to earn a recommendation for the 
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2.7 Painful sensory neuropathy of Sjogren’s syndrome  
Primary Sjogren's syndrome is associated with seven forms of neuropathy: sensory ataxic 
neuropathy, painful sensory neuropathy without sensory ataxia, multiple 
mononeuropathy, multiple cranial neuropathy, trigeminal neuropathy, autonomic 
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neuropathy and radiculoneuropathy, based on the predominant neuropathic symptoms. 
The majority of patients are diagnosed with Sjogren's syndrome after neuropathic 
symptoms appearance. Painful sensory neuropathy without sensory ataxia is the second 
more frequent form of neuropathy associated with Sjogren's syndrome. It is characterised 
by chronic progression of sensory symptoms without substantial motor involvement, 
although the affected sensory modalities and distribution pattern vary. Autonomic 
symptoms, like abnormal pupils and orthostatic hypotension are often seen.  Unelicited 
somatosensory evoked potentials and spinal cord posterior column abnormalities in MRI 
are observed. Sural nerve biopsy specimens reveal variable degrees of axon loss, 
predominantly small fibre loss (Mori et al, 2005). Patients usually suffer from severe 
neuropathic pain, with small-fiber neuropathy causing lancinating or burning pain which 
can disproportionately affect the proximal torso or extremities, and the face (ie, in a "non-
length-dependent distribution") (Birnbaum, 2010).   
There are reports and small open studies of the efficacy of IVIg in painful sensory 
neuropathy associated with Sjogren’s syndrome (Hughes et al, 2009). 
Recommendations: 
- The evidence for this condition has been insufficient to earn a recommendation for the 

use of IVIg. 

3. IVIg in therapy of myasthenia gravis (MG)  
Myasthenia gravis (MG) is caused by autoantibodies against antigen in the post-synaptic 
neuromuscular membrane; in most patients against the acetylcholine receptor (AChR), in 
5% against muscle-specific tyrosin kinase (MuSK), and in 5% against undefined antigen. A 
direct induction of muscle weakness by the autoantibodies has been shown.  
The efficacy of IVIg in the treatment of MG has been confirmed by five controlled, 
prospective studies that are summarized in a Cochrane review. In acute exacerbations of 
MG, IVIG and PE have roughly the same efficacy, but when using IVIg the effect is slightly 
slower and there are less side effects (Gajdos et al, 2006).  
The optimal dose of IVIG in MG has also been debated. So far no marked superiority of IVIg 
2 g  kg over 2 days compared to 1 g kg in a single day has been detected. The dose used has 
mostly been 2 g  kg resulting in the improvement after 3–6 days. Although IVIg is an 
effective treatment for acute exacerbations of MG, it is not recommended as maintenance 
therapy. Importantly, IVIg is often used in preparing MG patients for thymectomy or other 
types of surgery in case they have severe weakness, bulbar symptoms, poor pulmonary 
function, or a thymoma, even though there are no controlled studies justifying this practice. 
IVIg therapy has also been considered as rescue therapy in worsening MG, exacerbations of 
the disease during pregnancy and before giving birth, and neonatal MG. IVIg is considered 
safe in children and in elderly patients (EFNS task force, 2008). 
Recommendations 
- Intravenous immunoglobulin is an effective treatment for acute exacerbations of MG 

and for short-term treatment of severe MG (level A). 
- IVIG is similar to PE regarding effect. 
- This treatment is safe also for children, during pregnancy and for elderly patients with 

complicating disorders. 
- There is not sufficient evidence to recommend IVIG for chronic  maintenance therapy in 

MG alone or in combination with other immunoactive drugs (EFNS task force, 2008). 
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4. IVIg in therapy of inflammatory myopathies 
The inflammatory myopathies are rare autoimmune diseases characterized by muscle 
weakness, which is usually proximal, painless and of insidious onset. The three groups of 
autoimmune myopathies are dermatomyositis (DM), polymyositis (PM) and inclusion body 
myositis (IBM).  There are some controlled trials on the use of IVIg in patients with 
dermatomyositis (DM) and inclusion body myositis (IBM), and only one with polymyositis 
(PM) (EFNS task force, 2008; Hughes et al, 2008).  

4.1 DM  
DM is an inflammatory disease, affecting skin and muscle and causing varying degrees of 
muscle weakness, ranging from mild to severe. Prominent inflammation is observed usually 
at the periphery of the fascicle, leading to atrophy of the fibres around the fascicle (Hughes 
et al, 2008).  
In a majority of DM patients a favourable response has been reported and therefore IVIg is 
recommended as a second line treatment in combination with prednisone for those who 
have not improved with corticosteroids alone. A total dose of 2 g  kg given over 2–5 days 
for adults and over 2 days for children is a safe initial treatment option. In severe, life-
threatening DM, IVIg can be considered as the first line treatment together with other 
immunosuppressive therapy (Elovaara et al, 2010; EFNS task force, 2008). 
Recommendations: 
- IVIg is recommended as a second-line treatment in combination with prednisone for 

patients with DM who have not adequately responded to corticosteroids (level B).  
- IVIg is recommended, in combination with immunosuppressive medication, as a 

measure to lower the dose of steroids in patients with DM (level C).  
- IVIg is not recommended as monotherapy for DM (good practice point). 
- In severe, life-threatening DM IVIg can be considered as the first-line treatment together 

with other immunosuppressive therapy (good practice point) (EFNS task force, 2008). 

4.2 IBM  
IBM is a progressive inflammatory skeletal muscle disease that presents with a distinctive 
pattern of weakness in the wrist and finger flexors and quadriceps muscles. It is 
characterized by inflammatory cells surrounding myofibres and rimmed vacuoles.  
In IBM, the available evidence based on trials with small to moderate numbers of patients 
suggests an overall negative outcome even if a small number of patients reported 
improvement in swallowing difficulties. Therefore, IVIg cannot be recommended for the 
treatment of sporadic IBM (Hughes et al, 2008).  
Recommendation: 
- IVIg can not be recommended for the treatment of sporadic IBM (level A) (EFNS task 

force, 2008). 

4.3 PM  
Polymyositis is an inflammatory myopathy with no rash. It is defined by symmetric 
proximal muscle weakness, elevated serum muscle enzymes, myopathic changes on 
electromyography, characteristic muscle biopsy abnormalities and the absence of 
histopathologic signs of other myopathies. Muscle weakness is indeed the most common 
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presenting feature of polymyositis. The onset is usually insidious and the distribution of 
weakness is typically symmetric and proximal. Myalgias occur in less than 30% of the 
patiens (Dalakas & Hohlfeld, 2003).  
Only one non-RCT (evidence class III) and two case series (evidence class IV) on IVIg 
therapy for polymyositis have been published. Only the first one used IVIg exclusively in 
patients  with polymyositis. This study reported clinical improvement in 71% of patients 
with significant improvement in muscle power, muscle disability scores, and creatinine 
kinase levels (P < 0.01). Steroid doses could be reduced after IVIg (P < 0.05) (Hughes et al, 
2008). 
Recommendation: 
- IVIg may be considered amongst the treatment options for patients with polymyositis 

not responding to first line immunosuppressive treatment (level C). 

5. IVIg in therapy of demyelinating diseases of central nervous system 
5.1 Multiple sclerosis (MS)  
Multiple sclerosis (MS) is a central nervous system chronic inflammatory disease that is 
characterized by an extensive and complex immune response. It is the most common 
demyelinating disease of the central nervous system in young adults. MS can cause a variety 
of symptoms, including changes in sensation, visual problems, muscle weakness, 
depression, difficulties with coordination and speech, severe fatigue, cognitive impairment, 
problems with balance, overheating, and pain. MS will cause impaired mobility and 
disability in more severe cases. Multiple sclerosis may take several different forms, with 
new symptoms occurring either in discrete attacks or slowly accruing over time. Between 
attacks, symptoms may resolve completely, but permanent neurologic problems often 
persist, especially as the disease advances. MS currently does not have a cure, though 
several treatments are available that may slow the appearance of new symptoms 
(Baumstarck-Barrau et al, 2011) 
Although earlier trials on the efficacy of IVIg in Relapsing Remitting MS (RRMS) have 
demonstrated a reduction in relapses, a recent study investigating the prevention of relapses 
with IVIg (PRIVIG trial) failed to confirm these earlier observations (Fazekas et al, 2008). In 
this study 127 patients with RRMS participated in a double blind, placebo-controlled trial, in 
which 44 and 42 patients received treatment with 0.2 or 0.4 g  kg of IVIg and 42 patients 
received placebo every 4 weeks for 48 weeks. After 1 year, the proportion of relapse-free 
patients did not differ between the groups, and there was no difference in MRI activity 
assessed 6-weekly. The authors of the study suggested that the obtained results may be 
related to short disease duration and overall disease activity of the study population that 
was more like that observed in a population with a clinically isolated syndrome. 
The efficacy of IVIg in the treatment of MS exacerbations has been addressed in small add-
on type studies that could not demonstrate any additional benefits due to addition of IVIg to 
conventional treatment of acute exacerbations with high-dose IV methylprednisolone. 
However, a recent study reported that IVIg might have a beneficial effect in patients with 
insufficient recovery from optic neuritis, if treatment with high-dose IV methylprednisolone 
fails (Achiron, 2008). No clinically significant effects were seen in progressive forms of MS, 
and consequently IVIg is not recommended in these conditions (Elovaara et al, 2010). 
Currently the main indication for the use of IVIg in MS is to reduce relapses during 
pregnancy or breastfeeding when other therapies may not be used safely (Haas & Homes, 
2007). 
Recommendations: 
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The inflammatory myopathies are rare autoimmune diseases characterized by muscle 
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DM is an inflammatory disease, affecting skin and muscle and causing varying degrees of 
muscle weakness, ranging from mild to severe. Prominent inflammation is observed usually 
at the periphery of the fascicle, leading to atrophy of the fibres around the fascicle (Hughes 
et al, 2008).  
In a majority of DM patients a favourable response has been reported and therefore IVIg is 
recommended as a second line treatment in combination with prednisone for those who 
have not improved with corticosteroids alone. A total dose of 2 g  kg given over 2–5 days 
for adults and over 2 days for children is a safe initial treatment option. In severe, life-
threatening DM, IVIg can be considered as the first line treatment together with other 
immunosuppressive therapy (Elovaara et al, 2010; EFNS task force, 2008). 
Recommendations: 
- IVIg is recommended as a second-line treatment in combination with prednisone for 

patients with DM who have not adequately responded to corticosteroids (level B).  
- IVIg is recommended, in combination with immunosuppressive medication, as a 

measure to lower the dose of steroids in patients with DM (level C).  
- IVIg is not recommended as monotherapy for DM (good practice point). 
- In severe, life-threatening DM IVIg can be considered as the first-line treatment together 

with other immunosuppressive therapy (good practice point) (EFNS task force, 2008). 

4.2 IBM  
IBM is a progressive inflammatory skeletal muscle disease that presents with a distinctive 
pattern of weakness in the wrist and finger flexors and quadriceps muscles. It is 
characterized by inflammatory cells surrounding myofibres and rimmed vacuoles.  
In IBM, the available evidence based on trials with small to moderate numbers of patients 
suggests an overall negative outcome even if a small number of patients reported 
improvement in swallowing difficulties. Therefore, IVIg cannot be recommended for the 
treatment of sporadic IBM (Hughes et al, 2008).  
Recommendation: 
- IVIg can not be recommended for the treatment of sporadic IBM (level A) (EFNS task 
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4.3 PM  
Polymyositis is an inflammatory myopathy with no rash. It is defined by symmetric 
proximal muscle weakness, elevated serum muscle enzymes, myopathic changes on 
electromyography, characteristic muscle biopsy abnormalities and the absence of 
histopathologic signs of other myopathies. Muscle weakness is indeed the most common 
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presenting feature of polymyositis. The onset is usually insidious and the distribution of 
weakness is typically symmetric and proximal. Myalgias occur in less than 30% of the 
patiens (Dalakas & Hohlfeld, 2003).  
Only one non-RCT (evidence class III) and two case series (evidence class IV) on IVIg 
therapy for polymyositis have been published. Only the first one used IVIg exclusively in 
patients  with polymyositis. This study reported clinical improvement in 71% of patients 
with significant improvement in muscle power, muscle disability scores, and creatinine 
kinase levels (P < 0.01). Steroid doses could be reduced after IVIg (P < 0.05) (Hughes et al, 
2008). 
Recommendation: 
- IVIg may be considered amongst the treatment options for patients with polymyositis 

not responding to first line immunosuppressive treatment (level C). 

5. IVIg in therapy of demyelinating diseases of central nervous system 
5.1 Multiple sclerosis (MS)  
Multiple sclerosis (MS) is a central nervous system chronic inflammatory disease that is 
characterized by an extensive and complex immune response. It is the most common 
demyelinating disease of the central nervous system in young adults. MS can cause a variety 
of symptoms, including changes in sensation, visual problems, muscle weakness, 
depression, difficulties with coordination and speech, severe fatigue, cognitive impairment, 
problems with balance, overheating, and pain. MS will cause impaired mobility and 
disability in more severe cases. Multiple sclerosis may take several different forms, with 
new symptoms occurring either in discrete attacks or slowly accruing over time. Between 
attacks, symptoms may resolve completely, but permanent neurologic problems often 
persist, especially as the disease advances. MS currently does not have a cure, though 
several treatments are available that may slow the appearance of new symptoms 
(Baumstarck-Barrau et al, 2011) 
Although earlier trials on the efficacy of IVIg in Relapsing Remitting MS (RRMS) have 
demonstrated a reduction in relapses, a recent study investigating the prevention of relapses 
with IVIg (PRIVIG trial) failed to confirm these earlier observations (Fazekas et al, 2008). In 
this study 127 patients with RRMS participated in a double blind, placebo-controlled trial, in 
which 44 and 42 patients received treatment with 0.2 or 0.4 g  kg of IVIg and 42 patients 
received placebo every 4 weeks for 48 weeks. After 1 year, the proportion of relapse-free 
patients did not differ between the groups, and there was no difference in MRI activity 
assessed 6-weekly. The authors of the study suggested that the obtained results may be 
related to short disease duration and overall disease activity of the study population that 
was more like that observed in a population with a clinically isolated syndrome. 
The efficacy of IVIg in the treatment of MS exacerbations has been addressed in small add-
on type studies that could not demonstrate any additional benefits due to addition of IVIg to 
conventional treatment of acute exacerbations with high-dose IV methylprednisolone. 
However, a recent study reported that IVIg might have a beneficial effect in patients with 
insufficient recovery from optic neuritis, if treatment with high-dose IV methylprednisolone 
fails (Achiron, 2008). No clinically significant effects were seen in progressive forms of MS, 
and consequently IVIg is not recommended in these conditions (Elovaara et al, 2010). 
Currently the main indication for the use of IVIg in MS is to reduce relapses during 
pregnancy or breastfeeding when other therapies may not be used safely (Haas & Homes, 
2007). 
Recommendations: 
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- IVIG could still be considered as a second or third-line therapy in RRMS if conventional 
immunomodulatory therapies are not tolerated because of side effects or concomitant 
diseases (level B), and in particular in pregnancy where other therapies may not be used 
(good clinical practice point).  

- IVIG cannot be recommended for treatment in secondary progressive MS (level A).  
- IVIg does not seem to have any valuable effect as add-on therapy to 

methylprednisolone for acute exacerbations (level B)  
- IVIg cannot be recommended as treatment for chronic symptoms in MS (level A).  
- In clinically isolated syndromes and in primary progressive MS there is not sufficient 

evidence to make any recommendations. 

5.2 Neuromyelitis optica (NMO)  
Neuromyelitis optica (NMO) termed also Devic’s disease, is a demyelinating disease of the 
spinal cord and optic nerves that may manifest by recurrent attacks and tends to have a 
poor prognosis.  
There is only one case type study suggesting that monthly IVIg was associated with 
cessation of relapses (class IV evidence) (Bakker & Metz, 2004). 

5.3 Balo’s concentric sclerosis  
Balo’s concentric sclerosis is a severe demyelinating disease with poor prognosis. There is a 
case report suggesting that IVIg (0.4 g/kg/daily for 5 days) and interferon-beta-1a given 
post-partum may result partial neurological improvement (class IV evidence) (Airas et al, 
2005).  

5.4 Acute disseminated encephalomyelitis (ADEM)  
Acute-disseminated encephalomyelitis (ADEM) is a monophasic immune-mediated 
demyelinating disease of the central nervous system that is associated with significant 
morbidity and mortality. Controlled studies on therapy in ADEM are not available. 
Standard treatment is high-dose steroids. The use of IVIg (0.4 g/kg/day for 5 days or 1 
g/kg/2 days) has been reported in case reports and small series suggesting that IVIg may 
have favourable effects when used as an initial therapy in both adults and children (class IV 
evidence). IVIg may have beneficial effects also as second line therapy (class IV evidence) 
[149–152] especially in patients who could not receive or failed to respond to steroids (class 
IV evidence) or in patients with peripheral nervous system involvement and steroid failure 
(class IV evidence). Alternatively combination therapy by steroids and IVIG (class IV 
evidence) or steroids, IVIg and PE were suggested to have favourable effects especially if 
given early in the course of disease (class IV evidence) (EFNS task force 2008). 
Recommendations: 
- IVIg may have a favourable effect in the treatment of ADEM and therefore it should be 

tried (0.4 g/kg/day for 4–5 consecutive days) in patients with lack of response to high-
dose steroids (good practice point). The cycles may be repeated. PE could also be 
considered in patients with a lack of response to high-dose steroids. 

6. IVIg in therapy of paraneoplastic syndromes 
Due to the rarity of immunologically mediated paraneoplastic diseases, there are very few 
prospective, randomized, double-blind and placebo-controlled studies.  
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6.1 Lambert – eaton myasthenic syndrome (LEMS)  
Lambert-Eaton myasthenic syndrome (LEMS) is an immune-mediated disorder of the 
presynaptic neuromuscular transmission, which more frequently occurs as the remote effect 
of a neoplasm. The clinical features described are proximal weakness, especially in the lower 
limbs, with diminished tendon reflexes and post-tetanic potentiation. Autonomic symptoms 
are often reported, including pupil abnormalities, dry eyes and mouth, and erectile 
dysfunction  (Maddison & Newsom-Davis, 2005). 
LEMS is considered to respond best to immunosupressive treatment. However, there is only 
one report showing the beneficial but short-term effect of IVIg on the muscle strength in 
LEMS (class II evidence) and there is also a recent Cochrane review that has concluded that 
limited data from one placebo-controlled study show improvement in muscle strength after 
IVIg  (Maddison & Newsom-Davis, 2005). 
The IVIg response regarding improvement of muscle strength does probably not differ in 
paraneoplastic and non-paraneoplastic LEMS.  
Recommendations: 
- IVIg therapy may be tried in paraneoplastic LEMS (good practice point). 

6.2 Neuromyotonia  
Acquired neuromyotonia is a condition associated with muscle hyperactivity that includes 
muscle stiffness, cramps, myokymia, pseudomyotonia and weakness, most common in the 
limbs and trunk. The typical finding on electromyography is spontaneous motor unit 
discharges occurring in distinctive doublets, triplets, or longer runs with high intraburst 
frequency (Hart et al, 2002). 
Only one case report describes the beneficial effect of IVIg in patient with neuromyotonia, 
whilst another case report demonstrated worsening after IVIG therapy (EFNS task force, 
2008). 

6.3 Paraneoplastic opsoclonus ataxia syndrome (OMS)   
Opsoclonus refers to involuntary, conjugate, multivectorial, saccadic eye movements. It can 
occur as an isolated neurologic anomaly but, when it occurs with involuntary multifocal 
jerking movements of the skeletal musculature, the phenomenon is known as opsoclonus–
myoclonus syndrome (OMS). The syndrome often includes features of ataxia, or 
incoordination with voluntary movements. In the setting of malignancy, opsoclonus is 
linked most clearly to neuroblastoma, occurring in 3% of childhood cases. Anti-neuronal 
antibodies, usually to nuclear antigens, are considered markers of immune system 
activation in this disorder, detected in 81% of pediatric patients (Pittock et al, 2003). 
Symptoms in paraneoplastic opsoclonus - ataxia syndrome in paediatric neuroblastoma 
patients are stated to improve, although data concerning the long-term benefits of the 
treatment is lacking (class IV evidence). In adult patients the response is less 
immunosuppressive, although IVIg is suggested to accelerate recovery (class IV evidence) 
(EFNS task force, 2008). 
Recommedation: 
- -IVIg therapy may be tried in opsoclonus-ataxia especially in paediatric neuroblastoma 

patients (good practice point). 

6.4 Paraneoplastic cerebellar degeneration  
Cerebellar dysfunction is one of the most common paraneoplastic presentations of cancer. 
The tumours more commonly involved are small-cell lung cancer, gynaecological and breast 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

346 

- IVIG could still be considered as a second or third-line therapy in RRMS if conventional 
immunomodulatory therapies are not tolerated because of side effects or concomitant 
diseases (level B), and in particular in pregnancy where other therapies may not be used 
(good clinical practice point).  

- IVIG cannot be recommended for treatment in secondary progressive MS (level A).  
- IVIg does not seem to have any valuable effect as add-on therapy to 

methylprednisolone for acute exacerbations (level B)  
- IVIg cannot be recommended as treatment for chronic symptoms in MS (level A).  
- In clinically isolated syndromes and in primary progressive MS there is not sufficient 
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case report suggesting that IVIg (0.4 g/kg/daily for 5 days) and interferon-beta-1a given 
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Standard treatment is high-dose steroids. The use of IVIg (0.4 g/kg/day for 5 days or 1 
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prospective, randomized, double-blind and placebo-controlled studies.  
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6.1 Lambert – eaton myasthenic syndrome (LEMS)  
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discharges occurring in distinctive doublets, triplets, or longer runs with high intraburst 
frequency (Hart et al, 2002). 
Only one case report describes the beneficial effect of IVIg in patient with neuromyotonia, 
whilst another case report demonstrated worsening after IVIG therapy (EFNS task force, 
2008). 

6.3 Paraneoplastic opsoclonus ataxia syndrome (OMS)   
Opsoclonus refers to involuntary, conjugate, multivectorial, saccadic eye movements. It can 
occur as an isolated neurologic anomaly but, when it occurs with involuntary multifocal 
jerking movements of the skeletal musculature, the phenomenon is known as opsoclonus–
myoclonus syndrome (OMS). The syndrome often includes features of ataxia, or 
incoordination with voluntary movements. In the setting of malignancy, opsoclonus is 
linked most clearly to neuroblastoma, occurring in 3% of childhood cases. Anti-neuronal 
antibodies, usually to nuclear antigens, are considered markers of immune system 
activation in this disorder, detected in 81% of pediatric patients (Pittock et al, 2003). 
Symptoms in paraneoplastic opsoclonus - ataxia syndrome in paediatric neuroblastoma 
patients are stated to improve, although data concerning the long-term benefits of the 
treatment is lacking (class IV evidence). In adult patients the response is less 
immunosuppressive, although IVIg is suggested to accelerate recovery (class IV evidence) 
(EFNS task force, 2008). 
Recommedation: 
- -IVIg therapy may be tried in opsoclonus-ataxia especially in paediatric neuroblastoma 

patients (good practice point). 

6.4 Paraneoplastic cerebellar degeneration  
Cerebellar dysfunction is one of the most common paraneoplastic presentations of cancer. 
The tumours more commonly involved are small-cell lung cancer, gynaecological and breast 
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tumours, and Hodgkin's lymphoma. Neurological deficits are sometimes preceded by 
prodromal symptoms, such as a viral-like illness, dizziness, nausea, or vomiting that might 
be attributed to a peripheral vestibular process. These symptoms are followed by gait 
unsteadiness that rapidly develops into ataxia, diplopia, dysarthria, and dysphagia. Some 
patients have blurry vision, oscillopsia, and transient opsoclonus.Initial MRI is normal in 
most patients, although over time, MRI shows cerebellar atrophy and PET demonstrates 
hypometabolism (Dalmau & Rosenfeld, 2008). 

6.5 Limbic encephalitis 
Autoimmune limbic encephalitis (LE) can arise both by paraneoplastic and non-
paraneoplastic mechanisms. Patients with LE usually have a subacute onset of memory 
impairment, disorientation and agitation, but can also develop seizures, hallucinations and 
sleep disturbance. The following investigations may aid the diagnosis: analysis of 
cerebrospinal fluid (CSF), electroencephalography, magnetic resonance imaging, 
fluorodeoxyglucose positron emission tomography and neuronal antibodies in the serum 
and CSF. Neuronal antibodies are sometimes, but not always, pathogenic. Autoimmune LE 
may respond to corticosteroids, intravenous IgG (IVIG) or plasma exchange. The 
cornerstone of paraneoplastic LE therapy is resection of the tumour and/or oncological 
treatment. Several differential diagnoses must be excluded, among them herpes simplex 
encephalitis (Vedeler & Storstein, 2009) 

6.6 Paraneoplastic sensory neuronopathy (SSN) 
Paraneoplastic sensory neuronopathy (SSN) is characterized by primary damage of the 
sensory nerve cell body of the dorsal root ganglia. A paraneoplastic origin is only one of the 
causes of SSN The most common low associated tumor is small cell lung carcinoma. The 
main clinical complains at onset are pain and paresthesias with asymmetric distribution that 
involves the arms rather than the legs. Later, pain is replaced by numbness, limb ataxia, and 
pseudoathetotic movements of the hands. The neurologic examination shows abolition of 
the deep tendon reflexes and involvement of all modalities of sensation with clear 
predominance of the joint position. Electrophysiologic studies show marked, but not 
restricted, involvement of the sensory fibres (Dalmau & Rosenfeld, 2008). 
Evidence for the effect of IVIg in paraneoplastic cerebellar degeneration, limbic encephalitis 
and sensory neuropathy is scarce. In previously published reports, patients were treated 
with a combination of immunosupressive or immunomodulatory drugs, including IVIG, 
with a poor response (class IV evidence) (EFNS task force, 2008). 
Recommendations: 
- No clear recommendations of the effect of IVIG in paraneoplastic neuromyotonia, 

cerebellar degeneration, limbic encephalitis or sensory neuronopathy can be made due 
to lack of data (EFNS task force, 2008). 

7. IVIg in therapy of Stiff-Person Syndrome (SPS) 
Stiff-person syndrome (SPS) is characterized by muscle stiffness and episodic spasms. A 
significant decline of the stiffness scores was found in a randomized trial of 16 SPS patients 
treated with IVIg . Based on this study IVIg may be considered as a safe and effective 
second-line therapy for patients with SP incompletely responding to diazepam and  or 
baclofen and who have significant disability requiring a cane or a walker due to truncal 
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stiffness and frequent falls. The recommendation is to use IVIg (2 g  kg in 2–5 days) (EFNS 
task force, 2008). 
Recommendations: 
- In patients with SPS incompletely responding to diazepam and/or baclofen and with 

significant disability requiring a cane or a walker due to truncal stiffness and frequent 
falls, the recommendation is to use IVIg (2 g/kg in 2–5 days) (level A based on class I 
evidence). 

8. IVIg in therapy of post-polio syndrome (PPS) 
Post-polio syndrome (PPS) is characterized by new muscle weakness, muscle atrophy, 
fatigue and pain developing several years after acute polio. The prevalence of PPS in 
patients with previous polio is 20–60%.  
Post-polio syndrome is caused by an increased degeneration of enlarged motor units, and 
some motor neurones cannot maintain all their nerve terminals. Muscle overuse may 
contribute. Immunological and inflammatory signs have been reported in the cerebrospinal 
fluid and central nervous tissue (EFNS task force, 2008). 
There are two RCTs of treatment with IVIg in PPS (class I evidence) including 155 patients. 
In the study with highest power, a significant increase of mean muscle strength of 8.3% was 
reported after two IVIg treatment cycles during 3 months. Physical activity and subjective 
vitality also differed significantly in favour of the IVIG group (Farbu et al., 2007).   
Post-polio syndrome is a chronic condition. Although a modest IVIG effect has been 
described short term, nothing is known about long-term effects. Responders and non-
responders have not been defined. 
Any relationship between the clinical response to IVIG treatment and PPS severity, 
cerebrospinal fluid inflammatory changes and cerebrospinal fluid changes after IVIg is 
unknown. Optimal dose and IVIG cycle frequency has not been examined. Cost-benefit 
evaluation has not been performed. 
Recommendations: 
- IVIG has a minor to moderate positive effect on muscle strength and some aspects of 

quality of life in PPS (class I evidence). 
- As long as responding subgroups, long term effects, dosing schedules and cost-benefit 

aspects are not known, routine use of IVIG for PPS cannot be recommended (good 
practice point). 

- However, in the very few patients with especially rapid progression of muscle 
weakness and atrophy, especially if there are indications of ongoing low-grade 
inflammation in the spinal cord, IVIg may be tried if a rigorous follow-up of muscle 
strength and quality of life can be undertaken (good practice point) (EFNS task force, 
2008). 

9. IVIg in therapy of drug resistant epilepsy (DRIE) 
Drug-resistant infantile epilepsy (DRIE) syndromes include a number of diseases such as 
Landau-Kleffner syndrome (LKS), West syndrome, Lennox-Gastaut syndrome, severe 
myoclonic epilepsy or RE that typically manifest in childhood or adolescence and are 
characterized by epilepsy and progressive neurological dysfunction. 
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tumours, and Hodgkin's lymphoma. Neurological deficits are sometimes preceded by 
prodromal symptoms, such as a viral-like illness, dizziness, nausea, or vomiting that might 
be attributed to a peripheral vestibular process. These symptoms are followed by gait 
unsteadiness that rapidly develops into ataxia, diplopia, dysarthria, and dysphagia. Some 
patients have blurry vision, oscillopsia, and transient opsoclonus.Initial MRI is normal in 
most patients, although over time, MRI shows cerebellar atrophy and PET demonstrates 
hypometabolism (Dalmau & Rosenfeld, 2008). 

6.5 Limbic encephalitis 
Autoimmune limbic encephalitis (LE) can arise both by paraneoplastic and non-
paraneoplastic mechanisms. Patients with LE usually have a subacute onset of memory 
impairment, disorientation and agitation, but can also develop seizures, hallucinations and 
sleep disturbance. The following investigations may aid the diagnosis: analysis of 
cerebrospinal fluid (CSF), electroencephalography, magnetic resonance imaging, 
fluorodeoxyglucose positron emission tomography and neuronal antibodies in the serum 
and CSF. Neuronal antibodies are sometimes, but not always, pathogenic. Autoimmune LE 
may respond to corticosteroids, intravenous IgG (IVIG) or plasma exchange. The 
cornerstone of paraneoplastic LE therapy is resection of the tumour and/or oncological 
treatment. Several differential diagnoses must be excluded, among them herpes simplex 
encephalitis (Vedeler & Storstein, 2009) 

6.6 Paraneoplastic sensory neuronopathy (SSN) 
Paraneoplastic sensory neuronopathy (SSN) is characterized by primary damage of the 
sensory nerve cell body of the dorsal root ganglia. A paraneoplastic origin is only one of the 
causes of SSN The most common low associated tumor is small cell lung carcinoma. The 
main clinical complains at onset are pain and paresthesias with asymmetric distribution that 
involves the arms rather than the legs. Later, pain is replaced by numbness, limb ataxia, and 
pseudoathetotic movements of the hands. The neurologic examination shows abolition of 
the deep tendon reflexes and involvement of all modalities of sensation with clear 
predominance of the joint position. Electrophysiologic studies show marked, but not 
restricted, involvement of the sensory fibres (Dalmau & Rosenfeld, 2008). 
Evidence for the effect of IVIg in paraneoplastic cerebellar degeneration, limbic encephalitis 
and sensory neuropathy is scarce. In previously published reports, patients were treated 
with a combination of immunosupressive or immunomodulatory drugs, including IVIG, 
with a poor response (class IV evidence) (EFNS task force, 2008). 
Recommendations: 
- No clear recommendations of the effect of IVIG in paraneoplastic neuromyotonia, 

cerebellar degeneration, limbic encephalitis or sensory neuronopathy can be made due 
to lack of data (EFNS task force, 2008). 

7. IVIg in therapy of Stiff-Person Syndrome (SPS) 
Stiff-person syndrome (SPS) is characterized by muscle stiffness and episodic spasms. A 
significant decline of the stiffness scores was found in a randomized trial of 16 SPS patients 
treated with IVIg . Based on this study IVIg may be considered as a safe and effective 
second-line therapy for patients with SP incompletely responding to diazepam and  or 
baclofen and who have significant disability requiring a cane or a walker due to truncal 
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stiffness and frequent falls. The recommendation is to use IVIg (2 g  kg in 2–5 days) (EFNS 
task force, 2008). 
Recommendations: 
- In patients with SPS incompletely responding to diazepam and/or baclofen and with 

significant disability requiring a cane or a walker due to truncal stiffness and frequent 
falls, the recommendation is to use IVIg (2 g/kg in 2–5 days) (level A based on class I 
evidence). 

8. IVIg in therapy of post-polio syndrome (PPS) 
Post-polio syndrome (PPS) is characterized by new muscle weakness, muscle atrophy, 
fatigue and pain developing several years after acute polio. The prevalence of PPS in 
patients with previous polio is 20–60%.  
Post-polio syndrome is caused by an increased degeneration of enlarged motor units, and 
some motor neurones cannot maintain all their nerve terminals. Muscle overuse may 
contribute. Immunological and inflammatory signs have been reported in the cerebrospinal 
fluid and central nervous tissue (EFNS task force, 2008). 
There are two RCTs of treatment with IVIg in PPS (class I evidence) including 155 patients. 
In the study with highest power, a significant increase of mean muscle strength of 8.3% was 
reported after two IVIg treatment cycles during 3 months. Physical activity and subjective 
vitality also differed significantly in favour of the IVIG group (Farbu et al., 2007).   
Post-polio syndrome is a chronic condition. Although a modest IVIG effect has been 
described short term, nothing is known about long-term effects. Responders and non-
responders have not been defined. 
Any relationship between the clinical response to IVIG treatment and PPS severity, 
cerebrospinal fluid inflammatory changes and cerebrospinal fluid changes after IVIg is 
unknown. Optimal dose and IVIG cycle frequency has not been examined. Cost-benefit 
evaluation has not been performed. 
Recommendations: 
- IVIG has a minor to moderate positive effect on muscle strength and some aspects of 

quality of life in PPS (class I evidence). 
- As long as responding subgroups, long term effects, dosing schedules and cost-benefit 

aspects are not known, routine use of IVIG for PPS cannot be recommended (good 
practice point). 

- However, in the very few patients with especially rapid progression of muscle 
weakness and atrophy, especially if there are indications of ongoing low-grade 
inflammation in the spinal cord, IVIg may be tried if a rigorous follow-up of muscle 
strength and quality of life can be undertaken (good practice point) (EFNS task force, 
2008). 

9. IVIg in therapy of drug resistant epilepsy (DRIE) 
Drug-resistant infantile epilepsy (DRIE) syndromes include a number of diseases such as 
Landau-Kleffner syndrome (LKS), West syndrome, Lennox-Gastaut syndrome, severe 
myoclonic epilepsy or RE that typically manifest in childhood or adolescence and are 
characterized by epilepsy and progressive neurological dysfunction. 
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Standard treatment of RE consists of anti-epileptic drugs, high-dose steroids or PE. Surgical 
treatment also may be considered.  
Case studies and small series have reported that some patients with RE respond in some 
measure to treatment with IVIG (class IV). 
Approximately a hundred patients with West or Lennox-Gastaut syndromes have been 
treated with IVIg with widely varying results. The treatment has resulted in reduction in the 
number of seizures with improvement in the EEG in about half of the cases. The positive 
effects were noted few days to several weeks to months after treatment. Relapses have been 
common. 
Successful use of IVIg as initial monotherapy in LKS has been reported in case studies and 
after initial therapy by steroids or antiepileptic drugs and steroids in only few patients. Case 
studies on the use of IVIg in RE have suggested that monthly IVIg therapy (0.4 g/kg for 5 
days at 4-week interval followed by monthly maintenance IVIg) may ameliorate disease in 
patients who are refractory to antiepileptic drugs or steroids and PE (EFNS task force, 2008). 
Recommendation: 
- IVIg seems to have a favourable effect in RE and may be tried in selected patients that 

are refractory to other therapies (good practice point).  
- IVIg has been administered at doses of 0.4 g/kg/day for 4–5 consecutive days, the 

cycles may be repeated after 2–6 weeks. 

10. IVIg in therapy of narcolepsy with cataplexy (NC) 
Narcolepsy with cataplexy (NC) is caused by substantial loss of hypocretin neurons. NC 
patients carry the HLA-DQB1*0602 allele suggesting that hypocretin neuron loss is due to 
an autoimmune attack. 
There are some  case studies that report that IVIg treatment initiated before 9 months 
disease duration has some clinical efficiency. The unaffected CSF hypocretin-1 levels and 
lack of autoantibodies suggest that any autoimmune process occurs very early in NC. The 
final IVIg effect needs to be investigated in RCTs (Knudsen et al, 2010). 

11. IVIg in therapy of Alzheimer’s disease (AD)  
Alzheimer’s Disease (AD) is the most common neurodegenerative disorder leading to 
dementia. The pathological hallmarks of AD are extracellular accumulation of Ab peptides, 
as senile plaques and intracellular neurofibrillary tangles composed of tau proteins. 
Clinical studies of active immunization in humans with AD were complicated by the 
development of meningoencephalitis in 6% of the patients treated with vaccine AN1792 in a 
phase II clinical trial. Furthermore, only 20% of the patients immunized with AN1792 
developed a twofold increase in anti-Ab antibodies. 
However, progress was made with the discovery that peripheral administration of 
antibodies against Ab peptide could reduce amyloid burden to a similar extent as active 
immunization.  Passive immunization had the advantage that the potentially harmful 
activation of host T cells could be avoided. 
Based on the finding that externally administered antibodies were able to protect  mice from 
AD, it was hypothesized that high titres of natural anti-Ab antibodies may protect humans 
from AD, while low levels may predispose certain individuals to the development of AD. 
Studies have found reduced levels of anti-Ab antibodies both in the serum and CSF of 
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patients with AD. Autoantibody-decorated plaques were found frequently in patients with 
AD and patients with low antibody-levels were shown to harbour more diffuse plaques 
than patients with high levels. Autoantibodies against Ab may therefore be important for 
maintaining plaque homeostasis. 
IVIg has been shown to contain autoantibodies against many states of Ab peptide 
aggregation including monomers, oligomers and fibrils and may therefore have a distinct 
advantage over monoclonal anti-Ab until the precise pathogenic state(s) of the Ab peptide is 
known (Hughes et al, 2008). 
Recently, commercially available IVIg have been used in small pilot trials for the treatment 
of patients with AD, based on the hypothesis that IVIG contains naturally occurring 
autoantibodies (nAbs-Abeta) that specifically recognize and block the toxic effects of Abeta. 
Furthermore, these nAbs-Abeta are reduced in AD patients compared with healthy controls, 
supporting the notion of replacement with IVIg. Beyond the occurrence of nAbs-Abeta, 
evidence for several other mechanisms associated with IVIg in AD has been reported in 
preclinical experiments and clinical studies. In 2009, a phase III clinical trial involving more 
than 360 AD patients was initiated and may provide conclusive evidence for the effect of 
IVIg as a treatment option for AD in 2011(Dodel et al, 2010). 

12. Conclusion  
IVIg is used increasingly in neurological diseases.  
Its efficacy has been proved in GBS, CIDP and MMN, where it is considered as the first-line 
treatment. However, questions remain regarding the dose, timing and duration of IVIg 
treatment in these disorders.  
It is also successfully used in acute exacerbations of MG and as a short-term treatment of 
severe MG.  It is recommended in SPS, in some paraneoplastic syndromes and as a second-
line treatment in combination with prednisone in dermatomyositis and a treatment option 
in polymyositis. 
In MS, IVIg is indicated mainly in reducing disease activity during pregnancy and 
breastfeeding.  
In addition to these major indications, IVIg is increasingly used even in such conditions 
where the strong evidence is currently lacking, like refractory epilepsy, narcolepsy, post 
polio syndrome.  
According to preliminary data, IVIg might be a promising candidate for the treatment of 
(AD). Large-scale randomized trials are under way, and the results of these studies are 
awaited eagerly worldwide. 
When considering treatment options, it is important to notify that uncontrolled use may 
lead to high costs and limited availability of IVIg. Careful selection of patients who will 
benefit from IVIg is extremely important.  
ABBREVIATIONS:  
AChR: acetylcholine receptor 
AD: Alzheimer’s Disease  
ADEM: Acute-disseminated encephalomyelitis    
AIDP: acute inflammatory demyelinating polyneuropathy 
AMAN: acute motor axonal neuropathy 
AMSAN: acute motor and sensory axonal neuropathy 
CIDP: chronic idiopathic demyelinating polyneuropathy  
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Standard treatment of RE consists of anti-epileptic drugs, high-dose steroids or PE. Surgical 
treatment also may be considered.  
Case studies and small series have reported that some patients with RE respond in some 
measure to treatment with IVIG (class IV). 
Approximately a hundred patients with West or Lennox-Gastaut syndromes have been 
treated with IVIg with widely varying results. The treatment has resulted in reduction in the 
number of seizures with improvement in the EEG in about half of the cases. The positive 
effects were noted few days to several weeks to months after treatment. Relapses have been 
common. 
Successful use of IVIg as initial monotherapy in LKS has been reported in case studies and 
after initial therapy by steroids or antiepileptic drugs and steroids in only few patients. Case 
studies on the use of IVIg in RE have suggested that monthly IVIg therapy (0.4 g/kg for 5 
days at 4-week interval followed by monthly maintenance IVIg) may ameliorate disease in 
patients who are refractory to antiepileptic drugs or steroids and PE (EFNS task force, 2008). 
Recommendation: 
- IVIg seems to have a favourable effect in RE and may be tried in selected patients that 

are refractory to other therapies (good practice point).  
- IVIg has been administered at doses of 0.4 g/kg/day for 4–5 consecutive days, the 

cycles may be repeated after 2–6 weeks. 

10. IVIg in therapy of narcolepsy with cataplexy (NC) 
Narcolepsy with cataplexy (NC) is caused by substantial loss of hypocretin neurons. NC 
patients carry the HLA-DQB1*0602 allele suggesting that hypocretin neuron loss is due to 
an autoimmune attack. 
There are some  case studies that report that IVIg treatment initiated before 9 months 
disease duration has some clinical efficiency. The unaffected CSF hypocretin-1 levels and 
lack of autoantibodies suggest that any autoimmune process occurs very early in NC. The 
final IVIg effect needs to be investigated in RCTs (Knudsen et al, 2010). 

11. IVIg in therapy of Alzheimer’s disease (AD)  
Alzheimer’s Disease (AD) is the most common neurodegenerative disorder leading to 
dementia. The pathological hallmarks of AD are extracellular accumulation of Ab peptides, 
as senile plaques and intracellular neurofibrillary tangles composed of tau proteins. 
Clinical studies of active immunization in humans with AD were complicated by the 
development of meningoencephalitis in 6% of the patients treated with vaccine AN1792 in a 
phase II clinical trial. Furthermore, only 20% of the patients immunized with AN1792 
developed a twofold increase in anti-Ab antibodies. 
However, progress was made with the discovery that peripheral administration of 
antibodies against Ab peptide could reduce amyloid burden to a similar extent as active 
immunization.  Passive immunization had the advantage that the potentially harmful 
activation of host T cells could be avoided. 
Based on the finding that externally administered antibodies were able to protect  mice from 
AD, it was hypothesized that high titres of natural anti-Ab antibodies may protect humans 
from AD, while low levels may predispose certain individuals to the development of AD. 
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patients with AD. Autoantibody-decorated plaques were found frequently in patients with 
AD and patients with low antibody-levels were shown to harbour more diffuse plaques 
than patients with high levels. Autoantibodies against Ab may therefore be important for 
maintaining plaque homeostasis. 
IVIg has been shown to contain autoantibodies against many states of Ab peptide 
aggregation including monomers, oligomers and fibrils and may therefore have a distinct 
advantage over monoclonal anti-Ab until the precise pathogenic state(s) of the Ab peptide is 
known (Hughes et al, 2008). 
Recently, commercially available IVIg have been used in small pilot trials for the treatment 
of patients with AD, based on the hypothesis that IVIG contains naturally occurring 
autoantibodies (nAbs-Abeta) that specifically recognize and block the toxic effects of Abeta. 
Furthermore, these nAbs-Abeta are reduced in AD patients compared with healthy controls, 
supporting the notion of replacement with IVIg. Beyond the occurrence of nAbs-Abeta, 
evidence for several other mechanisms associated with IVIg in AD has been reported in 
preclinical experiments and clinical studies. In 2009, a phase III clinical trial involving more 
than 360 AD patients was initiated and may provide conclusive evidence for the effect of 
IVIg as a treatment option for AD in 2011(Dodel et al, 2010). 

12. Conclusion  
IVIg is used increasingly in neurological diseases.  
Its efficacy has been proved in GBS, CIDP and MMN, where it is considered as the first-line 
treatment. However, questions remain regarding the dose, timing and duration of IVIg 
treatment in these disorders.  
It is also successfully used in acute exacerbations of MG and as a short-term treatment of 
severe MG.  It is recommended in SPS, in some paraneoplastic syndromes and as a second-
line treatment in combination with prednisone in dermatomyositis and a treatment option 
in polymyositis. 
In MS, IVIg is indicated mainly in reducing disease activity during pregnancy and 
breastfeeding.  
In addition to these major indications, IVIg is increasingly used even in such conditions 
where the strong evidence is currently lacking, like refractory epilepsy, narcolepsy, post 
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1. Introduction 
Multiple sclerosis (MS) is a chronic inflammatory autoimmune disease of the central 
nervous system (CNS) and the primary cause of non-traumatic neurologic disability in the 
western world. Infiltration of myelin-specific effector T cells into the CNS is thought to 
cause demyelination and loss of axons resulting in deficient signal conduction and clinical 
onset of the disease. Although previously thought to be initiated by T helper 1 (Th1) cells, it 
has become evident that Th17 cells are also involved (Cua 2003). In addition, CD8+ T cells, 
macrophages, and B cells are also found in inflammatory infiltrates in the CNS of affected 
individuals. During the initial phases of the disease, once the myelin-specific peripherally 
activated T cells penetrate the CNS, they are re-activated by antigen presenting cells 
presenting their target antigen within the CNS and act to cause damage to axonal myelin 
through the activation of macrophages and the release of myelin toxic substances (Aktas, 
Waiczies et al. 2007). 
One of the main obstacles to recovery and to the treatment of MS is the relatively low 
efficiency of spontaneous remyelination of axons by oligodendrocytes. In the majority of 
cases during the early phases of the disease a large amount of oligodendrocytes and their 
precursors are preserved within the characteristic demyelination plaques and retain the 
ability to remyelinate. Despite this resident population of remyelinating cells it has been 
shown that over time remyelination becomes incomplete and fails, resulting in the 
irreversible neurological damage associated with the disease (Franklin 2002). 
The direct cause of MS remains unknown but it seems most likely to be a mixture of both 
genetic susceptibility and environmental factors. Genetic factors had been long suspected to 
affect the chances of an individual developing MS. It has been known for some time that 
there is a familial link to the disease with a sharp increase in disease probability if a family 
member has the disease (Dyment, Ebers et al. 2004), with a direct correlation between how 
closely related the affected individual is and the probability of developing the disease. The 
importance of genetic factors was underscored by the fact that adopted children have no 
statistically significant increase in there disease susceptibility compared to the general 
population, even if any of their adoptive family members have the disease. Other genetic 
factors such as gender and race have also been shown to have an effect (Sospedra and 
Martin 2005). 
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More recently environmental factors have been highlighted by an increase in MS cases in 
westernised society as opposed to that of other less developed areas of the world. It is 
thought this may be due to the lack of exposure to infection during adolescence and 
childhood and has been highlighted in places such as Japan (Li, Chu et al. 2007) where a 
strong link may exist between the number of MS cases and the increase in sanitation. 
Among infectious environmental factors, Epstein Barr and other human Herpes viruses 
have received most attention in recent years (Levin, Munger et al. 2010). Other non-
infectious environmental factors, such as latitude and sun exposure have also been linked to 
the disease (Sospedra and Martin 2005).  
Current treatments for MS include IFN-β, glatiramer acetate and mitoxantrone which show 
some degree of efficacy and have potential side effects (Markowitz 2010). New more 
effective treatments for MS are highly desirable, in particular those able to slow disease 
progression in addition to reducing the frequency of clinical exacerbations. Although 
several pharmacological therapies are in clinical trials or have recently been approved (such 
as the immunosuppressive drug Fingolimoid, (Cohen and Chun 2011)), cellular treatments 
are attractive alternatives. They may theoretically possess the ability to modulate the 
immune response but also enhance spontaneous remyelination of damaged axons and thus 
limit or even reverse the irreversible neurological damage associated with MS. The 
challenge is making this theoretical potential become a reality. 
 
 

 
Fig. 1. Potential roles for different types of stem cells in the treatment of MS [Adapted from 
(Martino, Franklin et al. 2010)]. 

2. Stem cell therapies 
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range of positive effects on MS and a range of other inflammatory, traumatic and 
neurodegenerative CNS conditions. The fact that stem cells possess the theoretical ability, 
under the right conditions, to differentiate into any type of cell in the body makes them a 
very desirable treatment option. However significant issues arise with their use including 
ethics, access to the cells, and their potential side effects.  

2.1 Embryonic stem cells 
Of all the different types of stem cells, embryonic stem cells (ESC) have the largest 
differentiating potential and are also the best categorised but despite this their use has come 
up against a variety of practical and ethical hurdles due to their embryonic source. 
Theoretically embryonic stem cells can provide an unlimited supply of cells with vast 
differentiation potential. In animal models and in the right environment, they can be 
directed into differentiating into oligodendrocytes and successfully undertaking 
remyelination (Nistor, Totoiu et al. 2005). This remyelination has been shown in a number of 
animal models following the infusion of ESC derived glial precursors leading to a significant 
degree of remyelination in both the spinal column and the brain (Brustle, Jones et al. 1999). 
It has also been noted that the time of infusion with these cells is crucial, with some studies 
showing that, in the case of spinal injury, remyelination is much more effective if the 
embryonic stem cell derived cells are introduced soon after the damage (7 days) as opposed 
to later after the event (10 months) (Keirstead, Nistor et al. 2005). This suggests that in the 
case of neurodegenerative disease these cells may be more effective if transplanted in the 
earlier stages of the condition.   
Not only do embryonic stem cells show the potential to remyelinate but also have an effect 
on EAE through the modulation of the immune system, with a number of animal models 
showing a down regulation of the auto-immune T-lymphocyte response against self antigen 
(Fandrich, Lin et al. 2002). This immunomodulatory potential has been proposed to be 
through both contact-dependent mechanisms and the release of soluble factors. For example 
PGE2 was identified as one of these factors in murine models in which embryonic stem cells 
had been used to dampen the immune response in organ transplantation (Imberti, Casiraghi 
et al. 2011). 
Despite the promising potential of embryonic stem cells as a therapy for multiple diseases 
and conditions there are several hurdles which realistically may never be fully overcome. 
The first of these are the ethical ramifications of work involving embryonic stem cells. The 
fact that embryonic stem cells would most likely have to be sourced from human embryos 
has raised serious concerns about the use of sources of ‘potential life’ as a research tool. To 
date, much of the work in stem cell research has been conducted using unwanted embryos 
originally produced for IVF treatment. However, if this became a main stream treatment 
embryos would have to be produced for the specific purpose of producing appropriate stem 
cells, which many see as unethical (de Wert and Mummery 2003). Another ethical hurdle 
would be the production of autologus stem cells where the nucleus from the cell of the 
patient would be infused into a de-nucleated oocyte in order to create a strain of stem cells 
specific to the patient which would help to bypass the issue of rejection (de Wert and 
Mummery 2003). Many believe the specific use of embryonic stem cells is not the issue; it is 
the precedent it would set. The ethical debate surrounding ESC is unlikely to be easily 
resolved. 
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More recently environmental factors have been highlighted by an increase in MS cases in 
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progression in addition to reducing the frequency of clinical exacerbations. Although 
several pharmacological therapies are in clinical trials or have recently been approved (such 
as the immunosuppressive drug Fingolimoid, (Cohen and Chun 2011)), cellular treatments 
are attractive alternatives. They may theoretically possess the ability to modulate the 
immune response but also enhance spontaneous remyelination of damaged axons and thus 
limit or even reverse the irreversible neurological damage associated with MS. The 
challenge is making this theoretical potential become a reality. 
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originally produced for IVF treatment. However, if this became a main stream treatment 
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Another issue surrounding embryonic stem cells is safety. The use of heterologus embryonic 
stem cells carries the risk of the formation of teratoma (tumour) within the specific organ of 
transplantation (Bjorklund, Sanchez-Pernaute et al. 2002; Blum and Benvenisty 2008). 
Altering the cells to reduce this risk may prove very difficult and may also have a 
detrimental effect on the cells’ ability to exert the therapeutic purpose for which they are 
intended.  This issue can be avoided with the use of autologus stem cells (mentioned above) 
but this leads to not only ethical but also practical issues, with every patient being treated 
having to be cloned to produce the stock of autologous cells for treatment. 

2.2 Adult neuronal stem cells 
Adult neural stem cells (aNSC) do not carry the same ethical burden as embryonic stem cells 
and have shown the ability to both remyelinate demyelinated axons and modulate the 
autoimmune response.  These cells are generally isolated from the adult mammalian sub 
ventricular zone (SVZ), which makes them difficult to extract and use for clinical purposes. 
They can be maintained for extended periods in vitro and still retain the ability to 
differentiate and proliferate (Nunes, Roy et al. 2003). In EAE it has been documented that 
aNSC can act to aid the disease both through remyelination and through an 
immunomodulatory effect. In terms of remyelination, aNSC have been proposed as 
treatments for a multitude of different conditions such as neurodegenerative disorders 
including MS (Magalon, Cantarella et al. 2007), CNS traumas (Iwanami, Kaneko et al. 2005) 
and malignant tumours. Transplanted cells have been shown to migrate from the area of 
infusion to the area of inflammation (Ben-Hur, Einstein et al. 2003) especially within the 
white matter of the CNS, with the labelling of infused cells showing that 80% of lesions 
contain labelled cells within 24 hours of infusion (Politi, Bacigaluppi et al. 2007). aNSC are 
also seen to be durable within the body with labelled cells still detected within lesions 20 
days after infusion (Politi, Bacigaluppi et al. 2007). Along with the detection of aNSC 
presence and migration visualised by cell labelling, remyelination and cell replacement have 
also been visualised in EAE with the use of electron microscopy (Pluchino, Quattrini et al. 
2003). aNSC’s have been shown to migrate to areas of demyelination (and not to areas of 
normal looking brain and CNS matter) and differentiate into oligodendrocytes capable of 
remyelination and thus attenuate the clinical symptoms of EAE within the tested animals. 
In terms of the immunomodulatory effects of aNSC on neurodegenerative diseases such as 
MS there has been some debate. It has been shown that animals given an IV injection of 
aNSCs in the early stages of EAE show a significant immunosuppressive effect. Animals 
treated with aNSCs were shown to have a gathering of the infused cells at the spleen and 
lymph nodes and here had a profound effect on the immune response to self CNS antigen 
through their interaction with the T-cell populations in these areas (Einstein, Fainstein et al. 
2007). T-cells isolated from the lymph nodes of mice that had been infused with aNSC’s 
showed no activation in the presence of either CNS specific antigens or other non-specific 
stimulus (Einstein, Fainstein et al. 2007). It is evident that these cells, when injected 
intravenously at the early stages of the disease, do not penetrate the CNS or get attracted to 
areas of inflammation like aNSC’s injected at the height of the disease but travel to areas of 
immune regulation such as the spleen and lymph nodes where they have an dampening 
effect on the peripheral immune response (Ben-Hur 2008). 
The key to the use of aNSC’s in therapy will be optimising the technique to allow both the 
immunomodulatory and the remyelinating features of the treatment to work in tandem and 
thus have a greater effect on the symptoms of the disease. aNSCs have several advantages 
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over other forms of stem cells, including fewer ethical burdens, maintaining differential and 
proliferative ability over long periods of time, and having both immunomodulatory and 
remyelinating potential. Therefore, they are one of the more promising avenues of 
investigation into MS treatments. They also seem to pose little risk of tumour formation, 
which is in stark contrast to a number of other stem cell types. In all the aNSC transplant 
studies in both healthy and diseased animals there have been no instances of tumour 
formation which suggests that the potential use of this treatment in vivo would carry little if 
any risk in the way of tumour development.  

2.3 Mesenchymal stem cells 
Mesenchymal stem cells are stromal stem cells which can be isolated from a variety of adult 
tissues but predominantly from the bone marrow. The therapeutic effect of these cells on 
neurodegenerative diseases has previously been based mainly on immunomodulation, but 
recently it has been proposed that these cells may be able to induce axon remyelination. 
However, this is yet to be unequivocally proven. In terms of immunomodulation, bone 
marrow isolated mesenchymal stem cells are known to have a dampening effect of the 
autoimmune response to CNS self antigens in EAE. The mesenchymal cells are shown to 
have an inhibitory effect on the activation of encephalitogenic T cells primed against self 
CNS antigen, thus reducing disease severity (Kassis, Grigoriadis et al. 2008). T-cells isolated 
from MSC-treated animals show a reduced ability to produce inflammatory cytokines (such 
as IFN- and TNF-α) and do not proliferate in the presence of the EAE-inducing CNS self 
antigen (Gerdoni, Gallo et al. 2007). In addition to reducing T-cell function, MSCs can also 
modulate the proliferation and maturation of antigen presenting cells (APC) (Beyth, 
Borovsky et al. 2005), which in turn affect T-cell priming to self antigens. 
The potential for the infusion of mesenchymal bone marrow derived stem cells to induce a 
degree of remyelination in animal models of MS has been reported in a few studies. Such 
cells removed from the bone marrow of donor mice and cultured in vitro were infused into 
damaged EAE spinal cords and induce both central and peripheral myelination (Akiyama, 
Radtke et al. 2002). 
Bone marrow stem cells can also be used as a source of neural cells, bone marrow-derived 
neural stem cells. These cells are phenotypically identical to aNSC isolated from the SVC 
and express the neural stem cell marker nestin. Like aNSC’s and unlike other stem cells 
isolated from the bone marrow, these cells show the ability to migrate into the CNS and 
differentiate into both oligodendrocytes and neurons at sites of CNS damage, such as 
inflammatory CNS lesions in MS (Kabos, Ehtesham et al. 2002). However, their 
differentiation into cells capable of remyelination is not the only way these cells are said to 
act in the repair of damaged axons. They may also promote remyelination by pre-existing 
cells through the release of growth factors. Bone marrow derived neuronal cells also seem to 
have significant immunomodulatory properties, such as in vitro suppression of T cells, B 
cells and natural killer (NK) cells.  

2.4 Haematopoietic stem cells 
Hematopoietic stem cells (HSC) have been extensively studied for immune replacement 
therapy in aggressive forms of MS. There are a number of advantages to this form of stem 
cell which is why research into it has been so thorough. The isolation process compared to 
that of other stem cells is less invasive and more ethically acceptable as the CD34+ cells can 
be easily isolated from peripheral blood. HSC transplantation (HCST) may be one of the 
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most potent available forms of immunotherapy; however issues of safety have limited the 
advance of this approach into clinical use. Useful predictors of good therapeutic outcomes 
after HSCT include rigorous selection of the most suitable patients for this type of treatment 
and the specific treatment protocol. Patients with low to intermediate level of disability 
experiencing active relapses despite treatments with IFN-beta or with more potent 
immunosuppressive drugs, such as mitoxantrone, may show a better risk/benefit ratio than 
those with advanced, secondary progressive disease with higher disability (Muraro, 
Cassiani Ingoni et al. 2003; Burt, Cohen et al. 2005). The regime of treatment is also vital to 
the success of the treatment with early studies, which used myeloblative transplantation 
regimes, suffering high levels of toxicity and mortality (Burt, Cohen et al. 2005). The use of 
revised, non myeloblative HSCT conditioning protocols, seems to have had a positive effect 
on the mortality rates associated with the previous treatment regimes. 
There are many issues when using hematopoietic stem cells as a treatment option in MS 
involving both ethics and safety. The risk involved in HSCT is relatively high although 
safety has increased over recent years. An example is the drop in mortality rate in patients 
suffering from autoimmune conditions treated with autologus hematopoietic stem cell 
transplantation, which was 7.3% between 1995 and 2000 and dropped to 1.3% in the period 
from 2001-2007 (Schippling, Heesen et al. 2008). The direct effect of the hematopoietic stem 
cells in giving rise to malignant tumours is an obvious risk but another major issue is the 
level of immunosupression needed during a stem cell transplantation, which leaves the 
patient particularly vulnerable to infections. The risk factors in this type of 
immunosuppressive therapy make it a last resort, with patients and treating physicians 
having to assess and discuss the risk/benefit ratios of such a treatment before undertaking 
it. Considering that many patients with MS live for many years and can, to some degree, 
manage and slow the progression of their illness with pharmaceutical treatments, it may be 
hard to justify a therapy such as AHSCT. However, as the methods and techniques involved 
in AHSCT improve and the favourable outcomes seen in animal models are translated into 
human studies (this has already been seen in the limited number of humans successfully 
treated with the method), this treatment could in time become a key immunomodulation 
technique in treating MS. As these issues are overcome large scale, long term, controlled 
studies will be necessary to test the true efficacy of the treatment (Mancardi and Saccardi 
2008) after which HSCT treatment may be deemed safe for larger scale use. 

2.5 Induced pluripotent stem cells 
Induced pluripotent stem cells (IPS) are possibly the most exciting development in the field 
of stem cell therapy for the last few years. A group in Japan has shown that it is possible to 
generate pluripotent stem cells from fibroblast cultures with the addition of just 4  
transcription factors (Oct 3/4, Sox2, Klf4 and c-Myc) under ESC culturing conditions 
(Takahashi, Tanabe et al. 2007). These cells represent a significant step forward as they share 
the morphology and many functional properties with ESCs but can be generated from 
fibroblasts in the laboratory. The accessibility of fibroblasts, the comparatively straight 
forward techniques involved in generating IPS and the removal of important ethical 
burdens suggests an enormous treatment potential for such a type of stem cells. These cells 
could become a valid treatment option in regenerative medicine not only in MS but a variety 
of other inflammatory, neurodegenerative, and traumatic diseases including spinal cord 
injury, juvenile diabetes (Thomson, Itskovitz-Eldor et al. 1998) and potentially many others. 
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Despite their enormous potential, IPS do raise a number of safety concerns which must be 
overcome before they are considered as a valid treatment in humans. Due to a large number 
of retroviral integration sites (retroviruses are used to insert the relevant transcription 
factors into target cells to induce IPS) on IPS for each of the stimulating factors they may be 
prone to tumourigenesis. Mouse studies showed around 20% rate of tumour formation 
which is thought to be due to the reactivation of the c-Myc oncogene by retrovirus (Okita, 
Ichisaka et al. 2007). Tumour formation caused by retroviral integration is a serious issue 
which must be solved before this treatment is considered in the clinic.  
Other problems must be resolved as well. The yield of IPS cells from human fibroblast 
cultures is very low, which could represent a practical obstacle to the development of IPS as 
a treatment. The precise nature of IPS and their origin is still a matter of debate. Different 
theories suggest that the cells induced into IPS are actually undifferentiated stem cell-like 
cells within the fibroblast cultures. It is also possible that undetectable genetic alterations in 
the cells of origin may be required for IPS induction (Takahashi, Tanabe et al. 2007). For now 
these cells are a very useful tool within the process of understanding disease mechanisms 
and toxicology ex-vivo however the ultimate goal must be to develop this therapy to a point 
where it can be used to treat human conditions. Considering that these cells were only 
discovered in 2007, research into this form of pluripotent cells is still at an early stage. As 
time progresses it is likely some of the issues surrounding these cells will be overcome, and 
along with a better understanding of the mechanisms behind these cells they may become a 
valid treatment option in human medicine. 
In summary, stem cells treatments are, and have been for some time, one of the most 
promising and exciting potential treatment options within human medicine. Thus far, they 
have failed to fulfil this immense promise having been held back by many ethical, practical 
and safety related hurdles. Nevertheless, stem cell research is constantly moving forward. 
With the discovery of new treatment protocols and new types of promising cells, such as 
IPS, the time when stem cells become a front line treatment for immunomodulation and 
neural regeneration in MS may be closer than ever. 

3. Non-stem cell cellular therapies 
It is not only stem cells which have been identified as a potential treatment option for 
patients suffering from MS. There are a range of possible cellular treatments which involve 
the infusion of cells isolated from the body with aims varying from halting the progression 
of the disease through immunomodulation to the active re-myelination of affected axons. 
Non-stem cell treatments would include the infusion of peripheral nervous system 
myelinating Schwann cells into the CNS as well as the use of ex vivo cultured 
oligodendrocytes, olfactory ensheathing cells and even cells isolated from the body’s 
immune system such as T-cells.  

3.1 Oligodendrocyte and oligodendrocyte precursor cells 
Myelination of axons within the CNS is typically the task of oligodendrocytes and their 
precursors during development and in response to damage, however it has been shown that 
a significant proportion of these cells are lost or are deemed functionally inactive in MS, 
particularly in chronic phases of disease. It has been suggested that the reason for this 
decrease in numbers of oligodendrocytes is due to either the lack of differentiation of 
precursor cells into mature oligodendrocytes or the death of the oligodendrocytes once they 
reach a certain point within the developmental process (Wolswijk 2000).  
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Despite their enormous potential, IPS do raise a number of safety concerns which must be 
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3. Non-stem cell cellular therapies 
It is not only stem cells which have been identified as a potential treatment option for 
patients suffering from MS. There are a range of possible cellular treatments which involve 
the infusion of cells isolated from the body with aims varying from halting the progression 
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Non-stem cell treatments would include the infusion of peripheral nervous system 
myelinating Schwann cells into the CNS as well as the use of ex vivo cultured 
oligodendrocytes, olfactory ensheathing cells and even cells isolated from the body’s 
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3.1 Oligodendrocyte and oligodendrocyte precursor cells 
Myelination of axons within the CNS is typically the task of oligodendrocytes and their 
precursors during development and in response to damage, however it has been shown that 
a significant proportion of these cells are lost or are deemed functionally inactive in MS, 
particularly in chronic phases of disease. It has been suggested that the reason for this 
decrease in numbers of oligodendrocytes is due to either the lack of differentiation of 
precursor cells into mature oligodendrocytes or the death of the oligodendrocytes once they 
reach a certain point within the developmental process (Wolswijk 2000).  
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There is a degree of debate over the stage at which oligodendrocyte precursor cells (OPC) 
are most effective at myelinating axons along there maturation process. It is thought that 
oligodendrocyte progenitor cells are responsible for generating the largest amount of myelin 
over the widest area and are more proficient than mature oligodendrocytes (Franklin 2002; 
Wolswijk 2002). There is evidence that mature oligodendrocytes when infused into a 
demyelinated CNS environment are less capable of migration and division at the site of 
demyelination than the more motile and proliferative oligodendrocyte progenitor cell. 
Another advantage of OPCs is their ability to react to their microenvironment. The path of 
maturation of these cells is affected by cytokines, chemokines and growth factors causing 
their maturation to a cell with remyelinating potential “in the right place at the right time”, 
which is also aided by enhancement of the signalling matrix and removal of phagocytic 
debris by inflammatory cells (Zawadzka and Franklin 2007). 

3.2 Schwann cells 
Schwann cells, typically responsible for myelination within the peripheral nervous system, 
are seen as an alternative to oligodendrocytes and OPCs in the cellular treatment of MS and 
have been shown to be capable of a significant degree of axonal remyelination within the 
CNS of MS patients (Lavdas, Papastefanaki et al. 2008). Despite the issues surrounding the 
use of these cells, such as their inability to interact with astrocytes and limited survivability 
within the CNS, their ability to remyelinate axons and improve axonal conduction in 
damaged axons is not in doubt. The question is whether they can do so to such a degree that 
it is an effective and worthwhile treatment option for patients with MS. Schwann cells have 
been proposed as a treatment for CNS damage not only for MS but for other pathological 
conditions including the repair of spinal cord injury (Oudega 2007) where their proposed 
function to aid the remyelination of damaged axons remains the same. There are many 
positive and negative aspects to Schwann cells as a potential cellular treatment option in 
MS, with the main advantage being the ease of accessibility from peripheral nerve biopsies 
and thus the relatively simple task of culturing autologus populations of these cells. Another 
positive aspect is that they are less likely than oligodendrocytes to be prone to MS related 
autoimmune attack as this tends to be against the CNS myelinating cells due to being 
targeted towards mature oligodendrocyte antigens (Kohama, Lankford et al. 2001). On this 
note, the myelin they produce is also less likely to be susceptible to autoimmune attack due 
the slight differences in its make up as compared with the myelin produced by 
oligodendrocytes. Due to the autoimmune attack in the CNS being focused against antigens 
within the oligodendrocyte produced myelin, the subtle differences in the makeup of 
Schwann cell myelin makes it a less likely target.  
As we have explained, the fact that Schwann cells are not usually resident within the CNS 
has its advantages in terms of not being recognised in an autoimmune attack, however the 
fact that these cells are out of their usual environment also has some negative ramifications. 
Schwann cells do not tend to migrate to areas of inflammation within the white matter of the 
CNS due to the inhibitory effect that astrocytes have on them. Schwann cells and astrocytes 
cannot coexist which poses huge problems in the treatment of MS as the majority of 
demyelinated plaques contain large numbers of astrocytes. Astrocytes have a number of 
detrimental effects on Schwann cells, effecting both their successful migration into the CNS 
white matter (Iwashita, Fawcett et al. 2000) and their ability to remyelinate and survive 
(Shields, Blakemore et al. 2000) within damaged astrocyte rich areas. It is proposed that this 
negative effect on Schwann cells in mediated by the release of soluble factors from the 

 
Cellular Based Therapies for the Treatment of Multiple Sclerosis 

 

363 

astrocytes (astrocyte conditioned medium reduced Schwann cell proliferation and 
remyelination (Guenard, Gwynn et al. 1994)) such as Ephrins (Afshari, Kwok et al. 2010) and 
also through a prolonged contact interaction between Schwann cells and the astrocytes 
mediated by N-Cadherin (Wilby, Muir et al. 1999). This limited ability to function within the 
CNS is a major drawback for the use of Schwann cells as a remyelinating treatment as any 
effect they do have will be short lived due to the short time span they can survive within the 
appropriate system. If Schwann cells are to become a widely used remyelinating treatment 
option in the treatment of MS work will have to be done to produce a Schwann cell-based 
therapy capable of migrating to sites of CNS inflammation and able to survive in the 
presence of astrocytes. Efforts are being made to improve the chances of Schwann cells 
surviving interaction with astrocytes through methods such as genetically altering the cells 
(Papastefanaki, Chen et al. 2007).  

3.3 Olfactory ensheathing cell 
Another type of cell that has been proposed for the remyelination of axons in multiple 
sclerosis is the olfactory ensheathing cell (OEC). These are a form of unique glial cell found 
only in the olfactory system close to the first cranial nerve. These cells are favourable over 
other cell based therapies for a number of properties, one of which is their ability to survive 
in the presence of astrocytes. Astrocytes are found around areas of MS induced CNS 
inflammation and as previously discussed are a major problem for Schwann cell therapy. 
OEC’s can survive in conjunction with astrocytes and can also make the environment 
around the CNS inflammation more hospitable to the migration and survival of endogenous 
Schwann cells (Boyd, Lee et al. 2004).  
Despite this ability to survive and retain function in the presence of astrocytes there are also 
some disadvantages to the OEC in the treatment of MS. Despite their ability to remyelinate 
axons and partially regenerate nerve fibres (Richter and Roskams 2008) they do not seem to 
have a great deal of the ability to cross the MS associated lesion and or to reconnect with 
neurons on the opposite side of the lesion. It is thought that due to this process of repair not 
being overly apparent most of the benefit for the use of OEC comes from the promotion of 
the growth of intact fibres. However, in the case of spinal injury it has been shown that, to at 
least some degree, these cells have the ability to stimulate neuroprotection, activate 
angiogenesis and stimulate axon re-growth as well as remyelination (Richter and Roskams 
2008). Another benefit of these cells is that in some cases they have been suggested to restore 
a degree of functions lost due to the CNS lesions. However, there is very little 
immunological data to support this conclusion, which was derived mainly from behavioural 
tests (Barnett and Riddell 2004). It is thought that the most useful way to utilise this type of 
cells may be to use them in parallel with other synergistic treatments. This would produce a 
combination treatment with the potential to regenerate axons but also reconnect the 
damaged connections across the compromised areas of the CNS which OEC alone are 
unable to do (Barnett and Riddell 2007). 

3.4 T-cell therapy 
Another cellular treatment for MS which differs from all the previous treatments as it does 
not involve remyelinating cells is T-cell therapy. When thinking of ways to tackle 
autoimmunity one of the most obvious candidates for cellular therapy has to be regulatory 
T-cells due to their role in maintaining immunological self tolerance within the body. This 
CD4+CD25+ cell surface marker positive family of cells within the body is in part to control 
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the immune response and therefore seem an obvious choice for cellular therapy for MS. It is 
known that in the peripheral blood of patients with MS there is a significant decrease in the 
functionality of T-regulatory cells (Viglietta, Baecher-Allan et al. 2004) when compared to 
healthy controls, which shows this may be a causative mechanism behind the disease and 
readdressing this balance may go some way to alleviating autoimmunity. 
 It has been shown in animal models that adoptive transfer of such T-regulatory cells has a 
positive effect on models of autoimmune disease (Jiang, Lechler et al. 2006), in some cases 
offering a significant degree of protection from the disease (Kohm, Carpentier et al. 2002) 
and therefore poses a degree of therapeutic potential in the treatment of MS. The therapeutic 
potential of these cells is based on their ability to suppress the function of auto reactive T 
helper cells in-vitro and to show a significant potential for in-vivo treatment as well. There is 
also the possibility of targeting these cells in-vivo with other drugs in an attempt to expand 
an antigen specific population of these cells to tackle the autoimmune response in the MS 
patients. 
Another form of T cell therapy which has been proposed is the use of inflammatory CD4+ T 
cells. These cells have long been thought to have little therapeutic potential in CNS 
autoimmunity but it has been proposed by a group in Israel that a lack of CD4+ immune 
cells recruited to the CNS may affect the immunological balance in the CNS further and 
exacerbate inflammation within the system (Schwartz and Shechter 2010). Their theory is 
that these CD4+ T cells must be recruited to the CNS to modify areas of local inflammation 
and also to aid the protective process through the recruitment of blood-borne monocytes 
(Schwartz, London et al. 2009). Many current therapies for MS involve treatment with 
immunosuppressive drug regimes which will strongly inhibit the ability of these 
inflammatory T cells to perform the proposed protective function and it has thus been 
proposed that a boost of such a T cell response to carefully chosen CNS proteins may act to 
improve and not hinder the immunological response against the localised inflammation. 
In summary, although cellular therapies for MS are often focused around stem cells, it is 
evident that non stem cell therapies have an important role to play. They do in most cases 
provide a safer, more ethical and more practical option of treatment compared to stem 
cells but may not posses as much treatment potential. However, this is not to say they are 
less effective than the treatments currently available. Like stem cells, the different types of 
these cells give non stem cell cellular therapies both remyelination and 
immunomodulatory potential. These cells have the potential to be used on their own or in 
combination with other therapies. With steps being taken to improve their efficacy (such 
as genetic alteration in the case of Schwann cells), they could become mainstream 
treatments in the fight against MS. 

4. Conclusion 
The devastating effect MS has on the lives of affected individuals and those close to them 
demands that this field of research be at the forefront of treatment development. The lack of 
current effective and curative therapies for this disease makes the advancement of cellular 
treatments all the more important as a new more effective line of treatment. The outstanding 
potential of cellular therapies to cover all bases in terms of treatment of MS including 
immunomodulation, neuroprotection and remyelination makes them impossible to ignore 
as they realistically have the most potential of any field of treatment currently available. 
Their potential is almost limitless with the variety of different effects the different cellular 
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treatments can have on the disease and how these could fit the needs of individual patients 
and their specific disease circumstances.  
The challenge to take these cellular therapies from being full of potential to being effective 
treatment options is one thousands of researchers around the world are working on every 
day. They strive to remove the issues which at the moment are holding back the clinical 
potential of these ‘shining light’ treatments in order to be able to offer patients diagnosed 
with MS hope that it may be possible to restore the myelin architecture within their CNS 
and to overcome the disease. The treatment options for MS are currently insufficient but the 
encouraging point is that the field is constantly moving forwards. With cellular based 
therapies at the forefront of this advancement it will give sufferers of the disease hope that 
better treatments and better prognosis may be just around the corner. 
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potential of these ‘shining light’ treatments in order to be able to offer patients diagnosed 
with MS hope that it may be possible to restore the myelin architecture within their CNS 
and to overcome the disease. The treatment options for MS are currently insufficient but the 
encouraging point is that the field is constantly moving forwards. With cellular based 
therapies at the forefront of this advancement it will give sufferers of the disease hope that 
better treatments and better prognosis may be just around the corner. 
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1. Introduction 
1.1 Autoimmune diseases 
Autoimmune diseases (AD) are individually rare, but together they affect approximately 5-8 
percent of the population in Western countries [1-2]. They are usually defined as a clinical 
syndrome caused by the activation of T cells or B cells, or both, in the absence of an ongoing 
infection or other discernible cause. In recent years it is well established that low level of 
autoreactivity is physiologic [3] and crucial to normal immune function. Autoantigen helps 
to form the repertoire of mature lymphocytes, and the survival of naive T cells [4] and B 
cells [5]. Thus, the assumption is that lymphocytes evolved not to distinguish self from 
foreign, but rather to respond to antigen only in certain microenvironments, generally in the 
presence of inflammatory cytokines [6]. 
There are several classifications of AD. They may appear to be either systemic (as in the case 
of systemic lupus erythematosus) or organ-specific (as in the case of type 1 diabetes 
mellitus). Another classification distinguishes between diseases in which there is a general 
alteration in the selection, regulation, or death of T cells or B cells and those in which an 
aberrant response to a particular antigen, self or foreign, causes autoimmunity. 
Susceptibility to AD is multifactorial with genetic and enviromental factors being dominant 
together or alone in each of the syndromes. Infectious-derived antigens are also well known 
triggers for autoimmunity. Molecular mimicry has clearly been demonstrated in herpes 
keratoconjunctivitis in mice. T cells that react to the viral protein UL6 cross-react with a 
peptide derived from a corneal antigen [7]. Rheumatic fever represents an autoimmune 
response triggered by streptococcal infection and mediated by cross-reactivity between 
streptococcal and cardiac myosin [8-10]. In autoimmune diabetes, T-cells recognize both a 
peptide derived from the autoantigen glutamic acid decarboxylase and a highly analogous 
peptide from coxsackievirus P2-C protein [11], and in Guillain–Barrי syndrome antibody 
cross-reactivity has been demonstrated between human gangliosides and 
lipopolysaccharides of Campilobacter jejuni [12]. Drugs like Procainamide can also alter the 
immune repertoire. Finally, foreign substances may act as haptens and render autoantigens 
immunogenic. 
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1. Introduction 
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cells [5]. Thus, the assumption is that lymphocytes evolved not to distinguish self from 
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There are several classifications of AD. They may appear to be either systemic (as in the case 
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triggers for autoimmunity. Molecular mimicry has clearly been demonstrated in herpes 
keratoconjunctivitis in mice. T cells that react to the viral protein UL6 cross-react with a 
peptide derived from a corneal antigen [7]. Rheumatic fever represents an autoimmune 
response triggered by streptococcal infection and mediated by cross-reactivity between 
streptococcal and cardiac myosin [8-10]. In autoimmune diabetes, T-cells recognize both a 
peptide derived from the autoantigen glutamic acid decarboxylase and a highly analogous 
peptide from coxsackievirus P2-C protein [11], and in Guillain–Barrי syndrome antibody 
cross-reactivity has been demonstrated between human gangliosides and 
lipopolysaccharides of Campilobacter jejuni [12]. Drugs like Procainamide can also alter the 
immune repertoire. Finally, foreign substances may act as haptens and render autoantigens 
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1.2 Hematopoietic stem cell transplantation 
Hematopoietic stem cell transplantation (HSCT) is a well established modality for the 
treatment of several hematological diseases; however, it can also be used for the treatment of 
severe forms of immunological diseases.  
Conventional AD therapy is effective in most patients, but some patients are resistant to the 
anti-inflammatory and immunosuppressive agents used or are only capable of responding 
to high doses of such medicines, which are toxic. In such cases, bone marrow (BM) 
reconstitution is required. Thus, high doses of immunosuppressants, followed by HSCT, 
have become an alternative treatment for many diseases involving the immune system. 
These include multiple sclerosis (MS), systemic sclerosis (SS), rheumatoid arthritis (RA), 
juvenile idiopathic arthritis (JIA), and systemic lupus erythematosus (SLE) [13-14].  
The application of HSCT to the treatment of AD has been studied since the 1970s. The 
success of this approach has been widely demonstrated in animal models as well as in BM 
transplant patients who were shown to also have concomitant AD. For example, an 
allogeneic HSCT which was intended to cure aplastic anemia in 2 patients with concomitant 
RA, resulted in the complete remission of RA for at least 11 years [14].  
The rationale of using HSCT in autoimmune diseases is to achieve the complete ablation of 
the aberrant immune system and to regenerate a new and antigen-naive immune system. 
The more widespread use of transplantation is hindered by the risks associated with 
cytoreductive treatments necessary to create space for the transplanted hematopoietic stem 
cell population and by the slow kinetics with which immune competence is restored 
following transplantation. Mild conditioning regimens may be insufficient to create space 
for donor stem cells. However, fully myeloablative approaches using irradiation and 
chemotherapy agents may associate with severe side-effects such as the risk of oncogenic 
DNA damage. Nevertheless, unlike malignancies where any visceral organ impairment is a 
contraindication to HSCT, disease-related organ dysfunction is often the indication for 
HSCT of autoimmune disorders. For this reason, the regimen must also avoid further injury 
to the disease-affected organ. For example, myeloablative agents such as bleomycin, BCNU 
(carmustine), and radiation that are complicated by pulmonary fibrosis would not be the 
ideal conditioning agents for a disease such as scleroderma in which a major cause of death 
is related to pulmonary fibrosis and pulmonary artery hypertension [15]. 
The stem cell graft may be syngeneic (from identical twin), allogeneic (from a donor with 
identical human leucocyte antigen – HLA – system), or autologous (from the patient). In 
autologous setting, the goal of regenerating a new, antigen naive immune system, from the 
patient’s own hematopoietic stem cells requires the re-emergence of thymic educated T cells. 
Therefore, the goal of the conditioning regimen would focus on immune ablation rather 
than myeloablation [16-17]. Allogeneic grafts are associated with complications such graft 
versus host disease (GVHD) or graft rejection. GVHD contributes to the elimination of the 
host's aberrant immune system and thus theoretically, makes allotransplant a better option 
in the treatment of autoimmune diseases [18]. However, the HSCT treatment related 
mortality in hematological diseases is higher following allogeneic grafting (15–35%) than 
following autotransplant (3–10%). Because of these high mortality rates following 
allotransplants, the autologous method could prove to be a better alternative in autoimmune 
patients, too [19-20]. On the other hand, in recent years the transplant related mortality 
(TRM) is extremely low due to better peri-transplant care. Thus, it may shift again for the 
allo-transplant as the better choice for autoimmune diseases, in the coming years. 
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2. HSCT in specific clinical indications 
2.1 Multiple sclerosis  
Multiple sclerosis (MS) is an organ-specific AD mediated by T cells triggered against 
structural components of myelin in the central nervous system (CNS). Subsequent to 
inflammation in the CNS, demyelinization and loss of axons may occur, resulting in 
interruption of the electrical signal. Most MS patients present episodic relapse and 
improvement, known as relapsing-remitting MS, followed by a phase called secondary 
progressive MS. There is yet another form of MS known as primary progressive MS, which 
is generally resistant to conventional therapies [21].  
Available treatments for MS are not curative. They are able to reduce inflammation in the 
CNS and to delay the advance of the disease, but disease control is frequently 
unsatisfactory. The use of stem cells in the treatment of MS is based on the 
immunosuppressor and immunomodulatory effects of HSCT, which may favor the 
immunological balance [21]. Furthermore, the multi-focal nature of MS makes the injection 
of stem cells into each affected site impracticable, which means that the cells need to be 
attracted to the pathological areas. The intravenous administration of stem cells may be an 
alternative in MS and other neuroinflammatory conditions, in which there is permeability of 
the hematoencephalic blood brain barrier in the inflammatory areas. Moreover, the 
discovery that stem cells are capable of reaching the CNS and of transdifferentiating or 
acquiring oligodendrocyte and possibly neuronal properties, suggests that they may be able 
to act in re-myelinization and neuron repair.  
Intensive immunosuppresion followed by HSCT has been suggested as potential treatment 
in severe forms of MS. Since 1995, more than 400 patients have been treated with HSCT. 
Stabilization or improvement occurred in almost 70% of cases at least for 3 years post-
transplant. Magnetic resonance revealed the capacity of autologous HSCT to suppress or 
markedly reduce gadolinium-enhancing lesions. The progression of brain atrophy declined 
after two years post-HSCT. The profound immunological changes following autologous 
HSCT may result in restoration of self-tolerance. Relatively young patients with active 
inflammatory lesions of relatively short duration and rapidly progressive disease, but still 
low disability scores, unresponsive to conventional therapy seem the best candidates for 
transplantation. Transplant-related mortality was 6% in the first European Group for Blood 
and Marrow Transplantation (EBMT) report and 5.3% in the second one. No deaths were 
reported since 2001. Very high-intensity conditioning regimen is associated with higher risk 
of toxicity without significant increase in efficacy. The effects of transplantation and 
transplantation-related morbidity are dependent on patient-selection, time of 
transplantation and conditioning regimens used [22].  

2.2 Rheumatoid arthritis 
Rheumatoid Arthritis (RA) is a systemic AD that, in the long term, can lead to irreversible 
destruction of the joints, loss of mobility, as well as a reduction in both the quality of life and 
life span. Cellular and humoral immune responses can contribute to the development of 
lesions. Rheumatoid factor, an autoantibody specific to the Fc region of human IgG, is found 
in 80% of patients with RA [23]. 
In a retrospective analysis summarizing the European experience of the first 78 registered 
patients, a significant improvement was demonstrated, with 67% achieving an American 
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1.2 Hematopoietic stem cell transplantation 
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Therefore, the goal of the conditioning regimen would focus on immune ablation rather 
than myeloablation [16-17]. Allogeneic grafts are associated with complications such graft 
versus host disease (GVHD) or graft rejection. GVHD contributes to the elimination of the 
host's aberrant immune system and thus theoretically, makes allotransplant a better option 
in the treatment of autoimmune diseases [18]. However, the HSCT treatment related 
mortality in hematological diseases is higher following allogeneic grafting (15–35%) than 
following autotransplant (3–10%). Because of these high mortality rates following 
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patients, too [19-20]. On the other hand, in recent years the transplant related mortality 
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College of Rheumatology 50% response (ACR-50) at some time post-transplant [23]. Most of 
the patients had failed a median of five (range, two to nine) conventional diseasemodifying 
antirheumatic drugs (DMARDs) before the transplant. Some degree of relapse was seen in 
73% of patients post-transplant, but in most cases it was relatively easy to control with drugs 
that had proven ineffective pre-transplant [24]. A multi-center trial in Australia failed to 
show any advantage of CD34 selection of the graft after non myeloablative conditioning 
with cyclophosphamide [25]. 

2.3 Systemic sclerosis  
Systemic sclerosis (SSc) is a multi-system autoimmune disease of yet unknown origin, with 
vasculopathy and progressive fibrosis that is highly variable in its clinical manifestations, 
but patients with diffuse cutaneous SSc and internal organ involvement have reduced life 
span [26-29]. Two major clinical subsets are widely accepted, the limited (lcSSc) and the 
diffuse cutaneous (dcSSc) forms, which can be distinguished by the extent of skin 
involvement, the autoantibody profile and the pattern of organ involvement. It has an 
incidence of 1/105, and is responsible for significant morbidity with a 5-year mortality rate 
of at least 30% of all patients. In patients with rapidly progressive dcSSc, the 5-year 
mortality is estimated to be 40–50%. Although cyclophosphamide was observed to have a 
small beneficial effect, more effective therapies for the severe forms of SSc are required to 
improve outcome [30-34].  
 HSCT, mostly autologous but also allogeneic in some specific cases, has been employed 
worldwide since 1996 as a new therapeutic strategy in patients with a poor prognosis. 
Almost 200 HSCT procedures have been reported in the EBMT data base up to date. Several 
publication reported significant decrease in the degree of the scleroderma and dermal 
fibrosis, improved overall function and, in general, stability of internal organ function [35-
36] post autologous HSCT. Two ongoing phase III trials have been designed in parallel, the 
ASTIS and the SCOTT trail aiming to analyze the benefits from autologous HSCT and its 
effects on survival, skin, and major organ function in patients with severe dcSSc. The 
backbone of the conditioning regimens focuses on immunoablation rather than 
myeloablation and uses cyclophosphamide, anti-thymocitic globulin and total body 
irradiation [37]. 

2.4 Autoimmune cytopenias  
Immune thrombocytopenic purpura (ITP) is a disease in which platelets are sensitized by 
anti-platelet antibodies or circulating immune complexes, provoking the early removal of 
these cells from the circulation. This process results in thrombocytopenia and bleeding. 
About one third of patients with ITP do not respond well to conventional therapies. High 
doses of immunosuppressors may lead to remission of the disease; however, this involves 
risks related to myelosuppression. HSCT aims to accelerate reestablishment of the 
hematological parameters and concomitantly reduce the number of autoimmune cells in the 
organism [38]. Several sporadic case reports of HSCT for autoimmune cytopenias have been 
published, but only two studies have been reported with moderate numbers of patients. In 
the US, of 14 patients with chronic refractory ITP submitted to high dose cyclophosphamide 
(200 mg/kg) followed by autologous HSCT, 6 achieved durable complete responses and 2 
obtained durable partial responses [39]. The study concluded that the infusion of 
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hematopoietic stem cells (HSCs) had accelerated the hematological reestablishment. Since 
clinical improvement was not associated with quantification of anti-GPIb or anti-GPIIIa 
antibodies, it is likely that other platelet antigens were involved in the ITP. The responses 
were not associated with the number of CD3+ cells infused into the patients, although the 
deletion of T lymphocytes may have prevented the re-infusion of auto-reactive T cells [38].  
In a recent study presented at the 2011 annual meeting of the EBMT [40], a summary of the 
updated EBMT registry on HSCT for autoimmune cytopenias was discussed. Twenty-four 
patients (14 males, 10 females) received 26 transplants. Patients had Evans syndrome (10), 
autoimmune haemolytic anemia (AIHA) (6), immune thrombocytopenia (5) and 
autoimmune lymphoproliferative syndrome (3). The median age at diagnosis was 4 yrs. 
(range 0.3-16) with a median age at transplant of 7.1 yrs (1.5-17). All patients failed multiple 
second and third line immunesuppressive treatments with median disease duration of 41 
months (1 -180 months). Transplants were autologous for 7 and allogeneic for 19 patients. 
Seven patients died of treatment related mortality, 6 in the allo and 1 in the auto group with 
a total TRM of 26%. 13 patients had a complete response after a long follow-up (120 months) 
while 6 patients relapsed, 2 in the allo and 4 in the autologous group. The conclusions of the 
authors are that allogeneic and autologous HSCT may induce a response in half of patient 
with severe refractory autoimmune cytopenia. Given the rarity of disease and the low 
number of transplant per center (1 over 10 years) it is high unlikely that a prospective study 
can ever be done. At the same time HSCT may be considered for patients with Evans 
syndrome, AIHA and ITP refractory to 2-3 lines of treatment under the "Clinical Option" 
criterion. If an HLA identical sibling is available, an allogeneic HSCT may be considered. 
Alternative donor from a well matched unrelated donor may also be considered in Evans 
syndrome. In the case that no compatible donor can be identified, autologous HSCT is an 
option.  

2.5 Diabetes mellitus  
In recent years, there has been a rapid growth in the number of cases of diabetes throughout 
the world. This epidemic affects approximately 6-8% of the world population and the 
number of newly diagnosed patients increases yearly [41]. Of these, approximately 10% are 
type 1 diabetes, insulin-dependent diabetes mellitus, an AD caused by the progressive 
destruction of the insulin-secreting pancreatic ß-cells in the islets of Langerhans [42-43] 
which regulate blood sugar levels by secretion of insulin. Recent clinical data suggest that 
the disease could be cured if an adequate supply of new ß-cells were made available. Hence, 
one goal of pancreatic developmental biology is to understand how endogenous ß-cells are 
made, with the hope of producing them exogenously [43]. Pancreatic islet cell 
transplantation is an attractive treatment of type 1 diabetes [44]. Clinical islet transplantation 
trials based on cadaveric allogeneic islets have demonstrated that it is indeed possible to 
restore near-physiological insulin secretion capacity in type 1 diabetic patients through 
transplantation of insulin-producing cells [45]. 
The immunoablation with immune reconstitution supported by transplantation of autologous 
hematopoietic stem cells might save pancreatic beta cells from destruction by malfunctioning 
immune system. This when applied sufficiently early in the course of diabetes type 1 (i.e. prior 
to destruction of vast majority of these cells) may lead to insulin independence in transplanted 
patients. In a recently published study [46] 15 patients (age 19 - 32) with early diabetes type 1 
(no more than 6 weeks from diagnosis, C-peptide positive, Anti GAD - antibodies positive) 
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underwent therapy. With a mean time of observation of 16 months (range 8 - 29 months). No 
severe complications were observed during the transplantation and in the post transplantation 
period. Fourteen out of 15 patients became independent of exogenous insulin after the 
transplantation with median time without exogenous insulin for all these patients of 14 
months (range 3 – 29 months). Median day of insulin withdrawal was + 37 (range + 6 to + 103) 
post transplant. Eleven patients (73%) remain in remission for the median time from 
transplantation of 16 months. In three patients there was a relapse of requirement for 
exogenous insulin and the median post-relapse insulin dose for these patients was 0.08 IU/kg 
of body weight, significantly reduced from pre-transplant dose. The average HbA1c 
concentration was 11.5 % at diagnosis, 5.88% at 6 months and 5.76% at 12 months after the 
transplantation. The authors conclude that immunoablation following by autologous HSCT 
leads to significant reduction for exogenous insulin requirement in all patients and to 
exogenous insulin independence in early diabetes type 1 in majority of cases. 

2.6 Crohn's disease 
Crohn's disease (CD) is a chronic illness, immunologically mediated, of unknown etiology 
but probably induced by an exposure to intestinal bacteria or their component antigens 
leading to an excessive T helper type 1–mediated chronic inflammation of the 
gastrointestinal (GI) tract in patients with genetic susceptibility [47-48]. Some patients 
remain seriously ill with active disease after all therapeutic options have been exhausted 
[49-51]. Moreover, a distinct excessive mortality from CD exists in this group of patients [52-
55]. This group of patients may suffer from one or more of the following morbidities: 
inability to eat, frequent nausea, vomiting, diarrhea, malnutrition, growth retardation in 
children, fistulas, abdominal pain, extra-intestinal symptoms, psychologic distress from an 
ileostomy or colostomy bag, iatrogenic addiction to narcotics, toxicities of standard 
therapies, and multiple surgeries that may lead to short-gut syndrome, chronic total 
parenteral nutrition, and liver failure. 
Appreciating all of the above, it was reasonable to try and use the modality of HSCT in the 
setup of refractory CD. Thus, 2 main groups, Italian and United States (US), published their 
data regarding autologous HSCT for refractory CD patients [56-58] demonstrating beneficial 
short- as well as long-term clinical outcome after using the procedure in 4 and 24 patients, 
respectively, applying nonmyeloablative regimen. 
The procedure was safe, without mortality, even in patients heavily pretreated with anti-
tumor necrosis factor (TNF) therapy and with ongoing fistulas.  
Although relapses have occurred in these series of patients after using a 
cyclophosphamide/anti-thymocytic globulin (ATG) nonmyeloablative regimen, there has 
been achievements of treatment-free remissions for as long as 5 years, and remission (CDAI 
< 150, CSI < 12) rates between 70% to 80% for 5 years. The authors emphasize that because 
approximately 40% of patients with CD develop intolerable side effects or lose response to 
anti-TNF [59], further investigation of stem cell therapy including the role of CD34 graft 
selection and type of conditioning regimen or other methods to maintain remission without 
surgery for anti-TNF refractory CD appears warranted. 

3. Important issues related to allogeneic HSCT for autoimmune diseases 
Treatment of life-threatening autoimmune diseases in animal models with induced or 
spontaneous autoimmune diseases can be accomplished by a 2-step procedure involving 
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elimination of self-reactive lymphocytes with an immune ablative conditioning regimen 
followed by infusion of autologous or allogeneic stem cells, respectively. In animal models it 
was shown that using such a strategy, autoimmunity could be adequately controlled. It is 
speculated that de-novo development of the T and B cell repertoire from uncommitted 
progenitor cells in the presence of the autoantigens may be the best recipe for re-induction 
of self-tolerance, similarly to the normal ontogeny of the immune system during the 
induction of self tolerance in fetal stage. Reduced intensity conditioning (RIC) is further 
applied in recent years aiming to diminish regimen-related toxicity by decreasing 
conditioning regimen intensity compared to conventional myeloablative transplants. 
In the case of allogeneic transplants for malignant disease, instead of using 
chemoradiotherapy to achieve disease control, relapse is prevented by an immunological 
graft versus leukemia (GVL) or graft versus tumor (GVT) effect induced by donor 
lymphocytes, natural killer cells, and/or dendritic cells infused with the allogeneic graft or 
after HSCT by infusion of peripheral blood donor lymphocytes. For autoimmune diseases 
this allogeneic effect may also be applied. Unlike autologous HSCT in which the goal is to 
suppress and restart the immune system from autologous HSCs, the goal of allogeneic stem 
cells is twofold. First, to change the genetic predisposition to disease by changing the host’s 
susceptible to the donor’s resistant stem cell compartment. Second, to introduce donor’s 
lymphocytes with the capacity to eliminate all residual self-reactive host lymphocytes 
through a process known as graft versus autoimmunity (GVA) effect, in analogy to GVL in 
leukemia and GVT in some metastatic solid tumors. It is not clear whether a full chimera, in 
which all HSCs are reconstituted from the donor, or mixed chimerism, with coexistence of 
both donor and recipient hemato- and immunopoiesis, is sufficient to control disease. 
Full donor chimerism in malignancies has been complicated by a high rate of GVHD, 
an immune-mediated disease in which allogeneic donor lymphocytes are directed against 
the whole recipient body, resulting in donor T-cell mediated attack against different organs 
and tissues, causing significant morbidity and mortality. It is assumed that while suffering 
from GVHD, the patient has the advantage of GVL or GVT, which is the main goal of the 
transplant. This rational may holds true, at least partially, in the case of autoimmune 
diseases. Nevertheless, that means swiching one immunological disease by another one with 
a very similar mechanism. The only difference is the origin of the attacking T-cells. While in 
the basic autoimmune disease they are autologous T-cells, in GVHD they are donor-derived 
T-cells. 

4. Stem cell mobilization from patients with autoimmune diseases 
Originally, HSCs were collected directly from the bone marrow donors by repeated 
aspirations performed under epidural or general anesthesia. Subsequently, to facilitate 
hematopoietic reconstitution and avoid the discomfort associated with multiple bone 
punctures, as well as the need for operating room and general anesthesia, the most common 
method of collecting HSCs has become mobilization from the peripheral blood. Since 
negligible HSCs are detectable in the peripheral blood during steady state, either a 
hematopoietic growth factor such as granulocyte colony-stimulating factor (G-CSF) or 
chemotherapy (usually cyclophosphamide) with or without G-CSF is necessary in order to 
mobilize HSCs from the marrow to the vasculature where it can be easily collected [60]. 
Hematopoietic growth factors used to mobilize stem cells also have cytokine immune-
modulating effects [61] and, depending on growth factor and autoimmune disease, may 
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period. Fourteen out of 15 patients became independent of exogenous insulin after the 
transplantation with median time without exogenous insulin for all these patients of 14 
months (range 3 – 29 months). Median day of insulin withdrawal was + 37 (range + 6 to + 103) 
post transplant. Eleven patients (73%) remain in remission for the median time from 
transplantation of 16 months. In three patients there was a relapse of requirement for 
exogenous insulin and the median post-relapse insulin dose for these patients was 0.08 IU/kg 
of body weight, significantly reduced from pre-transplant dose. The average HbA1c 
concentration was 11.5 % at diagnosis, 5.88% at 6 months and 5.76% at 12 months after the 
transplantation. The authors conclude that immunoablation following by autologous HSCT 
leads to significant reduction for exogenous insulin requirement in all patients and to 
exogenous insulin independence in early diabetes type 1 in majority of cases. 

2.6 Crohn's disease 
Crohn's disease (CD) is a chronic illness, immunologically mediated, of unknown etiology 
but probably induced by an exposure to intestinal bacteria or their component antigens 
leading to an excessive T helper type 1–mediated chronic inflammation of the 
gastrointestinal (GI) tract in patients with genetic susceptibility [47-48]. Some patients 
remain seriously ill with active disease after all therapeutic options have been exhausted 
[49-51]. Moreover, a distinct excessive mortality from CD exists in this group of patients [52-
55]. This group of patients may suffer from one or more of the following morbidities: 
inability to eat, frequent nausea, vomiting, diarrhea, malnutrition, growth retardation in 
children, fistulas, abdominal pain, extra-intestinal symptoms, psychologic distress from an 
ileostomy or colostomy bag, iatrogenic addiction to narcotics, toxicities of standard 
therapies, and multiple surgeries that may lead to short-gut syndrome, chronic total 
parenteral nutrition, and liver failure. 
Appreciating all of the above, it was reasonable to try and use the modality of HSCT in the 
setup of refractory CD. Thus, 2 main groups, Italian and United States (US), published their 
data regarding autologous HSCT for refractory CD patients [56-58] demonstrating beneficial 
short- as well as long-term clinical outcome after using the procedure in 4 and 24 patients, 
respectively, applying nonmyeloablative regimen. 
The procedure was safe, without mortality, even in patients heavily pretreated with anti-
tumor necrosis factor (TNF) therapy and with ongoing fistulas.  
Although relapses have occurred in these series of patients after using a 
cyclophosphamide/anti-thymocytic globulin (ATG) nonmyeloablative regimen, there has 
been achievements of treatment-free remissions for as long as 5 years, and remission (CDAI 
< 150, CSI < 12) rates between 70% to 80% for 5 years. The authors emphasize that because 
approximately 40% of patients with CD develop intolerable side effects or lose response to 
anti-TNF [59], further investigation of stem cell therapy including the role of CD34 graft 
selection and type of conditioning regimen or other methods to maintain remission without 
surgery for anti-TNF refractory CD appears warranted. 

3. Important issues related to allogeneic HSCT for autoimmune diseases 
Treatment of life-threatening autoimmune diseases in animal models with induced or 
spontaneous autoimmune diseases can be accomplished by a 2-step procedure involving 
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elimination of self-reactive lymphocytes with an immune ablative conditioning regimen 
followed by infusion of autologous or allogeneic stem cells, respectively. In animal models it 
was shown that using such a strategy, autoimmunity could be adequately controlled. It is 
speculated that de-novo development of the T and B cell repertoire from uncommitted 
progenitor cells in the presence of the autoantigens may be the best recipe for re-induction 
of self-tolerance, similarly to the normal ontogeny of the immune system during the 
induction of self tolerance in fetal stage. Reduced intensity conditioning (RIC) is further 
applied in recent years aiming to diminish regimen-related toxicity by decreasing 
conditioning regimen intensity compared to conventional myeloablative transplants. 
In the case of allogeneic transplants for malignant disease, instead of using 
chemoradiotherapy to achieve disease control, relapse is prevented by an immunological 
graft versus leukemia (GVL) or graft versus tumor (GVT) effect induced by donor 
lymphocytes, natural killer cells, and/or dendritic cells infused with the allogeneic graft or 
after HSCT by infusion of peripheral blood donor lymphocytes. For autoimmune diseases 
this allogeneic effect may also be applied. Unlike autologous HSCT in which the goal is to 
suppress and restart the immune system from autologous HSCs, the goal of allogeneic stem 
cells is twofold. First, to change the genetic predisposition to disease by changing the host’s 
susceptible to the donor’s resistant stem cell compartment. Second, to introduce donor’s 
lymphocytes with the capacity to eliminate all residual self-reactive host lymphocytes 
through a process known as graft versus autoimmunity (GVA) effect, in analogy to GVL in 
leukemia and GVT in some metastatic solid tumors. It is not clear whether a full chimera, in 
which all HSCs are reconstituted from the donor, or mixed chimerism, with coexistence of 
both donor and recipient hemato- and immunopoiesis, is sufficient to control disease. 
Full donor chimerism in malignancies has been complicated by a high rate of GVHD, 
an immune-mediated disease in which allogeneic donor lymphocytes are directed against 
the whole recipient body, resulting in donor T-cell mediated attack against different organs 
and tissues, causing significant morbidity and mortality. It is assumed that while suffering 
from GVHD, the patient has the advantage of GVL or GVT, which is the main goal of the 
transplant. This rational may holds true, at least partially, in the case of autoimmune 
diseases. Nevertheless, that means swiching one immunological disease by another one with 
a very similar mechanism. The only difference is the origin of the attacking T-cells. While in 
the basic autoimmune disease they are autologous T-cells, in GVHD they are donor-derived 
T-cells. 

4. Stem cell mobilization from patients with autoimmune diseases 
Originally, HSCs were collected directly from the bone marrow donors by repeated 
aspirations performed under epidural or general anesthesia. Subsequently, to facilitate 
hematopoietic reconstitution and avoid the discomfort associated with multiple bone 
punctures, as well as the need for operating room and general anesthesia, the most common 
method of collecting HSCs has become mobilization from the peripheral blood. Since 
negligible HSCs are detectable in the peripheral blood during steady state, either a 
hematopoietic growth factor such as granulocyte colony-stimulating factor (G-CSF) or 
chemotherapy (usually cyclophosphamide) with or without G-CSF is necessary in order to 
mobilize HSCs from the marrow to the vasculature where it can be easily collected [60]. 
Hematopoietic growth factors used to mobilize stem cells also have cytokine immune-
modulating effects [61] and, depending on growth factor and autoimmune disease, may 
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either exacerbate or ameliorate disease severity. For example, in experimental autoimmune 
encephalomyelitis (EAE), an animal model for multiple sclerosis (MS), growth factors such 
as Flt-3 ligand, stem cell factor (SCF), and G-CSF exacerbate disease, while thrombopoietin 
(TPO) mobilizes stem cells without affecting disease severity. G-CSF may also cause an 
exacerbation of MS, sometimes with significant neurological deterioration [60, 62]. In both 
EAE and MS, simultaneous use of daily corticosteroids or infusion of cyclophosphamide 
prior to starting G-CSF prevents disease flares [62]. The same may be for RA where G-CSF 
may cause an increase in joint swelling, tenderness and pain that responds to 
corticosteroids. On the other hand, G-CSF has not been reported to exacerbate scleroderma. 
Based on the above, growth factors selected for mobilizing HSCs from patients with 
autoimmune diseases need to be considered on a disease-specific basis. Hematopoietic 
growth factors that stimulate production of proinflammatory cytokines or alter trafficking of 
neutrophils, lymphocytes or dendritic cells may exacerbate some autoimmune diseases. This 
effect may be prevented by either administration of corticosteroids or mobilization with 
combined cyclophosphamide and G-CSF. Mobilization with chemotherapy alone or in 
combination with G-CSF may cause neutropenic fevers and infection-related mortality if 
prophylactic antibacterial and antifungal antibiotics are not utilized. This can be prevented 
if only G-CSF will be used. Nevertheless, combined cyclophosphamide with G-CSF for 
mobilization will sum in higher stem cell yields, an in vivo purge effect by selectively killing 
lymphocytes in cell cycle, and a disease-ameliorating effect. 

5. Future directions and therapeutic implications 
Future and near-future directions in the area of autoimmune diseases will be influenced by 
the general role and directions in medicine. Thus, more and more immune biology 
modulators and therapies directed against specific molecular pathways will become 
available. This may alter the need for HSCT as the only curative modality or further subject 
it to those who would fail all the biological treatments.  
Individualize or personalized treatment will become the main stream in therapy. This is 
extremely true for autoimmune diseases where variety of sub-classes and genom-based 
mapping will give the opportunity to treat each patient in a different, more specific way. On 
the other hand, it is expected that HSCT would become safer with less treatment-related 
morbidity and mortality, making transplants more accessible to wider range of patient 
populations. Thus, we will see more and more allogeneic transplants done for large-scale 
indications. 
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either exacerbate or ameliorate disease severity. For example, in experimental autoimmune 
encephalomyelitis (EAE), an animal model for multiple sclerosis (MS), growth factors such 
as Flt-3 ligand, stem cell factor (SCF), and G-CSF exacerbate disease, while thrombopoietin 
(TPO) mobilizes stem cells without affecting disease severity. G-CSF may also cause an 
exacerbation of MS, sometimes with significant neurological deterioration [60, 62]. In both 
EAE and MS, simultaneous use of daily corticosteroids or infusion of cyclophosphamide 
prior to starting G-CSF prevents disease flares [62]. The same may be for RA where G-CSF 
may cause an increase in joint swelling, tenderness and pain that responds to 
corticosteroids. On the other hand, G-CSF has not been reported to exacerbate scleroderma. 
Based on the above, growth factors selected for mobilizing HSCs from patients with 
autoimmune diseases need to be considered on a disease-specific basis. Hematopoietic 
growth factors that stimulate production of proinflammatory cytokines or alter trafficking of 
neutrophils, lymphocytes or dendritic cells may exacerbate some autoimmune diseases. This 
effect may be prevented by either administration of corticosteroids or mobilization with 
combined cyclophosphamide and G-CSF. Mobilization with chemotherapy alone or in 
combination with G-CSF may cause neutropenic fevers and infection-related mortality if 
prophylactic antibacterial and antifungal antibiotics are not utilized. This can be prevented 
if only G-CSF will be used. Nevertheless, combined cyclophosphamide with G-CSF for 
mobilization will sum in higher stem cell yields, an in vivo purge effect by selectively killing 
lymphocytes in cell cycle, and a disease-ameliorating effect. 

5. Future directions and therapeutic implications 
Future and near-future directions in the area of autoimmune diseases will be influenced by 
the general role and directions in medicine. Thus, more and more immune biology 
modulators and therapies directed against specific molecular pathways will become 
available. This may alter the need for HSCT as the only curative modality or further subject 
it to those who would fail all the biological treatments.  
Individualize or personalized treatment will become the main stream in therapy. This is 
extremely true for autoimmune diseases where variety of sub-classes and genom-based 
mapping will give the opportunity to treat each patient in a different, more specific way. On 
the other hand, it is expected that HSCT would become safer with less treatment-related 
morbidity and mortality, making transplants more accessible to wider range of patient 
populations. Thus, we will see more and more allogeneic transplants done for large-scale 
indications. 
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1. Introduction 
Hyperthyroidism is the consequence of excessive thyroid hormone action (AACE Thyroid 
Guidelines, 2002). In many cases, it results from excessive activity of the thyroid gland, with 
a  pathologically increased production of thyroid hormones. The causes of hyperthyroidism 
include several conditions, that are listed in Table 1. 
 

• Toxic diffuse goiter (Graves’ disease) 
• Toxic adenoma 
• Toxic multinodular goiter (Plummer’s disease) 
• Painful subacute thyroiditis 
• Silent thyroiditis, including lymphocytic and postpartum variations 
• Iodine-induced hyperthyroidism (for example, related to amiodarone therapy) 
• Excessive pituitary TSH or trophoblastic disease 
• Excessive ingestion of thyroid hormone 

Table 1. Causes of hyperthyroidism (AACE Thyroid Guidelines,2002) 

Graves’ disease is the most common cause of hyperthyroidism. It is an autoimmune 
disorder, caused by the presence of autoantibodies directed against the thyroid-stimulating 
hormone (TSH) receptor (TRAb), chronically stimulating thyroid hormone synthesis and 
secretion, and resulting in an excessive amount of triiodothyronine (T3) and thyroxine (T4) 
and  gland growth. In iodine sufficient areas, this prototypical autoimmune disease is the 
most common cause of thyrotoxicosis in young women as well as in children and 
adolescents, and it is characterized by thyrotoxicosis, goitre and typical manifestations such 
as ophthalmopathy and pretibial myxedema.  
According to the American Association of Clinical Endocrinologists guidelines (AACE, 
2002), the diagnosis of hyperthyroidism relates on TSH values. Thus, with the exception of 
the excess of TSH secretion, hyperthyroidism of any cases results in a lower-than-normal or 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 380 

[58] Burt RK, Craig RM, Milanetti F, et al. Autologous nonmyeloablative hematopoietic stem 
cell transplantation in patients with severe anti-TNF refractory Crohn disease: long-
term follow-up. Blood. 2010;116(26):6123-6132. 

[59] Reinisch W. How to manage loose of response to anti-TNF in Crohn’s disease? Curr 
Drug Targets. 2010;11(2):152-155.  

[60] Burt RK, Fassas A, Snowden JA, et al. Collection of hematopoietic stem cells from 
patients with autoimmune diseases. Bone Marrow Transplant 2001; 28:1-12. 

[61] Willenborg DO, Staykova MA (2003) Cytokines in the pathogenesis and therapy of 
autoimmune encephalomyelitis and multiple sclerosis. In: Santamaria P (ed) 
Cytokines and chemokines in autoimmune disease. Eurekah.com and Kluwer 
Acad/Plenum Publishers, New York, pp 97–116. 

[62] Openshaw H, Stuve O, Antel JP, et al. Multiple sclerosis flares associated with 
recombinant granulocytes colony-stimulating factor. Neurology 2000;54:2147 

20 

Thionamides-Related Vasculitis in  
Autoimmune Thyroid Disorders: Review of 

Current Literature and Case Reports 
Elisabetta L. Romeo1, Giuseppina T. Russo1, Annalisa Giandalia1, 

Provvidenza Villari1, Angela A. Mirto1, Mariapaola Cucinotta2,  
Giuseppa Perdichizzi1 and Domenico Cucinotta1  

1Department of Internal Medicine, University of Messina, Messina, 
2Section of Nuclear Medicine, Department of Radiology, University of Messina, Messina,  

Italy 

1. Introduction 
Hyperthyroidism is the consequence of excessive thyroid hormone action (AACE Thyroid 
Guidelines, 2002). In many cases, it results from excessive activity of the thyroid gland, with 
a  pathologically increased production of thyroid hormones. The causes of hyperthyroidism 
include several conditions, that are listed in Table 1. 
 

• Toxic diffuse goiter (Graves’ disease) 
• Toxic adenoma 
• Toxic multinodular goiter (Plummer’s disease) 
• Painful subacute thyroiditis 
• Silent thyroiditis, including lymphocytic and postpartum variations 
• Iodine-induced hyperthyroidism (for example, related to amiodarone therapy) 
• Excessive pituitary TSH or trophoblastic disease 
• Excessive ingestion of thyroid hormone 

Table 1. Causes of hyperthyroidism (AACE Thyroid Guidelines,2002) 

Graves’ disease is the most common cause of hyperthyroidism. It is an autoimmune 
disorder, caused by the presence of autoantibodies directed against the thyroid-stimulating 
hormone (TSH) receptor (TRAb), chronically stimulating thyroid hormone synthesis and 
secretion, and resulting in an excessive amount of triiodothyronine (T3) and thyroxine (T4) 
and  gland growth. In iodine sufficient areas, this prototypical autoimmune disease is the 
most common cause of thyrotoxicosis in young women as well as in children and 
adolescents, and it is characterized by thyrotoxicosis, goitre and typical manifestations such 
as ophthalmopathy and pretibial myxedema.  
According to the American Association of Clinical Endocrinologists guidelines (AACE, 
2002), the diagnosis of hyperthyroidism relates on TSH values. Thus, with the exception of 
the excess of TSH secretion, hyperthyroidism of any cases results in a lower-than-normal or 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

382 

suppressed TSH level, together with an increase of free T4 and  free T3 in the case of overt 
disease.  
Once hyperthyroidism has been diagnosed, three main therapeutic options are available, 
including radioactive iodine, surgical intervention (thyroidectomy) and anti-thyroid drug. 
In US, radioactive iodine is currently the treatment of choice for adults with Graves’ 
disease, except for pregnant or breast-feeding women, because of its adverse effects on 
fetal gland and its appearance in the breast milk. Overall, radioactive iodine is a safe and 
effective therapy, that can be either administered through an ablative or with a smaller 
doses regimen in order to render the patient euthyroid. In any case, hypothyroidism 
requiring a lifelong thyroid replacement therapy is an inevitable consequence with 
radioiodine therapy.  
Thyroidectomy was frequently used in the past, but its use is now limited to pregnant 
women intolerant to antithyroid drugs, or to patients refusing radioactive iodine as a 
definitive treatment. Possible complications associated with surgical treatment of Graves’ 
disease include laryngeal nerve damage and vocal cord paralysis, hypoparathyroidism and 
hypothyroidism. 
Anti-thyroid drug treatment is still a widely used approach in the treatment of 
hyperthyroidism. Since the 1940s, thionamides have been used as anti-thyroid drugs in the 
management of Grave’s disease (Laurberg et al., 2006). This class of drugs includes 
propylthiouracil (PTU), benzylthiouracil, carbimazole and methimazole (MMI), and all of 
them have been shown to have comparable efficacy in inducing hyperthyroidism remission 
(Cooper, 2005). 
All these compounds act through the inhibition of thyroid peroxidase, the enzyme 
responsible for the synthesis of thyroid hormones, thus leading to a reduced hormone 
secretion (Laurberg et al., 2006). Recently, an alternate mechanism of action has been 
proposed, relating their efficacy in patients with Graves’ disease to a direct 
immunosuppressive effect (Laurberg et al., 2006). 
Despite the similar efficacy, the choice of the anti-thyroid drug is conditioned by other drug 
characteristics and/or by their pharmacokinetics profile. For instance, MMI has a longer 
half-life than PTU, and thanks to its once-a-day administration, it represents the best choice 
when addressing patients compliance. On the other hand, PTU is the drug of choice for 
treating pregnant  and breast-feeding women, because of its limited transfer into the 
placenta and breast milk (Streetman et al., 2003). PTU is often preferred to MMI also for the 
additional property of inhibiting the peripheral conversion of T4 to T3. 
Although widely used, anti-thyroid drugs have been reported to be associated with a wide 
range of adverse effects, such as skin eruptions, liver dysfunction and agranulocytosis;  
fever, arthralgias and arthritis are other common clinical manifestation, usually occurring 
within the first few months of administration. 
The occurrence of these side-effects can be influenced by several factors, such as drug 
starting dose or treatment duration (Nakamura et al., 2003). 
In addition, over the past 2 decades, several cases of thionamides-associated autoimmune 
vasculitis have been reported, with variable clinical presentation and severity.  
Vasculitis are a heterogeneous group of inflammatory disorders of the blood vessels, that 
occur as a part of several autoimmune disorders. In many cases they are largely mediated by 
the deposition of immune complexes that  precipitate and become trapped within vessel 
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walls, stimulating an immune response that ultimately leads to vascular injury. This 
mechanism usually occurs in secondary vasculitis, frequently associated with infections or 
systemic autoimmune diseases, whereas in the primary vasculitis, immune deposits are 
generally absent (Kallenberg & Heeringa, 1998). 
Clinical manifestations of vasculitis largely depend on the type of vessels and the specific 
disctrict involved, resulting in a wide-range of signs and symptoms. 
The Chapel Hill Consensus Conference nomenclature is one of the most widely used to 
distinguish different forms of vasculitis, based on vessel size (large, medium, and small), as 
shown in Table 2 (Jennette & Falk, 2007). 
 

Large Vessel Vasculitis 
• Giant Cell Arteritis 
• Takayasu Arteritis 
Medium-Sized Vessel Vasculitis 
• Polyarteritis Nodosa 
• Kawasaki Disease  
Small Vessel Vasculitis 
• Wegener’s Granulomatosis 
• Churg-Strauss Syndrome 
• Microscopic Polyangiitis 
• Henoch-Schönlein Purpura 
• Cryoglobulinemic Vasculitis 
• Cutaneous leukocytoclastic angiitis 

Table 2. Classification of vasculitis according to the Chapel Hill Consensus Conference 

2. Thionamides-related vasculitis in autoimmune thyroid disorders 
2.1 Autoimmune markers of thionamides-related vasculitis 
Overall, vasculitis have been mainly reported in patients treated with PTU, and most of 
PTU-induced vasculitis are associated with an increase of anti-neutrophil cytoplasmic 
antibody (ANCA) circulating levels.  
ANCA are antibodies directed against myeloid lysosomal enzymes, that can be identified by 
indirect immunofluorescence (IIF) with human neutrophils. These autoantibodies can have 
a cytoplasmic (cANCA) or a perinuclear (pANCA) distribution pattern, that can be detected 
by ELISA (Savige et al., 2000). In particular, cANCA are directed against antiproteinase3 
(PR3-ANCA), and they are specific for Wegener’s granulomatosis (Van der Wonde et al., 
1985), whereas pANCA can be directed against several antigens, the most important being 
myeloperoxidase (MPO-ANCA). pANCA is a serological marker for microscopic 
polyangiitis, but it can also be detected in patients with systemic lupus erythematosus, 
rheumatoid arthritis and drug-induced vasculitis (Jennette & Falk, 1997).  
Any of these patterns can occur in patients with drug-induced ANCA-positive vasculitis 
and atypical ANCA against several antigens, like elastase, azurocin, cathepsine G, 
lactoferrin and lyzozim have been also reported. 
Although the pathogenetic role of these autoantibodies in drug-induced vasculitis has not 
been fully elucidated yet, several hypotheses have been proposed.     
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Thus, it has been reported that PTU can selectively accumulate into neutrophils where it 
can bind to myeloperoxidase, changing or inactivating the heme structure of the enzyme 
(Lee et al., 1988). It has been suggested that, in susceptible individuals, the enzyme altered 
by PTU could then stimulate the production of anti-myeloperoxidase antibodies, inducing 
neutrophils degranulation and vascular damage (D’Cruz et al., 1995). In particular, MPO-
ANCA seems to play an important role in the development of tissue damage in vasculitis 
or glomerulonephritis (Ashizawa et al., 2003; Arimura et al., 1993). It has also been 
suggested that viral infections could trigger the development of the autoimmune chain 
reaction.  
Overall, ANCA autoantibodies are frequently detected in patients with Graves’ disease 
treated with anti-thyroid drugs, regardless of the presence of clinical manifestations of 
vasculitis. 
Anti-thyroid drugs ANCA-associated vasculitis occurs more frequently in women, 
consistently with the fact that Graves’ disease is more common in female gender.  
It has been reported that the prevalence of MPO-ANCA is higher in patients treated with 
PTU than in those treated with MMI (Wada et al., 2002).  
Thus, the prevalence of ANCA positivity has been estimated to average 26% of PTU-treated 
subjects (Gunton et al., 2000), being even higher in treated children (Hirokazu et al., 2000).  
In a study of 117 patients with Graves’ disease, Sera et al. reported that MPO-ANCA was 
negative in all patients treated with MMI as well as in untreated patients, whereas it was 
detected in 37.5% of patients receiving PTU (Sera et al., 2000). Furthermore, the proportion 
of patients positive for MPO-ANCA increased with the prolongation of PTU treatment (Sera 
et al., 2000).  
In a retrospective study of 61 patients with Graves’ disease, Wada et al. reported that 25% of 
patients treated with PTU showed positive MPO-ANCA, unlike 3.4%  of patients receiving 
MMI. Moreover, the sole patient MPO-ANCA positive treated with MMI had been taking 
PTU for six years before starting MMI treatment (Wada et al., 2002). 
The annual incidence of MPO-ANCA-associated vasculitis in patients treated with anti-
thyroid drugs has been estimated to be between 0.53 and 0.79 patients per 10,000, although 
several mild cases may not have been reported (Noh et al., 2009).  
However, not all ANCA positive patients develop the clinical manifestations of vasculitis, 
and several factors such as type of drug, ethnicity, timing and dose, treatment duration may 
concur to the development of overt clinical manifestations. 
Overall, the incidence of ANCA positive vasculitis is higher with PTU, being estimated to be  
39.2 times the incidence reported with MMI (Noh et al., 2009). 
As for ethnicity, the prevalence of ANCA positivity seems to be similar in different ethnical 
groups, although Gunton et al. suggested that ANCA-positive vasculitis may be more 
common in patients of Asian origin, being nearly half of the reported cases of PTU-induced 
ANCA-associated vasculitis from Japan (Gunton et al., 1999). 
The timing and doses of thionamides reported in ANCA-associated vasculitis have also 
been variable. In fact, even if long-term treatment with anti-thyroid drugs seems to have a 
stronger association with the risk of vasculitis, these complications can also occur within few 
months after starting the treatment. Furthermore, ANCA-associated vasculitis have  
been also reported in patients treated with low doses of both MMI and PTU (Noh et al., 
2009). 
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Moreover, it seems that drug dose and duration of anti-thyroid treatment use, together with 
the titers of antibodies could be related with the clinical course of ANCA-associated 
vasculitis. Thus, Morita et al. (Morita et al., 2000) reported that anti-thyroid drug-induced 
ANCA-associated vasculitis was more frequent in patients resistant to drug treatment, who 
were receiving high doses over a prolonged period of time and with high titers of MPO-
ANCA; furthermore, clinical manifestations disappeared according to decreasing values of 
antibodies. This finding suggests that high titer of MPO-ANCA may be necessary to induce 
vasculitis. 
Beside the role of thionamides in inducing the formation of specific autoantibodies, an 
alternate hypothesis has to be taken into account. 
Thus, given the common autoimmune background, a possible association of ANCA-
positivity with the autoimmune disease itself has been suggested.  
This hypothesis has been tested in a prospective study, where a group of patients with 
newly diagnosed Graves’ disease were followed up before and during therapy with PTU, 
and compared to a cross-sectional group of previously diagnosed Graves’ patients who had 
already been treated with PTU, of patients with Hashimoto thyroiditis and those with toxic 
nodular goiter, as well as to healthy controls. As a result, all untreated newly diagnosed 
Graves’ patients were ANCA negative, but 32.1% became ANCA positive after initiating 
PTU administration. On the other hand, patients with Hashimoto disease, untreated toxic 
nodular goiter and euthyroid subjects did not show ANCA positivity. This study suggested 
that it is PTU treatment, and not hyperthyroidism or autoimmunity, which induces ANCA 
production (Ozduman Cin et al., 2009). In agreement with this, ANCA prevalence is 
increased in Graves’ disease, but not in patients with other autoimmune thyroid disease, 
such as Hashimoto thyroiditis (Harper et al., 2004). Furthermore, it has also been 
demonstrated that PTU administration is associated with ANCA positivity at a similar rate 
in both patient with Graves’ disease and those with toxic multinodular goiter, suggesting 
that PTU but not Graves’ disease itself is the most important factor for ANCA development 
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Thus, it has been reported that PTU can selectively accumulate into neutrophils where it 
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toxic multi-nodular goiter, presenting with haemoptysis and acute renal failure (Gunton et 
al., 1999). 
Overall, drug-induced vasculitis presenting symptoms may include renal involvement 
(67%), arthralgia (48%), fever (37%), skin manifestations (30%), respiratory tract involvement 
(27%), myalgia (22%), scleritis (15%) as well as other manifestations (18%) (Gunton et al., 
1999). 
As for skin manifestations, leukocytoclastic vasculitis, principally affecting the lower limbs, 
is the most common cutaneous manifestation (Gunton et al., 1999; Day et al., 2003).  
In addition, several cases of pulmonary involvement have been reported, including 
pulmonary infiltrates associated with respiratory failure, eosinophilic pleuritis, interstitial 
pneumonitis or respiratory distress syndrome and pulmonary harmorrhage (Stankus & 
Johnson, 1992; Chevrolet et al., 1991).  
Renal involvement in drug-induced vasculitis is also common. In 1995, D’Cruz et al. 
published the first report of renal biopsy-proven vasculitis in two patients treated with anti-
thyroid drugs. Both patients developed a crescentic glomerulonephritis and responded to 
immunosuppressive therapy and dismission of anti-thyroid drugs (D’Cruz et al., 1995).  
Recently, Chen YX et al. published a retrospective study of 19 patients with ANCA-positive 
vasculitis associated with PTU treatment. In this study, renal injury was the most common 
manifestation, occurring in 94.74% of cases. At renal biopsy, focal proliferative 
glomerulonephritis and necrotizing glomerulonephritis with crescent formation, minor 
glomerular abnormalities, IgA nephropathy, membranous nephropathy, focal proliferative 
glomerulonephritis, granulomatous interstitial nephritis and focal segmental glomerular 
sclerosis were all described (Chen YX et al., 2007).  
Rare fatalities have been also reported in patients with anti-thyroid drugs-associated 
vasculitis. Batchelor et al. described the case of a 60-year-old man with a history of Graves' 
disease, treated with PTU, and presenting with rash, pancytopenia, and lymphadenopathy 
and subsequently developing acute renal failure and diffuse alveolar hemorrhage, who died 
despite the discontinuation of PTU and an aggressive therapy including 
immunosuppressive drugs and plasmapheresis (Batchelor & Holley, 2006). 
Thus, even if in the majority of cases vasculitis usually resolve after the discontinuation of 
anti-thyroid drugs, patients can present with more severe or life-threatening manifestations. 
In a study evaluating cutaneous and systemic manifestations following thionamides 
administration, death occurred in 10% of all published cases, with a predominance in 
patients with involvement of multiple organ systems (ten Holder et al., 2002). 
Until 2005, the main case reports of thionamides induced-vasculitis described above all 
renal, musculoskeletal and cutaneous manifestations. In that period, the first case of 
thionamides-induced central nervous system (CNS) vasculitis has been also reported (Vanek 
et al., 2005): a PTU-treated patients presenting with generalized muscle spasms, amnesia 
and confusion,  who showed a complete resolution of CNS symptoms after cessation of drug 
administration.   
Since most of thionamides-related vasculitis have been associated with PTU, MMI treatment 
has been advocated as safer for the treatment of Graves’ disease; however, several cases of 
vasculitis following MMI administration have been reported. 
In 1995, Kawaki et al. reported the first case of ANCA-associated vasculitis caused by MMI: 
a 24-year-old woman with Graves' disease treated with MMI for 4 years, who developed 
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recalcitrant ulcers on the lower legs and ANCA positivity, improved after MMI was 
withdrawn (Kawaki et al., 1995). 
Besides skin manifestations, also renal involvement, such as crescentic glomerulonephritis 
(D’Cruz et al., 1995), and pulmonary involvement, with hemoptysis and hypoxic respiratory 
failure (Tsai et al., 2001) have been reported in MMI-treated patients. 
Furthermore, we recently reported the first case of MMI induced CNS vasculitis in a young 
woman with Graves’ disease, completely recovered after the discontinuation of treatment 
(Tripodi et al., 2008). CNS vasculitis was suspected on the basis of the clinical features and 
neurological examination, and confirmed by brain magnetic resonance imaging (RMN) and 
single-photon emission computed tomography (SPECT). In our patient, ANCA test was 
negative, supporting the concept that ANCA are not critical for the development of drug-
induced vasculitis. 
Thus, although less common than with PTU, vasculitis associated with other thionamides-
drugs  therapy have been also described.  
Although more infrequently, carbimazole-associated vasculitis have been reported. 
Carbimazole has been associated with leukocytoclastic vasculitis and acute renal failure 
secondary to interstitial nephritis, without any evidence of ANCA positivity (Day et al., 
2003), and to ANCA-positive vasculitis with crescentic glomerulonephritis (D’Cruz et al., 
1995). Respiratory involvement in carbimazole-treated patients appears to be less common, 
although a case of MPO-ANCA vasculitis with massive pulmonary hemorrhage and 
necrotizing glomerulonephritis has been described (Calanas-Continente et al., 2005). Also a 
case of polyneuropathy, with evidence of microvasculitis in nerve biopsy, was reported as 
associated to this drug administration (Leger et al., 1984). 
In a large cross-sectional study of 407 patients with Graves’ disease, Harper et al. reported 
that both PTU and carbimazole therapy were associated with an increases rate of ANCA-
positivity, although the risk in carbimazole-treated patients was smaller than in PTU-treated 
ones (15.9% and 33.3% respectively vs 4,6% of controls) (Harper et al., 2004). Its 
administration has also been related to the development of rare side effects, such as those 
described by Sève et al., who reported the first case of eosinophilic granulomatous vasculitis 
localized to the stomach in a patient with Graves’ disease treated for five months with 
carbimazole, with complete resolution of clinical manifestations after drug dismission (Sève 
et al., 2005). 
Since there are no evidence that carbimazole can accumulate in neutrophils or to act as a 
hapten as PTU, the underlying mechanism associated to the development of vasculitis 
related with other thionamides-drugs has not been yet elucidated. 

2.3 Anti-thyroid-induced ANCA-associated vasculitis and idiophatic ANCA vasculitis: 
Comparison of clinical manifestations and outcomes 
Clinical and serological characteristics of drug-induced and idiophatic systemic vasculitis 
are similar; however, the appropriate diagnosis is of great importance since they may have a 
different treatment and prognosis. 
Thus, the removal of anti-thyroid drugs is usually associated with the resolution of the 
clinical symptoms of vasculitis, whereas patients with idiophatic vasculitis always need to 
be treated more aggressively with immunosuppressive and anti-inflammatory drugs, or 
plasmapheresis.  
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failure (Tsai et al., 2001) have been reported in MMI-treated patients. 
Furthermore, we recently reported the first case of MMI induced CNS vasculitis in a young 
woman with Graves’ disease, completely recovered after the discontinuation of treatment 
(Tripodi et al., 2008). CNS vasculitis was suspected on the basis of the clinical features and 
neurological examination, and confirmed by brain magnetic resonance imaging (RMN) and 
single-photon emission computed tomography (SPECT). In our patient, ANCA test was 
negative, supporting the concept that ANCA are not critical for the development of drug-
induced vasculitis. 
Thus, although less common than with PTU, vasculitis associated with other thionamides-
drugs  therapy have been also described.  
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secondary to interstitial nephritis, without any evidence of ANCA positivity (Day et al., 
2003), and to ANCA-positive vasculitis with crescentic glomerulonephritis (D’Cruz et al., 
1995). Respiratory involvement in carbimazole-treated patients appears to be less common, 
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case of polyneuropathy, with evidence of microvasculitis in nerve biopsy, was reported as 
associated to this drug administration (Leger et al., 1984). 
In a large cross-sectional study of 407 patients with Graves’ disease, Harper et al. reported 
that both PTU and carbimazole therapy were associated with an increases rate of ANCA-
positivity, although the risk in carbimazole-treated patients was smaller than in PTU-treated 
ones (15.9% and 33.3% respectively vs 4,6% of controls) (Harper et al., 2004). Its 
administration has also been related to the development of rare side effects, such as those 
described by Sève et al., who reported the first case of eosinophilic granulomatous vasculitis 
localized to the stomach in a patient with Graves’ disease treated for five months with 
carbimazole, with complete resolution of clinical manifestations after drug dismission (Sève 
et al., 2005). 
Since there are no evidence that carbimazole can accumulate in neutrophils or to act as a 
hapten as PTU, the underlying mechanism associated to the development of vasculitis 
related with other thionamides-drugs has not been yet elucidated. 
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Comparison of clinical manifestations and outcomes 
Clinical and serological characteristics of drug-induced and idiophatic systemic vasculitis 
are similar; however, the appropriate diagnosis is of great importance since they may have a 
different treatment and prognosis. 
Thus, the removal of anti-thyroid drugs is usually associated with the resolution of the 
clinical symptoms of vasculitis, whereas patients with idiophatic vasculitis always need to 
be treated more aggressively with immunosuppressive and anti-inflammatory drugs, or 
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Clinical and serological data from idiophatic and anti-thyroid drug-induced ANCA positive 
vasculitis were compared in a 11-year retrospective study. In this cohort (Bonaci-Nikolic et 
al., 2005), both groups of patients showed a similar high frequency of arthralgia and 
myalgia, whereas skin involvement, especially represented by urticaria and  
urticaria-like vasculitis, was more common in patients treated with anti-thyroid drugs, with 
histological evidence of leucocytoclastic vasculitis. Furthermore, patients with  
idiophatic systemic vasculitis showed more frequently fever, weight loss, renal and 
respiratory manifestations, pulmonary-renal syndrome, ear/nose and nervous system 
manifestations.  
As for serological profile, patients with drug-induced vasculitis, showed positivity for 
ANAs and antihistone antibodies, and had high levels of IgM anticardiolipin antibodies 
cryoglobulinemia and low C4 values (Wiik et al., 2005; Bonaci-Nikolic et al., 2005).  
Hence, drug-induced vasculitis seem to have a milder course and a better long-term 
prognosis, since the withdrawal of anti-thyroid drugs usually leads to the resolution of 
clinical manifestations in the vast majority of cases. 
Thus, the prognosis of anti-thyroid-induced ANCA-associated vasculitis is usually good as 
long as the drug is discontinued. However, early recognition of clinical symptoms is very 
important because of the potential risk of life-threatening injury, such as pulmonary-renal 
syndrome, with pulmonary hemorrhage and renal failure. In these patients, additional 
treatment with steroids and/or immunosuppressive agents should be recommended.   
In a retrospective study of fifteen patients with PTU-induced ANCA-associated vasculitis, 
Gao et al. investigated treatment protocols and outcomes of patients, suggesting that 
immunosuppressive therapy should be administrated only in those patients with vital organ 
involvement, such as lung and kidney vasculitis, in order to prevent progression to 
irreversible disease.  
Interestingly, unlike what is normally found in patients with primary ANCA-associated 
vasculitis (Hogan et al., 2005), none of the patients with drug-induced vasculitis experienced 
relapse after the discontinuation of immunosuppressive therapy at follow-up (Gao et 
al.,2008). 
Moreover, immunosuppressive therapy may be administered only for a shorter period of 
time, usually 6-12 months, than in primary ANCA-associated vasculitis, without any further 
maintenance therapy (Gao et al., 2008). 

3. Conclusion 
Anti-thyroid drugs are a common and widespread treatment for Graves’ disease and the 
other forms of hyperthyroidism. It is a safe and efficacy treatment, and it is the treatment of 
choice in patients refusing radioactive iodine as definitive treatment or during pregnancy 
and breast-feeding.  
However, this treatment has been associated with several side effects and among them, 
vasculitis, with a wide-range of severity and clinical presentations. 
Vasculitis are more commonly reported in PTU-treated patients, with a long duration of 
treatment, and with positivity for ANCA autoantibodies. 
Thionamides-related vasculitis usually recover after discontinuation of therapy, although 
rare cases of fatalities have been also reported. 
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histological evidence of leucocytoclastic vasculitis. Furthermore, patients with  
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clinical manifestations in the vast majority of cases. 
Thus, the prognosis of anti-thyroid-induced ANCA-associated vasculitis is usually good as 
long as the drug is discontinued. However, early recognition of clinical symptoms is very 
important because of the potential risk of life-threatening injury, such as pulmonary-renal 
syndrome, with pulmonary hemorrhage and renal failure. In these patients, additional 
treatment with steroids and/or immunosuppressive agents should be recommended.   
In a retrospective study of fifteen patients with PTU-induced ANCA-associated vasculitis, 
Gao et al. investigated treatment protocols and outcomes of patients, suggesting that 
immunosuppressive therapy should be administrated only in those patients with vital organ 
involvement, such as lung and kidney vasculitis, in order to prevent progression to 
irreversible disease.  
Interestingly, unlike what is normally found in patients with primary ANCA-associated 
vasculitis (Hogan et al., 2005), none of the patients with drug-induced vasculitis experienced 
relapse after the discontinuation of immunosuppressive therapy at follow-up (Gao et 
al.,2008). 
Moreover, immunosuppressive therapy may be administered only for a shorter period of 
time, usually 6-12 months, than in primary ANCA-associated vasculitis, without any further 
maintenance therapy (Gao et al., 2008). 

3. Conclusion 
Anti-thyroid drugs are a common and widespread treatment for Graves’ disease and the 
other forms of hyperthyroidism. It is a safe and efficacy treatment, and it is the treatment of 
choice in patients refusing radioactive iodine as definitive treatment or during pregnancy 
and breast-feeding.  
However, this treatment has been associated with several side effects and among them, 
vasculitis, with a wide-range of severity and clinical presentations. 
Vasculitis are more commonly reported in PTU-treated patients, with a long duration of 
treatment, and with positivity for ANCA autoantibodies. 
Thionamides-related vasculitis usually recover after discontinuation of therapy, although 
rare cases of fatalities have been also reported. 
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Autoimmune Disease and Cancer 

David I. Stott and Donna McIntyre 
Institute of Infection, Immunity & Inflammation, University of Glasgow, Glasgow,  

Scotland, U.K. 

1. Introduction 
1.1 The B-cell response in autoimmune disease1 
The pathological effects of autoimmune diseases on the target tissues can be mediated by 
autoantibodies, cell-mediated immune responses, or both. It is increasingly evident that some 
autoimmune diseases previously thought to be essentially T-cell-mediated also have a B-cell 
component, which may involve direct effects of autoantibody secreted by plasma cells, pro- or 
anti-inflammatory cytokines secreted by activated effector or regulatory B-cells, or through the 
highly efficient antigen presentation function of B-cells enabling them to activate CD4+ T-cells 
and vice versa. The number of autoimmune diseases known to be mediated partly or largely 
through autoantibodies has increased markedly in recent times. Systemic lupus erythematosus 
(SLE)1, in which the pathology is mediated via Type II & III hypersensitivity reactions 
involving anti-DNA autoantibodies, has long been known to fall into this category. Many 
other autoantibodies are produced by these patients, principally against nuclear antigens, but 
most are not thought to be involved in pathology. Hashimoto’s thyroiditis and Graves’ disease 
patients produce pathogenic autoantibodies against thyroid antigens, the latter being a rare 
example of an activating autoantibody inducing signalling via the thyroid stimulating 
hormone receptor. Myasthenia gravis patients produce autoantibodies against the 
acetylcholine receptor (AChR), present on the motor muscle endplates, thereby inhibiting 
muscle contraction. Anti-SS-A and anti-SS-B (anti-Ro & anti-La) autoantibodies are implicated 
in congenital heart block in children born to mothers with Sjögren’s Syndrome due to 
transplacental uptake of IgG autoantibodies; autoantibodies against α-fodrin are also believed 
to be pathogenic in these patients. Rheumatoid arthritis (RA), one member of the group of 
systemic rheumatic autoimmune diseases that also includes SLE, psoriatic arthritis and the 
various forms of myositis, has now gone full cycle in views on its pathological mechanisms. 

                                                 
1 Abbreviations: AChR, Acetylcholine Receptor; AID, Activation Induced Cytidine Deaminase;  AMC, 
Arthrogryposis Multiplex Congenita; ARS, Anti-amino acyl-tRNA Synthetase; Bmem, Memory B-cell; 
CDR, Complementarity Determining Region; DM, Dermatomyositis; EOMG, Early Onset Myasthenia 
Gravis; FDC, Follicular Dendritic Cell; G.C., Germinal Centre; IBM, Inclusion Body Myositis; IM, 
Inflammatory Myopathies; LOMG, Late Onset Myasthenia Gravis; MAA, Myositis-Associated 
Autoantibodies; MAb, Monoclonal Antibody; MIR, Main Immunogenic Region; MSA, Myositis Specific 
Autoantibodies; PM, Polymyositis; RA, Rheumatoid Arthritis; SLE, Systemic Lupus Erythematosus; 
TAA, Tumour-Associated Antigen; TIL, Tumour-Infiltrating Lymphocytes; Tfh, Follicular T helper cell; 
UNG, Uracil Nucleotidyl Glycosylase. 
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Initially thought to be caused by the anti-IgG Fc antibody (rheumatoid factor), although 
approximately 25% of RA patients are rheumatoid factor negative, the evidence then swung in 
favour of a cell mediated autoimmune response involving effector T-cells and cytokines, 
principally TNFα. Although these are clearly involved in joint pathology, autoantibodies 
against cyclic citrullinated proteins are a much better diagnostic marker for RA than 
rheumatoid factor and there is some limited evidence that they may be pathogenic. It is also 
now recognised that B-cells play an important role in the pathogenic autoimmune response, as 
clearly demonstrated by the marked clinical improvement in patients treated with 
Rituximab®, an anti-CD20 chimaeric (human/mouse) monoclonal antibody that suppresses B-
cell responses. Other autoimmune diseases with B-cell involvement include autoimmune 
haemolytic anaemia, idiopathic thrombocytopaenia, Type I diabetes, and some subtypes of 
myositis, although the situation is often confused by the presence of non-pathogenic 
autoantibodies. 

1.2 The germinal centre response to foreign antigens 
Germinal centres (g.c.) are the main sites of generation of high affinity, antibody-secreting 
plasma cells and Ig class-switched memory B-cells during T-cell-dependent immune 
responses, extensively reviewed by others (Allen, Okada, & Cyster, 2007; Brink, 2007; 
Hauser, Shlomchik, & Haberman, 2007; Klein & Dalla-Favera, 2008; Leavy, 2010; Minton, 
2011). Here we shall summarise briefly the principal features of the g.c. response. The 
response is initiated by B-cells binding to their cognate antigen on the surface of antigen 
presenting cells, such as dendritic cells, in a secondary lymphoid organ (lymph node, 
spleen, Peyer’s patches or human tonsil). The antigen becomes internalised, degraded into 
peptides which are expressed on the cell surface bound to MHC Class II and presented to a 
helper T (Th) cell that provides costimulatory activation signals, including binding of the B-
cell surface molecule CD40 to its ligand, CD154, on the T-cell membrane.  
This interaction takes place at or near the interface between the B-cell follicle and the T-cell 
area and some activated B-cells proliferate outside the follicle and differentiate into short-lived 
plasma cells secreting IgM antibodies. Others migrate into the B-cell follicle where they 
proliferate and differentiate into centroblasts expressing low levels of surface Ig. This region 
develops into a germinal centre with a dark zone of densely packed, proliferating centroblasts, 
and a light zone of more loosely packed B-cells (centrocytes) interspersed with the processes of 
follicular dendritic cells (FDC, Figure 1A). These have distinct stromal origins, unlike the bone 
marrow derived, extra-follicular dendritic cells; almost uniquely, their C’ and Fc receptors trap 
immune complexes and retain antigens in their native state for months.  
The pre-existing IgM+,IgD+ follicle B-cells are pushed out to form a mantle zone around the 
developing germinal centre, the whole structure being termed a secondary follicle. 
Proliferation of the dark zone centroblasts is extremely rapid, with cell cycle times estimated 
at between 6 and 12 hours. These proliferating clones of B-cells switch on the molecular 
machinery required for somatic hypermutation of their rearranged, expressed, Ig V-genes, 
including expression of activation-induced cytidine deaminase (AID). This induces 
mutations specifically targeted to the Ig V-genes at a frequency of 1 per 1000 base pairs per 
cell division, although much lower levels of mutation can also occur in some other, non-Ig 
genes such as Bcl-2 & Bcl-6. AID deaminates cytidine to uracil at C/G base pairs, 
introducing mismatches in the DNA that can be replaced by T/A base pairs. Uracil 
nucleotidyl glycosylase (UNG) can remove the uracil leading to insertion of any of the four 
bases at the abasic site; mismatch repair enzymes also recognise the mismatch and induce 
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single strand breaks which are repaired by error prone DNA polymerases (Di Noia & 
Neuberger, 2007). The mutations are targeted mainly to the complementarity determining 
regions (CDRs) which are intimately involved in binding to the epitope and therefore 
determine specificity and affinity of the antibody. Combined with the rapid proliferation, 
this results in clones of B-cells expressing receptors with a variety of affinities for the 
antigen, some high, some low; some will have lost the ability to bind to the antigen 
altogether and rare B-cells may cross-react with a self-antigen.  
Several clones of proliferating, mutating B-cells are usually present within each germinal 
centre. These cells differentiate into centrocytes expressing mutated antigen receptors and 
migrate into the light zone. The centrocytes move through the light zone, acquire antigen for 
a second time from immune complexes on the follicular dendritic cells, which they 
internalise, process and present to follicular helper T-cells (Tfh-cells) (Patakas et al., 2011), 
thereby receiving survival signals, probably via costimulatory molecule interactions 
including CD40/CD154 and CD80/CD28 binding. These signals, together with Tfh-cell 
cytokines (IL-4 and IFNγ) and AID deamination of cytidines, promote induction of class 
switch recombination (Patakas et al., 2011). Some of these centrocytes differentiate directly 
into plasmablasts and antibody-secreting plasma cells; others differentiate into Ig class 
switched memory B-cells, both of which migrate out of the follicle. Competition for limiting 
availability of antigen results in selection of B-cells expressing high affinity antigen 
receptors; recent evidence has shown that a broad range of mutations is involved in 
selection, not only for high affinity receptors but also for stability and expression of the B-
cell receptor (Weiser et al., 2011). Cells expressing antigen receptors with low affinity are 
unable to compete for survival signals and the default response is that they die by apoptosis 
and are engulfed by macrophages, in which their degenerating nuclei are visible as tingible 
bodies. Most of this information is derived from studies in mice, in which the germinal 
centres reach maximum size about two weeks after immunisation and then gradually 
decline in the absence of further immunisation, disappearing after several weeks. Although 
the cell composition and structure of secondary follicles appear similar in Man, the kinetics 
and some of the detailed cellular interactions may differ. 
Detailed studies of the kinetics and cellular interactions within germinal centres using 
multiphoton microscopy of living tissue in combination with B & T-lymphocytes expressing 
defined antigen receptors from transgenic animals have revealed much more dynamic activity 
than was previously suspected. It is now recognised that there is less distinction between the 
dark and light zones than suggested by static immunohistological examination, and there is 
continual recycling of B-cells both between and within the two zones, although there is net 
migration from the dark zone to the light zone (Beltman et al., 2011)(Figure 1B). Centrocytes 
move rapidly through the network of follicular dendritic cell processes, apparently sampling 
the immune complexes attached to their membranes and some of these cells return to the dark 
zone for further rounds of proliferation and somatic hypermutation. Migration of B-cells 
between the zones is controlled by chemokines, possibly secreted by stromal cells within the 
germinal centre. Tfh-cells are present mainly in the light zone and recent data suggest that 
affinity selection of B-cells may involve competition for signals from cognate Tfh-cells via 
peptide/MHC Class II binding as well as, or instead of, competition for antigen on the surface 
of follicular dendritic cells (Victora et al., 2010). Anti-self B-cells that have escaped negative 
selection in the bone marrow, or have arisen in the germinal centre due to somatic 
hypermutation, are either eliminated at this stage, suppressed by regulatory T-cells, or alter 
their antigen specificity by receptor revision, a process similar to V-gene rearrangement in 
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including expression of activation-induced cytidine deaminase (AID). This induces 
mutations specifically targeted to the Ig V-genes at a frequency of 1 per 1000 base pairs per 
cell division, although much lower levels of mutation can also occur in some other, non-Ig 
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single strand breaks which are repaired by error prone DNA polymerases (Di Noia & 
Neuberger, 2007). The mutations are targeted mainly to the complementarity determining 
regions (CDRs) which are intimately involved in binding to the epitope and therefore 
determine specificity and affinity of the antibody. Combined with the rapid proliferation, 
this results in clones of B-cells expressing receptors with a variety of affinities for the 
antigen, some high, some low; some will have lost the ability to bind to the antigen 
altogether and rare B-cells may cross-react with a self-antigen.  
Several clones of proliferating, mutating B-cells are usually present within each germinal 
centre. These cells differentiate into centrocytes expressing mutated antigen receptors and 
migrate into the light zone. The centrocytes move through the light zone, acquire antigen for 
a second time from immune complexes on the follicular dendritic cells, which they 
internalise, process and present to follicular helper T-cells (Tfh-cells) (Patakas et al., 2011), 
thereby receiving survival signals, probably via costimulatory molecule interactions 
including CD40/CD154 and CD80/CD28 binding. These signals, together with Tfh-cell 
cytokines (IL-4 and IFNγ) and AID deamination of cytidines, promote induction of class 
switch recombination (Patakas et al., 2011). Some of these centrocytes differentiate directly 
into plasmablasts and antibody-secreting plasma cells; others differentiate into Ig class 
switched memory B-cells, both of which migrate out of the follicle. Competition for limiting 
availability of antigen results in selection of B-cells expressing high affinity antigen 
receptors; recent evidence has shown that a broad range of mutations is involved in 
selection, not only for high affinity receptors but also for stability and expression of the B-
cell receptor (Weiser et al., 2011). Cells expressing antigen receptors with low affinity are 
unable to compete for survival signals and the default response is that they die by apoptosis 
and are engulfed by macrophages, in which their degenerating nuclei are visible as tingible 
bodies. Most of this information is derived from studies in mice, in which the germinal 
centres reach maximum size about two weeks after immunisation and then gradually 
decline in the absence of further immunisation, disappearing after several weeks. Although 
the cell composition and structure of secondary follicles appear similar in Man, the kinetics 
and some of the detailed cellular interactions may differ. 
Detailed studies of the kinetics and cellular interactions within germinal centres using 
multiphoton microscopy of living tissue in combination with B & T-lymphocytes expressing 
defined antigen receptors from transgenic animals have revealed much more dynamic activity 
than was previously suspected. It is now recognised that there is less distinction between the 
dark and light zones than suggested by static immunohistological examination, and there is 
continual recycling of B-cells both between and within the two zones, although there is net 
migration from the dark zone to the light zone (Beltman et al., 2011)(Figure 1B). Centrocytes 
move rapidly through the network of follicular dendritic cell processes, apparently sampling 
the immune complexes attached to their membranes and some of these cells return to the dark 
zone for further rounds of proliferation and somatic hypermutation. Migration of B-cells 
between the zones is controlled by chemokines, possibly secreted by stromal cells within the 
germinal centre. Tfh-cells are present mainly in the light zone and recent data suggest that 
affinity selection of B-cells may involve competition for signals from cognate Tfh-cells via 
peptide/MHC Class II binding as well as, or instead of, competition for antigen on the surface 
of follicular dendritic cells (Victora et al., 2010). Anti-self B-cells that have escaped negative 
selection in the bone marrow, or have arisen in the germinal centre due to somatic 
hypermutation, are either eliminated at this stage, suppressed by regulatory T-cells, or alter 
their antigen specificity by receptor revision, a process similar to V-gene rearrangement in 
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developing B-cells. This involves re-expression of RAG1 and RAG2 and rearrangement of an 
upstream light chain V-gene to an unused J exon (Nemazee, 2006). Despite the absence of D 
exons in the rearranged heavy chain locus, we have shown that an upstream heavy chain V-
gene can also replace all or part of a rearranged VH-gene, thereby altering the specificity of the 
receptor away from self antigen (Darlow & Stott, 2005). The architecture, cellular components 
and processes occurring in a typical germinal centre are summarised in Figure 1. 
 

 
Fig. 1. Diagrammatic representation of a germinal centre in a lymph node. 

A: Showing a dark zone containing proliferating clones of mutating centroblasts and a light zone 
containing centrocytes in contact with follicular dendritic cells and follicular helper T-cells (Tfh cells). 
Long-lived memory B-cells, plasmablasts and plasma cells secreting antibody molecules migrate out of the 
g.c. and leave the lymph node via the efferent lymphatic vessel. Apoptotic B-cells, macrophages containing 
tingible bodies and the mantle zone are not shown.  

B: The same germinal centre showing recirculation of B-cells within and between the dark and light zones. 

1.3 The ectopic germinal centre response in autoimmune disease  
It has been known for many years that the target tissues of autoimmune diseases contain 
infiltrating lymphocytes and other immune cells, including T-cells, B-cells, plasma cells, 
macrophages, dendritic and follicular dendritic cells. In many cases the infiltrating cells 
organise themselves into structures resembling germinal centres. Some of these have a mantle 
zone, suggesting that they were formed from a primary follicle whereas, even when absent, it 
is often possible to distinguish a dark zone, containing few or no CD4+ T-cells or follicular 
dendritic cells, and a light zone containing both. Autoantigens have been identified on the 
finger-like processes of follicular dendritic cells (Shiono et al., 2003) and, in some cases, 
autoantibodies have been identified in g.c. B-cells. Separate T-cell areas containing dendritic 
cells and, sometimes, high endothelial venules, can also be seen. The stage of lymphoid 
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neogenesis appears to be directly related to the extent of infiltration of lymphoid and other 
immune cells (Aloisi & Pujol-Borrell, 2006). Examples of autoimmune diseases in which 
germinal centre-like structures have been identified in the target, or disease-related tissues are 
shown in Table 1. It is now apparent that ectopic germinal centres, also known as tertiary 
lymphoid organs, can also develop in other chronic inflammatory diseases, such as the gut in 
Crohn’s disease and ulcerative colitis patients, in chronic infections (Aloisi & Pujol-Borrell, 
2006) and some types of cancer (Table 1). The questions these observations raise are: 1. How do 
they develop?; 2. How closely do they resemble germinal centres in secondary lymphoid 
organs?; 3. Are the B-cells within them undergoing a germinal centre response, as described in 
section 1.2 above?; 4. Are they generating plasma cells secreting pathogenic autoantibodies?; 5. 
What role do they play in the pathogenesis of autoimmune disease? 
 
Autoimmune Diseases Organ containing 

Germinal Centres 
Antigen(s) Recognised 
by GC B-cells 

Reference 

Hashimoto’s thyroiditis Thyroid Thyroglobulin, 
Thyroperoxidase 

(Knecht, Saremaslani, & 
Hedinger, 1981) 
(Armengol et al., 2001) 

Graves’ disease Thyroid Thyroglobulin, 
Thyroperoxidase 

(Armengol et al., 2001) 

Myasthenia gravis Thymus Acetylcholine receptor (Yoshitake et al., 1994) 
(SHIONO et al., 2003) 

Sjögren’s syndrome Salivary glands SS-A (Ro), SS-B (La) (Stott et al., 1998) 
Rheumatoid arthritis Synovial membranes 

of joints 
IgG Fc, Cyclic citrullinated 
protein/peptide 

(Manzo & Pitzalis, 2007)  
(Humby et al., 2009) 

Psoriatic arthritis Synovial membranes 
of joints 

? (Canete et al., 2007) 
(Gerhard et al., 2002)  

Cryptogenic fibrosing 
alveolitis 

Lungs ? (Wallace et al., 1996) 

Uveoretinits Choroid of the eye ? (Liversidge et al., 1993) 
Autoimmune hepatitis Liver ? (Mosnier et al., 1993) 
Multiple sclerosis Meninges (?) ? (Prineas, 1979) (Serafini et al., 2004) 
    
Chronic Inflammatory 
Diseases 

   

Crohn’s disease Gastrointestinal tract ? (Kaiserling, 2001) 
Ulcerative colitis Descending colon ? (Kaiserling, 2001) 
    
Infectious Diseases    
Chronic hepatitis C infection Liver ? (Mosnier et al., 1993) 
Helicobacter pylori or 
Campylobacter gastritis 

Stomach Bacterial antigens (Genta, Hamner, & Graham, 1993) 
(Stolte & Eidt, 1989) 

Chronic Lyme disease Synovial membranes of 
joints 

? (Ghosh et al., 2005) 

Oncocerciasis Skin ? (Brattig et al., 2010) 
    
Cancers    
Lymphoma of MALT 
associated with Sjögren’s 
Syndrome 

Lymphoma ? (Bombardieri et al., 2007a) 

Ductal breast carcinoma Breast tumour Epidermal growth factor 
receptor family 

(Coronella et al., 2002) 
(Nzula, Going, & Stott, 2003a) 
(Simsa et al., 2005) and section 5. 

Medullary breast carcinoma Breast tumour Ganglioside (Coronella et al., 2001) 
(Kotlan et al., 2005) 

Table 1. Diseases in which ectopic germinal centres have been observed. 
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developing B-cells. This involves re-expression of RAG1 and RAG2 and rearrangement of an 
upstream light chain V-gene to an unused J exon (Nemazee, 2006). Despite the absence of D 
exons in the rearranged heavy chain locus, we have shown that an upstream heavy chain V-
gene can also replace all or part of a rearranged VH-gene, thereby altering the specificity of the 
receptor away from self antigen (Darlow & Stott, 2005). The architecture, cellular components 
and processes occurring in a typical germinal centre are summarised in Figure 1. 
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A: Showing a dark zone containing proliferating clones of mutating centroblasts and a light zone 
containing centrocytes in contact with follicular dendritic cells and follicular helper T-cells (Tfh cells). 
Long-lived memory B-cells, plasmablasts and plasma cells secreting antibody molecules migrate out of the 
g.c. and leave the lymph node via the efferent lymphatic vessel. Apoptotic B-cells, macrophages containing 
tingible bodies and the mantle zone are not shown.  
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1.3 The ectopic germinal centre response in autoimmune disease  
It has been known for many years that the target tissues of autoimmune diseases contain 
infiltrating lymphocytes and other immune cells, including T-cells, B-cells, plasma cells, 
macrophages, dendritic and follicular dendritic cells. In many cases the infiltrating cells 
organise themselves into structures resembling germinal centres. Some of these have a mantle 
zone, suggesting that they were formed from a primary follicle whereas, even when absent, it 
is often possible to distinguish a dark zone, containing few or no CD4+ T-cells or follicular 
dendritic cells, and a light zone containing both. Autoantigens have been identified on the 
finger-like processes of follicular dendritic cells (Shiono et al., 2003) and, in some cases, 
autoantibodies have been identified in g.c. B-cells. Separate T-cell areas containing dendritic 
cells and, sometimes, high endothelial venules, can also be seen. The stage of lymphoid 
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neogenesis appears to be directly related to the extent of infiltration of lymphoid and other 
immune cells (Aloisi & Pujol-Borrell, 2006). Examples of autoimmune diseases in which 
germinal centre-like structures have been identified in the target, or disease-related tissues are 
shown in Table 1. It is now apparent that ectopic germinal centres, also known as tertiary 
lymphoid organs, can also develop in other chronic inflammatory diseases, such as the gut in 
Crohn’s disease and ulcerative colitis patients, in chronic infections (Aloisi & Pujol-Borrell, 
2006) and some types of cancer (Table 1). The questions these observations raise are: 1. How do 
they develop?; 2. How closely do they resemble germinal centres in secondary lymphoid 
organs?; 3. Are the B-cells within them undergoing a germinal centre response, as described in 
section 1.2 above?; 4. Are they generating plasma cells secreting pathogenic autoantibodies?; 5. 
What role do they play in the pathogenesis of autoimmune disease? 
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Antigen(s) Recognised 
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Thyroperoxidase 
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(Armengol et al., 2001) 
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(SHIONO et al., 2003) 
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It has now been shown by combined immunohistochemistry, identification of antigen 
specificity of B-cells and plasma cells in and around ectopic germinal centres, and sequence 
analysis of expressed, rearranged Ig V-genes and their somatic mutations, that germinal 
centre B-cells in the target tissues of several autoimmune diseases are undergoing clonal 
expansion, somatic hypermutation and affinity selection, in a similar manner to that seen in 
the germinal centres of secondary lymphoid organs (Table 1 and section 1.2). This has been 
demonstrated in Sjögren’s syndrome, rheumatoid arthritis, psoriatic arthritis, myasthenia 
gravis, multiple sclerosis and also in breast cancer. In some of these cases, expression of 
RAG1 and 2 have been observed (Armengol et al., 2001), indicating that receptor revision 
also takes place in ectopic germinal centres and therefore the generation and attempted 
elimination of self-reactive B-cells. The signals involved in tertiary lymphoid organ 
neogenesis appear to be similar to those in development of secondary lymphoid organs, 
although the temporal and causal relationship between appearance of these structures in the 
target tissue and autoimmune pathology-related tissue damage is unclear. One scenario is 
that an initial event in the tissue, which could, in some cases, include microbial infection, 
leads to the release of molecules seen by the immune system as “danger signals” 
(Matzinger, 2007) thereby inducing infiltration of inflammatory cells and subsequent 
lymphoid neogenesis, causing further tissue damage with concomitant release of self-
antigens, more danger signals and a vicious cycle, perpetuating a chronic autoimmune 
reaction. Alternatively, initial tissue damage may be caused by an autoimmune response 
commencing in the secondary lymphoid organs, with subsequent events following a similar 
course to that described above. Lymphotoxins α, β, α1β2 and TNFα have been shown to be 
required for development of ectopic germinal centres. Growth-factor receptor-bound 
protein-2 (Grb2) has recently been shown to control orthotopic lymphoid follicle 
organisation and the germinal centre response by inducing production of lymphotoxin-α via 
CXCR5 signalling (Jang et al., 2011). These molecules are secreted by infiltrating B and Th1-
cells and activated NK cells; on binding to their receptor on stromal cells they induce 
expression of adhesion molecules and secretion of chemokines which induce further 
lymphocyte infiltration and segregation into B-cell follicles, formation of a follicular 
dendritic cell network and T-cell areas. It has also recently been proposed that 
overexpression of costimulatory molecules on Tfh-cells may contribute to overcoming B-cell 
tolerance (Patakas et al., 2011). This may be a contributory factor in ectopic as well as 
orthotopic germinal centres. Primary B-cell follicles are rarely seen in autoimmune disease 
target tissues but this may be because chronic antigen stimulation has been in progress for a 
considerable time before biopsies are taken. For example, in type I diabetes mellitus there is 
evidence that the autoimmune response develops long before overt disease is diagnosed. 
Whether ectopic germinal centres are initiated by naïve or memory B-cells is unclear but 
recent evidence shows that at least some B-cell clones arise de novo from naïve B-cells (Sims 
et al., 2001; Nzula, Going, & Stott, 2003b; Nzula, Going, & Stott, 2003a). 
The frequency of ectopic germinal centres varies markedly between autoimmune diseases; 
as one might expect, the highest incidence is in diseases where pathogenic autoantibodies 
are most strongly implicated. Thus, they have been identified in thyroid tissues of 100% of 
Hashimoto’s thyroiditis patients and 54 – 63% of Graves’ disease cases; in rheumatoid 
arthritis the figure is 25 – 50% but in Sjögren’s syndrome it is only 17%, although variations 
may to some extent reflect differences in the difficulty of finding the germinal centres. In 
Sjögren’s syndrome, the source is usually biopsies of the small labial salivary glands of 
which there is a large number; as g.c.s are only present in some of the many small labial 
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salivary glands, they may easily be overlooked. Tissues containing different types of cells 
respond in a variety of ways to inflammatory signals and this may also determine whether, 
and to what extent, lymphoid organ neogenesis occurs. The origin of follicular dendritic 
cells is unclear but it has been proposed that they develop from precursor cells already 
present in the tissue, either fibroblasts or fibroblast precursor cells (Park & Choi, 2005). 
Alternatively, the precursor cells may be induced to migrate into the tissue by the same or 
similar chemokines as those attracting the B and T-lymphocytes. In several autoimmune 
diseases (Table 1) and animal models of autoimmune diseases (Astorri et al., 2010; 
Nacionales et al., 2009), it has been demonstrated that ectopic germinal centres are 
generating plasma cells secreting pathogenic autoantibodies and, almost certainly, memory 
B-cells bearing anti-self antigen receptors, implying that they aid the diversification of the 
autoantibody repertoire and contribute to the maintenance of immune pathology. In 
addition to autoantibody production, self-reactive B-cells generated in ectopic germinal 
centres may also contribute to autoimmune pathology by secretion of pro-inflammatory 
cytokines and activation of pathogenic T-cells by presentation of processed self-antigens. B-
cells may contribute in this way to immune pathology in autoimmune diseases generally 
considered to be principally T-cell mediated, and may be one explanation for the efficacy of 
Rituximab therapy for rheumatoid arthritis. 

2. Methods 

2.1 Identification and cellular composition of ectopic germinal centres 
The methods we used to identify ectopic germinal centres, characterise their cellular 
composition, analyse the rearranged Ig V-gene sequences expressed by germinal centre B-
cells and identify their antibody specificity have been described in detail in previously 
published papers (Nzula, Going, & Stott, 2003a; Sims et al., 2001). Briefly, sections were cut 
from snap frozen tissue biopsies and every tenth section stained for B-cells with anti-CD20. 
Sections containing germinal centre-like structures or B-cell aggregates were further 
characterised by staining for T-cells (anti-CD3, CD4, CD8), regulatory T-cells (anti-FoxP3), 
follicular dendritic cells (anti-FDC (DAKO) or anti-CD35), plasma cells (DAKO), 
macrophages (anti-CD68) and proliferating cells (anti-Ki67). Double immunofluorescent 
staining with the above cell subset-specific antibodies and Ki67 was used to identify 
dividing cells. Acetylcholine receptor-specific B-cells in germinal centres from the thymus of 
myasthenia gravis patients were identified by 125I-α-bungarotoxin-labelled acetylcholine 
receptor and autoradiography (Shiono et al., 2003; Hill et al., 2008); other autoantibody-
producing cells were identified by immunofluorescence staining with the relevant antigen. 

2.2 Cloning and sequence analysis of rearranged Ig V-genes 
Ectopic germinal centres and B-cell aggregates were excised by microdissection, digested 
with proteinase K and the released DNA used as a template for amplification of the 
rearranged Ig V-genes by nested PCR. Details of the method and the primers are described 
in Sims et al. (2001) and Nzula et al. (2003). Amplified DNA was purified by agarose gel 
electrophoresis, ligated into plasmid DNA and cloned in E. coli. Cloned plasmid DNA was 
purified and the Ig V-genes sequenced in both directions using primers complementary to 
sequences flanking the cloning site. The best matching germline V, D & J sequences were 
identified initially by comparison with the VBASE directory of human Ig V-genes and later, 
after VBASE ceased to be updated, using the Immunogenetics (IMGT) Database of Human 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

400 

It has now been shown by combined immunohistochemistry, identification of antigen 
specificity of B-cells and plasma cells in and around ectopic germinal centres, and sequence 
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Immunoglobulin Sequences (http://www.imgt.org/). Sequences were analysed using 
JOINSOLVER (http://joinsolver.niaid.nih.gov/) and IMGTV-QUEST. Silent and 
replacement somatic mutations were identified by comparison with the germline gene 
sequence; in early experiments the ratio of replacement to silent mutations was considered 
to be evidence of affinity selection if significantly higher than 3:1. To correct for the inherent 
bias towards replacement mutations in CDRs, we have more recently applied the method of 
Hershberg to determine whether affinity selection has occurred in B-cell clones from ectopic 
germinal centres (Hershberg et al., 2008). This method employs an algorithm that allows for 
the effects of microsequences in the complementarity determining regions (CDRs) and the 
bias towards transition mutations. Clonally related sets of rearranged V-genes were 
identified by their use of the same germline V, (D) and J exons and shared junctional 
sequences. Genealogical trees were constructed by analysis of shared and unshared 
mutations using the parsimony method of phylogenetic analysis (PAUP, (Swofford, 1993)), 
enabling the assignment of sequences from parent and daughter cells that have been 
produced during clonal proliferation, thus providing clear evidence of the presence of 
clonally proliferating, somatically mutating B-cells within the germinal centre. 

2.3 Cloning antigen-specific autoantibodies from germinal centre B-cells by ‘phage 
display 
In order to confirm the antigen specificity of B-cells generated in ectopic germinal centres, 
and to analyse in detail the relationship between their mutations and antigen specificity, we 
reconstituted the rearranged Ig V-genes as single chain Fv (scFv) or Fab antibodies by 
‘phage display. Single chain Fv antibodies comprise the heavy and light chain variable 
region domains linked by a short peptide. Although linked together by a short additional 
peptide sequence, the VH and VL domains are able to fold into their natural 3-dimensional 
conformation and pair correctly, as the antibody produced by a B-cell or plasma cell. They 
contain the antigen binding site, and therefore mimic the antigen specificity of the original 
antibodies from which they were derived. A caveat that must be born in mind is that the 
original H and L chain pairings are unknown, except when both genes are cloned from a 
single cell. The detailed methodology has been described elsewhere (Stott & Sims, 2000; 
Matthews et al., 2002). Rearranged VH and VL-genes amplified either from microdissected 
germinal centres or pooled V-genes from the same B-cell clone, were used to construct scFvs 
using a (Gly4Ser)3 linker DNA. The resulting scFv library, comprising a pool of randomly 
linked VH-VL genes, was then inserted into the phagemids pCANTAB6 or pHEN2 
continuously with the gene encoding the bacteriophage coat protein P3, and grown in E. coli 
in the presence of helper phage. The resulting scFv-P3 fusion protein was expressed on the 
surface of bacteriophage or as soluble scFv by transfection into a non-permissive, or 
permissive, strain of E. coli respectively. Alternatively, Fab libraries were constructed using 
whole light chain cDNA and DNA encoding the VH region and the first constant region 
domain of the heavy chain by similar techniques (Matthews et al., 2002). An advantage of 
amplifying directly from genomic DNA is that the distribution of cloned V-genes reflects the 
usage of those genes by B-cells and plasma cells more accurately than amplification from 
cDNA, which is biased towards plasma cells. The library of scFvs or Fabs attached to 
bacteriophage by the P3 ‘phage coat protein was then panned on plastic plates coated with 
either a whole extract of the target tissue, or purified recombinant antigen, to identify self-
reactive antibodies. Bound ‘phage were washed, eluted, re-grown in E. coli and panning 
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repeated until the eluate had become enriched with a small number of ‘phage clones. These 
were recloned and their H & L chains sequenced and used to investigate the specificity and 
properties of their antigen-binding sites. 

2.4 Statistical analysis 
The method of Hershberg et al. (2008), described in section 2.2 above, was used to determine 
the significance of replacement mutations in rearranged Ig V-genes cloned from germinal 
centre B-cells, as evidence for affinity maturation of the antibodies expressed by them. The 
distribution of VH gene families and individual V, D and J exons was assessed using two-
tailed 2 analysis, corrected for multiple comparisons. 

3. The ectopic germinal centre response in myasthenia gravis 
3.1 Pathology of myasthenia gravis 
Myasthenia gravis is an organ-specific autoimmune disease characterised by weakness of 
striated muscles and thymic hyperplasia (Vincent, 2002). Patients are generally divided into 
subgroups with early-onset (EOMG, pre-40 years) or late onset (LOMG, post-40 years) forms 
of the disease, or with thymoma in about 10% of patients. It is a classic autoantibody-
mediated autoimmune disease, caused by autoantibodies directed against the postsynaptic 
nicotinic acetylcholine receptor (AChR) at the neuromuscular junction. Many thymoma 
patients and some late onset patients also have serum antibodies against striated muscle 
antigens, interferon-α and IL-12. Loss of functional AChRs leads to muscle weakness, 
usually first evident in weakness of eye movement. This can progress to other striated 
muscles of the body, causing problems with breathing due to effects on the diaphragm, 
swallowing difficulties and paralysis. These effects can be life-threatening if untreated. 
Evidence that the effects are mediated by autoantibodies against the AChR include 
induction of similar symptoms by: their transfer from mother to baby in utero; passive 
transfer from patients to mice; immunisation of animals with AChR; and marked 
improvement of symptoms in patients after removal of circulating IgG antibodies by 
plasmapheresis. Several pathogenic mechanisms are involved (Vincent, 2002; Drachman, 
1994): (i) Cross-linking of the receptor by autoantibodies causes loss of AChR by antigenic 
modulation, leading to internalisation and degradation of the receptors; (ii) The majority of 
anti-AChR antibodies are of the IgG1 and IgG3 subclasses, which are particularly efficient at 
complement activation, resulting in lysis and damage to the muscle membrane; (iii) Less 
commonly, some antibodies cause direct inhibition of the ion channel function of the AChR; 
(iv) Antibody-dependent cell-mediated cytotoxicity has also been implicated, although there 
is little direct evidence for this mechanism. The IgG autoantibodies can cross the placenta of 
pregnant mothers with myasthenia gravis by an active transport mechanism involving the 
neonatal Fc receptor, FcRn, resulting in transient symptoms of myasthenia gravis in the 
newborn infant. The symptoms gradually ameliorate as the maternal antibodies are 
catabolised and replaced by the infant’s own antibodies. More rarely, the autoantibodies 
produced by multiparous mothers can induce severe, often fatal, developmental 
abnormalities, termed arthrogryposis multiplex congenita, due to paralysis of fetal muscles 
in utero (see section 3.4.5).  

3.2 Structure and epitopes of the acetylcholine receptor 
The AChR is a pentameric transmembrane glycoprotein found almost exclusively at the 
muscle endplate, comprising two α polypeptide subunits, one β, one δ and, in the adult, one 
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contain the antigen binding site, and therefore mimic the antigen specificity of the original 
antibodies from which they were derived. A caveat that must be born in mind is that the 
original H and L chain pairings are unknown, except when both genes are cloned from a 
single cell. The detailed methodology has been described elsewhere (Stott & Sims, 2000; 
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were recloned and their H & L chains sequenced and used to investigate the specificity and 
properties of their antigen-binding sites. 
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distribution of VH gene families and individual V, D and J exons was assessed using two-
tailed 2 analysis, corrected for multiple comparisons. 
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3.1 Pathology of myasthenia gravis 
Myasthenia gravis is an organ-specific autoimmune disease characterised by weakness of 
striated muscles and thymic hyperplasia (Vincent, 2002). Patients are generally divided into 
subgroups with early-onset (EOMG, pre-40 years) or late onset (LOMG, post-40 years) forms 
of the disease, or with thymoma in about 10% of patients. It is a classic autoantibody-
mediated autoimmune disease, caused by autoantibodies directed against the postsynaptic 
nicotinic acetylcholine receptor (AChR) at the neuromuscular junction. Many thymoma 
patients and some late onset patients also have serum antibodies against striated muscle 
antigens, interferon-α and IL-12. Loss of functional AChRs leads to muscle weakness, 
usually first evident in weakness of eye movement. This can progress to other striated 
muscles of the body, causing problems with breathing due to effects on the diaphragm, 
swallowing difficulties and paralysis. These effects can be life-threatening if untreated. 
Evidence that the effects are mediated by autoantibodies against the AChR include 
induction of similar symptoms by: their transfer from mother to baby in utero; passive 
transfer from patients to mice; immunisation of animals with AChR; and marked 
improvement of symptoms in patients after removal of circulating IgG antibodies by 
plasmapheresis. Several pathogenic mechanisms are involved (Vincent, 2002; Drachman, 
1994): (i) Cross-linking of the receptor by autoantibodies causes loss of AChR by antigenic 
modulation, leading to internalisation and degradation of the receptors; (ii) The majority of 
anti-AChR antibodies are of the IgG1 and IgG3 subclasses, which are particularly efficient at 
complement activation, resulting in lysis and damage to the muscle membrane; (iii) Less 
commonly, some antibodies cause direct inhibition of the ion channel function of the AChR; 
(iv) Antibody-dependent cell-mediated cytotoxicity has also been implicated, although there 
is little direct evidence for this mechanism. The IgG autoantibodies can cross the placenta of 
pregnant mothers with myasthenia gravis by an active transport mechanism involving the 
neonatal Fc receptor, FcRn, resulting in transient symptoms of myasthenia gravis in the 
newborn infant. The symptoms gradually ameliorate as the maternal antibodies are 
catabolised and replaced by the infant’s own antibodies. More rarely, the autoantibodies 
produced by multiparous mothers can induce severe, often fatal, developmental 
abnormalities, termed arthrogryposis multiplex congenita, due to paralysis of fetal muscles 
in utero (see section 3.4.5).  

3.2 Structure and epitopes of the acetylcholine receptor 
The AChR is a pentameric transmembrane glycoprotein found almost exclusively at the 
muscle endplate, comprising two α polypeptide subunits, one β, one δ and, in the adult, one 
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ε subunit; in the fetus there is also one γ subunit, which is gradually replaced by an ε from 
the third trimester onwards (Fig. 2) (Vincent, 2002). The five subunits are combined into a 
cylindrical structure with a central cation channel that is closed in the inactive conformation. 
There are two binding sites for acetylcholine, formed at the interfaces between one α and δ 
subunit and the second α and ε or γ subunits. Electrical impulses passing down the motor 
nerve trigger release of acetylcholine molecules at the nerve termini. When these bind to the 
two receptor binding sites, they cause the central cation channel to open and sodium ions to 
flood into the muscle resulting in local membrane depolarisation. When this reaches 
threshold the resulting action potential spreads across the muscle triggering it to contract. 
Loss of at least 50% of receptors is required to produce overt muscle weakness. 
 

 
Fig. 2. Diagrammatic representation of the structure of the acetylcholine receptor: 

(a) the complete pentameric molecule in the cell membrane; (b) the topology of the subunits, illustrated 
for the α subunit that contributes to the acetylcholine/α-bungarotoxin binding site, the main 
immunogenic region (MIR) and the very immunogenic cytoplasmic epitope (VICE); It is doubtful 
whether the latter plays any significant role in pathogenesis; (c and d) the fetal and adult subtypes of 
AChR. Reproduced with permission from (Vincent et al., 1997), Plenum Press. 

Since the patients’ autoantibodies are almost exclusively specific for the complex native 
conformation of the extracellular AChR subunit domains, and not short peptides or even 
whole subunit polypeptides, mapping of the autoantibody epitopes has proved to be 
difficult. The antibodies are mainly IgG1 or IgG3, of high avidity and heterogeneous in their 
sequences and fine specificity. Disease severity correlates poorly with autoantibody titre, 
suggesting that pathogenicity may depend upon precise epitope specificity. Many of the 
antibodies bind to a region of the extracellular domain of the α chain, the main 
immunogenic region or MIR. Its conformation is affected by the ε ↔ γ interchange, as 
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demonstrated by the observation that some antibodies bind better to the MIR of the fetal 
AChR than the adult form, even though the γ and ε subunits do not contribute directly to 
the MIR (Fostieri, Beeson, & Tzartos, 2000). Titres of MIR antibodies vary considerably 
between patients and other antibodies may play an equally important role in some 
individuals. Some patients also produce autoantibodies against the acetylcholine binding 
sites (that also bind α-bungarotoxin); these are the blocking antibodies described above. 

3.3 Role of the thymus 
Early onset myasthenia gravis is associated with thymic hyperplasia characterized by 
secondary lymphoid organ-like structures in the medulla of >90% of patients. These include 
T-cell areas containing AChR-specific helper T-cells and large numbers of germinal centres 
with clearly defined mantle, dark and light zones. Plasmablasts and plasma cells secreting 
autoantibodies against AChR are also detectable within and around the germinal centres 
(Hill et al., 2008; SHIONO et al., 2003). Approximately 20% of germinal centres contain 
plasmablasts positive for antibodies against AChR and AChR is trapped on follicular 
dendritic cells in c.50% of thymic germinal centres (SHIONO et al., 2003). Anti-AChR-
secreting hybridomas and AChR-specific Fabs have been cloned from thymic B-cells and 
thymectomy results in a reduction in the serum anti-AChR titre and reduced clinical 
symptoms in some patients, although the benefits of thymectomy have never been 
rigorously proved (Cardona et al., 1994; Farrar et al., 1997; Graus et al., 1997). The relative 
contribution of the thymus to production of anti-AChR autoantibodies compared with the 
secondary lymphoid organs is unknown, but it appears to play a significant role. Therefore, 
using the methods described in section 2, we tested the hypothesis that thymic germinal 
centres are sites of ongoing autoimmune responses driven by autoantigen, i.e. sites of 
activated B-cells, clonally proliferating, somatically mutating their expressed Ig V-genes and 
undergoing affinity maturation, driven by the acetylcholine receptor. 

3.4 The thymic germinal centre response in myasthenia gravis 
3.4.1 Germinal centres in the thymus 
Thymi from 5 EOMG patients were examined by immunohistology. All 5 contained large 
numbers of germinal centres with typical mantle zones within the thymic medulla, 
histologically indistinguishable from germinal centres in human tonsil controls. The mantle 
zones contained densely packed CD20+ B-cells surrounding the germinal centre B-cells (Fig. 
3A). These were interspersed with a network of follicular dendritic cells extending 
throughout the dark and light zones (Fig. 3C) and a crescent of T-cells can be seen at the 
apex of the light zone (Fig. 3B). Proliferating B-cells were distributed throughout the 
germinal centre but in larger numbers within the dark zone (Fig. 3D). Autoradiography with 
125I-α-bungarotoxin alone, which binds to AChR, diffusely labelled c.50% of germinal 
centres and appeared to be associated with the follicular dendritic cell processes. No 
labelling was seen in human tonsils or thymi from two seronegative myasthenia patients 
and bungarotoxin binding was blocked by the cholinergic drug, carbamyl choline, which is 
structurally similar to AChR, indicating that the follicular dendritic network contained 
membrane-bound antigen or immune complexes.  
In contrast, 125I-α-bungarotoxin-labelled AChR bound to individual cells in 20% of germinal 
centres, including large numbers of moderately labelled centrocytes in the light zone, 
smaller numbers in the dark zone, and heavily labelled plasmablasts/plasma cells in and 
around the germinal centres (Fig. 3E & F).  
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demonstrated by the observation that some antibodies bind better to the MIR of the fetal 
AChR than the adult form, even though the γ and ε subunits do not contribute directly to 
the MIR (Fostieri, Beeson, & Tzartos, 2000). Titres of MIR antibodies vary considerably 
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sites (that also bind α-bungarotoxin); these are the blocking antibodies described above. 
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(Hill et al., 2008; SHIONO et al., 2003). Approximately 20% of germinal centres contain 
plasmablasts positive for antibodies against AChR and AChR is trapped on follicular 
dendritic cells in c.50% of thymic germinal centres (SHIONO et al., 2003). Anti-AChR-
secreting hybridomas and AChR-specific Fabs have been cloned from thymic B-cells and 
thymectomy results in a reduction in the serum anti-AChR titre and reduced clinical 
symptoms in some patients, although the benefits of thymectomy have never been 
rigorously proved (Cardona et al., 1994; Farrar et al., 1997; Graus et al., 1997). The relative 
contribution of the thymus to production of anti-AChR autoantibodies compared with the 
secondary lymphoid organs is unknown, but it appears to play a significant role. Therefore, 
using the methods described in section 2, we tested the hypothesis that thymic germinal 
centres are sites of ongoing autoimmune responses driven by autoantigen, i.e. sites of 
activated B-cells, clonally proliferating, somatically mutating their expressed Ig V-genes and 
undergoing affinity maturation, driven by the acetylcholine receptor. 

3.4 The thymic germinal centre response in myasthenia gravis 
3.4.1 Germinal centres in the thymus 
Thymi from 5 EOMG patients were examined by immunohistology. All 5 contained large 
numbers of germinal centres with typical mantle zones within the thymic medulla, 
histologically indistinguishable from germinal centres in human tonsil controls. The mantle 
zones contained densely packed CD20+ B-cells surrounding the germinal centre B-cells (Fig. 
3A). These were interspersed with a network of follicular dendritic cells extending 
throughout the dark and light zones (Fig. 3C) and a crescent of T-cells can be seen at the 
apex of the light zone (Fig. 3B). Proliferating B-cells were distributed throughout the 
germinal centre but in larger numbers within the dark zone (Fig. 3D). Autoradiography with 
125I-α-bungarotoxin alone, which binds to AChR, diffusely labelled c.50% of germinal 
centres and appeared to be associated with the follicular dendritic cell processes. No 
labelling was seen in human tonsils or thymi from two seronegative myasthenia patients 
and bungarotoxin binding was blocked by the cholinergic drug, carbamyl choline, which is 
structurally similar to AChR, indicating that the follicular dendritic network contained 
membrane-bound antigen or immune complexes.  
In contrast, 125I-α-bungarotoxin-labelled AChR bound to individual cells in 20% of germinal 
centres, including large numbers of moderately labelled centrocytes in the light zone, 
smaller numbers in the dark zone, and heavily labelled plasmablasts/plasma cells in and 
around the germinal centres (Fig. 3E & F).  
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Fig. 3. Immunohistochemically stained serial sections through thymic germinal centres. 

A & B: Germinal centres stained (red) with anti-CD20 and anti-CD3 for B and T-cells respectively. The 
arrow (B) shows a crescent of T-cells in the light zone. C: A network of follicular dendritic cell processes 
is spread throughout the germinal centre, including both the light and dark zones. D: Germinal centre 
cells stained with an antibody against proliferating cell nuclear antigen, revealing dividing B-cells in 
both areas but more concentrated in the dark zone. E & F: 125I-α-bungarotoxin-labelled AChR reveals 
individual AChR-specific plasmablasts/plasma cells in and around germinal centres (detected by 
autoradiography). Diffuse labelling in the light zone probably indicates binding of free 125I-α-
bungarotoxin to AChR trapped on follicular dendritic cells (see text). Reproduced from Sims et al (2001). 

3.4.2 Ig V-gene expression by thymic germinal centre B-cells 
In order to determine whether thymic germinal centre B-cells are subjected to antigen-
driven clonal proliferation, somatic hypermutation and affinity selection, as seen in the 
orthotopic germinal centres of secondary lymphoid organs, we cloned and sequenced 
rearranged Ig heavy chain V-genes from multiple sections through four thymic germinal 
centres (A – D) and the follicular mantle surrounding one of them (A). 216 rearranged VH-
genes, derived from 61 independently rearranged, functional sequences, were obtained from 
the four germinal centres and 46 VH-genes from the follicular mantle were derived from 24 
functional VH-genes. Since the PCR error rate in control experiments was estimated to be 
less than one base per four VH-genes, only sequences using the same V, D & J exons, the 
same junctional sequences and a minimum of one base difference per gene, were accepted 
as mutated members of a clonally related set of B-cells. This conservative assessment almost 
certainly discards some B-cell clones with low frequencies of somatic mutation and therefore 
underestimates the true B-cell diversity. When calculating the number of VH-genes used, 
members of the same B-cell clone were counted only once. However, this reflects the 
number of individual B-cell clones and non-dividing B-cells rather than the total number of 
B-cells using a particular gene. 
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The distribution of VH-gene families was similar in the follicular mantle and all four 
germinal centres, with predominant use of members of the VH3 gene family compared with 
the number of germline VH-genes in this family (Fig. 4A). However, since this gene family is 
also predominantly used by the peripheral blood B-cells of healthy individuals, it was not 
considered to be significant. No VH6, VH7 or JH2 genes were isolated and JH1 was under-
used, but the rarely used VH5-51 gene and the JH4 exon (Fig. 4B) were over-represented, both 
being used by rearranged V-genes from three different germinal centres in combination 
with different D exons (DH2-2, DH5-12 and DH-6-19). In many cases the D exon could not be 
identified due to junctional diversity and removal of bases during recombination. Of those 
that could be identified, DH3 and DH6 were the most commonly used. These data strongly 
imply selection for B-cells expressing antigen receptors using particular combinations of V, 
D and J segments, despite the heterogeneity of the germinal centre B-cells. This would be 
even more apparent if individual members of the same B-cell clone were counted separately. 
 

 
Fig. 4. Frequency of usage of VH and JH germline genes by thymic germinal centre B-cells. 

A: The frequency of VH gene family usage in all germinal centres analysed differs significantly from 
predictions from the number of members of each family in the germline. Members of clonally related 
sets were only counted once. B: The frequency of individual JH exon usage in all germinal centres 
analysed differs significantly from the number of JH exons in the germline (*p<0.01). Reproduced from 
Sims et al (2001). 

3.4.3 Somatic hypermutation and clonal proliferation of B-cells in thymic germinal 
centres 
All the germinal centres and the follicular mantle contained B-cells expressing both mutated 
and unmutated Ig V-genes, the latter presumably coming from naïve B-cells. The majority of 
V-genes from the germinal centres and the follicular mantle were mutated, with 
considerable variation in the number of mutations, ranging from 0 – 52. Some of the 
rearranged V-genes in clonally related sets had high ratios of replacement to silent 
mutations from 4.7:1 to 7.0:1 in the CDRs, which form the antigen-binding site, suggesting 
affinity selection of mutated antigen receptors is taking place in the germinal centre. Some 
other sequences had low numbers of replacement mutations, suggesting selection against 
replacement mutations, as also found by (Zuckerman et al., 2010). 18 different sets of 
functionally rearranged VH-genes included two or more related sequences sharing the same 
V, D and J segments and junctional sequences but with significantly more than one mutation 
per V-gene and, in three cases, they were cloned in separate amplifications from different 
sections through the same germinal centre and therefore could only be from different B-cells.  
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Fig. 5. Examples of clonally related sets of rearranged VH genes isolated from thymic 
germinal centres C and D. 

The genealogical trees were constructed using the most parsimonious parent-daughter cell relationships 
of clonally related sets of sequences (section 2.2). The best matching germline gene is depicted as an 
ellipse. Letters in the circles refer to individual sequences from the same clonally related set. Deduced 
intermediates are shown as dotted circles. Numbers at the side of the arrows indicate the minimum 
number of mutations required to generate a daughter cell from the immediate parental cell. The results 
show that the B-cells from which they were derived are undergoing antigen-driven clonal proliferation 
and somatic hypermutation from both naïve and memory B-cell precursors. A: B-cell clones from 
germinal centre C; B: B-cell clones from germinal centre D; C: Frequency of mutations in the VH genes 
expressed by the most probable progenitor cells of all 18 B-cell clones analysed. Reproduced from Sims 
et al. (2001). 
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These related sets of V-genes were therefore derived from members of the same 
proliferating B-cell clone, showing that antigen-driven B-cell proliferation and somatic 
hypermutation are taking place within the thymic germinal centres. All of the isolated B-cell 
clones were small, containing a maximum of five members.  
We do not know the total number of clones proliferating within a single germinal centre. 
We examined every tenth section but may have missed small B-cell clones, so there are 
likely to be more than we detected. Genealogical trees of related sets of V-genes were 
constructed by the most parsimonious relationship on the basis of shared and unshared 
mutations (section 2.5). Six of the 18 clones isolated from two germinal centres containing 
AChR-specific B-cells were derived from unmutated precursors, i.e. naïve B-cells, whereas 
the VH-genes of the earliest founder cells isolated from the other 12 clones contained from 
5 to >30 mutations. Examples of six of these clones are shown in Fig. 5. Although we 
cannot rule out the possibility that some of these clones were also derived from 
unidentified naïve B-cells, it is most probable that the majority were generated from 
founder memory B-cells. Thus, both memory and naïve B-cells have been stimulated by 
antigen and are proliferating and mutating their antigen receptors within thymic germinal 
centres of myasthenia patients.  

3.4.4 Evidence for selection of AChR-specific B-cell clones in thymic germinal centres 
Three B-cell clones from 3 different AChR positive germinal centres expressed the rarely 
used VH5-51 genes. Furthermore, these three independent sets of V-genes exhibited the 
same amino acid replacements at three positions. Comparison of our V-gene sequences with 
those of heavy chains from known AChR-specific hybridomas and Fabs revealed some 
common features. Germline genes used by four of our B-cell clones also encode anti-AChR 
antibodies cloned from other EOMG patients, and several of the amino acid substitutions in 
CDR1 and CDR2 from two B-cell clones were also present in an anti-AChR Fab (Sims et al., 
2001; Matthews et al., 2002). It is therefore unlikely that these mutations occurred by chance, 
suggesting that a common selection process for mutants with high affinity for the AChR is 
in operation. 

3.4.5 Evidence for immunisation by the fetal form of acetylcholine receptor 
Babies born to mothers with myasthenia gravis can develop transient symptoms due to 
transplacental transfer of the maternal autoantibodies and, in rare cases, they have severe 
developmental abnormalities, arthrogryposis multiplex congenita (AMC), caused by 
maternal anti-AChR antibodies that inhibit the ion channel function of the fetal AChR, 
causing paralysis during fetal development in utero, whereas the adult form of the 
mother’s AChR is relatively unaffected. Fetal AChR-specific antibodies are particularly 
prevalent in women who have had babies, suggesting that they may be induced by the 
fetus.  
In order to determine the specificity and clonal origins of fetal AChR-specific 
autoantibodies, combinatorial Fab libraries were constructed from cDNA prepared from 
thymic cells of two mothers (M2 and M6) of AMC babies. 25 Fab clones were isolated and 
two clonally related sets were examined in greater detail. All Fabs bound specifically to the 
γ subunit of fetal AChR, except one that recognised the β subunit also present in the adult 
receptor. Sequencing of the fetal-specific Fabs revealed clearly restricted usage of VH, JH, Vκ 
& Jκ gene segments and convergent coding mutations. All the Fabs from AMC mother M2 
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used the VH3-07 gene recombined with JH6b and an unidentified D exon in combination 
with various Vκ genes, suggesting that the heavy chain is the major contributor to AChR 
binding, at least in this case. The VH3-07 segments were mutated and clonally related. Most 
of the Fabs from AMC mother M6 used the same combination of mutated VH3-21 and JH5b, 
with an unidentified D exon, plus a Vκ02-12/Jκ4 light chain, which was also used in two of 
the Fabs from M2. In this case, both the VH3-21 and Vκ02-12 sets of sequences were clonally 
related, suggesting that they may both be derived from the same B-cell clone. The clonally 
related sequences from both sets of Fabs from M2 and M6 contained many shared and 
unshared coding mutations. The apparent founder member of each set of sequences had a 
large number of base differences from the best matching germline V-gene, suggesting that 
the clones were derived from mutated memory B-cells (Fig. 6).  
 
 

  
 
 

Fig. 6. Clonally related sets of rearranged VH & Vκ genes encoding AChR-binding Fabs 
cloned from thymic cells from AMC mother M6.  

The heavy and light chains were from the same set of Fabs. Genealogical trees were constructed and 
mutations numbered as described in the legend to figure 5. Fab names are shown in the circles, H 
referring to the heavy chain and K referring to the κ light chain. Dotted circles represent hypothetical 
intermediates. Numbers at the side of arrows show the minimum number of mutations required to 
generate a daughter cell from its immediate parent. Reproduced from Matthews et al. (2002). 

Several sequences from both clonally related sets of Fabs had many more replacement 
mutations than expected by chance, indicating affinity selection. There was also clear 
evidence of convergent mutations. Many independently rearranged sequences from both 
patients shared consensus mutations. All the Fabs using VH3 genes contained the same 
31S→T mutation and most of the Vκ02-12 genes contained a 22SRASET28 motif in CDR1. A 
search of the GenBank database of all human Ig sequences found only two other κ chains 
containing this motif, suggesting that it is important in determining the specificity of the 
anti-AChR autoantibodies.  
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3.5 Conclusions 
Since the EOMG thymus contains many typical germinal centres surrounded by mantle 
zones, including clones of proliferating, AChR-specific B-cells, it is clearly a site of 
autoantibody diversification. The B-cells are undergoing somatic hypermutation and affinity 
selection by cognate binding to AChR bound to the membrane processes of follicular 
dendritic cells, which form a network surrounding B and T-cells in the germinal centres. B-
cells expressing high affinity, AChR-specific antigen receptors receive rescue signals from 
follicular dendritic and helper T-cells inducing them to differentiate into antibody-secreting 
plasmablasts and plasma cells that migrate out of the follicles and leave the thymus to enter 
the circulation, in a classical germinal centre type response. The numerous mutations seen in 
some V-gene sequences suggests that Ig class-switched memory B-cells are also generated 
and either leave the thymus, or some may recirculate within the germinal centre, 
undergoing further rounds of somatic hypermutation and affinity selection, consistent with 
the observations of others that recirculation of centrocytes between the light and dark zones 
occurs in orthotopic germinal centres. Several of the B-cell clones we identified were derived 
from highly mutated precursors, which supports this hypothesis. The autoantibodies 
produced by mothers of AMC babies included antibodies specific for the fetal form of the 
AChR, directed against the γ subunit.  
The reason why large numbers of germinal centres producing AChR-specific B-cells and 
plasma cells develop in the thymi of myasthenia gravis patients is unclear, but it is 
possible that the rare thymic myoid cells may be involved. The induction of fetal AChR-
specific antibodies in parous women suggests, at least in some cases, that expression of 
the fetal AChR on thymic epithelial and myoid cells may initiate an immune response, for 
which the patient’s immune system has not been tolerised. Furthermore, generation of 
thymic germinal centres may be induced by a pre-existing proinflammatory cytokine 
environment, including IFNγ and TNFα. These molecules have been shown to upregulate 
expression of AChR subunits in thymic epithelial cells and on the membranes of myoid 
cells (Poea-Guyon et al., 2005). The chemokines CXCL13 AND CCL21 are produced by 
endothelial cells of the afferent lymphatic vessels in the thymus, attracting activated T and 
B-cells, including naïve B-cells, suggesting that this is the mechanism of induction of 
thymic germinal centres (Berrih-Aknin et al., 2009; Le Panse et al., 2006; Meraouna et al., 
2006; Le Panse et al., 2010).  
We therefore propose a two step process for initiation of the autoimmune response in 
myasthenia gravis (SHIONO et al., 2003). In step 1, there is hyperplasia of thymic epithelial 
cells expressing linear AChR epitopes, including the α and ε subunits, in the context of the 
MHC Class II antigen HLA-DR52a, a susceptibility factor for EOMG patients. Whereas these 
peptides would normally induce tolerance, an imbalance in regulatory factors and 
expression of costimulatory molecules results in activation of thymic Th-cells against AChR 
epitopes. In step 2, the Th-cells induce an early B-cell response against the linear peptides 
and some of the resulting antibodies cross-react with conformational epitopes of the native 
AChR expressed on the thymic myoid cells, leading to myoid cell damage, release of 
AChR/antibody immune complexes, danger signals, and recruitment of professional 
antigen presenting cells. These stimulate an enhanced B-cell response accompanied by 
formation of germinal centres with production of high affinity, class switched, pathogenic 
autoantibodies. Although some aspects of this hypothesis are conjectural, they are also 
testable. 
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cloned from thymic cells from AMC mother M6.  

The heavy and light chains were from the same set of Fabs. Genealogical trees were constructed and 
mutations numbered as described in the legend to figure 5. Fab names are shown in the circles, H 
referring to the heavy chain and K referring to the κ light chain. Dotted circles represent hypothetical 
intermediates. Numbers at the side of arrows show the minimum number of mutations required to 
generate a daughter cell from its immediate parent. Reproduced from Matthews et al. (2002). 

Several sequences from both clonally related sets of Fabs had many more replacement 
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patients shared consensus mutations. All the Fabs using VH3 genes contained the same 
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anti-AChR autoantibodies.  

 
The Ectopic Germinal Centre Response in Autoimmune Disease and Cancer 

 

411 

3.5 Conclusions 
Since the EOMG thymus contains many typical germinal centres surrounded by mantle 
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the circulation, in a classical germinal centre type response. The numerous mutations seen in 
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2006; Le Panse et al., 2010).  
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cells expressing linear AChR epitopes, including the α and ε subunits, in the context of the 
MHC Class II antigen HLA-DR52a, a susceptibility factor for EOMG patients. Whereas these 
peptides would normally induce tolerance, an imbalance in regulatory factors and 
expression of costimulatory molecules results in activation of thymic Th-cells against AChR 
epitopes. In step 2, the Th-cells induce an early B-cell response against the linear peptides 
and some of the resulting antibodies cross-react with conformational epitopes of the native 
AChR expressed on the thymic myoid cells, leading to myoid cell damage, release of 
AChR/antibody immune complexes, danger signals, and recruitment of professional 
antigen presenting cells. These stimulate an enhanced B-cell response accompanied by 
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autoantibodies. Although some aspects of this hypothesis are conjectural, they are also 
testable. 
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4. Tissue-infiltrating B-cells in inflammatory myopathies 
4.1 Introduction 
The inflammatory myopathies (IM), collectively called myositis, are classified into three 
principal subsets, Dermatomyositis (DM), Polymyositis (PM) and Inclusion Body Myositis 
(IBM) (Bohan & Peter, 1975a; Bohan & Peter, 1975b; Dalakas & Hohlfeld, 2003). Each of these 
disorders is characterised by moderate to severe muscle weakness and muscle fatigue with 
inflammatory mononuclear cell infiltration within the muscle, but each disorder has distinct 
clinical and pathological features. IM can be associated with various autoimmune and 
connective tissue disorders as well as malignancies, the latter being associated with up to 
45% of adult DM patients. 
DM, the most common of the inflammatory myopathies, is a multi-organ disease not only 
affecting skeletal muscle but, often, the skin as well as other tissues and is more commonly 
found in women than men; it also accounts for up to c.85% of all juvenile IM (Rider, 2007). 
DM is characterised by a heliotrope rash on the upper eyelid, face or upper trunk 
accompanying, or more commonly preceding, proximal muscle weakness. Muscle 
inflammation is predominantly perivascular and/or perimysial or in the interfascicular 
septae and around, rather than within, the muscle fascicles. Perivascular atrophy is a 
characteristic feature of DM patients, often in groups at the periphery of the fascicle. In DM, 
muscle lymphocytic infiltrates consist largely of B-cells and CD4+ T-cells (Arahata & Engel, 
1984; Engel & Arahata, 1984) suggesting that DM may be a humorally mediated immune 
response. 
PM and IBM, though separate disorders, are both characterised by scattered necrotic and 
regenerating muscle fibres and endomysial inflammation with invasion and destruction of 
non-necrotic muscle fibres. PM generally becomes evident in adulthood and is best defined 
as a subacute myopathy that evolves over weeks to months and presents with symmetrical 
weakness of the proximal muscles. Its clinical onset is hard to define with no early 
recognition signs such as the rash observed in DM. PM is uncommon as a stand-alone 
disorder and more commonly associates with other autoimmune and connective tissue 
disorders.  
Onset of IBM is usually after the age of 50 and occurs more frequently in men. Muscle 
weakness can be both proximal and distal and is often asymmetrical. Despite similarities 
with PM, distinctive features of IBM include: rimmed vacuoles; groups of atrophic fibres; 
increased lymphocytic invasion of non-necrotic fibres; less frequent myofibre necrosis; and a 
more slowly progressing clinical course with patients being unresponsive to treatment. In 
both disorders, inflammatory infiltrates typically consist of CD8+ T-cells and macrophages 
(Arahata & Engel, 1984; Engel & Arahata, 1984) which invade MHC Class 1 antigen-
expressing muscle fibres, a feature absent in normal muscle tissue, leading to fibre necrosis. 
The muscle fibre invading CD8+ T-cells can be clonally expanded in both PM and IBM 
(Dalakas, 2004; Fyhr et al., 1997; Hofbauer et al., 2003; Mantegazza et al., 1993; Seitz et al., 
2006), which persists over time (Amemiya, Granger, & Dalakas, 2000).  

4.1.1 Autoantibodies associated with myositis 
As with most autoimmune disorders, different autoantibody specificities have been 
described in DM and PM; autoantibodies are generally absent from IBM although they have 
been detected in a small number of cases (Dalakas et al., 1997). They can either be myositis-
specific (MSAs) or myositis-associated autoantibodies (MAAs), which can also be associated 

 
The Ectopic Germinal Centre Response in Autoimmune Disease and Cancer 

 

413 

with other autoimmune diseases. Most bind to protein or ribonucleoprotein complexes 
involved in protein synthesis, translocation or elongation; MAA target antigens are 
primarily located in the nucleoplasm or nucleolus. The most prevalent MSAs are directed 
against amino-acyl-tRNA-synthetases (ARS), and are associated with a distinctive clinical 
phenotype, anti-synthetase syndrome, characterised by myositis, Raynaud’s phenomenon 
and interstitial lung disease, with a higher mortality. Anti-Jo-1 (anti-histidyl-tRNA 
synthetase) antibodies are the most prevalent in myositis patients (20-30% of patients), while 
the other anti-ARS antibodies are only present in 1-3% of IM patients, and are a diagnostic 
and prognostic marker for disease severity (Mielnik et al., 2006; Zampieri et al., 2005).  

4.1.2 Muscle-infiltrating B-cells in myositis 
As described above B-cells have been found to be prominent within the muscle infiltrating 
cell populations of DM patients and are rarely found, or absent, in the inflamed muscle of 
PM and IBM patients. CD138+ plasma cells have been identified within the infiltrating 
populations, predominantly in the endomysial areas of muscle tissue of PM and IBM 
patients (Greenberg et al., 2002; Greenberg et al., 2005). This was confirmed by sequence 
analysis of immunoglobulin V-genes expressed by laser dissected cells as well as microarray 
studies which showed an abundance of immunoglobulin transcripts.  
The role for B-cells and plasma cells in IM is still currently unresolved, with continuing 
studies providing further insight into the immune mechanisms. The identification of muscle 
infiltrating B-cells, plasma cells and autoantibodies suggests that these diseases may be at 
least partly driven by a loss of B-cell tolerance and, in the case of PM and IBM patients, not 
solely by the oligoclonal expansion of T-cells. We therefore investigated whether there is 
clonal expansion of infiltrating, autoantibody producing B-cells in situ in IM.  

4.2 The muscle infiltrating B-cell response in myositis 
4.2.1 The cellular composition of infiltrating lymphoid cells in myositis 
To determine whether specific, antigen-driven, B-cell adaptive immune responses were 
occurring in situ, we used the methods described in section 2 to study the cellular 
composition of muscle infiltrating cells in twelve different muscle samples (2 DM, 9 PM, 1 
IBM); we also examined their Ig V-gene repertoire and the processes of somatic 
hypermutation and clonal diversification of the rearranged V-genes. In contrast with other 
autoimmune diseases (see above), no classical ectopic germinal centre structures were 
observed within the inflamed muscle; instead, muscle–infiltrating cells were present in 
cellular aggregations which varied from loose to dense in the appropriate 
perivascular/perimysial or endomysial locations, as in previous studies. B-cells were a 
significant component of the inflammatory infiltrate in all samples examined for all three 
myositis subsets, either as CD20+ B-cells or differentiated plasma cells (Figure 7A-D), 
although the most significant infiltration of CD20+ B-cells was observed within the muscles 
of the two DM patients. FDCs were rare, and were seen only in one IBM and three PM 
samples, and not at all in DM. In addition to these cell phenotypes, CD3+, CD4+, CD8+, 
CD68+ and FoxP3+ cells were also present. Double immunofluorescence staining of cell 
phenotypes with the proliferating cell marker Ki67 identified proliferating cells within the 
infiltrating population. In addition to CD20+ B-cells (Figure 7E & F), proliferating CD3+, 
CD4+, CD8+ and CD68+ cells were observed, as well as FoxP3+ cells in one DM patient.  
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Fig. 7. Immunohistochemical staining of antigen-specific muscle-infiltrating B-cells and 
plasma cells. 

A – D: Infiltrating B-cells and plasma cells (red) within inflamed muscle; E & F: Proliferating B-cells 
(CD20+ B-cells – Fluorescein-Avidin D (green), Ki67+ - Texas Red-Avidin D (red)). Slides A, B, C & E are 
from 2 DM patients; D & F are from a PM patient. Original magnification for images A - D: 400x; E & F: 
630x. Scale Bar (E & F) represents 15 µm. Arrows indicate double positive staining. 

4.2.2 The Ig V-gene repertoire and clonally proliferating, muscle-infiltrating B-cells 
Analysis of the repertoire of rearranged Ig V-genes expressed by infiltrating B-cells and 
plasma cells revealed significant biases for and against individual gene segments and 
families relative to the normal peripheral blood B-cell and the germline gene repertoires. V-
gene usage varied between patients and myositis subsets and, in a few instances, differed 
significantly between the DM and PM subsets. Interestingly, naïve or unmutated B-cells (0-2 
mutations per VH gene) constituted almost 50% of the B-cells in DM, but <10% in PM, where 
a large proportion of sequences was highly mutated (c.30% >20 mutations). As expected, 
mutations were prevalent within CDRs 1 & 2. A total of nine clonally related sequences was 
found in five of the IM patients studied; 2 DM and 3 PM patients, each with up to four 
different clones comprising between two and ten clonal variants (Figure 8). These clonally 
related sequences provide evidence for specific, antigen-driven B-cell immune responses 
within the inflamed muscle. However, using the method of Hershberg et al. (2008), we 
found no evidence of positive selection in the CDRs of clonally related sequences, nor in any 
sequences isolated from the DM patients, and only in a small percentage from the PM 
patients. Finally, using biotinylated recombinant antigens, we identified antigen-specific B 
and plasma cells in infiltrates from the five out of twelve patients whose autoantibody 
specificities were known, including Jo-1 (Figure 9). 
Parallel studies (Bradshaw et al., 2007) also demonstrated B-cell responses in muscle of 3 
DM, 2 PM and 7 IBM patients but very few CD19+ or CD20+ cells were observed, the 
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majority of B-lineage cells being CD138+ plasma cells that had class switched to either IgG or 
IgA. Clonally related sequences were isolated from whole muscle sections from ten of the 
twelve myositis patients, with up to four different clonal sets isolated from each muscle 
sample. Further studies also support the absence of classical ectopic germinal centre 
structures and the clonal expansion and maturation of B-cells within inflamed muscle 
(Salajegheh et al., 2010). Collectively this and our work strongly suggest the participation of 
antigen-specific B-cell immune responses within the muscle.  
 

 
Fig. 8. Oligoclonal expansion of B-cells and plasma cells in inflammatory myopathies 

Representative examples of clonal genealogical trees constructed from sequences isolated from muscle-
infiltrating B-cells and plasma cells in individual patients, representing the minimum number of cell 
divisions required to generate each daughter cell. Clone A from a DM patient; clone B from a PM 
patient. The letters in the circles refer to individual sequences isolated from each B-cell clone. 
Genealogical trees were constructed and  mutations numbered as described in the legend to Figure 5. 
Bracketed figures representing additional silent mutations. Dashed circles represent hypothetical 
intermediates whose sequences were not isolated from the muscle-infiltrating population. 
 

 
Fig. 9. Infiltrating antigen-specific B-cells and plasma cells in inflammatory myopathies 

CD20+ B-cells and antigen-specific cells were visualised by Fluorescein-Avidin D (green) and Texas 
Red-Avidin D (red) respectively. Original magnification was 630X. Arrows identify antigen-specific 
cells within the muscle-infiltrating population of polymyositis patients.  
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4.3 Conclusions 
As previously described in other autoimmune diseases, a role for B-cells in IM is implied by 
the clinical improvement in patients administered Rituximab® therapy, including 
improvements in muscle strength. Some patients relapsed as their B-cell pools repopulated 
and depletion of autoantibody titres was variable (Chung, Genovese, & Fiorentino, 2007; 
Cooper et al., 2007; Levine, 2005). The potential of B-cells as therapeutic targets is further 
supported by the elevations in serum levels and gene expression of B-cell activating factor 
(BAFF) in IM patients, a cytokine crucial for B-cell maturation and survival, which is also 
thought to play a role in autoantibody production (Krystufkova et al., 2008; Salajegheh et al., 
2010).  
Despite all the evidence described here implicating B-cells and loss of B-cell tolerance in the 
IM, numerous questions still remain to be resolved, including identification of the 
stimulating antigens and epitopes, sequence characteristics and pathogenicity of high-
affinity, antigen-specific antibodies produced in situ, and the factors regulating and 
controlling these autoimmune reactions. The resolution of these questions will enhance our 
understanding of the immune pathology of IM and facilitate the diagnosis, treatment and 
management of these diseases.   

5. The ectopic germinal centre response in breast cancer  
In autoimmune diseases there is a failure of immunological tolerance resulting in an 
immune response to self-antigens, causing pathological damage to the target organ and 
tissues, the nature of the target tissue depending on the specificity of the response. In 
malignancy the immune response, if it occurs, is similar in that it is essentially directed 
against self, i.e. tumour-associated, antigens. These antigens may be mutated, altered by 
metabolic processes, or merely aberrantly or over-expressed on the tumour. The problem, 
however, is converse to autoimmune disease in that, whereas in autoimmune disease the 
aim is to suppress the immune response, preferably specifically against the target organ, in 
cancer the hope is that it will be possible to boost the immune response which is often too 
weak to overcome the rapidly growing tumour. 
Several autoimmune disorders sometimes associate with certain tumours, most often small 
cell lung cancer, breast or ovarian carcinomas, ovarian teratomas, neuroblastomas and 
lymphomas (with Sjögren’s syndrome), reviewed by Lang & Vincent and Rosenfeld et al. 
(Lang & Vincent, 2009; Rosenfeld & Dalmau, 2010). In the examples studied, the target 
autoantigen(s) are expressed on the tumour which seems to autoimmunise against them. 
Indeed, if the tumour is removed, autoantibody levels often decline (Chalk et al., 1990). In 
many syndromes, the autoimmune disorder serves as a valuable early warning of the 
associated tumour, and may even slow its growth (Maddison & Lang, 2008). 

5.1 Pathology of breast cancer  
Breast cancer is the second most common malignancy in women, accounting for 31% of all 
types of cancer, with a lifetime incidence in the U.K. of 1/8 in women and c.1/1000 in men. 
Despite advances in screening, diagnosis and therapy, 12,000 women die of breast cancer 
each year in the U.K. and the global incidence in females is 23%, but there are marked 
variations between different regions, it being the highest in Western Europe, Australia, New 
Zealand and North America. The incidence is relatively low in Asian and African countries 
(figures from Cancer Research UK). There are several different histopathological types of 
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breast cancer, of which the major types are the ductal and lobular carcinomas, either of 
which can be in situ or invasive, the in situ type being considered a possible precursor of 
invasive carcinoma. Ductal and lobular carcinomas in situ are confined to the mammary 
ducts and lobules and have a very high cure rate, approaching 100%. Invasive carcinomas 
account for the majority of breast cancers and have a much poorer prognosis. Malignant cell 
growth appears to start in the ducts and lobules and then invades the surrounding tissues 
and ultimately metastasises to other tissues and organs. A less common type is medullary 
carcinoma, comprising only c.1 – 5% of breast cancers; this typically has heavy infiltrates of 
B-lymphocytes and a significantly better prognosis than the invasive ductal and lobular 
types. Length of disease free survival in breast cancer is unpredictable, with relapse 
occurring up to ten years post treatment and even beyond; it has been postulated that this 
may be due to host factors, including the nature and extent of the immune response.  

5.2 The immune response to breast cancer 
Most breast cancers contain infiltrates of lymphoid cells with large numbers of T-cells, 
including CD4+ and CD8+ T-cells, and variable numbers of B-cells, natural killer cells and 
macrophages. The degree of infiltration varies between different types of breast cancer with 
extensive lymphoid cell infiltrates in ductal carcinoma in situ and some invasive ductal and 
lobular carcinomas (Ben Hur et al., 2002). Most studies have focused on the role of cytotoxic 
T-cells in tumour immunity, with variable success in attempting to suppress tumour growth 
by boosting the T-cell response to tumour-associated antigens. Relatively few studies have 
addressed the role of B-cells and humoral immunity in response to cancers, including breast 
cancer, despite the observation that c.40% of ductal breast carcinomas have significant B-cell 
infiltration. 
There is increasing evidence that B-cells play important dual opposing roles in the immune 
response to tumours; on the one hand as antigen presenting cells and producers of cytotoxic 
antibodies effective at killing tumour cells by antibody-dependent cell-mediated cytotoxicity 
(ADCC) and complement-dependent cell lysis, and as tumour antigen-presenting cells 
capable of very efficient T-cell activation; on the other hand as promoters of inflammation 
aiding tumour progression (de Visser, Korets, & Coussens, 2005; de Visser, Eichten, & 
Coussens, 2006). These seemingly contradictory effects may be due to the difference 
between a specific, high affinity immune response to antigen versus a low affinity, 
polyclonal response, or even suppression of the cytotoxic immune response via regulatory 
B-cells (Mauri, 2010). The importance of antibodies in eliminating tumours is clearly 
demonstrated by the results of treatment of breast cancer patients with humanised 
monoclonal antibodies (MAbs) specific for the epidermal growth factor receptor HER-2 

(trastuzumab/herceptin and pertuzumab). Not only is herceptin effective in slowing down 
the progression of established metastatic disease, it has also recently been demonstrated to 
prevent the emergence of metastases when given as an adjuvant treatment (Hortobagyi, 
2005). Pertuzumab has also yielded promising results in clinical trials (Bianco, 2004). 
Synergistic effects between herceptin and pertuzumab suggest promising new approaches 
to therapy using cocktails of antibodies (Nahta, Hung, & Esteva, 2004) and elucidation of the 
molecular structure of the herceptin Fab/HER-2 complex (Cho et al., 2003) allows rational 
design of therapeutic anti-HER-2 antibodies. MAbs specific for other tumour-associated 
antigens (TAAs) are needed to work synergistically with trastuzumab and to treat patients 
who do not overexpress HER-2.  
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4.3 Conclusions 
As previously described in other autoimmune diseases, a role for B-cells in IM is implied by 
the clinical improvement in patients administered Rituximab® therapy, including 
improvements in muscle strength. Some patients relapsed as their B-cell pools repopulated 
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understanding of the immune pathology of IM and facilitate the diagnosis, treatment and 
management of these diseases.   
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(figures from Cancer Research UK). There are several different histopathological types of 
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Several molecules have been identified that are either over-expressed, mutated, or structurally 
modified on tumour cells and are therefore potential targets for immunotherapy, including 
HER-1, HER-2, MUC-1 and p53 (Taylor-Papadimitriou et al., 2002). Some TAAs appear to 
overcome tolerance and induce a natural immune response as a result of mutation or altered 
expression; humoral immune responses to these antigens in breast cancer patients are 
associated with better early disease stage-specific survival (Angelopoulou et al., 2000;Visco et 
al., 2000; von Mensdorff-Pouilly et al., 2000) and anti-MUC-1 antibodies are cytotoxic to 
tumour cells (Snijdewint et al., 2001). TAA-specific tumour infiltrating (TIL) B-lymphocytes 
and recombinant antibodies have been isolated from both tumour (Kotlan et al., 2000; Kotlan et 
al., 2005) and lymph nodes (Petrarca et al., 1999; Rothe et al., 2004) of medullary and ductal 
carcinoma patients, showing that they are responding specifically to the tumour. Evasion of 
the immune response by the tumour can be overcome by passive immunotherapy or active 
immunisation regimes. B-cells actively responding in the draining lymph node and tumour 
are therefore ideal sources to study the immune response to the tumour and provide the most 
relevant source of potentially therapeutic antibodies. 

5.3 Ductal carcinoma infiltrating lymphocytes are clustered into germinal centres 
We and others found infiltrating lymphocytes in ductal carcinomas were aggregated into 
clusters containing T-cells, B-cells and follicular dendritic cells with plasmablasts/plasma 
cells in and around the aggregates (Coronella et al., 2002; Nzula, Going, & Stott, 2003a). 
These cell clusters appeared to be similar to those seen in the target tissues of autoimmune 
diseases except that there was no mantle zone (also absent in the salivary glands of patients 
with Sjögren’s syndrome (Stott et al., 1998)), so we examined whether they were responding 
as germinal centres. 

5.4 The Ig V-gene repertoire and clonal proliferation of B-cells in ductal carcinoma 
We cloned and sequenced 401 rearranged Ig VH-genes from microdissected tumour-
infiltrating B-cell foci of 7 patients with invasive ductal carcinoma and 271 VH-genes from 
paired sentinel lymph nodes of 3 of the patients. 15 sets of VH-genes from clonally related B-
cells within individual foci were identified by their shared VH, D, JH and CDR3 sequences, 
showing that proliferating, mutating B-cell clones were present in lymphoid foci and that 
these foci were undergoing a germinal centre response within the tumour, similar to the 
ectopic germinal centres we have observed in the target tissues of autoimmune diseases 
(Fig. 10). There was preferential usage of certain VH, D & JH exons, indicating selection of B-
cells expressing antigen receptors encoded by these gene combinations. VH & VL-genes from 
proliferating B-cell clones contained numerous mutations, demonstrating that the somatic 
hypermutation machinery was switched on within the cell cluster, again characteristic of a 
germinal centre response. Analysis of the pattern of mutations showed that the B-cell clones 
are undergoing an antigen-driven response accompanied by selection of specific mutations 
and affinity maturation in situ. Clone founder cells were of both naïve and memory B-cell 
type, showing that a secondary response involving memory B-cells was taking place, but 
also new B-cells that had not previously encountered antigen moved into cell clusters and 
were stimulated by antigen. We also cloned rearranged VH-genes from microdissected 
germinal centres in the paired sentinel lymph node and identified proliferating, 
hypermutating B-cell clones there too. These also revealed selection for particular VH & JH-
genes showing selection by antigen for B-cells expressing these genes during the immune 
response but we did not find evidence that members of the same B-cell clones had migrated 
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from the sentinel node to the tumour; this could have been due to insufficient sample sizes  
(Nzula, Going & Stott, 2003a; Simsa et al., 2005). 
 

 
Fig. 10. Examples of proliferating, hypermutating B-cell clones from the breast tumours of four 
ductal carcinoma patients. 

The best matching germline VH-gene is shown at the origin of each tree. The founder rearranged VH-genes 
of three of these B-cell clones already appear to be mutated, implying that they originated from memory B-
cells, whereas clone A1 appears to have been founded by a naïve B-cell. Genealogical trees were 
constructed and mutations numbered as described in the legend to Figure 5. Reproduced from Nzula et al. 
(2003). 

5.5 Cloning and characterisation of scFv antibodies 
In order to identify the antigens driving the immune response within the tumour, we 
reconstructed the antigen receptors expressed by germinal centre B-cells as scFv antibodies 
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by cloning VH and VL-genes into phagemid (pHEN2), as described in section 2.3, to generate 
scFv-phage libraries expressing randomly assorted combinations of VH and VL-genes. These 
“mini-libraries” were made from the B-cells in individual germinal centres within the 
tumour and are therefore much smaller and more restricted than the very large libraries 
normally made by random combination of large pools of VH and VL-genes. Two scFv-phage 
mini-libraries were constructed from a germinal centre incorporating all the VH-genes 
pooled from the largest proliferating B-cell clone (D4 in Fig. 10) linked randomly to either 
the rearranged Vκ-genes or the rearranged Vλ-genes amplified from the same germinal 
centre. 
Tumour-binding scFv were selected from the mini-libraries by three or four cycles of 
panning and elution on a heterologous tumour homogenate pooled from breast tumours of 
5 patients. During the panning cycles we observed exponential enrichment of the Vλ mini-
library, but not the Vκ mini-library, indicating that scFv within the Vλ mini-library bind 
specifically to tumour-associated antigens (Fig. 11A). This is consistent with the scFv-
libraries being derived from the same B-cell clone, since a single B-cell clone uses either a κ 
or λ light chain, not both. 13 scFv-phages binding to the tumour extract were cloned and 
their specificity for tumour tissue confirmed by ELISA. 7 scFv-phage clones that bound to 
the tumour extract were identified for further characterisation. All 7 used the same 
combination of VH3-23 with exons D1-26 & JH2, expressed by B-cell clone D4, and the light 
chain gene Vλ1c with Jλ3b. 
We also constructed two scFv-phage libraries from DNA extracted from a whole sample 
of tumour tissue, as described for the mini-libraries. The 2 libraries were panned on the 
same heterologous tumour homogenate as used with the mini-libraries. After 4 cycles of 
panning we observed an enrichment of several logs for both libraries, indicating the 
presence of tumour-specific antibodies (Fig. 11B). The enrichment of both global libraries 
shows that tumour-specific B-cells derived from independent B-cell clones were present in 
the tumour, as expected. 19 scFv-phages were cloned from the 2 global libraries and their 
specificity for tumour tissue confirmed by ELISA using the same tumour homogenate as 
source of antigen. 

5.6 Identification of the specificity of proliferating B-cells 
Since the scFvs from the VH/Vλ mini-library were derived from proliferating B-cell clone D4, 
their sequences and antigen specificities reveal the nature of the genes and antigen receptor 
specificities of the original germinal centre B-cells. We therefore sequenced the scFv clones 
that showed the strongest binding to the tumour extract and performed a Blast search of the 
Genbank gene database. The VHDJH heavy chain gene used by all members of B-cell clone 
D4 exhibited 89% homology with a human anti-HER3 MAb (AF048774) and the VλJλ light 
chain gene, also used by the same B-cells, matched a human anti-EGFR antibody 
(DQ666353.1) with 96% homology. These, and scFvs from the global libraries, were tested 
for binding to recombinant antigens from the epidermal growth factor receptor family: 
HER-2, HER-3 and HER-4, kindly provided by Genentech (San Francisco, USA) and 
Pharmexa A/S (Hørsholm, Denmark) by ELISA. Six scFvs from B-cell clone D4 and one 
from the global tumour library bound to recombinant HER-2, HER-3 & HER-4, indicating 
that they recognised a shared epitope expressed by all three members of this EGFR family of 
receptors (Fig. 12). Specificity for HER-2, HER-3 & HER-4 was confirmed using soluble scFv 
produced in the non-suppressor strain of E.coli. 
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Fig. 11. Exponential enrichment of scFv-phage after panning and elution on a breast tumour 
extract 

A. VH/Vκ and VH/Vλ scFv mini-libraries, using VH-genes from B-cell clone D4, panned on pooled 
heterologous tumour extract The eluate from each panning was then subjected to further cycles of 
panning and elution; B. Global VH/Vκ and VH/Vλ scFv-phage libraries from a human breast tumour, 
panned on the same heterologous tumour extract as in A. 
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Fig. 12. EGFR family specificity of scFv antibodies cloned from a mammary carcinoma 
germinal centre. 

Individual scFv-phage (80, 96, 14 & 107 & 120) from B-cell clone D4, proliferating and mutating in a 
breast tumour, and scFv-phage (471), cloned from whole breast tumour tissue, bind to members of the 
epidermal growth factor receptor family Her-2, Her-3 & Her-4. 

5.7 Conclusions 
Clusters of B-cells, T-cells and follicular dendritic cells form within human ductal breast 
carcinomas, resembling the ectopic germinal centres observed in the target tissues of 
patients with autoimmune diseases. These clusters of lymphoid cells contain clones of 
proliferating B-cells that are undergoing somatic hypermutation of their rearranged, Ig V-
(D)-J-genes and affinity selection of their B-cell receptors driven, in the case described here, 
by members of the epidermal growth factor receptor family, viz. HER2, HER3 and HER4. 
The antibodies produced during this response recognise an epitope shared by these 3 cell 
surface receptors, which are known to be overexpressed on breast carcinoma cells and 
several other types of carcinoma, including ovarian cancer. It is very probable that other 
tumour associated antigens are also able to stimulate a local B-cell response within the 
tumour, e.g. antibodies specific for a ganglioside were cloned from medullary carcinoma B-
cells, although it is not clear whether these are involved in attacking the tumour (Kotlan et 
al., 2005).  
Single chain Fv antibodies cloned from tumour germinal centre B-cells can readily be 
converted to complete antibodies by splicing their V-genes on to Ig constant regions of any 
desired isotype. These fully human antibodies can be produced in large quantities in a 
protein expression system and are therefore potential candidates for diagnosis, monitoring 
and therapy of breast and other types of cancer. 

 
The Ectopic Germinal Centre Response in Autoimmune Disease and Cancer 

 

423 

6. General conclusions 
It has become increasingly clear that infiltrating B- and T-lymphocytes organise themselves 
into ectopic lymphoid follicles and germinal centres within tissues undergoing 
inflammatory processes. This has been observed in several autoimmune diseases (Table 1), 
usually within the target organ or tissue, myasthenia gravis being the exception to the rule 
for reasons discussed in section 3.5. However, ectopic g.c.s are not restricted to autoimmune 
diseases but can also develop in other chronic inflammatory diseases, such as Crohn’s 
disease and ulcerative colitis; at sites of infection such as the liver during chronic hepatitis C 
virus infection and the skin of oncocerciasis patients (Brattig et al., 2010); and in neoplasias, 
including lymphoma of the mucosal-associated lymphoid tissue associated with Sjögren’s 
syndrome (Bombardieri et al., 2007a) and, as shown here, in breast cancer (Table 1). 
How these ectopic g.c.s develop, their role in the pathology of autoimmune diseases, and in 
combating infections and malignancies is still unclear but evidence is beginning to emerge. 
Cytokines, chemokines and signalling molecules involved in lymphoid neogenesis in the 
secondary lymphoid organs also appear to be required for ectopic g.c. formation, including 
lymphotoxins-α, β and α1β2, TNFα, Grb2, the chemokine receptor CXCR5, its ligand 
CXCL15, and the B-cell attracting chemokines CXCL13 and CCL21, in this case due to 
release of these molecules within the inflammatory environment, suggesting that g.c. 
formation may be secondary to inflammation (Aloisi & Pujol-Borrell, 2006).  
When reports first emerged of germinal centre-like structures within the target tissues of 
autoimmune diseases, there was some scepticism regarding whether these structures were 
involved in true germinal centre reactions. These doubts have now been dispelled. 
Identification of dark and light zones and a follicular dendritic cell network in intimate 
contact with B-cells was highly suggestive of a germinal centre reaction, especially when it 
was shown that autoantigen was trapped on the follicular dendritic cell processes, e.g. 
(SHIONO et al., 2003). Studies by us and other researchers have shown that the B-cells 
within ectopic germinal centres are activated to antigen-driven clonal proliferation, somatic 
hypermutation and class switching, similar to the response in orthotopic g.c.s responding to 
foreign antigens. That they switch on the somatic hypermutation machinery has been shown 
in several autoimmune diseases by sequencing studies of the expressed, rearranged Ig V-
genes cloned from microdissected g.c.s. This has been confirmed in the salivary gland g.c.s 
of Sjögren’s patients and the synovial g.c.s of rheumatoid arthritis patients by identification 
of activation induced cytidine deaminase (AID), a key enzyme in somatic hypermutation 
and class switch recombination (Bombardieri et al., 2007b; Humby et al., 2009). Interestingly, 
expression of AID has recently been observed in hyperplastic fibroblasts of rheumatoid 
arthritis patients (Igarashi et al., 2010). Expression correlated with mutations in the p53 gene 
and was induced by TNFα in vitro. AID is known to induce mutations in non-Ig genes at a 
lower frequency and it was suggested that the mutations of this tumour suppressor gene 
may be the cause of the fibroblast hyperplasia. Affinity maturation of B-cell receptors during 
somatic hypermutation has been demonstrated by analysis of replacement mutations, 
although early analyses failed to take into account the bias towards replacement mutations 
in the CDRs resulting from targeting of AID to sequence motifs such as RGYW. Final 
confirmation requires direct affinity measurements of autoantibodies cloned from germinal 
centre B-cells and/or by 3-D molecular modelling of the antigen-binding site bound to its 
epitope, as we have shown for anti-hen egg lysozyme antibodies produced in an orthotopic 
germinal centre reaction (Adams et al., 2003). 
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Fig. 12. EGFR family specificity of scFv antibodies cloned from a mammary carcinoma 
germinal centre. 

Individual scFv-phage (80, 96, 14 & 107 & 120) from B-cell clone D4, proliferating and mutating in a 
breast tumour, and scFv-phage (471), cloned from whole breast tumour tissue, bind to members of the 
epidermal growth factor receptor family Her-2, Her-3 & Her-4. 

5.7 Conclusions 
Clusters of B-cells, T-cells and follicular dendritic cells form within human ductal breast 
carcinomas, resembling the ectopic germinal centres observed in the target tissues of 
patients with autoimmune diseases. These clusters of lymphoid cells contain clones of 
proliferating B-cells that are undergoing somatic hypermutation of their rearranged, Ig V-
(D)-J-genes and affinity selection of their B-cell receptors driven, in the case described here, 
by members of the epidermal growth factor receptor family, viz. HER2, HER3 and HER4. 
The antibodies produced during this response recognise an epitope shared by these 3 cell 
surface receptors, which are known to be overexpressed on breast carcinoma cells and 
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tumour associated antigens are also able to stimulate a local B-cell response within the 
tumour, e.g. antibodies specific for a ganglioside were cloned from medullary carcinoma B-
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al., 2005).  
Single chain Fv antibodies cloned from tumour germinal centre B-cells can readily be 
converted to complete antibodies by splicing their V-genes on to Ig constant regions of any 
desired isotype. These fully human antibodies can be produced in large quantities in a 
protein expression system and are therefore potential candidates for diagnosis, monitoring 
and therapy of breast and other types of cancer. 

 
The Ectopic Germinal Centre Response in Autoimmune Disease and Cancer 

 

423 

6. General conclusions 
It has become increasingly clear that infiltrating B- and T-lymphocytes organise themselves 
into ectopic lymphoid follicles and germinal centres within tissues undergoing 
inflammatory processes. This has been observed in several autoimmune diseases (Table 1), 
usually within the target organ or tissue, myasthenia gravis being the exception to the rule 
for reasons discussed in section 3.5. However, ectopic g.c.s are not restricted to autoimmune 
diseases but can also develop in other chronic inflammatory diseases, such as Crohn’s 
disease and ulcerative colitis; at sites of infection such as the liver during chronic hepatitis C 
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hypermutation and class switching, similar to the response in orthotopic g.c.s responding to 
foreign antigens. That they switch on the somatic hypermutation machinery has been shown 
in several autoimmune diseases by sequencing studies of the expressed, rearranged Ig V-
genes cloned from microdissected g.c.s. This has been confirmed in the salivary gland g.c.s 
of Sjögren’s patients and the synovial g.c.s of rheumatoid arthritis patients by identification 
of activation induced cytidine deaminase (AID), a key enzyme in somatic hypermutation 
and class switch recombination (Bombardieri et al., 2007b; Humby et al., 2009). Interestingly, 
expression of AID has recently been observed in hyperplastic fibroblasts of rheumatoid 
arthritis patients (Igarashi et al., 2010). Expression correlated with mutations in the p53 gene 
and was induced by TNFα in vitro. AID is known to induce mutations in non-Ig genes at a 
lower frequency and it was suggested that the mutations of this tumour suppressor gene 
may be the cause of the fibroblast hyperplasia. Affinity maturation of B-cell receptors during 
somatic hypermutation has been demonstrated by analysis of replacement mutations, 
although early analyses failed to take into account the bias towards replacement mutations 
in the CDRs resulting from targeting of AID to sequence motifs such as RGYW. Final 
confirmation requires direct affinity measurements of autoantibodies cloned from germinal 
centre B-cells and/or by 3-D molecular modelling of the antigen-binding site bound to its 
epitope, as we have shown for anti-hen egg lysozyme antibodies produced in an orthotopic 
germinal centre reaction (Adams et al., 2003). 
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In several cases it has been shown that the autoantibodies generated in ectopic g.c.s have 
similar specificities to the autoantibodies found in the blood, notably in Hashimoto’s 
thyroiditis, Sjögren’s syndrome and rheumatoid arthritis, suggesting that the g.c.s 
contribute to pathological mechanisms, although whether they are critical in the early stages 
of development of the disease, or only contribute to its maintenance once the initial tissue 
damage has commenced, has yet to be established. Production of cytokines and chemokines 
at sites of damage that attract lymphocytes and contribute to lymphoid neogenesis suggests 
that the latter may be the more likely scenario. Nevertheless, a detailed understanding of the 
mechanisms involved in generation of ectopic g.c. structures and maintenance of production 
of plasma cells and memory B-cells producing potentially pathogenic antibodies is essential 
for a full understanding of the pathology of autoimmune disease and holds promise for 
developing new methods of therapy, based on controlling this response or inducing 
immunological tolerance to the autoantigens. 
Even more work needs to be done to determine the role of ectopic g.c.s in other diseases, 
including sterile and infectious chronic inflammatory diseases and cancer. What other types 
of cancer, in addition to breast cancer and lymphoma, induce germinal centre reactions 
within the tumour and the nature of their response in elimination of cancer cells have yet to 
be determined. The identification of intra-tumour g.c.s producing antibodies and memory B-
cells with specificity for members of the epidermal growth factor receptor family holds out 
hope that therapeutic vaccines can be developed to boost this response for therapy of breast 
cancer and, potentially other neoplasias, such as ovarian cancer, in which these molecules 
are overexpressed. Experimental approaches using mouse models of breast cancer support 
this optimism (Renard et al., 2003; Renard & Leach, 2007; Mukhopadhyay, MS in 
preparation). Cloning of antibodies against tumour-associated antigens from intra-tumour 
g.c.s is also a novel way of producing fully human antibodies for passive immunotherapy. 
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1. Introduction  
Myasthenia Gravis (MG) is an autoimmune neuromuscular disorder in which 
autoantibodies are directed against muscle receptors. MG causes fluctuating muscle 
weakness, which often involves droopy eyelids, swallowing difficulties and generalized 
muscle fatigue in the neck and proximal muscles of the legs and arms. The prevalence of 
MG is two times higher in women than in men. Age is also a prevailing factor, affecting 
women whom are 20-30 years of age, whereas men are 60-80 years old (Osserman and 
Genkins 1971). The annual incidence of MG has been reported to be about 3-4 cases per 
million and the overall prevalence about 60 cases per million; however, higher rates have 
recently been suggested, indicating a potential prevalence as high as 20 per 100 000 persons. 
(Kalb, Matell et al. 2002; Phillips 2003). The most common form of MG is associated with 
antibodies against the nicotinic acetylcholine receptor (AChR), present in about 85% of 
patients with generalised MG (Vincent and Newsom Davis 1980). In 2001 antibodies against 
the muscle specific tyrosine kinase (MuSK) were identified in about 40-70% of patients 
without detectable AChR antibodies (Hoch, McConville et al. 2001). Furthermore, in 
approximately 5-10% of patients with the generalized disease no antibodies are present in 
the serum, but these cases all have the features of an autoimmune course. This chapter deals 
with the clinical phenotype, neurophysiology and consequences at the neuromuscular 
junction of the autoimmune attack associated with MG as well as treatment options. The 
focus will be on MuSK antibody seropositive (MuSK+) MG in human patients and the 
experimental murine model of MuSK+ MG.  

2. Myasthenia gravis: Targets, consequences and treatment of the 
autoimmune attack   
In 1960, the Scottish neurologist Simpson suggested that MG might be caused by an 
autoimmune mechanism based on the relatively high incidence of concomitant autoimmune 
diseases, e.g. rheumatoid arthritis and systemic lupus erytematosus, among the MG patients 
(Simpson 1960). Abnormalities of the thymus gland were discovered, as well as the presence 
of lymphorrages in muscles, which further supported Simpson´s hypothesis (Miller 1961). A 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

432 

Vincent, A. 2002, "Unravelling the pathogenesis of myasthenia gravis", Nature 
Revs.Immunol., vol. 2, pp. 797-804. 

Vincent, A. & et al. 1997, "Thymoma and autoimmune neurological disorders," in Epithelial 
Tumours of the Thymus, A. Marx & H. K. Muller-Hermelink, eds., Plenum Press, 
New York, pp. 195-204. 

Visco, V., Bei, R., Moriconi, E., Gianni, W., Kraus, M. H., & Muraro, R. 2000, "ErbB2 immune 
response in breast cancer patients with soluble receptor ectodomain.", Am.J.Pathol., 
vol. 156, pp. 1417-1424. 

von Mensdorff-Pouilly, S., Verstraeten, A. A., Kenemans, P., Snijdewint, F. G. M., Kok, A., 
Van Kamp, G. J., Paul, M. A., Van Diest, P. J., Meijer, S., & Hilgers, J. 2000, "Survival 
in Early Breast Cancer Patients Is Favorably Influenced by a Natural Humoral 
Immune Response to Polymorphic Epithelial Mucin", Journal of Clinical Oncology, 
vol. 18, p. 574. 

Wallace, W. A. H., Howie, S. E. M., Krajewski, A. S., & Lamb, D. 1996, "The immunological 
architecture of B-lymphocyte aggregates in cryptogenic fibrosing alveolitis", 
J.Pathol., vol. 178, pp. 323-329. 

Weiser, A. A., Wittenbrink, N., Zhang, L., Schmelzer, A. I., Valai, A., & Or-Guil, M. 2011, 
"Affinity maturation of B cells involves not only a few but a whole spectrum of 
relevant mutations", International Immunology, vol. 23, pp. 345-356. 

Yoshitake, T., Masunaga, A., Sugawara, I., Nakamura, H., Itoyama, S., & Oka, T. 1994, "A 
comparative histological and immunohistochemical study of thymomas with and 
without myasthenia gravis", Surgery Today, vol. 24, pp. 1044-1049. 

Zampieri, S., Ghirardello, A., Iaccarino, L., Tarricone, E., Gambari, P. F., & Doria, A. 2005, 
"Anti-Jo-1 antibodies", Autoimmunity, vol. 38, no. 1, pp. 73-78. 

Zuckerman, N. S., Howard, W. A., Bismuth, J., Gibson, K., Edelman, H., Berrih-Aknin, S., 
Dunn-Walters, D., & Mehr, R. 2010, "Ectopic GC in the thymus of myasthenia 
gravis patients show characteristics of normal GC", Eur.J Immunol, vol. 40, pp. 1150-
1161. 

22 

Myasthenia Gravis: New Insights into  
the Effect of MuSK Antibodies and 

 Acetylcholinesterase Inhibitors  
 Anna Rostedt Punga 

Uppsala University Hospital, Institute of Neuroscience,  
Department of Clinical Neurophysiology 

Sweden 

1. Introduction  
Myasthenia Gravis (MG) is an autoimmune neuromuscular disorder in which 
autoantibodies are directed against muscle receptors. MG causes fluctuating muscle 
weakness, which often involves droopy eyelids, swallowing difficulties and generalized 
muscle fatigue in the neck and proximal muscles of the legs and arms. The prevalence of 
MG is two times higher in women than in men. Age is also a prevailing factor, affecting 
women whom are 20-30 years of age, whereas men are 60-80 years old (Osserman and 
Genkins 1971). The annual incidence of MG has been reported to be about 3-4 cases per 
million and the overall prevalence about 60 cases per million; however, higher rates have 
recently been suggested, indicating a potential prevalence as high as 20 per 100 000 persons. 
(Kalb, Matell et al. 2002; Phillips 2003). The most common form of MG is associated with 
antibodies against the nicotinic acetylcholine receptor (AChR), present in about 85% of 
patients with generalised MG (Vincent and Newsom Davis 1980). In 2001 antibodies against 
the muscle specific tyrosine kinase (MuSK) were identified in about 40-70% of patients 
without detectable AChR antibodies (Hoch, McConville et al. 2001). Furthermore, in 
approximately 5-10% of patients with the generalized disease no antibodies are present in 
the serum, but these cases all have the features of an autoimmune course. This chapter deals 
with the clinical phenotype, neurophysiology and consequences at the neuromuscular 
junction of the autoimmune attack associated with MG as well as treatment options. The 
focus will be on MuSK antibody seropositive (MuSK+) MG in human patients and the 
experimental murine model of MuSK+ MG.  

2. Myasthenia gravis: Targets, consequences and treatment of the 
autoimmune attack   
In 1960, the Scottish neurologist Simpson suggested that MG might be caused by an 
autoimmune mechanism based on the relatively high incidence of concomitant autoimmune 
diseases, e.g. rheumatoid arthritis and systemic lupus erytematosus, among the MG patients 
(Simpson 1960). Abnormalities of the thymus gland were discovered, as well as the presence 
of lymphorrages in muscles, which further supported Simpson´s hypothesis (Miller 1961). A 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

434 

humoral factor was also implicated in the development of MG after it was found that 
approximately 20% of babies whose mothers had a diagnosis of MG developed transient 
neonatal MG (Strickroot 1942). Over the years, the targets of the autoimmune response, the 
mechanism at the neuromuscular junction (NMJ), clinical and neurophysiological features 
and treatment options have been outlined and improved.  

2.1 Targets of the autoimmune attack 
The MG autoimmune attack is directed against the receptors and proteins of the 
neuromuscular junction. Some patients have a thymoma which presents with antibodies 
against other proteins, seen in the case of thymic pathology. It is not yet clear what triggers 
the production of autoantibodies but MG is considered to be both a B-and T-cell mediated 
disorder. The autoimmune attack results in disruption of the postsynaptic endplate 
morphology and subsequently impaired neuromuscular transmission, which in turn causes 
the typical symptoms of fatigable skeletal muscle weakness.  

2.1.1 Nicotinic acetylcholine receptors 
About 80-85% of patients with generalized MG and 55% of patients with ocular MG have 
autoantibodies directed against the nicotinic AChR (AChR+) (Lindstrom, Seybold et al. 
1976; Vincent and Newsom-Davis 1985). The AChR antibodies (Abs) are highly specific for 
MG and impair the function of the AChRs by three main mechanisms: (1) blocking of the 
acetylcholine (ACh) binding site (Lefvert, Cuenoud et al. 1981); (2) cross-linking of the 
AChRs that results in both a functional blockade and accelerated degradation of the AChRs 
(Drachman, Adams et al. 1981) and (3) complement activation that results in destruction of 
the postsynaptic muscle membrane (Engel, Lambert et al. 1977). The main immunogenic 
region (MIR), against which the majority of AChR-Abs in MG or experimental autoimmune 
MG (EAMG) are directed, is located at the extracellular end of α1 subunits. Pathologically 
significant autoantibodies must be directed at the extracellular surface of the AChR, where 
they can bind in vivo (Lindstrom, Luo et al. 2008). In MG and chronic EAMG in rats, 
autoantibodies bound to muscle AChRs target the postsynaptic membrane for complement-
binding, which results in focal lysis and reduces the number of AchRs. This chain of events 
in turn disrupts the architecture of the postsynaptic membrane  through an alteration of its 
normal position next to active zones of ACh release (Lindstrom 2000). The AChR-Abs are of 
IgG1 type and are typically measured using a standard radioimmunoassay in which the 
antigen consists of AChR from human muscle labelled with [125I]α-bungarotoxin  

2.1.2 Muscle specific tyrosine kinase (MuSK) 
MuSK is essential in the early development of the NMJ, as well as in the maintenance of the 
organized structure of the postsynaptic apparatus through clustering of AChRs (Hopf and 
Hoch 1998; Liyanage, Hoch et al. 2002; Wang, Zhang et al. 2006)  (Figure 1). It is further 
necessary for maintaining the organized structure and integrity of the neuromuscular 
synapse, as perturbations in MuSK protein expression cause a pronounced disassembly of 
the NMJ (Kong, Barzaghi et al. 2004; Hesser, Henschel et al. 2006). MuSK mutant mice do 
not experience successful synaptic differentiation and agrin mutant mice, have small AChR 
clusters which are scattered abnormally throughout the muscle (DeChiara, Bowen et al. 
1996). Other players which are required for synaptogenesis include Dok-7, rapsyn and Lrp4. 
Dok-7 is a downstream adaptor protein to MuSK, and is important for maintaining the 
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structural integrity of the endplate (Okada, Inoue et al. 2006). Lrp4 was recently identified as 
the co-receptor for neural agrin and forms a complex which mediates MuSK activation upon 
agrin-binding (Kim, Stiegler et al. 2008; Zhang, Luo et al. 2008). Rapsyn is a membrane-
associated cytoplasmic protein that is concentrated at the NMJ and crucial for the clustering 
of AChRs (Colledge and Froehner 1998).  
 

 
Fig. 1. Agrin-MuSK signalling at the neuromuscular synapse. Neural agrin is released from 
the motor nerve terminal and attaches to MuSK along with its co-receptor Lrp-4. This 
binding of agrin induces a cascade of phosphorylation on MuSK and then on other 
intracellular proteins, such as rapsyn, enabling the clustering of AChR. The autoantibodies 
in MuSK-antibody seropositive MG are mainly of IgG4-subtype and attach to the IgG-like 
domains in the extracellular domain of MuSK. The autoantibodies in AChR-antibody 
seropositive MG are of IgG1 subtype and bind to the main immunogenic region of the 
AChR, blocking the acetylcholine binding and activating complement pathways which 
destroy AChRs. Another important pathway at the synapse is ErbB with its 
neurotransmitter neuregulin.  

In 2001, antibodies against the MuSK (MuSK-Ab) were identified and found to be present in 
about 40-70% of patients who are seronegative for AChR-Abs (Hoch, McConville et al. 2001; 
Bartoccioni, Marino et al. 2003; Rostedt Punga, Ahlqvist et al. 2006). MuSK-Abs have also 
been identified in 14% of patients who have been characterized as having low titers of 
AChR-Abs; thus, MuSK-Abs are not entirely restricted to the AChR-Ab seronegative MG 
subgroup (Rostedt Punga, Ahlqvist et al. 2006). While MuSK-antibodies are predominantly 
of IgG4 subclass, up to 30% of the MuSK-antibodies belong to the IgG1 subclass 
(McConville, Farrugia et al. 2004). Despite the controversial pathogenicity of MuSK-Abs 
(Lindstrom 2004; Selcen, Fukuda et al. 2004), their role in disrupting the NMJ and 
development MG has been evidenced in animal studies with MuSK immunization 
(Shigemoto, Kubo et al. 2006) and passive transfer of sera from MuSK+ patients (Cole, 
Reddel et al. 2008). Patient-anti MuSK abs have been shown to inhibit neural agrin-mediated 
formation of AChR clusters in vitro (Hoch, McConville et al. 2001; Cole, Reddel et al. 2008).  
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autoantibodies bound to muscle AChRs target the postsynaptic membrane for complement-
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in turn disrupts the architecture of the postsynaptic membrane  through an alteration of its 
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structural integrity of the endplate (Okada, Inoue et al. 2006). Lrp4 was recently identified as 
the co-receptor for neural agrin and forms a complex which mediates MuSK activation upon 
agrin-binding (Kim, Stiegler et al. 2008; Zhang, Luo et al. 2008). Rapsyn is a membrane-
associated cytoplasmic protein that is concentrated at the NMJ and crucial for the clustering 
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destroy AChRs. Another important pathway at the synapse is ErbB with its 
neurotransmitter neuregulin.  

In 2001, antibodies against the MuSK (MuSK-Ab) were identified and found to be present in 
about 40-70% of patients who are seronegative for AChR-Abs (Hoch, McConville et al. 2001; 
Bartoccioni, Marino et al. 2003; Rostedt Punga, Ahlqvist et al. 2006). MuSK-Abs have also 
been identified in 14% of patients who have been characterized as having low titers of 
AChR-Abs; thus, MuSK-Abs are not entirely restricted to the AChR-Ab seronegative MG 
subgroup (Rostedt Punga, Ahlqvist et al. 2006). While MuSK-antibodies are predominantly 
of IgG4 subclass, up to 30% of the MuSK-antibodies belong to the IgG1 subclass 
(McConville, Farrugia et al. 2004). Despite the controversial pathogenicity of MuSK-Abs 
(Lindstrom 2004; Selcen, Fukuda et al. 2004), their role in disrupting the NMJ and 
development MG has been evidenced in animal studies with MuSK immunization 
(Shigemoto, Kubo et al. 2006) and passive transfer of sera from MuSK+ patients (Cole, 
Reddel et al. 2008). Patient-anti MuSK abs have been shown to inhibit neural agrin-mediated 
formation of AChR clusters in vitro (Hoch, McConville et al. 2001; Cole, Reddel et al. 2008).  
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2.1.3 Thymoma associated antibodies and rapsyn antibodies 
MG patients with a tumour of the thymus, thymoma, may have antibodies not only directed 
to the AChR but also to other components of striated muscle. Two of these components 
strongly associated with a thymoma are the sarcomeric cytoskeletal protein titin and the 
calcium release channel of the sarcoplasmic reticulum, the ryanodine receptor (Aarli, 
Stefansson et al. 1990; Mygland, Tysnes et al. 1992). On the basis of their cross-striational 
pattern by immunofluorescent staining, they have been named antistriational antibodies.  
A fifth antigen is the small postsynaptic AChR-associated protein rapsyn. Antibodies 
directed against rapsyn have been detected in about 15% of MG-patients, both in patients 
with and without AChR-Abs. Rapsyn is precisely colocalized with AChRs from the early 
stages of NMJ formation and similar to MuSK, rapsyn is necessary for the clustering of 
AChRs (Hall and Sanes 1993; Gautam, Noakes et al. 1995).  

2.1.4 Seronegative myasthenia 
A minority of MG patients is consistently negative for antibodies to the soluble native AChR 
or MuSK used in standard assays, and is often referred to as seronegative myasthenia gravis 
(SNMG). There could be antibodies to another neuromuscular junction protein, but given 
the clinical features which are very similar to AChR+ MG, it is likely that the failure of 
current assays to detect the antibodies due to a loss of antigenic determinants in the 
solubilized AChR used in the radioimmunoprecipitation assay, or because the AChR 
antibodies have only low affinity/avidity for the soluble AChR, is responsible. This was 
proven in 2008, when a cell-based assay showed that IgG from 66% of SNMG sera, binds to 
AChRs when they are clustered on the surface of a non-muscle cell line (HEK693 kidney 
cells) by co-transfecting with rapsyn (Leite, Jacob et al. 2008). This study also confirmed that 
these Abs are mainly complement activating IgG1, and some were able to induce 
complement deposition on the AChR clusters. SNMG patients typically behave as AChR+ 
MG with a similar clinical phenotype and improvement upon immunosuppressive 
treatment. Patients with symptoms of MG in whom no autoantibodies can be detected are 
called “seronegative” (AChR-). However, there are strong indicators that AChR- MG also 
has an autoimmune etiology. In fact a small proportion of AChR- patients were recently 
found to have autoantibodies to Lrp4, via an in-vitro luciferase-reporter 
immunoprecipitation method (Higuchi, Hamuro et al. 2011). These antibodies inhibit 
binding of Lrp4 to its ligand and predominantly belong to the immunoglobulin G1 (IgG1) 
subclass, a complement activator. Thus, in the future it is anticipated that antibodies in the 
sera from SNMG patients will be identified.  

2.2 Clinical picture in different subsets of MG  
The clinical hallmark of MG is painless, fatigable weakness, located primarily in the 
proximal muscle groups of the neck, face, shoulders, arms and legs. The muscle weakness 
may fluctuate daily, but typically worsens after physical activity and improves with rest. 
The course of MG is variable, although in most cases the disease is chronic and requires 
lifelong immunosuppressive medication. Long-lasting remissions are uncommon; however 
this has been reported in 10–20% of patients (Grob, Brunner et al. 2008). Many patients 
experience intermittent worsening of symptoms triggered by emotional stress, viral or 
bacterial infections, due to an upregulation of the immune system, and different 
medications, including certain antibiotics.  
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Weakness in the extraocular muscles results in ptosis and diplopia, whereas bulbar muscle 
weakness causes dysarthria, dysphagia and in worst cases also dyspnea necessitating 
respirator assistance (myasthenic crisis). Fatigue of the proximal leg and arm muscles causes 
difficulties in climbing stairs and holding the arms above the head. MG can be subdivided 
into an ocular and generalized form. In the ocular form, symptoms are restricted to the 
extraocular muscles resulting in ptosis and diplopia. Most patients, who generalize, i.e. 
develop symptoms of fatigue in muscles of proximal limbs, facial and bulbar muscles do so 
within 2 years. Studies have tried to identify factors to help predict prognosis but no such 
factors have been characterised, including neurophysiological examinations (Rostedt, 
Sanders et al. 2000). Patients with generalised MG can be divided into early-onset disease 
(onset <40 years of age) and late-onset disease. Female patients predominate the early-onset 
group, and often have AChR antibodies and an enlarged hyperplastic thymus gland. 
Patients with onset after the age of 40 years are more often male and usually have a normal 
appearance of the thymus. About 10–15% of patients with MG have a thymoma, a tumour of 
the thymus. MG associated with a thymoma, which is equally common in men and women, 
can occur at any age and the clinical presentation is often more severe with progressive 
generalized and oropharyngeal weakness (Evoli, Minisci et al. 2002)  
 

 
Fig. 2. Clinical and neurophysiological features which can be observed in MuSK+ MG. Left 
panel: A close-up of the tongue shows pronounced atrophy on the lateral sides of the 
glossus muscle. Right panel: EMG in these areas of the muscle revealed a myopathic picture. 

MuSK+ patients usually differ from the AChR+ patients by having a very focal distribution 
of the muscle weakness, sometimes being limited to only the neck extensor muscles or to the 
bulbar muscles. A large Italian cohort of MuSK+ patients revealed a specific pattern of 
muscle weakness, with prevalent involvement of cranial and bulbar muscles and a high 
frequency of respiratory crises, and less severe and inconsistent involvement of limb 
muscles (Evoli, Tonali et al. 2003). This selective muscle weakness of faciobulbar and neck 
muscles is often very focal, with relative sparing of other muscles. Additionally, muscles 
which are usually not affected in AChR+ MG, including the paraspinal and esophageal 
muscles, may be involved (Sanders and Juel 2008). Contrary to conventional AChR+ MG 
patients, the majority of MuSK+ patients do not experience symptomatic relief from 
acetylcholine esterase inhibitors (AChEI) (Evoli, Tonali et al. 2003), but may respond with 
pronounced nicotinic adverse effects, such as muscle fasciculations and cramps (Punga, 
Flink et al. 2006). Pronounced muscle atrophy of facial muscles has also been described in 
MuSK+ patients and verified on MRI examinations of the temporalis, masseter and lingual 
muscles (Farrugia, Robson et al. 2006; Zouvelou, Rentzos et al. 2009). This facial muscle 
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proven in 2008, when a cell-based assay showed that IgG from 66% of SNMG sera, binds to 
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these Abs are mainly complement activating IgG1, and some were able to induce 
complement deposition on the AChR clusters. SNMG patients typically behave as AChR+ 
MG with a similar clinical phenotype and improvement upon immunosuppressive 
treatment. Patients with symptoms of MG in whom no autoantibodies can be detected are 
called “seronegative” (AChR-). However, there are strong indicators that AChR- MG also 
has an autoimmune etiology. In fact a small proportion of AChR- patients were recently 
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immunoprecipitation method (Higuchi, Hamuro et al. 2011). These antibodies inhibit 
binding of Lrp4 to its ligand and predominantly belong to the immunoglobulin G1 (IgG1) 
subclass, a complement activator. Thus, in the future it is anticipated that antibodies in the 
sera from SNMG patients will be identified.  

2.2 Clinical picture in different subsets of MG  
The clinical hallmark of MG is painless, fatigable weakness, located primarily in the 
proximal muscle groups of the neck, face, shoulders, arms and legs. The muscle weakness 
may fluctuate daily, but typically worsens after physical activity and improves with rest. 
The course of MG is variable, although in most cases the disease is chronic and requires 
lifelong immunosuppressive medication. Long-lasting remissions are uncommon; however 
this has been reported in 10–20% of patients (Grob, Brunner et al. 2008). Many patients 
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muscle weakness, with prevalent involvement of cranial and bulbar muscles and a high 
frequency of respiratory crises, and less severe and inconsistent involvement of limb 
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which are usually not affected in AChR+ MG, including the paraspinal and esophageal 
muscles, may be involved (Sanders and Juel 2008). Contrary to conventional AChR+ MG 
patients, the majority of MuSK+ patients do not experience symptomatic relief from 
acetylcholine esterase inhibitors (AChEI) (Evoli, Tonali et al. 2003), but may respond with 
pronounced nicotinic adverse effects, such as muscle fasciculations and cramps (Punga, 
Flink et al. 2006). Pronounced muscle atrophy of facial muscles has also been described in 
MuSK+ patients and verified on MRI examinations of the temporalis, masseter and lingual 
muscles (Farrugia, Robson et al. 2006; Zouvelou, Rentzos et al. 2009). This facial muscle 
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weakness is often seen as a flattening of the forehead and in some patients atrophy of the 
tongue (Figure 2) is pronounced.  

2.2.1 Neurophysiology in MG: disturbed neuromuscular transmission 
Neurophysiological tests are essential in the diagnosis of MG. There are two different in vivo 
examinations to confirm disturbed neuromuscular transmission: (1) Repetitive nerve 
stimulation (RNS) and (2) Single-fiber EMG (SFEMG). At low frequency RNS (3 Hz) there is 
typically a progressive decline in the compound muscle action potential (CMAP) amplitude. 
This decrement is due to the “run down” of the amplitude of individual end plate potentials 
(EPP). In MG, a certain proportion of potentials are reduced to a subthreshold level and 
therefore insufficient to depolarize the muscle fiber. Since the CMAP constitutes the sum of 
activated muscle fibers, its amplitude is successively reduced with an increasing block of 
individual muscle fibers. If the amplitude drop, or decrement, exceeds a certain limit, e.g. 
5%, the finding is considered significant. RNS is first performed at rest and then after 20 
seconds of maximal voluntary muscle contraction, when an improvement of the decrement 
is typically seen, known as post-exercise facilitation. Additional tests after 1 and 3 minutes 
explore post-exercise exhaustion.  
The amount of ACh released at the NMJ at different times varies minimally, resulting in 
comparable variations in the rise of EPP and the muscle fiber pair interpotential intervals. 
This variability is highly sensitive to neuromuscular transmission abnormalities and is 
increased in MG patients. SFEMG, which is the most sensitive test for MG, measures this 
variability and can be performed during voluntary muscle contraction or when the nerve is 
electrically stimulated (Stalberg, Ekstedt et al. 1974). SFEMG reveals deficits of 
neuromuscular transmission in 95%–99% of MG patients (Sanders 2002) and has proven to 
be a sensitive marker of early improvement in clinical trials in MG (Meriggioli and Rowin 
2003). With an uptake area of about 300 μm the SFEMG electrode selectively records action 
potentials from a small number (usually 2 or 3) of muscle fibers innervated by a single 
motor unit and can detect subclinical defects in neuromuscular transmission. The variations 
in the difference in conduction times taken by impulses from the nerve branching point via 
the motor end plates along each muscle fiber to the recording site are called jitter. The jitter 
reflects the safety factor of neuromuscular transmission and in normal conditions the jitter is 
low. When jitter measurements are made in voluntarily activated muscle, activity from two 
muscle fibers innervated from the same axon is recorded and one action potential used as a 
time reference (Figure 3a). Increased jitter indicates a disturbed neuromuscular transmission 
(Figure 3b). Neuromuscular blockings occur if the jitter if high enough (usually more than 
100 μsec), resulting from the failure of transmission of one of the potentials, when one of the 
muscle fibers fails to transmit an action potential because the EPP does not reach the 
necessary threshold (Figure 3c). Increased jitter is not pathognomonic for MG and can be 
seen in other conditions where there is denervation and reinnervation going on 
simultaneously, such as amyotrophic lateral sclerosis (ALS). Nevertheless, in combination 
with the clinical picture and immunological analysis of antibodies, the SFEMG is very 
sensitive for the MG diagnosis. Normal results on SFEMG in a clinically affected muscle 
basically rule out the diagnosis of MG. In most clinical neurophysiological laboratories, the 
arm muscle extensor digitorum communis (EDC) and either the facial muscles orbicularis 
oculi or frontalis are routinely examined.  
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Fig. 3. Single-fiber EMG recording from the orbicularis oculi muscle (A) in a healthy 
control person and in a patient with MG (B and C). The vertical dotted lines represent the 
time line of a single muscle fiber and in each box, signals from two muscle fibers 
belonging to the same motor unit are displayed. A) Normal jitter, i.e. constant time 
variation in the variability of neuromuscular signaling to fiber 1 and 2. B) Increased jitter,  
and C) blockings.  

2.2.2 Focal neurophysiology in MuSK+ MG 
In patients with an extremely focal presentation of muscle fatigue and weakness, such as in 
MuSK+ MG, it may be necessary to specifically examine an involved muscle, such as the 
neck extensor muscles. Specific examination will help to prevent the oversight of selective 
defects of neuromuscular transmission (Sanders, El-Salem et al. 2003). In MuSK+ MG, 
SFEMG has been confirmed as the most sensitive examination in the neurophysiological 
diagnosis of MuSK+ MG, whereas repetitive nerve stimulation in limb muscles is only 
diagnostic in about 57% of cases (Evoli, Tonali et al. 2003). One of the standard limb muscles 
for SFEMG examinations, the EDC muscle, has been reported normal in many cases of 
MuSK+ MG, unlike AChR+ (Nemoto, Kuwabara et al. 2005; Stickler, Massey et al. 2005), 
which indicates differences in the distribution of abnormal neuromuscular transmission. In 
our experience, MuSK+ MG patients have comparable defects of neuromuscular 
transmission, on SFEMG; as AChR+ MG patients, when proximal muscles such as the 
deltoid or the orbicularis oculi muscles are examined (Rostedt Punga, Ahlqvist et al. 2006). 
One study has emphasized that the decrement in facial muscles, such as the orbicularis oculi 
muscle, is more often abnormal in the MuSK+ patients (Oh, Hatanaka et al. 2006), thus it is 
also important for RNS to be performed with recording from muscles in the faciobulbar 
region.   
Neurophysiological examinations are also important in MuSK+ MG to detect adverse effects 
from AChEIs. So-called extra discharges (EDs), which occur after the CMAP on motor nerve 
stimulation, are sometimes observed in MG patients who are receiving high doses of 
AChEIs and may signify impending cholinergic crisis (Punga and Stalberg 2009). EDs are 
more prominent in recordings from distal muscles, such as the abductor digiti minimi 
(ADM) in the hand (Punga, Sawada et al. 2008). In the same patient different 
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tongue (Figure 2) is pronounced.  

2.2.1 Neurophysiology in MG: disturbed neuromuscular transmission 
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sensitive for the MG diagnosis. Normal results on SFEMG in a clinically affected muscle 
basically rule out the diagnosis of MG. In most clinical neurophysiological laboratories, the 
arm muscle extensor digitorum communis (EDC) and either the facial muscles orbicularis 
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Fig. 3. Single-fiber EMG recording from the orbicularis oculi muscle (A) in a healthy 
control person and in a patient with MG (B and C). The vertical dotted lines represent the 
time line of a single muscle fiber and in each box, signals from two muscle fibers 
belonging to the same motor unit are displayed. A) Normal jitter, i.e. constant time 
variation in the variability of neuromuscular signaling to fiber 1 and 2. B) Increased jitter,  
and C) blockings.  

2.2.2 Focal neurophysiology in MuSK+ MG 
In patients with an extremely focal presentation of muscle fatigue and weakness, such as in 
MuSK+ MG, it may be necessary to specifically examine an involved muscle, such as the 
neck extensor muscles. Specific examination will help to prevent the oversight of selective 
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from AChEIs. So-called extra discharges (EDs), which occur after the CMAP on motor nerve 
stimulation, are sometimes observed in MG patients who are receiving high doses of 
AChEIs and may signify impending cholinergic crisis (Punga and Stalberg 2009). EDs are 
more prominent in recordings from distal muscles, such as the abductor digiti minimi 
(ADM) in the hand (Punga, Sawada et al. 2008). In the same patient different 
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nerves/muscles display different grades of EDs. In some nerves, the discharges are clearly 
extra components, with increasing intervals from 4 to 12 ms (with a duration of at least 50 
ms) and with an amplitude of approximately one third of the CMAP. In other nerves the 
EDs are seen as irregular discharges of low amplitude (<0.5 mV), with a duration up to 100 
ms (Punga, Sawada et al. 2008). EDs may also occur directly after the neostigmine test in 
MuSK+ patients and then correlate with a worsening in muscle fatigue (Punga, Flink et al. 
2006).  
Examination using quantitative EMG (QEMG) is characterized by a myopathic pattern in 
approximately 70% of MuSK+ patients in neck extensor splenius capitis muscle and/or the 
deltoid muscle, which is considerably more than in the AChR+ group where it is found in 
approximately 23% of patients (Rostedt Punga, Ahlqvist et al. 2006). None of the above 
figures include patients treated with high doses of corticosteroids. An additional study 
using QEMG in MG revealed a myopathic pattern in the facial orbicularis oris muscle in 
62% of MuSK+ patients and 50% of AChR+ patients; however, concomitant treatment with 
corticosteroids confounds pathophysiological conclusion (Farrugia, Kennett et al. 2007). 
Although denervation is not seen in AChR+ MG and also not in most MuSK+ patients, 
denervation activity in conjunction with a myopathic picture on QEMG has been observed 
in the tongue (glossus) muscle  (Figure 2) (Punga, unpublished observations). 

2.3 Treatment  
Treatment of MG can be divided into two subclasses: immunosuppressive and 
symptomatic. Since MG is typically a chronic disorder, long-term immunosuppressive 
medications is often applied and include corticosteroids, corticosteroid sparing agents such 
as azathioprine and cyclosporine (which inhibit the T-cells) and antibody treatment with 
rituximab (which inhibits the B-cell response). Since autoimmune MG patients do not 
respond similarly to the same treatment, each regimen has to be tailored for each patient. 
For the acute treatment of exacerbations of weakness it may be necessary to employ 
plasmapheresis or intravenous immunoglobulins, which result in a prompt reduction of the 
autoimmune response. Patients with a thymoma or young patients usually undergo a 
thymectomy, removing the thymus which is hyperplastic, as in the majority of cases of 
AChR-antibodies. The most commonly used chronic symptomatic treatment consists of 
nonselective acetylcholinesterase inhibitors. These inhibitors render more acetylcholine 
available at the NMJ, thus temporarily decreasing fatigue. In general, patients with AChR-
abs respond better to both immunosuppressive and symptomatic medication than MuSK+ 
patients.  

2.3.1 Immunosuppressive treatment 
2.3.1.1 Corticosteroids 
Corticosteroids are generally considered to be an effective immunosuppressant for MG 
patients. Their therapeutic mechanism of action is through inhibition of transcription of 
inflammatory cytokines (interleukins, IL) and adhesion molecules, and a reduction in 
trafficking of inflammatory cells such as T-cells, thus reducing the inflammatory response. 
High doses may also induce apotosis of inflammatory cells (Barnes 2001). Although widely 
accepted as an appropriate immunosuppressive therapy, the efficacy of glucocorticosteroid 
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treatment in MG has only been tested in a few randomized controlled studies (Howard, 
Duane et al. 1976; Lindberg, Andersen et al. 1998). Lindberg et al reported significant 
improvement in muscle function in the group of MG patients who received 2 g i v 
methylprednisolone on two consecutive days compared to the placebo group, duration of 
improvement ranged from 4 to 14 weeks. Intriguingly, no change in serum concentration of 
AChR abs was found after treatment in either of the two groups.  
There is also a risk of worsening during the first days of initiation of the high doses, usually 
lasting less than one week. It appears that gradually increasing the steroid dose over one to 
two months may significantly reduce this risk. Pascuzzi et al reported improvement in as 
many as 95% of MG patients receiving long-term treatment with prednisone and remission 
(defined as no more than minimal eye closure weakness) in 28% of patients (Pascuzzi, 
Coslett et al. 1984). Additionally, corticosteroids appear to have direct effect on the 
neuromuscular junction, which may play a role for the early alterations and short-term 

fluctuations in myasthenic weakness seen in patients being treated with corticosteroids. In 
one study investigating the rat phrenic nerve-diaphragm, intracellular microelectrode 
recording of miniature end-plate potentials (MEPPs) was used to investigate the effect of 
prednisone on neuromuscular transmission. The results indicate that prednisone facilitates 
spontaneous release of acetylcholine (as manifested by a two- to three-fold increase in MEPP 
frequency) and decreases MEPP amplitude by about 50% (Wilson, Ward et al. 1974). The 
side effects, especially with long term treatment, are well known and include glucose 
intolerance, osteoporosis, weight gain, depression, mood swings, hypokalemia, septic 
ulcers, cushingoid features, myopathy and hypertension. Alternate day therapy is 
commonly applied in order to reduce side effects. It is also important to reduce the dose of 
corticosteroids slowly to a minimum that will maintain the remission or improvement in 
order to avoid worsening. 

2.3.1.2 T-cell inhibiting medications 
Azathioprine has been used extensively for treatment of MG patients and is considered 
important as a steroid-sparing agent. Its mechanism of action is to inhibit purine synthesis 
and hence cell proliferation (Elion 1972). The most rapidly dividing cells, including 
lymphocytes involved in the autoimmune response, are affected. Prolonged administration 
of  azathioprine prevents the appearance of experimental autoimmune MG (EAMG), for at 
least four months, in rabbits immunized with AChR (Abramsky, Tarrab-Hazdai et al. 1976). 
Azathioprine has a delayed onset of effect, on average four to six months, and maximal 
benefit is reached after a period of approximately 14 months. However, 70-90% of patients 
have reported a decrease in their myasthenic weakness after some months (Lewis, Selwa et 
al. 1995). Adverse effects include anorexia, gastrointestinal upset, hepatotoxicity and bone 
marrow suppression, commonly involving a reduction in white blood cell count. Close 
monitoring of the blood cell counts, along with liver enzymes, is necessary since a few 
patients develop a flu-like idiosyncratic reaction which includes fever and malaise and/or a 
skin rash, requiring discontinuation. Long-term treatment is also associated with an 
increased risk of developing malignancies (Confavreux, Saddier et al. 1996). Azathioprine is 
considered important as a steroid-sparing agent in MG treatment, although most studies 
have described its usefulness in conjunction with corticosteroids. Azathioprine is 
administered orally with a preferred maintenance dose of 2 to 3 mg/kg per day. The initial 
dose is 50 mg/d and increases by 50 mg/d every week while monitoring for adverse effects.  
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Cyclosporine A is another steroid-sparing medication which acts through prohibition of the 
transcription of cytokine genes, including those of IL-2 and IL-4, in activated T cells (Kronke, 
Leonard et al. 1984) . It is a highly specific inhibitor of T helper cell activation, and also acts 
to inhibit the phosphatase activity of calcineurin as well as the activation of c-Jun NH2-
terminal kinase (JNK) in T lymphocytes and p38 signaling pathways triggered by antigen 
recognition (Matsuda, Moriguchi et al. 1998). Cyclosporine is widely used to prevent 
transplant rejection but is used in MG patients not responding to other 
immunosuppressants. In a therapeutic trial where cyclosporine was compared to placebo, 
patients in the cyclosporine group had improved strength and a reduction in AChR-Ab titer 
(Tindall, Phillips et al. 1993). Adverse effects include nephrotoxicity, hypertension and 
headache; hence, monitoring of blood urea nitrogen and creatinine is necessary. Most 
patients improve maximally after two to four months of therapy. The usual dose is 3 to 5 
mg/kg per day, given orally at 12-hour intervals.  
Mycophenolate mofetil (MyM) is the 2-morpholinoethyl ester of mycophenolic acid, which 
inhibits the proliferation of B and T lymphocytes through noncompetitive, reversible 
inhibition of inosine monophosphate dehydrogenase, a key enzyme in the de novo synthetic 
pathway of guanine nucleotides. Mycophenolic acid blocks inosine monophosphate 
dehydrogenase, an enzyme that is responsible for conversion of inosine monophosphate to 
guanosine monophosphate; hence, synthesis of adenosine is enhanced. This results in 
inhibition of purine synthesis selectively in lymphocytes, thereby inhibiting their 
proliferation (Allison, Kowalski et al. 1993). In a larger retrospective study, MyM was 
associated with clinical improvement in approximately 70% of patients after a period of 
approximately 11 weeks (Meriggioli, Ciafaloni et al. 2003). MyM is also well tolerated in 
most patients and only discontinued due to the adverse effects in a very small fraction of 
patients, the most common reason being gastrointestinal intolerance, such as diarrhea. The 
long-term safety of MyM is not known, but rates of malignancy do not appear to be higher 
in transplant recipients who receive MyM chronically (Haberal, Karakayali et al. 2002).  
2.3.1.3 Other immunosuppressants 
Cyclophosphamide is a nitrogen mustard with potent immunosuppressant effects and is 
used to treat MG patients who are resistant to other therapies. It affects the proliferation of B 
cells and thereby reduces antibody production (Fig 1). The use of cyclophosphamide in MG 
is limited, but undoubtedly beneficial in severe cases (Perez, Buot et al. 1981). The usual 
dose range from 1 to 3 mg/kg per day, orally. Nevertheless, adverse effects are prominent 
and include alopecia, hemorrhagic cystitis, leukopenia and nausea. Long-term treatment 
brings the risk of infertility and malignancy.  
Etanercept, a soluble, recombinant human TNF-receptor that competitively blocks the 
action of TNF-, has been shown to have steroid-sparing effects in studies on small patient 
groups. In 54% of patients, with low plasma IL-6 and IFN- levels, the clinical scores 
improved and patients with increased cytokine levels (IL-6, IFN- and TNF-) had worse 
clinical outcomes (Tuzun, Meriggioli et al. 2005). TNF- is involved in the generation of 
AChR-specific T and B cell responses during the development of EAMG and preclinical 
studies on AChR-immunized mice have shown that etanercept can suppress established 
EAMG without inducing significant immunosuppression (Christadoss and Goluszko 2002).  
Rituximab (Mabtera®) Rituximab is a chimeric IgG1 κ monoclonal antibody that targets 
CD20, a transmembrane phosphoprotein on most B cells. Rituximab depletes B cells by 
binding to the CD20 molecule and initiating complement-dependent cytolysis or antibody-
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dependent cell-mediated cytotoxicity (Monson, Cravens et al. 2005). Several case reports 
have demonstrated the effect of Rituximab in MuSK+ MG patients on the clinical course of 
bulbar and respiratory symptoms, thus making it an important alternative for the MuSK+ 
MG patients who are refractory to other immunosuppressive treatment (Hain, Jordan et al. 
2006; Baek, Bashey et al. 2007).  
2.3.1.4 Thymectomy 
The reason for removing the thymus gland in MG patients has historically been due to the 
presence of hyperplastic germinal centers, mainly in AChR+ patients. Despite the absence of 
randomized, well-controlled studies, thymectomy in MG patients with and without 
thymoma is widely practised. Post-operative improvement can take months or years to 
appear, making it difficult to distinguish thymectomy effects from those of 
immunosuppressive drugs, which are often used concomitantly (Skeie, Apostolski et al. 
2010). Thymectomy is usually performed using a transsternal approach, removing the entire 
thymus gland, usually in patients less than 60 years of age. In MG patients with a thymoma, 
the main aim of thymectomy is to preferentially treat the tumour. Once thymoma is 
diagnosed, thymectomy is indicated irrespective of the severity of MG. One study (Evoli, 
Tonali et al. 2003) could not prove any effect of thymectomy in 15 MuSK+ patients, whereas 
MuSK antibodies predicted a poor outcome of thymectomy in another study (Pompeo, 
Tacconi et al. 2009). Additionally, it has been reported that MuSK+ patients have normal 
histopathology of the thymus (Leite, Strobel et al. 2005). Thus, current evidence suggests 
that thymectomy should not be recommended in MuSK+ patients. However, early onset 
generalized MG without AChR and MuSK antibodies are recommended to have 
thymectomy in the same way as MG with AChR antibodies. 
2.3.1.5 Plasmapheresis and immunoglobulins 
Plasma exchange and intravenous immunoglobulin (IvIg) are used for short-term treatment 
of MG exacerbations and when it is desirable to achieve a rapid clinical response. Plasma 
exchange temporarily reduces the titer of circulating AChR- and MuSK-abs and usually 
produces immediate improvement (within days) in most MG patients (Newsom-Davis, 
Pinching et al. 1978). Circulating anti-AChR pathogenic factors can also be removed using 
immunoadsorption columns, some of which use immobilised AChR as an 
immunoadsorbent (Psaridi-Linardaki, Trakas et al. 2005). IvIg is widely used for patients 
with exacerbating MG. Support for its use comes from randomised controlled trials that 
show efficacy similar to plasma exchange (Gajdos, Chevret et al. 1997), equal efficacy of two 
doses (1 g/kg vs 2 g/kg) (Gajdos, Tranchant et al. 2005) and a recent double-blind, placebo 
controlled trial in patients with MG with worsening weakness (Zinman, Ng et al. 2007). The 
mechanisms by which intravenous immunoglobulins induce improvement are not clear, 
however studies in murine autoimmune models have implied that competition with 
autoantibodies and Fc-receptor binding are important factors in reducing the autoimmune 
response (Samuelsson, Towers et al. 2001).  
2.3.2.1 Acetylcholinesterase inhibitors (AChEIs) 
AChEIs interfere with the catalytic breakdown of the neurotransmitter ACh, rendering ACh 
available for a longer period of time at the NMJ and the nicotinic AChRs (nAChRs). The 
nonselective AChEIs affect both the nAChRs and the muscarinic receptors in exocrine 
glands. Common adverse effects include muscarinic symptoms, such as increased gut 
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dependent cell-mediated cytotoxicity (Monson, Cravens et al. 2005). Several case reports 
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of MG exacerbations and when it is desirable to achieve a rapid clinical response. Plasma 
exchange temporarily reduces the titer of circulating AChR- and MuSK-abs and usually 
produces immediate improvement (within days) in most MG patients (Newsom-Davis, 
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motility, which may lead to stomach pain and diarrhea. Other muscarinic effects are 
increased gastric acid secretion, hyperhidrosis, increased sweating, salivation, and 
lacrimation. The presence of daily muscarinic adverse effects correlates with the baseline 
inhibition of AChE activity in the blood (Punga, Sawada et al. 2008). The most common 
form of nonselective AChEI is pyridostigmine bromide (PB Mestinon®), which is especially 
effective at the onset of MG. In some patients, typically those with purely ocular weakness, 
this treatment may be sufficient to manage the fatigue. Overdose of AChEIs can cause a 
cholinergic crisis, which is characterized by increasing muscle weakness, which results in 
dysphagia and respiratory insufficiency in severe cases. The distinction between a 
cholinergic and a myasthenic crisis, the latter being caused by myasthenic weakness, is 
important for the medical treatment of the patient. These two conditions have different 
clinical reactions related to the initial intake of the drug. During incipient overdose in 
cholinergic crisis, symptoms of weakness increase shortly after ingestion and wane before 
the next dose, a situation opposite to that seen in myasthenic crisis. This typical pattern may 
not always be easy to detect; therefore, other markers are useful. For example, the EDs 
observed on motor nerve stimulation are sometimes observed in MG patients who are 
receiving high doses of PB and may signify impending cholinergic crisis (Punga and 
Stalberg 2009).  
Recent reports imply that patients with EDs are more prone to have daily nicotinic side 
effects, including muscle fasciculations and fatigue as a possible sign of overtreatment 
(Punga, Sawada et al. 2008). In this study, elderly MG patients were more prone to develop 
cholinergic side effects, as well as EDs. Additionally, MuSK+ MG patients often have a 
negative edrophonium test and are also reported to clinically benefit less from 
pyridostigmine bromide (Evoli, Bianchi et al. 2008). Instead, MuSK+ patients may worsen or 
develop pronounced nicotinic side effects including muscle cramps and fasciculations in 
response to PB treatment (Evoli, Tonali et al. 2003; Punga, Flink et al. 2006). Based on these 
observations of hypersensitivity to increased amounts of acetylcholine in MuSK+ patients, 
the general guidelines do not recommend AChEIs as a form of treatment in this group of 
patients (Skeie, Apostolski et al. 2010).  
EN101 is a selective AChEI, an antisense oligodeoxynucleotide that acts at the mRNA level 
and selectively reduces the production of the enzymatic isoform of stress-related “read-
through” (AChE-R) through destruction of AChE-R mRNA. This compound selectively 
lowers the levels of AChE-R in both blood and muscle, yet leaves the synaptic variant of 
AChE-S unaffected. EN101 treatment in rats with EAMG, in which daily oral or intravenous 
administration of EN101 reduced AChE in blood and muscle and improved survival, 
muscle strength and disease severity (Brenner, Hamra-Amitay et al. 2003). In this study, 
stabilization of the CMAP decrement on RNS and muscle strength over the entire course of 
treatment was also observed. Interestingly, a Phase 1b open-label trial with oral EN101 
(Monarsen) was recently conducted in 16 MG patients who were receiving at least 180 mg 
ofpyridostigmine bromide daily (Argov, McKee et al. 2007). This study reported an overall 
clinical improvement in approximately 47% of patients, as well as an improvement in the 
swallowing time component. Further, the effects of EN101 lasted for greater than 24 hours, 
indicating the possibility of a reduction in multiple dosing through the use of antisense 
therapy. Further studies are needed to conclude whether EN101 may also have 
immunomodulatory effects through an effect on the immune cholinergic system and thus 
mediation of neuroimmune interactions. 
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2.4 Establishment and phenotype of murine models of experimental autoimmune MG 
(EAMG) 
Naturally occurring MG in animals is present in canine MG. This canine form of MG has a 
natural course of clinical and immunological remission in the majority of dogs, even without 
initiation of immunosuppressive treatment (Shelton and Lindstrom 2001). Therefore, the use 
of the canine MG in determining the effect of immunosuppressant medication is limited. 
EAMG can be induced in rabbits, rats and mice either by passive transfer of human 
antibodies/sera or by immunization of the antigen in adjuvant. In 1978 it was first shown 
that active immunization with AChR from Torpedo (ray fish) electric organ, in rabbits leads 
to flaccid paralysis and an MG-like disease. Since in rabbits the disease has an acute action 
and shortly leads to death, these animals are not routinely used for EAMG studies. Some 
studies have used guinea pigs and even primates, but the current most widely used model 
is EAMG induced in female young mice or rats. The disease in rats has a short acute phase 
and a chronic phase, which mimics the human disease, excluding the involvement of the 
thymus (Meinl, Klinkert et al. 1991). In the mice only a chronic phase is induced. EAMG is 
more difficult to induce in mice and usually requires multiple immunizations and only a 
fraction of the mice develop disease symptoms. However, the murine model has an 
advantage of a plethora of mouse-specic reagents and knock-out mouse strains, which 
enable analyses that cannot be performed in rats. One further advantage of using the mouse 
is that its immune system is well characterized and the availability of inbred and genetically 
modified strains permit genetic analysis.  

2.4.1 AChR+ EAMG: Clinical phenotype 
Immunization with purified denatured Torpedo AChR α1, β1, γ, or δ subunits can cause 
EAMG, but it is inefficient compared to native AChR (Lindstrom, Einarson et al. 1978). 
Purified α1-subunit is the most potent, as might be expected since its sequence is the most 
conserved. Also, there are two α1 in an AChR which permit cross-linking by antibodies, 
which may utilize renaturation to provoke antibodies to the main immunogenic region 
(MIR) (Lindstrom, Luo et al. 2008). It is of outmost importance to use a mouse strain which 
possesses IL-6, since mice deficient in IL-6 have been shown to be resistant to the 
development of EAMG upon immunization (Deng, Goluszko et al. 2002). In the acute phase 
of active EAMG or EAMG passively transmitted with serum, binding of AChR antibody 
and its complement target the postsynaptic membrane for attack by macrophages 
(Lindstrom 2000). Mice immunized with AChR in Complete Freund´s Adjuvant (CFA) 
develop a flaccid paralysis (Figure 4a), a drooping of the head and tail and weakness 
primarily of the forelimbs, which may rapidly progress to respiratory failure (Berman and 
Patrick 1980). The myasthenic phenotype in the AChR+ EAMG mice has been reported to be 
restored in all cases to nearly normal after treatment with neostigmine intraperitoneally 
(Berman and Patrick 1980).  

2.4.2 MuSK+ EAMG: Clinical phenotype 
The antibodies in MuSK+ MG are directed against the extracellular domain of MuSK, which 
contains IgG-like domains. The first study which proved the pathogenic role of MuSK-
antibodies in animals was done in 2006, when New Zealand White rabbits were repeatedly 
injected with 100-400 μg of purified chimeric protein composed of the MuSK ectodomain  
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negative edrophonium test and are also reported to clinically benefit less from 
pyridostigmine bromide (Evoli, Bianchi et al. 2008). Instead, MuSK+ patients may worsen or 
develop pronounced nicotinic side effects including muscle cramps and fasciculations in 
response to PB treatment (Evoli, Tonali et al. 2003; Punga, Flink et al. 2006). Based on these 
observations of hypersensitivity to increased amounts of acetylcholine in MuSK+ patients, 
the general guidelines do not recommend AChEIs as a form of treatment in this group of 
patients (Skeie, Apostolski et al. 2010).  
EN101 is a selective AChEI, an antisense oligodeoxynucleotide that acts at the mRNA level 
and selectively reduces the production of the enzymatic isoform of stress-related “read-
through” (AChE-R) through destruction of AChE-R mRNA. This compound selectively 
lowers the levels of AChE-R in both blood and muscle, yet leaves the synaptic variant of 
AChE-S unaffected. EN101 treatment in rats with EAMG, in which daily oral or intravenous 
administration of EN101 reduced AChE in blood and muscle and improved survival, 
muscle strength and disease severity (Brenner, Hamra-Amitay et al. 2003). In this study, 
stabilization of the CMAP decrement on RNS and muscle strength over the entire course of 
treatment was also observed. Interestingly, a Phase 1b open-label trial with oral EN101 
(Monarsen) was recently conducted in 16 MG patients who were receiving at least 180 mg 
ofpyridostigmine bromide daily (Argov, McKee et al. 2007). This study reported an overall 
clinical improvement in approximately 47% of patients, as well as an improvement in the 
swallowing time component. Further, the effects of EN101 lasted for greater than 24 hours, 
indicating the possibility of a reduction in multiple dosing through the use of antisense 
therapy. Further studies are needed to conclude whether EN101 may also have 
immunomodulatory effects through an effect on the immune cholinergic system and thus 
mediation of neuroimmune interactions. 
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possesses IL-6, since mice deficient in IL-6 have been shown to be resistant to the 
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restored in all cases to nearly normal after treatment with neostigmine intraperitoneally 
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The antibodies in MuSK+ MG are directed against the extracellular domain of MuSK, which 
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Fig. 4. A) One mouse with typical flaccid paralysis, especially of the limbs, after 
immunization with torpedo AChR. The clinical course in the AChR+ mice is progessive, 
however the response to intraperitoneal injection of neostigmine induces an improvement in 
clinical weakness. B) The phenotype of the mice immunized with rat MuSK shows a severe 
weakness of the neck extensor muscles, demonstrating a prominent cervical kyphosis and 
inability to raise the head. The mice are not as affected in the hind limbs as in the forelimbs 
and faciobulbar area, with difficulties ingesting food and water and subsequent significant 
weight loss. The MuSK+ mice do not show any clinical improvement from neostigmine 
injection, on the contrary muscle fasciculations and twitches are seen.  

and the Fc region of human IgG1 (MuSK-Fc) (Shigemoto, Kubo et al. 2006). All of the 4 
recipient rabbits manifested flaccid weakness after 3 or 4 repeated injections with MuSK-Fc. 
The actively induced murine model can be produced produced by injection of the 
extracellular domain of 10 g of recombinant rat MuSK (aa 21-491) (Jones, Moore et al. 1999) 
in a mix with CFA in emulsion (Jha, Xu et al. 2006). The prominent features of MuSK+ 
EAMG in mice resemble the human MuSK+MG phenotype with kyphosis, indicating 
weakness in the cervical extensor muscles and the thoracic paraspinal muscles (Figure 4b). 
Additionally, one prominent clinical feature of the MuSK+ mice is the weight loss, which is 
significant compared to the control mice (Punga, Lin et al, 2011). This finding further 
supports the involvement of faciobulbar weakness, preventing the MuSK+ EAMG mice to 
chew and swallow and therefore explaining the irreversible weight loss. Passively induced 
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MuSK+ EAMG has been accomplished by i.p. injections of plasma (Benveniste, Jacobson et 
al. 2005) or purified IgG from MuSK+ MG patients (Cole, Reddel et al. 2008) in C57BL6 
mice. Cole et al also reported that mice injected with IgG from two of three anti-MuSK-
positive patients lost weight, developed myasthenic muscle weakness and a prominent 
cervicothoracic hump, which may reflect cervical extensor weakness.   

2.4.3 Morphological changes at the neuromuscular junction and muscle atrophy in 
EAMG 
In experimental mice injected with anti-MuSK-positive patient IgG, postsynaptic AChR 
staining is reduced to as little as 22% of that seen in control mice in both the tibial and 
diaphragm muscles (Cole, Reddel et al. 2008). The mice which develop MuSK+ EAMG 
following this injection show reduced apposition of the nerve terminal  and the postsynaptic 
AChR cluster. In later studies, mice injected with MuSK+ patient IgG have also been found 
to have reductions in postsynaptic MuSK staining and this loss preceded the impairment of 
postsynaptic AChRs (Cole, Ghazanfari et al. 2010). In this study, the residual level of MuSK 
correlated with the degree of impairment of postsynaptic AChR packing. The sera obtained 
from mice immunized with MuSK inhibit agrin-induced AChR aggregation in C2C12 
myotubes (Jha, Xu et al. 2006). Further, disruption of neuromuscular junctions have been 
observed and it has been proposed that so called delayed synapsing muscles, including the 
diaphragm, tibalis posterior and sternomastoid are more severely affected than the so called 
fast-synapsing muscles (Xu, Jha et al. 2006). 
In a recent study, morphological changes presynaptically and postsynaptically in whole 
mount preparations of muscle fibers from the bulbar sternomastoid and omohyoid muscles 
were examined in control mice and in mice immunized with MuSK (Punga, Lin et al, 2011). 
In the control mice, the postsynaptic clusters (labeled with α-bungarotoxin) were closely 
aligned with the presynaptic motor nerve terminal (Figure 5a). However, in the MuSK+ 
EAMG mice, a severe disruption of the NMJ morphology was observed, especially 
prominent in the facial and neck muscles (Punga, Lin et al, 2011). The AChR clusters were 
fragmented and dispersed along the muscle fiber (Figure 5b). Except for disruption of the 
postsynaptic area with less clustering of AChRs, the nerve terminal area was found to be 
smaller than in the control mice (Figure 5b), suggesting a secondary presynaptic effect of 
reduced MuSK signalling. When comparing the morphology of the NMJs in the bulbar 
omohyoid muscle, the AChR clusters were arranged in the junctional folds in the control 
mice (Figure 6a). In parallell rounds of mice immunized with MuSK or AChR confocal 
images revelaled that the AChR clusters were severely fragmented in the MuSK+ mice 
(Figure 6b), whereas in the AChR+ EAMG mice a similar fragmentation of the AChRs was 
not observed, although the AChR clusters and the folding of the NMJs were simplified 
(Figure 6c).  
Benveniste et al found increased protein levels of the muscle RING-finger protein 1 (MuRF-
1), a marker for skeletal muscle atrophy, in the masseter muscle, but not in the 
gastrocnemius muscle, of mice injected with plasma from MuSK+ MG patients (Benveniste, 
Jacobson et al. 2005). Increased mRNA levels of MuRF-1 and atrogin-1 have also been found 
in the masseter of MuSK+ EAMG mice, but not in the limb muscles, further in support of a 
atrophy process localized to the facial muscles (Punga, Lin et al, 2011; Punga, unpublished 
data). There is a difference in the reaction to disturbed or exaggerated agrin-MuSK 
signalling in different skeletal muscles in the sense that muscles with high MuSK levels have  
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Fig. 5. The effect of MuSK-antibodies at the neuromuscular junction (NMJ) in mice 
immunized with MuSK. Confocal microscopy images with 100x magnification of 
immunostained whole mount muscle fibers from the sternomastoid muscle. A) A normal 
NMJ, where α-bungarotoxin labels the AChR clusters (green) and antibodies against 
synaptophysin and neurofilament labels the nerve terminal (red). Note the close alignment 
between the motor nerve terminal and clustered postsynaptic AChRs. B) In MuSK+ MG, the 
presynaptic nerve terminal area is significantly smaller and the AChR clusters are 
fragmented and scattered along the muscle fiber. Scale bar is 10 μm.  

 

 
Fig. 6. Immunolabeling of whole mount muscle fibers from the omohyoid muscle, where 
postsynaptic acetylcholine receptors (AChRs) are labelled with α-bungarotoxin (white). In 
the control mice (A) a normal pattern with postsynaptic AChR clusters are seen in the 
junctional folds, adjacent to the motor nerve. In MuSK+ EAMG mice (B), the AChRs are very 
faint, with a subsequent reduction in postsynaptic AChR cluster area. In AChR+ EAMG 
mice (C), the staining intensity of the α-bungarotoxin was less reduced than in the MuSK+ 
EAMG mice, however there is a disruption in AChR cluster morphology with simplification 
of the postsynaptic morphology and less folding. Scale bar is 10 µm.  

an increased plasticity (Punga, Maj et al, 2011). n the contrary, low muscle-intrinsic MuSK 
levels render some muscles, such as the masseter, more vulnerable to the postsynaptic 
perturbation of MuSK antibodies with subsequent denervation and atrophy (Punga, Lin et 
al, 2011). This is hypothesized to play a role for the muscle selectivity also in MuSK+ MG 
and EAMG.  
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2.4.4 Cholinergic hyperactivity after AChEIs in EAMG 
Evaluation of the response to AChEIs is usually performed by i.p. injection of a mix of 
neostigmine bromide (0.0375 mg/kg) and atropine sulfate (0.015 mg/kg) in mice with 
EAMG grade 2 and 3 (Berman and Patrick 1980).  
In 3 MuSK+ EAMG mice, the opposite response to the common restoration of weakness in 
AChR+ EAMG was seen with more pronounced weakness which manifested itself as chin 
down even more along with nicotinic side effects including muscle fasciculations in the 
back- and limb muscles and abnormal twitches of the tail (Punga et al, unpublished 
observations). The observed fragmentation and dispersion of AChR clusters could explain 
why MuSK+ MG patients do not respond beneficially to AChEIs, since an increased 
acetylcholine level would not be able to induce a synchronous endplate potential due to the 
temporal dispersion of AChRs. Additionally, the reason for the cholinergic hyperactivity in 
MuSK+ MG, here also displayed in the MuSK+ EAMG mice, may be explained by the loss of 
MuSK at the NMJ, which in turn also diminishes the binding between MuSK-ColQ and 
AChE. This means that in the MuSK+ EAMG mice where MuSK antibodies disrupt the NMJ 
and reduce the amount of MuSK, the AChE is also down-regulated (Punga, Lin et al, 2011). 
Then, when exogenous AChEI is administered, a further blocking of AChE is taking place 
and consequently this mimics an overdose of AChEIs which causes the nicotinic side effects 
and in worst cases also cholinergic crisis.  

3. Conclusion  
In summary, studies in the recent years of the murine EAMG model provide further insights 
regarding the action of MuSK antibodies at the NMJ and give evidence for their 
pathogenetic role, especially in facial and bulbar muscles. The results of the MuSK antibody 
attack is fragmentation and dispersion of nicotinic AChRs, postsynaptic perturbation and a 
subsequent impaired neuromuscular transmission. Since MuSK+ MG is very focal in its 
clinical manifestations it is very important to examine the clinically weak muscles also 
neurophysiologically to confirm the diagnosis, and for morphological purpose when 
examining the NMJ pathophysiology. The findings of dispersion of AChRs may also 
indicate irreparable changes at the NMJ, explaining muscle atrophies in these patients. It is 
therefore of importance to identify MG patients as early as possible, and especially MuSK+ 
MG, since delayed treatment may result in muscle atrophies and even functional 
denervation due to long time of blocked neuromuscular transmission. Immunosuppressive 
treatment should always be the main medication in MG and AChEIs is not receommended 
as symptomatic treatment in MuSK+ patients due to the cholinergic hypsersensitivity and 
unbeneficial effects.  
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1. Introduction  
Neuropeptides are a class of regulatory peptides with effects in nearly all physiological 
systems and processes. They are important in facilitating neuroendocrine immune 
interatctions. Bi-directional communication between these two systems in both the central 
nervous system (CNS) and the periphery are arbitrated by the presence of these peptidergic 
innervations. These innervations interacting through unique ligand receptor binding 
complexes have immunomodulatory effects that preserve neuroendocrine and 
neuroimmune health. A vast majority of neuropeptides are contained within the lymphoid 
organs and these include calcitonin-gene-related peptide, somatostatin, glanin, neurokinin, 
substance P, neuropeptide Y and vasoactive neuropeptides (VNs) (Felten et al., 1987; Felten 
et al., 1992; Fink and Weihe, 1988; Nohr and Weihe, 1991; Weihe et al., 1991). The two most 
important VNs, associated with most neuro-immune disorders, are vasoactive intestinal 
peptide (VIP) and pituitary adenylate cyclase activating peptide (PACAP). VNs are 
widespread throughout the mammalian body including areas such as central nervous 
system (CNS), peripheral nervous system (PNS) and other organs. They therefore perform a 
wide spectrum of activities in the body which are required for the regulation of 
physiological processes. A number of autoimmune disorders with compromises to 
physiological activities involving the neuroendocrine and immune systems have been 
shown to be associated with VNs, hence, VNs may have a role in the progression of these 
autoimmune disorders. Importantly, VIP and PACAP have G-protein coupled receptors 
(GPCRs) receptors. Binding and ligation of these receptors triggers GPCR reactions resulting 
in cAMP production. Downstream signalling activities of cAMP can either be advantageous 
or detrimental to neuroimmune homeostasis especially in diseased states. This chapter 
therefore examines the vital role of VIP and PACAP in the mechanism and progression of 
autoimmune disorders including Rheumatoid Arthritis (RA), Multiple Sclerosis (MS), 
Alzheimer‘s Disease (AD), and Parkinson’s Disease (PD). 
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shown to be associated with VNs, hence, VNs may have a role in the progression of these 
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(GPCRs) receptors. Binding and ligation of these receptors triggers GPCR reactions resulting 
in cAMP production. Downstream signalling activities of cAMP can either be advantageous 
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2. Vasoactive neuropeptides and their receptors 
Vasoactive neuropeptides (VNs) similar to other neuropepties are essential and contribute 
to the maintenance and synchronization of overall physiological processes. Their 
involvement in almost all physiological processes attests for their unique and critical role in 
the mammalian body. The two most important VNs reviewed in this chapter have a 
function in most neuro-immune disorders. These are vasoactive intestinal peptide (VIP) and 
pituitary adenylate cyclase activating peptide (PACAP). The discovery of VIP was first 
noticed in the lungs as the name implies, it was shown to regulate vasodilation (Said and 
Mutt, 1969), PACAP on the other hand was first recognized in the rat anterior pituitary cells 
(Miyata et al., 1989). 
Over the years knowledge of these peptides and their receptor functions have expanded. 
They are now known to be prevalent in the central nervous system (CNS), endocrine, 
skeletal, respiratory, cardiac and lymphoid systems specifically in the cortex, thymus, 
spleen, lymph nodes, hypothalamus, colon, pituitary gland, neurosecretory fibers, gonads, 
adrenal, germ cells, gastrointestinal tract, ganglia, neurons and muscle fibers (Arimura and 
Shioda, 1995; Arimura et al., 1991; Bellinger et al., 1996; Bellinger et al., 1990; Dey et al., 1981; 
Furness and Costa, 1980; Ganea and Delgado, 2002; Hannibal et al., 1998; Kimura et al., 1994; 
Koves et al., 1993; Shioda et al., 1994). Their presence in these areas can be translated in to 
the modulation of inflammatory activities (Delgado et al., 2003), apoptosis (Delgado and 
Ganea, 2000b), hypoxia and nitric oxide (NO) (Cohen et al., 2002; Larocca et al., 2007), co-
neurotransmitter functioning of cholinergic and catecholamine transmitters (Hamelink et al., 
2002), cerebellar development (Allais et al., 2007) and integrity of the blood brain/blood 
spinal barrier (BBB/BSB) (Benagiano et al., 1996).   
Immune related activities of VIP and PACAP include regulation of chemokine (CCL2, 
CCL5, CCL9, CXCL1, CXCL2, CXCL3, CXCL8, and CX3CL1) release for the recruitment of 
monocytes and neutrophils to sites of infections (Delgado et al., 2004a). They also activate 
anti-inflammatory mechanisms that repress macrophage related activities such as 
chemotaxis, phagocytosis and induction of respiratory burst, thereby limiting excessive 
lymphocyte recruitment and secretion of pro-inflammatory factors (Abad et al., 2005; Ganea 
and Delgado, 2002; Gomariz et al., 2001). VIP and PACAP modulate inflammatory immune 
equilibrium by decreasing IL-12 and IL-2, IL-12 promotes expansion of CD4+T cells 
specifically those classified as pro-inflammatory, Th1 cells, while IL-2 is required for the 
survival and dominance of these cells (Murphy and Reiner, 2002). Antigen induced cell 
death (AICD) of CD4+ T lymphocytes can also be aborted by VIP and PACAP (Delgado and 
Ganea, 2000a). This is done where activation of VIP and PACAP produces cAMP which acts 
as a second messenger to inhibit the transcription of nuclear factor kappa B (NFκΒ), nuclear 
factor of activated T cells (NFAT), Egr2 and 3. The outcome of this is a reduction in the 
expression of Fas ligand (FasL). 
An important characteristic of PACAP and VIP is their role as anti-inflammatory effectors. 
They are able to induce the generation of Th2 type cytokines and chemokines thereby 
regulating inflammation (Delgado et al., 1999c; Martinez et al., 1996; Wang et al., 1999). This 
preferential selection enhances Th2 type cytokines and is protective in preventing 
autoimmunity. In this regard, PACAP and VIP interactions with other cells such as CD4+T 
lymphocytes has antagonistic effects on Th1 cells through suppression of chemoattractant 
molecules CXCL10, while enhancing Th2 homing in up-regulating the release of CCL22 
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from innate immune cells responsible for attracting these cells to sites of infection (Jiang et 
al., 2002). VPAC1 inhibits excessive production of pro-inflammatory markers from 
macrophages and microglia cells while VPAC2 sustains Th2 survival and endorses anti-
inflammatory effectors (Feldmann et al., 1996). These anti-inflammatory effectors include IL-
10, IL-4, IL-5 and IL-1Ra (Delgado et al., 1999a; Delgado et al., 2004b; Feldmann et al., 1996). 
Anti-inflammatory responses are highly necessary to restore immune balance after an 
infection or inflammatory episode has been resolved. Usually inflammation initiates a 
sequence of events that activates pattern recognition receptors, releasing pro-inflammatory 
molecules (chemokines and cytokines). Thus activating molecules that allow for the 
recognition and effective elimination of the pathogens. In some instances when recognition 
of self antigens fails non-specific activation of inflammatory pathways can override or 
weaken normal immune homeostasis prompting auroreactivity. VIP and PACAP can 
prevent these reactions occurring in the absence of injury or pathogenic influence. VIP and 
PACAP also contribute to Treg expansion and suppressive activities in an attempt to 
maintain homeostasis (Chorny et al., 2006). VIP and PACAP deficits have been recognized in 
autoimmune diseases such as Rheumatoid Arthritis, Multiple Sclerosis and Parkinson’s 
Disease (Gomariz et al., 2006), where compromises in their function lead to disequilibrium 
in the Th1/Th2 effector responses (Staines, 2004). However, in therapeutic instances, cells 
generated as a consequence of VNs therapy, are more likely to be vigilant and highly 
antigen specific thus ensuring effective targeting of autoreactive immune responses.  
VIP and PACAP act through G-protein coupled receptors (GPCRs), VPAC1, VPAC2 and 
PAC1. These are seven transmembrane receptors with a diverse range of ligand receptor 
binding complexes involving proteases, ions, peptides, glyocoproteins, and amines 
(Harmar, 2001). The diversity in superfamilies and subfamilies enables these receptors to 
bind to a range of ligands and therefore have effects in all areas of the body. VIP and 
PACAP receptors belong to the GPCRs class II, these receptors have moderate levels of 
amino acid sequences (Nicole et al., 1998). G-proteins can usually form complexes with 
more than one receptor, hence, VIP binds with high affinity to VPAC1 and VPAC2  but not 
PAC1,  PACAP on the other hand is able to bind to all three receptors (Harmar et al., 1998). 
In the periphery monocytes, macrophages, T lymphocytes and mast cells secrete VIP and 
PACAP and express receptors VPAC1, VPAC2 and PAC1 on their cell surfaces (Gomariz et 
al., 1994). VIP and PACAP communications with these receptors activates Gαs subunit of the 
GPCR protein this transforms GDP to GTP and the βγ subunit dissociates from the complex 
(Figure 1). GTPα complex incites adenylate cyclase (AC) to catalyse ATP to produce cAMP. 
cAMP binds to regulatory protein kinase A (PKA) phosphorylating cAMP-regulatory 
element and binding proteins (CREB) (Ganea and Delgado, 2002; Leceta et al., 2000) and 
other signalling pathways. These interactions can also control the action of other second 
messenger systems including calcium ions, diacyglycerol and inositol phosphates (Harmar, 
2001). Phosphorylation of CREBB generates downstream effects that can either be 
antagaonistic or agonistic to the host (Christophe, 1993; Vaudry et al., 2000). VPAC receptors 
have one polypeptide chain with an N-terminal and a C-termnial  with adenylate cyclase 
activity (Laburthe et al., 1994). Thus VIP and PACAP acting through their receptors can 
inhibit pro-inflammatory cytokines specifically IL-6, IL-12, TNF-α and nitric oxide (NO) 
production in microglias, macrophages and T lymphocytes (Delgado et al., 1999b; Delgado 
et al., 1999c; Martinez et al., 1998). 
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2. Vasoactive neuropeptides and their receptors 
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3. Role of VNs in autoimmune disorders 
3.1 Rheumatoid arthritis 
In healthy individuals, the joints are covered by a bilayer of synovium. This synovium is 
made up of an intimal synovial fluid filled layer and sublining layers. The synovium 
envelopes the joint and acts as a source of nutrients and lubricant to the cartilage and 
surface of joints respectively (Katrib et al., 2002). The synovium is a structure comprised of a 
series of cells and an extracellular matrix containing collagen fibrils and matrix proteins. 
These cells can be classified as either macrophage like synovial (MLS) cells or fibroblast like 
synoviocytes (FLS) (Bartok and Firestein, 2010; Chang et al., 2010). The former are 
hematopoietic cells and have similar properties to macrophages in other tissues and thus 
have similar markers which include CD11b, CD68, Cd14, CD163 and FcRγ while the FLS are 
in many ways similar to fibroblasts as they also express CD90, vimentin, type IV and V 
collagens (Zimmermann et al., 2001). 
Severe inflammation of the synovial tissues with incidences of joint obstruction in the hands 
and feet, presenting in the form of pain redness or dystrophy results in RA. These 
symptoms usually ensue when the synovial tissue is overpopulated by excessive migration 
of immune cells and production of inflammatory factors. Hypercellularity in the joints 
results in autoimmunity and inflammation. Cells responsible for these events are activated 
macrophages, neutrophils and MLS of the innate immune system and T cells of the adaptive 
immune system and FLS. The increase in the concentration of these cells in the synovial 
tissues stimulates a cascade of events that promote inflammation in the joints. Importantly, 
the influx of these cells into the joint areas occurs due to the release of chemoattractant 
molecules such as IL-8 which successively attract more cells to the synovial tissues 
(Georganas et al., 2000). Under normal physiological conditions a healthy joint contains 
immune cells that release a balanced amount of both pro and anti-inflammatory factors that 
assist in maintaining inflammatory homeostasis in the joint. In the synovial tissues of RA 
patients, the cells emit a plethora of pro-inflammatory cytokines including IFN-γ, TNF-α, IL-
1 and IL-6, chemokines and growth factors (Kokkonen et al., 2010). These molecules 
stimulate the FLS and in succession these cells also secrete IL-6, matrix metallo-proteinases 
(MMP) and prostanoids (Fiedorczyk et al., 2005). Heightened activation of cells in the joints 
also prompts skewness in the cytokine balance, mostly favouring a predominant pro-
inflammatory immune profile (Boissier et al., 2008; Ruschpler and Stiehl, 2002). These events 
are cyclical and as these molecules are continuously being produced the extracellular 
matrix, cartilage and bone are destroyed.  
FLS are present in large quantities in the intimal lining (Takemura et al., 2001). The ability of 
these cells to thrive and cause damage relates to their resilience to apoptosis which has been 
attributed to the presence of NF-κΒ and sentrin-1 (Franz et al., 2000; Han et al., 1998). 
Additionally, although various death receptor pathways are present in the synovium the 
percentage of synviocytes that undergo apoptosis is minimal. In the RA synovium, p53 
protein in the synoviocytes is to some extent functionally unresponsive due to somatic 
mutations (Firestein et al., 1997; Han et al., 1999; Yamanishi et al., 2002) thus preventing 
apoptosis and rather increasing proliferation and survival of these cells in the joints. Other 
inflammatory molecules produced by FLS including cytokines such as IL-6, IL-18, IL-33, IL-
32 (Brennan and McInnes, 2008), colony stimulating factors (CSF) and type I interferons 
(IFNs) (Alvaro-Gracia et al., 1989; Genovese et al., 2004) collectively assist in breaking down 
the extra cellular matrix (Muller-Ladner et al., 1996).  
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The severity and prevalence of RA in patients may have an association with VNs. VNs, in 
particular VIP function has been shown to be downregulated in FLS of patients with RA this 
consequently encourages persistence increase in inflammation. As previously indicated, VIP 
exerts anti-inflammatory effects through VPACR2 and VPACR1 (Juarranz et al., 2008). 
Reduced VPACR1 in immune cells produces a predominant Th1 immune response 
(Delgado et al., 2008a) suggesting that the Th1 profile noticed in RA may be attributed to 
compromises to these VPAC receptors. Especially the VPACR1 expression in the periphery 
and the joint is deficient in RA the outcome of this is a dampening of anti-inflammatory 
molecules, thus increasing the persistence of Th1 cells and pro-inflammatory molecules in 
RA (Delagado et al., 2001). These observations were correlated with a decrease in cAMP an 
important immunosuppressive agent involved in the VPACR activation pathway (Foey et 
al., 2003). VPACR1 and VPACR2 act together to maintain immune tolerance. These 
protective mechanisms usually involve a decrease in IL-6, TLR4, CCL2 and CCL5 (Arranz et 
al., 2008). VIP decreases TLR-4 signalling by inhibiting molecules required for TLR-4 
directed effects, these may include Pellino 1 and 2, TRAM, TIRAP and TRIF which VIP 
suppresses. These effects may also be attributed to the negative regulation of VIP on TLR 
and MyD88 pathways. Incidentally, VIP reduces the effects of MyD88 by suppressing the 
phosphorylation process associated with IRAK-TRAF6 signalling complex and thereby 
preventing interactions between IRAK1 and TRAF6 and as a consequence loss of TLR-4 
signalling (Arranz et al. 2000).  
Similarly, VIP decrease disease severity especially as observed in the experimental model of 
RA, that is the collagen induce arthritis (CIA). This mainly occurs through the recruiting and 
induction of CD4+CD25+Tregs while at the same time inhibiting the effects of pro-
inflammatory Th17 and Th1 cells (Deng et al. 2010). An increase in CD4+CD25+Tregs also 
correlates with increases in Foxp3 levels (Chen et al., 2008). Similarly, PACAP is also able to 
reverse predominant Th1 pro-inflammatory reactions in RA towards Th2 anti-inflammatory 
influences by inhibiting the expression of TNF-α and IL-6 and encouraging the production 
of IL-10 (Abad et al., 2001; Delgado et al., 1996; Garrido et al., 1996).  VIP and PACAP are 
thus very important in immunoregulation in RA, as they are necessary in reinforcing the 
Th1/Th2 cytokine balance and ensuring that shifts in cytokines are not skewed 
predominantly towards Th1 cells. Hence, in RA VNs, VIP and PACAP administration may 
therefore be both therapeutic and protective against heightened autoreactive inflammatory 
reactions that can severely damage the joints. 

3.2 Multiple sclerosis 
MS is a heterogeneous and multifactorial disease characterised by severe inflammation to 
the central nervous system. The reported prevalence rate worldwide in 2002 was said to be 
between 1.1 and 2.5 million (Pugliatti et al., 2002). MS is both an autoimmune and 
neurodegenerative disorder which affects the brain and spinal cord and manifests itself in 
the form of chronic inflammation, axonal degradation, myelin loss, gliosis, breach in the 
blood brain barrier (BBB) and abnormal immune regulation. MS patients also experience 
loss in sensory function, vision and motor skills (Mattle, 2005). MS can be subdivided in to 
three categories based on the clinical progression of the disease, these include relapsing-
remitting MS, secondary progressive MS and primary progressive MS (Hauw et al., 1999). 
There are many theories on the aetiology of MS, although MS has been shown to have both 
environmental and genetic components. Susceptibility to MS may be associated with genetic 
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variation, environmental factors, intrinsic factors and epistatic factors (Ewing and Bernard, 
1998; Granieri, 2000; Hutter and Laing, 1996; Oksenberg and Barcellos, 2000). 
The BBB is specialized to protect the CNS against infiltrates such as autoreactive T cells. In 
MS, BBB destruction occurs as a consequence of infiltration and permeation of the barrier by 
leukocytes, in particular autoreactive T cells. Increasing the permeability of the BBB 
enhances autoreactive reactions and destabilises neuroimmunological processes. There are 
many cells that are affected in MS pathology these include cells of the innate and adaptive 
immune system. Most of these cells are highly activated, importantly, dendritic cells are 
highly activated in MS and also contribute to the skewness towards Th1 immune profile in 
MS. Autoreactive T cells obstruct proteolipid protein, myelin oligodendrocyte glycoproteins 
and myelin basic proteins (Zhang et al., 2008). Additionally, both Th1 and Th17 cells tend to 
drive the disease towards pro-inflammation as these cells produce strong secretions of IFN-
γ and IL-17. IL-17 promotes inflammation as they are able to invade and move into the CNS, 
they can also be found in high levels in the peripheral circulation in cases of severe MS 
symptoms (Kebir et al., 2007). The ability of pro-inflammatory cells to thrive and secrete 
inflammatory cytokines can be as a result of a decrease in anti-inflammatory cellular 
functions. In particular, although Treg cell numbers in MS remain relatively unchanged 
when compared to non-MS individuals, the suppressive nature of these cells are 
significantly reduced. Foxp3 expression is also decreased in MS especially in those with 
secondary relapsing MS (Huan et al., 2005). CD8+T cells despite being functional in MS act 
to inhibit CD4+T and glial cells by releasing cytotoxic molecules that suppress the 
proliferation of these cells.  
VIP has important regulatory effects in MS, in animal models of MS such as in Experimental 
autoimmune encephalomyelitis (EAE), the presence of VIP in circulation reduces pro-
inflammation and restores the Th1/Th2 cytokine balance. The anti-inflammatory effects of 
VIP/PACAP are important in both the adaptive and innate immune system. In MS, VIP and 
PACAP prevent heightened immune reactions by decreasing pro-inflammatory molecules 
produced by macrophages, microglia, dendritic cells, Th1 and Th17 cells. VIP when 
administered acts to decrease the progression of EAE, prevent neurological damage and 
relapses (Gonzalez-Rey et al., 2006). PACAP on the other hand represses antigen presenting 
cell activities initiated by macrophages and dendritic cells (Kato et al., 2004). In the CNS 
these anti-inflammatory reactions induced by VIP and PACAP are protective in the MS 
environment where anti-inflammatory reactions are minimal (Gozes et al., 1997; Gressens et 
al., 1997). Additionally damaged neurons of the CNS may release VIP and PACAP perhaps 
as a restorative mechanism, in an attempt to rescue homeostasis in the CNS and this has 
been confirmed by down regulation of molecules such as, TNF-a, IL-6,  IL-1β and overactive 
microglia (Delgado et al., 2002). Hence, destructive effects of overactive microglia causing 
demyelination and axonal loss may be as a consequence of impaired VIP and PACAP 
activities. RANTES is another chemokine molecule that is implicated in the pathogenesis of 
EAE as it has the ability to also elevate inflammation in the CNS, however, VIP via the 
VPAC1 can dampen NF-kB and effectively RANTES (Li et al., 2006). Thus, suppressing 
leukocyte infiltration and inflammation in the CNS. VIP has been observed in lymphoid 
organs and in immune cells such as T and B cells where they increase immune related 
activities (Delgado et al., 2004b; Pozo, 2003) such as acting on APC through the inhibition of 
IL-12 produced by macrophages while endorsing the expression of B7-2, favouring a 
predominant Th2 immune cell profile. As previously stated Treg function is reduced in MS 

 
Vasoactive Neuropeptides in Autoimmune Diseases 

 

461 

patients and VIP induces the development of CD4+CD25+Tregs, these VIP-Tregs have more 
efficient suppressive effects owing to the high expression of CTLA-4 (Fernandez-Martin et 
al., 2006). They suppress autoreactive T cells and decrease the severity of the disease 
(Chorny et al., 2006).  
VIP effects are thought to be either via VPAC1 or VPAC2 receptors. VIP binding to VPAC1 
relates to an induction of Tregs while binding or activating of the VPAC2 receptor is 
associated with Th2 cell activation (Delgado et al., 2005b; Delgado et al., 2004b; Pozo and 
Delgado, 2004). VIP and PACAP receptors also play an important role in MS. VPACR2 is 
necessary to ensure balance between the Th1 and Th2 cytokine profiles by promoting the 
prevalence of Th2 cells. In MS VPACR2 is compromised owing to the limiting number of 
receptors that are expressed on immune cell surfaces, this increases the dominance of Th1 
cells and cytokines. This compromise to VPAC2 in MS patients may also occur at the 
molecular level where mRNA expression levels of VPACR2 are down regulated. 
Additionally, the formation of the VIP ligand receptor complex stimulates cAMP/PKA 
downstream effects which ultimately dampen IFN-γ and stimulates the generation of 
GATA3 (Sun et al., 2006). This in effect increases the expression of Th2 immune cells. 
PACAP also acts directly to reduce pro-inflammatory cytokines IFN-γ, TNF-α, IL-1β and IL-
12 released from macrophages and microglia cells in areas of neurological breakdown in the 
CNS, preventing oligodendrocyte death while increasing the expression of CCR4 on Tregs 
(Kato et al., 2004). T cells in the presence of these VNs produce brain derived neurotrophic 
factors that allow for the increase in axonal growth remyelination, neuronal regeneration 
and decreases neuronal degeneration. VIP also induces astrocytes to produce neurotrophic 
factors. Thus VIP and PACAP confer both anti-inflammatory and neuroprotective effects on 
neurons and cells of the neuroimmune system. In other animal models of MS such as in the 
myelin/oligodendrocyte glycoprotein (MOG) deficient mice, PACAP administration 
prevents elevations in the severity of MS by decreasing the effects of autoreactive microglia 
and macrophages (Cunningham et al., 2007). VIP also inhibits co-stimulatory molecules 
such as CD40, CD80 and CD86 required and produced by over stimulated dendritic cells, 
microglia and macrophages (Delgado et al., 2005a; Gonzalez-Rey et al., 2007).  

3.3 Alzheimer disease 
Dementia is a well known disorder of the CNS and about 50% of all dementia are associated 
with AD (Pasquier, 2000). AD is a disease of the CNS characterised by progressive loss in 
memory and cognition. The current prevalence rate is between 2.8 and 56-56.1 enduring for 
about 8-10 years following diagnosis (Koedam et al., 2010). There are two subtypes of AD 
defined based on age of onset, that is, early and late onset. 5% of all cases of AD are 
associated with early onset (Koedam et al., 2010). Most early onset of AD are autosomal 
dominant and passed on within families. Similar to MS, AD has a genetic component and 
mutations in a number of genes have been proposed to underlie some cases of AD. Among 
these are mutations in the presenilin (PSEN) 1 and 2 (Avila-Gomez et al., 2008) and amyloid 
precursor protein (Miar et al., 2011). The presence of apolipoprotein E (APOE) specifically 
APOEε2 and APOEε4 alleles on chromosome 19 may potentially predispose an individual to 
developing late on set AD (Vemuri et al., 2010).  
Diagnosis of AD is based on the observation of neurofibrillary tangles and myeloid plaques 
in various areas of the CNS (Bierer et al., 1995). These plaques also known as senile plaques 
occurring in various brain regions are caused by deposition of extracellular fibrillar β-
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variation, environmental factors, intrinsic factors and epistatic factors (Ewing and Bernard, 
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amyloid (Aβ) peptides (Selkoe, 1998). Aβ is a derivative of the proteolytic amyloid precursor 
protein (Maccioni et al., 2001). The presence of Aβ in the brain or fibrils results in the 
activation of microglia and the secretion of vast amounts of pro-inflammatory cytokines 
causing neuronal damage and neuronal loss in the temporal and parietal regions (McGeer et 
al., 1994). Other brain areas that are affected include the hippocampus and neocortex (Scheff 
et al., 1996; Scheff et al., 1993). These detrimental effects manifest in the form of loss in 
cognitive function, memory and cognition. The scope of neurofibrillary tangles in most cases 
of AD is associated with the level of dementia and the length of the disease as these may 
have severe effects on neurological function (Arriagada et al., 1992; Bierer et al., 1995).  
As the CNS is under constant surveillance by these cells health of the CNS is maintained. 
Importantly, microglias interact with neurons, glia cells, tissues, vessels and synapses, thus 
they are able to remove unwanted material, dead cells and repair damaged tissues and 
synapses (Wake et al., 2009). Microglias upon activation induce the release of cytokines, 
chemokine, free radicals and acute phase proteins which are important in eliminating 
foreign pathogens. Nonetheless, the regulation of microglia activation may also be 
important for maintaining neurological homeostasis. Reduced activation of microglia in the 
normal brain occurs via interactions with chemokine receptors present on the microglia 
hence as microglias survey the neuro-environment they bind to molecules on the neurons 
which inhibit their activation (Randsohoff et al. 2007). Similarly, excessive secretion of pro-
inflammatory mediators is prevented through ligand binding between CD200L on the 
microglia and CD200 on the neuronal cells (Biber et al., 2007). In AD microglias function is 
to some extent impaired. Senescence may play a role here, as it has been observed that aged 
microglias or microglia from elderly patients tend to be obscured in their function and have 
reduced motility (meyer-leuhmann et al., 2008; Streit et al., 2008). However, in most 
instances microglia function is related to their localization in a particular site, hence, they 
transform their functions to suite their particular location in the CNS. Development of senile 
plaques in AD induces the development of microglia phenotype that is associated with 
plaque formation. These microglias are therefore highly activated and more reactive in 
response to amyloid deposition (Yan et al. 2009; Bornemann et al., 2001).  
The most predominant receptors on microglias are the pattern recognition receptors which 
include Toll-like receptors (TLRs). Using these receptors, microglia recognise damage 
associated molecular patterns (DAMPs) molecules and pathogen associated molecular 
patterns (PAMPs) released from damaged tissues and pathogens respectively. Detection of 
these molecules elicits an inflammatory response from these microglias. TLR2 and TLR4 are 
the most influential receptors related to AD. They detect fibrillar Aβ and their interactions 
with these molecules activate the microglia. TLRs also communicate with other receptors 
that interact with fAβ such as scavenger receptor A, CD36, CD47, α6β1 integrin. Thus this 
phenotypically different microglia in areas of plaque formation form as a consequence of 
engaging with fAβ using the TLRs activating pro-inflammatory Th1 immune responses and 
produce reactive oxygen species (Mantovani et al. 2004). As with other neurological 
diseases, activation of microglias results in the secretion of high levels of cytokines and pro-
inflammatory factors. Thus increasing neurotoxicity in the CNS and further weakening the 
neuro-immune environment. This is in contrast to their normal function where they interact 
with other neurons and glia to decrease their activation brought on by the presence of pro-
inflammatory factors and also redundant immune activation (Colton, 2009).  
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Microglias in the AD patients are abundant in the cortex, this has been shown to be 
associated with a reduced cognitive function in these patients (Edison et al. 2008). However, 
this may not be present in all patients with AD. Induction of the α-secretase pathway 
enhances the protective effects of PACAP via the PAC1 receptor and also the production of 
amyloid precursor protein alpha (APP-α) thus decreasing the prevalence of Aβ in AD. 
Hence, PACAP and PAC1 prevent apoptosis of neurons enhancing their survival (Dejda et 
al., 2005; Onoue et al., 2002). Autoreactivity, due to Aβ can also be averted in the presence of 
PACAP as these neuropeptides are able to modulate the proliferative properties of these 
cells and induce them to produce gliotransmitters and gliopeptides which are protective 
against neuronal degradation and death (Masmoudi-Kouki et al., 2007). PACAP is able to 
enhance memory creation in animal models (Sacchetti et al., 2001). By binding to its receptor 
PAC1 it encourages the release of α-secretase and stimulates the release of APLP-2. APLP2 
in turn induces the growth of neurons (White et al., 1998). VIP also exerts neuroprotective 
effects in AD as it its able to dampen the effects of migroglai cells that have been activated 
by Aβ and thus dampening, the secretion of neurotoxins TNF-α, IL-1β and NO and 
reducing neuronal death. These effects of VIP are enable through the VPAC1 receptor. VIP 
binding to VPAC1 sets off a cascade of reactions involving the cAMP/PKA pathway which 
in sequence activates neurotrophic dependent factors to enhance neuroinal survival (Gozes, 
2001). VIP also inhibits IKK, p38 and p42 responsible for NFκB activation and pro-
inflammaotry cytokine release (Delgado et al., 2008b). 

3.4 Parkinson’s disease 
Aggressive loss of neurons of the striato-nigral centres, nucleus basalis, raphe nuclei, locus 
coeruleus, autonomic ganglia, amygdala, hippocampus, cingulated, temporal cortex and the 
olfactory bulb are associated with Parkinson’s disease (PD). Neurotransmitters also become 
deficient in PD, and this has been shown to be the single most important factor causing 
considerable defects in muscle and manifesting in the form of rigidity, akinesia and tremors 
(Lee, 1989). The symptoms of PD are therefore comprised of loss in attention cognitive and 
motor function (Lippa, 2010). PD can either be sporadic or familial. The illness starts off later 
in life and progressively worsens with death occurring a few years after onset of disease 
(Doudet, 2001). It is an adult onset disease that affects individuals between the ages of 20 to 
75 years with a prevalence rate of 13.4 per 100,000 (Van Den Eeden et al., 2003). 
In the periphery total lymphocytes especially CD3+ and CD4+CD3+ and B cells tend to be 
reduced in PD patients compared to healthy controls, similarly diminished levels of 
memory T cells have been observed while activated T cells are elevated (Bas et al., 2001; 
Fiszer et al., 1994; Offen et al., 1996). Patients may also demonstrate reduced CD8+T, CD4+: 
CD8+ T, cell ratios, CD4+CD25+T cells and an increase in IFN-γ and IL-4 T cells (Gruden et 
al.), with shifts in cytokines towards pro-inflammatory cytokine profile thus causing 
potential heightened inflammation in the brain. Microglia in the neuro-inflammed CNS 
facilitates the excessive production of cytokines, neurotrophins, reactive oxygen and 
nitrogen species (ROS and RNS). In PD, the affected CNS regions include dopaminergic, 
cholinergic, serotonergic and noradrenergic neurons and their neurotransmitters are 
implicated in the mechanism of PD (Bosboom et al., 2004). Regions of lewy bodies are 
dispersed throughout the regions of neuronal loss, these contain alpha–synuclein and 
ubiquitin and are more prominent in the dopamine neurons of the substantia nigra (Kosaka, 
2000; Kosaka and Iseki, 2000).  
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Additionally, microglia are also compromised in PD, they tend to produce high levels of 
MHCII antigen leukocyte antigen-DR (HLA-DR) and inflammatory molecules including IL-
1β, IL-6 and TNF-α and express ICAM-1 and LFA-1 (McGeer and McGeer, 2008; McGeer et 
al., 2001). The activated microglia portray high levels of ICAM-1 and LFA-1, thus these 
molecules in SN may also be implicated in the influx of immune cells in the affected areas 
(Imamura et al., 2003). In the CNS microglia are responsible for, antigen presentation, 
removal damaged and apoptotic cells and secretion of pro-inflammatory and neurotrophic 
factors. These factors can either be protective or toxic to the CNS environment (Sawada et 
al., 2006), thus microglias have two contradictory roles in the CNS, depending on the CNS 
environment. Microglia become activated when they come into contact with damaged or 
lingering neuron when this occurs the microglia will assist in repairing and restoring these 
damaged neurons. These microglia express TNF-α and IL-6, these cytokines have 
neurotrophic components (Diogenes and Outeiro, 2010; Gash et al., 2007; Reale et al., 2009). 
Neurotoxic effects of microglias underlie some of the detrimental effects conferred on 
neurons in the CNS, neurotixic microglia increase the levels of pro-inflammatory cytokines, 
neurotrophins, reactive oxygen species and reactive nitrogen species (Long-Smith et al., 
2009). They can become harmful when they synthesise and secrete molecules that increase 
synaptic overactivity and thus increase the damage already present. They may also alter 
excitotoxicity, abort apoptosis and encourage the growth of neurite in the injured CNS 
(Barger et al., 1995; Berezovskaya et al., 1995; Imamura et al., 1990; Lazarov-Spiegler et al., 
1996; Prewitt et al., 1997; Rabchevsky and Streit, 1997; Toku et al., 1998). Activated 
microglias are present in other areas of the CNS and therefore initiate and promote 
inflammation in different brain regions including the putamen, substantia nigra and 
cingulated cortex where they are responsible for the generation of lewy bodies (Li et al., 
2010; McKeith and Mosimann, 2004; Varani et al., 2010). TNF-α and IL-1β have similar 
signalling mechanisms and induce neurodegeneration in the CNS by activating NKFκB, 
thus facilitating oxidative damage and consequently neuronal damage (Wahner et al., 2007). 
The toxic effects of IL-1β and TNF-α can also be attributed to their ability to increase the 
expression of leukocyte adhesion molecules on the surfaces of the endothelial cells. This 
elevates inflammation in the CNS affecting neuronal survival (Whitton, 2007). At the 
molecular level mitochondrial and cytoskeletal dysfunction, oxidative damage, 
neuroinflammation and abnormal protein accumulation contribute to the progression of PD 
(Winner et al., 2009).  
Inducible nitric oxide synthase (iNOS), and NADP-oxidase secreted by activated microglia 
increase the production of NO and reactive oxygen species causing neurodegeneration. VIP 
is able to reduce microglial activation thereby preventing the release and damaging effects 
of these factors (Delgado and Ganea, 2003). Additionally in the CNS, the release of IFN-γ by 
activated microglia tends to be rather harmful. IFN-γ binds to its receptor sets off a cascade 
of events involving transphosphorylation of the receptor-associated janus tyrosine kinases 
(Jak)1 and 2. This facilitates the recruitment and phosphorylation of signal transducer and 
activator of transcription (STAT1) (Dell'Albani et al., 2001). These sequences of events 
stimulate IFN-γ, inducible protein 10, iNOS, CD40 and IL-12. VIP and PACAP together 
reduce microglia pro-inflammatory activities through VIP and PACAP binding to VPAC1 
and dampening the phosphorylation and formation of the Jak1-2/STAT1 complex. This 
prevents the synthesis of IRF-1, and inhibits IFN-γ and iNOS expression from microglia in 
the striatum and also in the substantia nigra. These inhibitory effects are facilitated by the 
cAMP pathway (Delgado, 2003). 
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TNF-α released in the CNS encourages gliosis, preventing the uptake of glutamate by 
astrocytes and apoptosis in oligodendrocytes (Kim et al., 2000). When VIP or PACAP is 
applied to microglia stimulated by LPS from rats in culture it was noticed that VIP and 
PACAP substantially decreased the expression of TNF-α. These inhibitory effects were 
facilitated via cAMP pathway (Delgado et al., 1998; Kim et al., 2000). VPAC1 and PAC1 
receptors are present on microglial cells therefore they are able to directly act on overactive 
microglia cells efficiently reducing their neurotoxic effects upon Ligand receptor binding 
(Kim et al., 2000). Although TNF-α may have detrimemmntal effects on the microglia, in 
some cases they have been shown to be protective as they release reactive oxygen species 
that act to protect neurons from harm and stimulate an increase in anti-inflammatory IL-10 
(Cheng et al., 1994; Sheng et al., 1995). VIP and PACAP also act to inhibit the presence of 
macrophage inflammatory protein (MIP-1alpha, 1 beta), macrophage chemoattractant 
protein (MCP-1) and RANTES, chemokine released by microglia cells (Zhang et al., 2000). 
PACAP protects neurons in quinolinic acid- and 6-hydoxydopamine-induced lesions 
(exprimental model of PD), which correlates with the less severe behavioral symptoms 
(Tamas et al., 2006). VIP ameliorates dopamine induced cell death and neuronal cell loss of 
striatal dopaminergic fibers (Offen et al., 2000). These peptides present in the compromised 
CNS can have important benefits for individuals affected. Although these peptides may not 
necessarily completely clear the disease, they may prolong the life and function of PD 
patients. 

4. Conclusion 
In summary, it is apparent that VIP and PACAP are vital for the enhancement of anti-
inflammatory reactions in autoimmune diseases with compromises to neuro-endocrine- 
immune mechanism. These fundamental anti-inflammatory responses assist in decreasing 
pro-inflammatory reactions observed in most autoimmune diseases including RA, MS, PD 
and AD. Thus VIP and PACAP are important in suppressing elevated amounts of IFN-γ, 
TNF-α, IL-6 and IL1β. Modulation of these factors to optimal levels promotes and preserves 
the survival of cells and tissues affect these diseases. A decrease in their receptors is a 
common finding in most autoimmune disorders and this is often correlated with decreases 
in cAMP. Additionally, Th1/Th2/Th17 disequilibrium is noticed in the above mentioned 
diseases. VIP and PACAP are able to reverse and regulate these shifts in inflammatory 
cytokines. Their ability to maintain both peripheral and CNS homeostasis highlights their 
importance in physiological processes. 
VIP and PACAP are therefore potential candidates for treating autoimmune disorders. Their 
administration may substantially reduce symptoms and improve the quality of life of 
patients with RA, MS, PD and ALS. As VIP and PACAP activate cAMP pathways, therapies 
that remove inhibitors of cAMP may be important. These inhibitors include 
Phosphosdiesterase enzymes. Phosphosdiesterase enzymes inhibitors (PDEIs) may have 
potential advantage in the treatment of autoimmune disorders. PDEIs may also increase the 
effectiveness of these VNs as they can increase the intracellular cAMP and therefore initiate 
anti-inflammatory mechanisms. Incidentally, PDEIs are known to prolong life and reduce 
cytokines, demyelination and inflammation. Hence further studies are required to examine 
the most effective therapies for these autoimmune disorders.  
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1. Introduction 
Multiple sclerosis (MS) is an autoimmune demyelinating disorder of the central nervous 
system (CNS) resulting in axon loss and development of disability. (Gabibov et al., 2011) 
Autoantibodies (autoAbs) are one of the major features and crucial mechanisms in MS 
pathogenesis known to illustrate this autoagression. The major component in the 
pathogenesis of MS is primary myelin damage, which is mediated by autoAbs, which 
trigger the release of separate and pathogenically valuable myelin-associated epitopes into 
the bloodstream. These molecules acting as a group of sensitizing factors may provoke the 
immune system and drive disease progression. Being identified at the pre- or early stages or 
the demyelination, such autoAbs dominate during the whole course of the disease. 
Natural catalytic antibodies (catAbs) or natural abzymes today are one of the principal 
effectors of the adaptive immune system. In constructive sense, catAbs are multivalent 
immunoglobulins (Igs), presumably, of IgG and IgM isotypes, endowed with a capacity to 
hydrolyze an antigenic substrate.  
Traditionally, the basic structure of the Ab molecule is essentially Y-shaped, with the two 
tips (Fab-fragments) designed to recognize and bind non-self agents or cells. Moreover, the 
catalytic capacity is also present in Fab-fragments of the molecule. In general, the 
mechanisms of Ab-mediated catalytic action include nucleophilic catalysis, induction of 
conformational strain, coordination with ions, and stabilization of transition states (TS). Ag-
specific or targeted catAbs are preferentially found in the Ig repertoire of patients with a 
broad scope of diseases to act as pathogenically valuable tools. Since the discovery of 
catAbs, a wide spectrum of the disease-related abzymes regardless to their natural history or 
engineering protocols has been described. Moreover, the immune system was shown to 
express an intrinsic drive to generate natural abzymes in different pathological states in 
humans. Among them, proteolytic (Ab-proteases) and DNA-hydrolyzing (DNA-abzymes) 
autoAbs are of a special practical value.  
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system (CNS) resulting in axon loss and development of disability. (Gabibov et al., 2011) 
Autoantibodies (autoAbs) are one of the major features and crucial mechanisms in MS 
pathogenesis known to illustrate this autoagression. The major component in the 
pathogenesis of MS is primary myelin damage, which is mediated by autoAbs, which 
trigger the release of separate and pathogenically valuable myelin-associated epitopes into 
the bloodstream. These molecules acting as a group of sensitizing factors may provoke the 
immune system and drive disease progression. Being identified at the pre- or early stages or 
the demyelination, such autoAbs dominate during the whole course of the disease. 
Natural catalytic antibodies (catAbs) or natural abzymes today are one of the principal 
effectors of the adaptive immune system. In constructive sense, catAbs are multivalent 
immunoglobulins (Igs), presumably, of IgG and IgM isotypes, endowed with a capacity to 
hydrolyze an antigenic substrate.  
Traditionally, the basic structure of the Ab molecule is essentially Y-shaped, with the two 
tips (Fab-fragments) designed to recognize and bind non-self agents or cells. Moreover, the 
catalytic capacity is also present in Fab-fragments of the molecule. In general, the 
mechanisms of Ab-mediated catalytic action include nucleophilic catalysis, induction of 
conformational strain, coordination with ions, and stabilization of transition states (TS). Ag-
specific or targeted catAbs are preferentially found in the Ig repertoire of patients with a 
broad scope of diseases to act as pathogenically valuable tools. Since the discovery of 
catAbs, a wide spectrum of the disease-related abzymes regardless to their natural history or 
engineering protocols has been described. Moreover, the immune system was shown to 
express an intrinsic drive to generate natural abzymes in different pathological states in 
humans. Among them, proteolytic (Ab-proteases) and DNA-hydrolyzing (DNA-abzymes) 
autoAbs are of a special practical value.  
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And today catAbs can be used as either therapeutic tools or as vehicles for delivering 
therapeutic agents to damaged cells in the human body. Recent applications of abzymes 
have included a broad scope of medical and allied areas, i.e., 
1. the conversion of drugs to their inactive (non-toxic) forms;  
2. the degradation of drugs and harmful substances;  
3. the activation of pro-drugs for targeted chemotherapy;  
4. the inhibition of infectivity;  
5. others. 
The aim of this review is to compare data on the medical applications and implementations 
of disease-associated and engineered abzymes as new tools for treatment of MS, and to 
specifically focus on their potential value for clinical research and for clinical utility and 
public health as well. 
The mechanisms of catAb action include nucleophilic catalysis, induction of conformational 
strain, coordination with metal ions, and stabilization of TS. Only Abs that stabilize the Ag 
TS more than the GS can be catalytic, and such Abs are thus usually identified among those 
that bind tightly to an analogue of the TS of the relevant reaction. Abs would thus provide a 
unique opportunity to combine specific Ag recognition with enzymatic turnover.  
For Ab-proteases, for instance, a typical mechanism of nucleophilic catalysis has been 
established. Since the catalytic efficiency of Ab-proteases derives substantially from the 
ability to recognize the GS with high affinity, proteolytic Abs while demonstrating an 
exclusive targeted specificity can be used to selectively address a wide range of 
metabolically and pathogenically valuable protein targets. 
In case of DNA-abzymes, Ab-induced conformational strain is proposed to activate 
phosphodiester bonds and result in DNA hydrolysis, aided by coordination of bivalent 
cations. As being similar to proteolytic sites, the nuclease activity of DNA-hydrolyzing Abs 
is described to be encoded by germline variable region genes (V-genes).In general, the 
specific nature of the Ab catalysis was demonstrated by the adherence of those reactions to 
the well-known Michaelis-Menten equation, the complete inhibition by a proper hapten 
analogue, and the failure of the Ab to catalyze the hydrolysis of the substrate antagonists. 
During the last 10 years, it has been found that Abs contribute to the degradation of a 
number of autoantigens. These and related “antibody-enzymes”, also termed abzymes, were 
shown to be able to cleave DNA, RNA, carbohydrates, peptides, and proteins Recently, 
abzyme-dependent catalytic degradation of an autoantigen, MBP (myelin basic protein), 
was associated with the course of the neurodegenerative disease MS and its rodent model, 
experimental autoimmune encephalomyelitis (EAE). Autoantibody-mediated degradation 
of MBP was shown to be site specic, with cleavage sites localized to the immunodominant 
epitopes of the protein. These ndings were supported by studies from others. Interestingly, 
this reaction was inhibited in vitro by glatiramer acetate (Copaxone), an established 
treatment for MS. (Belogurov et al., 2008) 
There are three groups of autoAbs that are specific for MS: anti-myelin autoAbs (e.g., anti-
MBP, anti-MOG (MOG - myelin oligodendrocyte glycoprotein) and anti-neurofilament 
autoAbs); nonmyelin autoAbs (e.g., anti-HSP autoAbs, among others); and autoAbs 
demonstrating different levels of specificity and functionality (e.g., catalytic autoAbs [i.e., 
antibody proteases]). The latter group of anti-myelin antibody proteases is of particular 
interest in terms of disease monitoring, prognosis and preclinical (pre-early) diagnostics of 
MS. Catalic antbodies are endowed with a capacity to hydroliyze an antigenic substrate. 
This has moved antibodies to the level of physiological functionality by providing such 
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antibodies with the ability to mediate direct catalytic and indirect cytotoxic effects on the 
target. This property is buried in the Fab fragment of the immunoglobulin molecule. 
Antibody protease were found in most autoimmune conditions, particulary in MS, 
accomplishing sequence-specific proteolic cleavage of myelin antigens and controlling the 
degradation of myelin sheath. (Gabibov et al., 2011) 
The worldwide median estimated incidence of MS is 2.5 per 100 000 and prevalence is 
estimated at approximately 1.5 million cases. Usually onset of MS is between age 20 and 40 
years. Men are affected approximately twice as rare as women. (Stuve & Oksenberg, 2006 )  
Autoantibody mediated tissue destruction is among the main features of organ-specific 
autoimmunity. Ample data indicate that a significant portion of MS cases is characterized by 
the presence in the blood of autoantibodies against myelin protein components. Moreover, 
myelin-specific autoantibodies are detected by highresolution microscopic analysis in the 
regions of demyelination plaques in human MS and a MS-like disease of marmosets, 
suggesting their direct contribution to myelin destruction. (Ponomarenko et al., 2006) 
Nonetheless, the mechanisms responsible for the induction of autoantibodies and their 
possible contributions to MS progression are still unknown and are somewhat controversial. 
Also clonal expansion of B cells and T cells, hallmarks of inflammation in the CNS, are 
found in MS. The viral mimicry hypothesis was formulated to explain the initiation of this 
pathology. (Belogurov et al., 2008) But a poor understanding of the etiology of MS has 
complicated the development of effective therapeutics. (Hafler, 2004)  
Despite strong evidence for the contribution of T cell responses to manifestations of 
autoimmunity in the CNS of patients with MS, recent findings encouraged investigators to 
search also for B cell-mediated contributions to the MS pathogenesis. (Klawiter & Cross, 
2007; Nikbin et al., 2007) 
Development of new diagnostics and treating tactics can improve patient life quality and 
decrease MS treatment cost, as in other autoimmune diseases such as type 1 diabetes. (Hahl 
et al., 1998) 

2. Antibodies-mediated demyelination in the pathogenesis of MS 
Antibodies can cause demyelination by several effector mechanisms. One of these is the 
opsonization of myelin for subsequent phagocytosis by macrophages, which has been 
observed in MS and EAE. Serum anti-myelin antibodies raise macrophage phagocytosis, 
and the uptake by macrophages of CNS myelin increases after opsonization with 
complement. Another mechanism of demyelination that involves autoantibodies is through 
activation of the entire complement cascade leading to membrane attack complex (MAC) 
deposition and complement-mediated cytolysis. 
Antibodies with specificity against minor myelin components have also been detected in MS 
patients. MOG is the most interesting candidate B-cell autoantigen in MS. Because of its 
location it is an ideal target for antibody-mediated demyelination. Anti-MOG antibodies are 
indeed able to cause myelin destruction in EAE models, while other antibodies against 
major myelin proteins such as MBP or PLP, which are both not located on the myelin 
surface, do not cause myelin destruction on their own. Anti-MOG Abs mediate a 
characteristic vesicular transformation of compact myelin in acutely demyelinated lesions 
that also has been documented in human MS lesions strongly suggesting a role of anti-MOG 
Abs in MS. The B-cell response to MOG is enhanced in MS also supporting the pathogenic 
importance of anti-MOG Abs. Interestingly, the presence of serum anti-MOG antibodies, 
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with or without anti-MBP antibodies, in patients presenting with an initial clinical event 
suggestive of central nervous system demyelination and evidence of multifocal lesions on 
MRI studies, is predictive of subsequent clinical events that establish the diagnosis of clini-
cally definitive MS. However, the presence of anti-MOG antibodies in patients with 
nondemyelinating diseases of the CNS, as well as in a substantial number of healthy 
individuals, has raised important questions about the role of these antibodies in MS, and 
these need to be addressed in future studies. 

2.1 Catalysis 
The neurodegenerative model of MS is based on the proposition of a primary lesion in 
myelin followed by myelin breakdown and the release of myelin-compartmentalized 
proteins, particularly MBP. This is followed by the generation of MBP-derived peptides that 
become the main sensitizers of T cells. (Hafler, 2004) The hypothesis that interactions 
between MBP and T cells must occur at sites other than the myelin membrane has been 
challenged by recent physicochemical studies demonstrating that myelin can become 
structurally unstable secondary to specific posttranslational modifications of MBP structure. 
This was shown to result in the increased surface exposure and susceptibility to proteolysis 
of MBP 83–92. (Husted, 2006) The close association between the proteolytic sensitivity of 
MBP and the pattern of posttranslational modifications of the molecule may represent one 
of the key regulatory mechanisms in epitope generation (Lolli et al., 2005). Proteolysis may 
proceed by any of four distinct pathways that may exert a concerted attack on the MBP 
molecule, although the mechanisms responsible for the activation and regulation of these 
potential activities are not known. Thus, epitope generation may occur via:  
1. autocatalytic cleavage of the MBP molecule (D’Souza et al., 2005);  
2. protease digestion (D’Souza et al., 2006);  
3. autoantibody-mediated site-specific cleavage (Ponomarenko et al., 2006); 
4. Abdependent oxidative pathway (Wentworth et al., 2001).  
The last mechanism, which has been demonstrated in a number of autoimmune pathologies, 
remains unproven for MS (Wentworth et al., 2001). These pathways are characterized by 
dramatic differences in reaction velocities and in cleavage site specificity. Obviously the 
rates of enzymatic reactions are several times higher than those for autocatalysis and 
Abenzymes (abzymes), perhaps making this pathway the major player in epitope 
generation. In the case of abzymes, the large excess of the biocatalyst, its high specificity, 
and its close compartmentalization with the MBP substrate shown in demyelinating lesions 
are suggestive of its likely effectiveness in vivo. (Ponomarenko et al., 2006; Genain et al., 
1999) 
Today, the advent of antibody catalysis has demonstrated that antibodies can be 
programmed to perform complex cell biochemistry, and thus a logical question arises: does 
the original (nature-gifted) potential for catalysis relate to antibody function? In the sense of 
the question, it is very interesting to consider the evolution of antibodies, while generally 
accepting that natural enzymes are primitive molecules compared with antibodies, and that 
antibodies arose just after the birth of enzymes. 
A great deal of evidence has been also adduced to support the medical concept of the living 
soul of abzymes and their significance for utilizing broader autoantibodies properties in the 
formation of pathogenic patterns and clinical settings at different autoimmune and other 
conditions. Moreover, the medical concept of abzymes was tested in two ways, clinically 
and experimentally, i.e., on human and animal models. The progress achieved earlier in 
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designing artificial abzymes initiated the study of biological activities of natural catalytic 
autoantibodies and their involvement in pathogenesis of major clinical disorders, i.e., 
evoked the onset of the era of medical abzymology. (Suchkov et al., 2001; Zhou et al., 2002; 
Tellier, 2002; Nathan, 2002; Kozyr et al., 1998) 
Medical abzymology has made a great contribution to the development of general 
autoimmunity theory: it has put the antibody as a functional entity and as the key brick of the 
theory to the level of physiological functionality by providing such antibody with the ability to 
catalyze and mediate direct and independent cytotoxic effect on cellular and molecular 
targets. 

3. Major antigenic targets of the anti-myelin autoAbs 
There are extensive information on a significant portion of MS cases, characterized by the 
presence of autoantibodies against myelin protein components in serum of patients with 
MS. (Chamczuk et al., 2002; Reindl et al., 1999) Although the mechanism of the 
autoantibody role in MS pathogenesis is unknown , autoantibodies to MBP and MOG were 
proposed as biomarkers for clinical prognosis of MS. (Berger et al., 2003) Similar 
immunoglobulins were also found in mice with induced EAE, which is an animal model of 
MS. (Fritz et al., 1983)  

3.1 Myelin basic protein 
Myelin basic protein is by far the best studied myelin component in MS. It is the second 
most abundant myelin protein (approximately 30-40%) after PLP. There are five MBP 
isoforms with 14-21.5 kDa molecular weights in mammals that result from differential 
splicing of 11 axons within the Golli-MBP locus. The highly basic MBP is positioned at the 
intracellular surface of myelin membranes and via interactions with acidic lipid moieties is 
involved in maintaining the structure of compact myelin. The most abundant 18.5 kDa 
isoform (170 amino acid length) has been used in most immunological studies.  
Different from MOG, and PLP (proteolipid protein), MBP is found in both central and 
peripheral myelin, and MBP transcripts have also been demonstrated in peripheral 
lymphoid organs such as lymph nodes and thymus. 
 

 
Fig. 1. MBP sites of proteolysis by different enzymes-proteases and Abs-proteases and as a 
result of spontaneous autocatalytic hydrolysis. The sequence of the encephalitogenic peptide 
81–103 is shown in red. Abbrevations: GelB (Gelatinase B), MMP-3 (matrix 
mettaloproteinase-3), CatD (Cathepsin D), ACat (Autocatalytic cleavage), Abz (Abzyme), LP 
(Lysosomal Proteases), Tryp4 (Trypsin 4). 
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3.2 Proteolipid protein 
Proteolipid protein (PLP) is the most abundant protein in CNS compact myelin (about 50%), 
highly hydrophobic and evolutionarily conserved across species. There are two main tran-
scripts, the full-length 276 amino acid isoform and DM-20, an isoform that lacks 35 amino 
acids and is mainly expressed in brain and spinal cord prior to myelination, but also in 
peripheral lymphoid organs such as the thymus, where full-length PLP is barely found. 
Interestingly, the major encephalittogenic and immunodominant PLP peptide (139-154) is 
contained in full-length PLP but not in DM-20. This observation is thought to account for the 
encephalittogenicity and immunodominance of the PLP (139-154) peptide, since it is 
essentially not available for thymic negative selection and consequently a high precursor 
frequency of PLP (139-154)-specific T cells has been observed even in naive unprimed 
animals. 

3.3 Myelin oligodendrocyte glycoprotein 
Myelin oligodendrocyte glycoprotein, a 218 amino acid trancemembrane glycoprotein of the 
IG superfamily, is much less abundant (0.01 - 0.05%) than MBP and PLP, and also different 
from the two major myelin proteins in being located not in compact myelin but exposed on 
the outermost surface of the oligodendrocyte membrane. Because of this “strategic” location, 
it is directly accessible to antibodies and believed to be particularly relevant as a target for 
both cellular and humoral immune responses in MS. MOG, is expressed relatively late 
during myelination and is only found in the brain/spinal cord and the retina but not in 
peripheral nerve. Furthermore, MOG expression is either completely or almost completely 
lacking in peripheral lymphoid tissues, although MOG transcripts have been seen in 
nonhuman primate peripheral nerve and a few samples of human tonsils and thymus. 

4. Nonmyelin autoAbs 
4.1 DNA abzymes and antibody proteases 
Catalytic antibodies are endowed with a capacity to hydrolyze an antigenic substrate. (Paul 
S. 1998; Paul et al., 2005; Friboulet et al., 1999) This has moved antibodies to the level of 
physiological functionality by providing such antibodies with the ability to mediate direct 
catalytic and indirect cytotoxic effects on the targets. This property is buried in the Fab 
fragment of the immunoglobulin molecule. Antibody proteases (antibodies with proteolytic 
activity) were found in most autoimmune conditions, particularly in MS, accomplishing 
sequence-specific proteolytic cleavage of the myelin antigens and controlling the 
degradation of the myelin sheath. The levels of proteolytic activity of the antibody proteases 
revealed significant correlations with the clinical activity of the course over the disease, and 
thus with the disability of the patients. The most attractive point is that, in contrast to 
canonical proteases, for antibody proteases, there is an extra set of cleavage sites in the 
targeted autoantigens (for sequence-specific proteolytic cleavage) focused predominantly at 
the immunodominant sites. (Gabibov et al., 2002) 
Physiological interaction of autoAb with a living cell is mediated by Fc fragment (Wilkinson 
et al., 2001). DNA-abzymes are able to realize both cytotoxicity mechanisms-complement-
dependent cell lysis and K-cell-mediated lysis. (Fishelson et al., 2001) Fab fragment is not 
involved in these reactions. This fundamentally distinguishes Ab-mediated classical and 
DNA-mediated mechanisms of cytotoxicity due to direct involvement of Fab fragment into 
the catalytic attack on the target cell genome. Catalytic and cytotoxic activities of DNA-
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abzymes are closely related. This allows to assume on a hypothesis on a new mechanism of 
the contribution of autoAbs into the pathogenesis of autoimmune disorders. Such 
mechanism acts independently of complement and cytotoxic T cells; it requires a 
catalytically active Fab fragment but ignores Fc fragment whose structure is deprived of 
even buried resources providing direct cytotoxic effect. (Ponomarenko et al., 2000) 
Two different mechanisms of DNA-abzymes cytotoxic potential utilization are established-
by means of direct cytotoxic effect on a target cell involving the catalytically active Fab 
fragment and by means of apoptosis due to high affinity of DNA-binding autoAbs for 
membrane receptors providing the cell with features of possible target. Cross-reactive with 
such such cells, DNA-abzymes can provoke their degradation resulting in the development 
of different syndromal manifestations: lupus nephritis in glomerule endothelium cross-
reactivity, articular syndrome in synovial cross-reactivity, extracardial manifestations and 
MCS progression in CM cross-reactivity. (Rekvig et al., February 2004; Raz et al., 1993) 
Cross-reactivity of DNA-binding autoAbs with glutamate receptors accumulating at neural 
cells is of a special interest. Such autoAbs with catalytic and cytotoxic activities can initiate 
neural cells apoptosis providing the possibility for the development of CNS autoimmune 
degenerative disorders (Kotzin et al., 2001). The penetration of DNA-binding autoAbs (and 
DNA-abzymes) into a cell results in activation of cytotoxicity mechanisms, apoptosis 
induction, etc. 

4.2 Molecular mechanisms of the involvement of DNA-abzymes in the development of 
different autoimmunity conditions and pathogenesis of autoimmune disorders 
One antigen may generate up to 102-104 different antibody molecules, a number that may 
further increase by somatic mutagenesis. Therefore, it seems feasible that different DNA-
binding and other non-catalytic antibodies, as well as antibodies with catalytic activities can 
be synthesized in the course of immune response, either directed against the substrate or as 
antiidiotypic antibodies to enzymes hydrolyzing nucleic substrates. It is certainly difficult to 
predict the clinical significance of these catalytic activities, but it is likely that they modify 
the pathogenesis or clinical process of these autoimmune diseases. 
The interest to catalytic (i.e., DNA-hydrolyzing activity) of the autoantibodies is kept on 
growing up and is strongly supported by the new data including those illustrating cytotoxic 
activities of the biocatalysts and evidence that abzyme-mediated cytotoxic effects observed 
in human SLE (system lupus erythematosis) and mouse SLE-like syndromes are caspase-
dependent and thus apoptosis-related. 

5. Prediction of MS 
The use of assays for Abs to MBP and MOG for diagnostic and prognostic purposes in 
patients with a clinically isolated syndrome (CIS), a frequent precursor to clinically definite 
MS (CDMS), has yielded conflicting results. One study showed that the presence of myelin 
Abs in the sera of CIS patients was predictive of a shorter time course to the development of 
CDMS. (Tomassini et al., 2007) Others, however, indicated that positive tests had no 
prognostic value for progression to CDMS. (Kuhle et al., 2007)  
Symbols indicate OD450 values for Abs from individual subjects within each EDSS category 
for specific MBP peptides or intact MBP and MOG proteins. Lines indicate the relation 
between EDSS value and the binding activity of specific peptides/proteins: MBP 81-103 (R2 
0.332; p 0.005), MBP 130-156 (R2 0.381; p 0.011), MBP 146-170 (R2 0.310; p 0.033), intact MBP 
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(R2 0.458; p 0.005), intact MOG (R2 0.052; p 0.001), and control Trx carrier protein (R2 0.055; 
p 0.376) 
 

 
Fig. 2. Correlation of the EDSS of MS patients with the levels of autoantibodies to MBP 
fragments.  

The latter results are in keeping with our demonstration that the binding activities of Abs to 
intact MBP and MOG proteins were indistinguishable for patients with MS and other 
neurological diseases (OND). In addition, a screen of MBP peptides showed that the 
reactivity of Abs from patients with MS and OND could be distinguished only by their 
differential binding to MBP 43–68 and MBP 146–170. Follow-up studies of patients with MS 
using assays based on the use of these fragments will be needed to determine whether it 
provides an improved prognostic tool for patients with CIS. 
Interestingly, the parameters of Ab binding associated with disease progression were 
different from those with potential prognostic value. Disease severity, as determined by 
Expanded disability status scale (EDSS), correlated with level of autoantibodies to intact 
MBP and MOG proteins as well as MBP fragments 81–103, 130–156 and 146–170. These 
findings are in keeping with the demonstrated correlations between levels of anti-MOG and 
anti-MBP Abs and inflammatory signs revealed by MRI and cerebrospinal fluid analyses. 
(Kuhle et al., 2007) 

5.1 Diagnostic protocol 
The appearance of Ab-proteases at the pre-early (preclinical) stages of demyelination to 
illustrate myelin degradation has been documented. 
The results we had obtained would allow for approaching to a novel generation of 
diagnostic technologies based on the protocols of clinical and preclinical diagnostics to 
exploit Ab-proteases and their sequence-specificity. 
The protocols would include: 
1. isolation of individual Ab-proteases from sera of MS patients or persons to be at risks 

for suspicious MS (e.g., the relatives); 
2. quantification of the proteolytic activity of Ab-proteases; 
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3. determination of sequence-specificity of the individual Ab-proteases towards MBP as 
the whole molecule and separate peptides (epitope-bearing) fragmented from the 
molecule as well; 

4. verification of the diagnosis and prediction for the future. 
A phenomenon of the pre-clinical formation of the abzyme-based armamentarium and Ab-
proteases, in particular, would be interpreted as a portion of the proper immune response of 
the body to the environmental and other shifts. So, a selection of the mode of action for 
proteolytic antibodies would depend on the metabolic motivation occurring at a particular 
stage of the disease. Of great interest would be driving motivation to control the mode of 
action at the preclinical stages. 
The occurrence of antibody proteases among healthy individuals is due to the development 
of the pre-early immune imbalances and formation of the preclinical conditions. So, when 
bursts of the antibody-associated proteolytic activity or the tendency for the latter were 
evident, the pre-early stages preceding formation of CIS and the exacerbation of the disease 
could be predicted, even with no observable clinical manifestations. There was definite 
correlation between the interval before CIS and autoAb (including antibody proteases) 
status. The occurrence of antibody proteases and the degree of their activity were signifi-
cantly associated with symptomatology/severity of CIS and clinical course of the disease. 

5.2 Sequence specificity and clinical implementation 
Sequence specificity of Ab-proteases is the capacity to distinguish or not distinguish 
between particular epitopes in the MBP molecule. Serum anti-MBP auto-Abs obtained from 
MS patients exhibited sequence-specific proteolytic cleavage of the MBP molecule. Such 
antibody proteases revealed significant correlations with different manifestations of MS (i.e., 
progressive and/or remittance phases of the disease), with Expanded Disability Status Scale 
scores and thus with scales of demyelination and, moreover, with the degree of disability of 
MS patients. For instance, anti-MBP antibody proteases that are able to recognize 43-68 and 
146-170 amino acid sequences within the MBP molecule are predominantly more typical of 
MS patients, but not of patients with neurodegenerative diseases other than MS. In MS 
patients with low disease activity (in remission), a family of antibody proteases has been 
detected with low proteolytic activity that predominantly targets 43-68 and 146-170 amino 
acid sequences within MBP. Progression of disability in MS patients is accompanied by the 
bursts of anti-MBP antibody-associated sequence-specific proteolytic activity. Moreover, 
signs of a trend in the specificity of the activity were found (i.e., specificity of the sequence 
recognition from 43-68 and 146-170 amino acid sites with low affinity to 81-103 and 82-98 
amino acid sites, demonstrating that high-affinity indices are recognized by anti-MBP 
antibody proteases). (Ponomarenko et al., 2006) 

5.3 Perspectives in the application of catalytic antibodies for clinical medicine 
More than a hundred of abzyme-catalyzed reactions have been described. Catalytic efficacy 
of some abzymes is comparable with those of enzymes, but the specificity of abzymes is 
even higher. The practical relevance of abzymes is due to the unique feature drastically 
distinguishing them from other biocatalysts, i.e., abzymes could be produced for the 
catalysis of not only all the reactions occuring in the living systems but also be designed for 
the development of principally new catalysts with no natural counterparts. (Gabibov et al., 
2002; Zhou et al., 2002) In this sense, we can anticipate that manmade catalytic antibodies 
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3. determination of sequence-specificity of the individual Ab-proteases towards MBP as 
the whole molecule and separate peptides (epitope-bearing) fragmented from the 
molecule as well; 

4. verification of the diagnosis and prediction for the future. 
A phenomenon of the pre-clinical formation of the abzyme-based armamentarium and Ab-
proteases, in particular, would be interpreted as a portion of the proper immune response of 
the body to the environmental and other shifts. So, a selection of the mode of action for 
proteolytic antibodies would depend on the metabolic motivation occurring at a particular 
stage of the disease. Of great interest would be driving motivation to control the mode of 
action at the preclinical stages. 
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of the pre-early immune imbalances and formation of the preclinical conditions. So, when 
bursts of the antibody-associated proteolytic activity or the tendency for the latter were 
evident, the pre-early stages preceding formation of CIS and the exacerbation of the disease 
could be predicted, even with no observable clinical manifestations. There was definite 
correlation between the interval before CIS and autoAb (including antibody proteases) 
status. The occurrence of antibody proteases and the degree of their activity were signifi-
cantly associated with symptomatology/severity of CIS and clinical course of the disease. 

5.2 Sequence specificity and clinical implementation 
Sequence specificity of Ab-proteases is the capacity to distinguish or not distinguish 
between particular epitopes in the MBP molecule. Serum anti-MBP auto-Abs obtained from 
MS patients exhibited sequence-specific proteolytic cleavage of the MBP molecule. Such 
antibody proteases revealed significant correlations with different manifestations of MS (i.e., 
progressive and/or remittance phases of the disease), with Expanded Disability Status Scale 
scores and thus with scales of demyelination and, moreover, with the degree of disability of 
MS patients. For instance, anti-MBP antibody proteases that are able to recognize 43-68 and 
146-170 amino acid sequences within the MBP molecule are predominantly more typical of 
MS patients, but not of patients with neurodegenerative diseases other than MS. In MS 
patients with low disease activity (in remission), a family of antibody proteases has been 
detected with low proteolytic activity that predominantly targets 43-68 and 146-170 amino 
acid sequences within MBP. Progression of disability in MS patients is accompanied by the 
bursts of anti-MBP antibody-associated sequence-specific proteolytic activity. Moreover, 
signs of a trend in the specificity of the activity were found (i.e., specificity of the sequence 
recognition from 43-68 and 146-170 amino acid sites with low affinity to 81-103 and 82-98 
amino acid sites, demonstrating that high-affinity indices are recognized by anti-MBP 
antibody proteases). (Ponomarenko et al., 2006) 

5.3 Perspectives in the application of catalytic antibodies for clinical medicine 
More than a hundred of abzyme-catalyzed reactions have been described. Catalytic efficacy 
of some abzymes is comparable with those of enzymes, but the specificity of abzymes is 
even higher. The practical relevance of abzymes is due to the unique feature drastically 
distinguishing them from other biocatalysts, i.e., abzymes could be produced for the 
catalysis of not only all the reactions occuring in the living systems but also be designed for 
the development of principally new catalysts with no natural counterparts. (Gabibov et al., 
2002; Zhou et al., 2002) In this sense, we can anticipate that manmade catalytic antibodies 
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will have considerable practical potential in many different medical applications, i.e., would 
form the frame of medical abzymology. 
Medical abzymology as a novel trend in medical immunology and enzymology, and a new 
avenue in the clinical practice appears to demonstrate a revolutionary growth today. The 
antibody catalysis as itself and regardless to a defined field of medical application appears 
to stress a new area of medical research and a novel field of medical application that 
provoke considerable interest for medical investigators and clinical practitioners. (Suchkov 
et al., 2006; Suchkov et al., 2001) 
Autoimmune diseases actually represent a challenging frontier in contemporary medical 
research and clinical practice, and, thus, in areas overlapped with medical abzymology. The 
proper relation of clinical autoimmunity to the generation of natural catalytic antibody 
response is absolutely evident, and, in general terms, the phenomenon of autoantibody 
catalysis can potentially be applied to isolate efficient catalytic domains directed against 
autoimmune epitopes pathogenically and clinically relevant. This can be done by exposing 
the autoimmune repertoire to identify autoantigens or their mimicking counterparts capable 
of recruiting the germ line genes encoding the catalytic site. 

6. Conclusion 
The prospects for progress in developing novel approaches for the diagnosis and treatment 
of MS have been greatly encouraged by several observations. These include:  
1. the identification of a major immunogenic region in MBP, peptide 82–98;  
2. the demonstration that both B and T cell responses to MBP are focused on this region, 

particular for patients who express HLA-DR2;  
3. clinical studies suggesting that patients treated with MBP peptide 82–98 can be made 

tolerant to the protein in association with delayed disease progression or reduced disease 
activity over time. Autoantibody mediated tissue destruction is among the main features 
of organ-specific autoimmunity. Since the original discovery of catalytic antibodies, ample 
data established their contribution to pathological effects in disease as well as their 
possible biomedical applications. The practical relevance of abzymes is due to the unique 
characteristic distinguishing them from other biocatalysts: abzymes could be produced for 
the catalysis of almost all reactions occurring in living systems and catalyzed by 
appropriate enzymes. Abzymes may also be designed for the development of 
fundamentally new catalysts without natural analogues. The proved possibility to set a 
cell on secretion of engineering biocatalysts is intensively discussed. Serum level of 
proteolytic Abs may provide a clinically important predictive biomarker for 
demyelination in MS patients and formulating prognosis of the disease. The serum levels 
of the Ab-mediated catalytic activity as prognostic criteria could also differentiate MS 
patients with probably favorable or severe disease course or outcome, and outcome 
criteria are now being designed to assess the overall impact of MS as dependent variables 
for clinical studies. Ultimately, analysis of autoAb-mediated MBP degradation may 
provide a supplementary clinical and laboratory tool for assessing the disease progression 
and disability of MS patients. The possibility of forced stimulation of B-cells to produce 
proteolytic Abs with a given design is also intensively discussed. Such technology could 
be widely applied to treat and prevent socially relevant autoimmune disorders.  

Achievements in medical abzymology could be a promising basis to design new medicines. 
The most dynamic trend is related to the synthesis of catalytic Abs that are able to destroy 
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circulating drugs before initiating toxic effects on nervous system and other tissues. 
Catalytic Abs directly affecting the physiologic reconstruction of tissues and organ systems 
with complex architectonics including neuroglia are of special value. Neurology is estimated 
as an interesting area for abzyme application since Abs can be used for the induction of 
remyelination and the restoration of previously lost glia functions in MS.  
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Igs – immunoglobulins 
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1. Introduction 
The main role of fatty acids is focused on serving as major substrates for energy production; 
however, fatty acids are also involved in the formation of cellular structures as well as in the 
transmission of cellular signals. Among the multiple functions attributed to fatty acids are 
their anti-inflammatory properties. This important characteristic has been applied in the 
prevention, attenuation or treatment of inflammatory disorders. Based on the previous 
argument is obvious that several fatty acids (mainly n-3 polyunsaturated or n-9 
monounsaturated fatty acids) are capable of modulating immune system functions. These 
fatty acids may alter immune response through different mechanisms such as alteration of 
membrane fluidity, eicosanoid synthesis, oxidative stress, regulation of gene expression, 
apoptosis or modulation of gastrointestinal microbiota.  
Early studies in Greenland Eskimos determined the low prevalence of inflammatory 
disorders in this population (Kromann et al., 1980). Despite their beneficial effects in the 
reduction of inflammatory diseases, other studies have demonstrated that the 
administration of diets containing long-chain n-3 polyunsaturated fatty acids may 
contribute, at least in part, to the reduction of host resistance against infectious agents. In 
fact, epidemiological investigations described a high incidence of tuberculosis in native 
Eskimos (Kaplan et al., 1972), who consume a great amount of n-3 polyunsaturated fatty 
acids. These data are clearly illustrative of the potential action of certain fatty acids on the 
inflammatory response, and of the consequences derived from an excessive 
immunosuppression.  
It is obvious that these fatty acids contained in the diets produce an immune status able to 
ameliorate inflammatory conditions. Indeed, a growing number of studies using healthy 
human subjects as well as animal disease models have undoubtedly demonstrated dietary 
fish oil or olive oil to possess anti-inflammatory properties. For this reason, polyunsaturated 
or monounsaturated fatty acids have showed beneficial effects in numerous inflammatory 
diseases characterized by a overactivation of immune system such as asthma (childhood 
and adult), multiple sclerosis, glomerulonephritis, inflammatory bowel disease (Crohn’s 
disease, ulcerative colitis) and rheumatoid arthritis . Here, we summarize the involvement 
of fatty acids as anti-inflammatory agents and the action that these fatty acids contained in 
the human or animal diets exert on the prevention or treatment of autoimmune diseases. 
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Fig. 1. Different pathways of n-3, n-6 and n-9 fatty acids synthesis. HETEs, hydroxyl-
eicosatetraenoic acid; HPETE, hydroperoxy-eicosatetraenoic acids. (Puertollano et al.) 

2. Fatty acids, inflammation and immune system 
Polyunsaturated fatty acids (PUFA) are considered essentials to mammalian cells and 
should be administered in the diet. These essential fatty acids are divided into two great 
families: n-3 series derived from linolenic acid (LNA), and n-6 series derived from linoleic 
(LA) acid. Different biochemical processes lead to the production of eicosapentanoic acid 
(EPA) or docohexaenoic acid (DHA) from LNA, as well as arachidonic acid (AA) from 
linoleic acid. Likewise, another family of non essential fatty acids such as n-9 series derived 
from oleic acid, a monounsaturated fatty acid (MUFA), also seems to play an important role 
in the immunomodulatory process (Yaqoob, 2002) [Figure 1]. 
In recent years numerous investigations have examined the mechanisms of action 
responsible for the modulation of immune system by fatty acids and most of them are in 
agreement that unsaturated fatty acids are potent immunosupressor especially n-3 PUFA 
(reviewed in Puertollano et al., 2008). The main mechanisms of action of fatty acids are 
schematized in figure 2 and include alterations of immune cells membrane fluidity, 
eicosanoids synthesis modifications, oxidative alteration, regulation of gene expression and 
apoptosis mechanisms inducement. Table 1 summarized these mechanisms of actions and 
others recently proposed such as modulation of gastrointestinal microbiota. 
All of these mechanisms of action deal to explain the numerous effects of fatty acids on 
immune system. It is well known that unsaturated fatty acids are involved on the alteration 
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of lymphocyte proliferation. In general, administration of high level of fatty acids, and 
especially n-3 series, are related with a reduction on lymphocyte proliferation in both 
animals and human studies (Meydani et al., 1991; Yaqoob et al., 1994; Moussa et al., 2000). 
This fact can be especially interesting in the amelioration of diseases characterized by 
overactivation of immune response like autoimmune disorder. In addition fatty acids can 
modify another lymphocyte functions like cytokine production. 
 
 

 Eicosanoids production  
 Membrane fluidity and lipid rafts 
 Oxidative stress 
 Signaling transduction 
 Gene expression 
 Apoptosis  
 Ability in antigen presentation 
 Modulation of gastrointestinal microbiota  

Table 1. Hypothetical mechanisms of dietary lipids on immune functions: factors 
determining the modulation of immune system. 

 

 
Fig. 2. Schematic diagram of proposed mechanisms of action of n-3 polyunsaturated fatty 
acids whereby these fatty acids are involved in the modulation of immune system functions. 
Abbreviations: CD14, CD14 surface receptor; COX, cyclooxygenase; EPA, eicosapentaenoic 
acid, IκB, NF-κB inhibitory protein; LPS, lipopolysaccharide; NF-κB, nuclear factor-κB; 
PPAR, peroxisome proliferator-activated receptor; TLR, Toll-like receptors. (Puertollano et al.) 

Several studies have demonstrated the immunomodulatory properties of polyunsaturated 
and monounsaturated fatty acids over reduction of pro and anti-inflammatory cytokines. 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

492 

 
Fig. 1. Different pathways of n-3, n-6 and n-9 fatty acids synthesis. HETEs, hydroxyl-
eicosatetraenoic acid; HPETE, hydroperoxy-eicosatetraenoic acids. (Puertollano et al.) 

2. Fatty acids, inflammation and immune system 
Polyunsaturated fatty acids (PUFA) are considered essentials to mammalian cells and 
should be administered in the diet. These essential fatty acids are divided into two great 
families: n-3 series derived from linolenic acid (LNA), and n-6 series derived from linoleic 
(LA) acid. Different biochemical processes lead to the production of eicosapentanoic acid 
(EPA) or docohexaenoic acid (DHA) from LNA, as well as arachidonic acid (AA) from 
linoleic acid. Likewise, another family of non essential fatty acids such as n-9 series derived 
from oleic acid, a monounsaturated fatty acid (MUFA), also seems to play an important role 
in the immunomodulatory process (Yaqoob, 2002) [Figure 1]. 
In recent years numerous investigations have examined the mechanisms of action 
responsible for the modulation of immune system by fatty acids and most of them are in 
agreement that unsaturated fatty acids are potent immunosupressor especially n-3 PUFA 
(reviewed in Puertollano et al., 2008). The main mechanisms of action of fatty acids are 
schematized in figure 2 and include alterations of immune cells membrane fluidity, 
eicosanoids synthesis modifications, oxidative alteration, regulation of gene expression and 
apoptosis mechanisms inducement. Table 1 summarized these mechanisms of actions and 
others recently proposed such as modulation of gastrointestinal microbiota. 
All of these mechanisms of action deal to explain the numerous effects of fatty acids on 
immune system. It is well known that unsaturated fatty acids are involved on the alteration 

 

 
Role of Fatty Acids in the Resolution of Autoimmune and Inflammatory Diseases 

 

493 

of lymphocyte proliferation. In general, administration of high level of fatty acids, and 
especially n-3 series, are related with a reduction on lymphocyte proliferation in both 
animals and human studies (Meydani et al., 1991; Yaqoob et al., 1994; Moussa et al., 2000). 
This fact can be especially interesting in the amelioration of diseases characterized by 
overactivation of immune response like autoimmune disorder. In addition fatty acids can 
modify another lymphocyte functions like cytokine production. 
 
 

 Eicosanoids production  
 Membrane fluidity and lipid rafts 
 Oxidative stress 
 Signaling transduction 
 Gene expression 
 Apoptosis  
 Ability in antigen presentation 
 Modulation of gastrointestinal microbiota  

Table 1. Hypothetical mechanisms of dietary lipids on immune functions: factors 
determining the modulation of immune system. 

 

 
Fig. 2. Schematic diagram of proposed mechanisms of action of n-3 polyunsaturated fatty 
acids whereby these fatty acids are involved in the modulation of immune system functions. 
Abbreviations: CD14, CD14 surface receptor; COX, cyclooxygenase; EPA, eicosapentaenoic 
acid, IκB, NF-κB inhibitory protein; LPS, lipopolysaccharide; NF-κB, nuclear factor-κB; 
PPAR, peroxisome proliferator-activated receptor; TLR, Toll-like receptors. (Puertollano et al.) 

Several studies have demonstrated the immunomodulatory properties of polyunsaturated 
and monounsaturated fatty acids over reduction of pro and anti-inflammatory cytokines. 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

494 

In this context interesting investigations indicates that n-3 PUFA exert a significant 
inhibition of Th1-type cytokines, whereas they have little effects on Th2-type cytokines 
(Wallace et al., 2001). In spite of olive oil diets are involved in the reduction of cytokine 
secretion, their immunosupressant effects are not as potent as those exerted by the 
administration of a fish oil diet (Puertollano et al., 2004). Fatty acids are able to modify the 
natural killer (NK) cells activity too. Finally recent studies have proved the action of fatty 
acids in the expression of adhesion molecules like lymphocyte function antigen-1 (LFA-1) 
and intercellular adhesion molecule-1 (ICAM-1) (Sanderson et al., 1995; Miles et al., 2001). 
These facts have been shown in preliminary studies in animal models but it is necessary 
to confirm it in human studies. 

2.1 Dietary lipids and inflammatory response 
Inflammation is part of immune response and is a complex process affected by different 
factors, included mediators generated from fatty acids. Eicosanoids from n-6 series fatty 
acids (like prostaglandine E2 (PGE2) and leukotriene B4 (LTB4) among others) are considered 
pro-inflammatory mediators while molecules from n-3 series (like PGE3 and LTB5) generally 
are endowed with lower bioactivity. It is necessary to keep an optimal n-6/n-3 balance to 
achieve a healthy inflammatory state.  
Numerous researches have demonstrated that fish oil rich diet promotes a decrease on 
inflammatory ecoisanoids production from n-6 PUFA because of the competition between 
the two metabolic pathways. In this way n-3 PUFA supplementation of the human diet is 
able to decrease production of inflammatory eicosanoids like PGE2, LTB4 and thromboxane 
B2 (TXB2) by inflammatory cells (Meydani et al., 1991; Kelley et al., 1999; Trebble et al., 2003; 
Rees et al., 2006). In addition n-3 PUFA have other effects over inflammatory response. One 
of the most important is the generation of resolvins, a group of mediators derived from EPA 
and DHA that appear to exert potent anti-inflammatory actions (Calder, 2008a). Decreasing 
antigen presentation via major histocompatibility complex class II (MHC II), inhibiting T-
cell reactivity and diminishing inflammatory cytokine production (Calder et al., 2002; 
Akhtar Khan, 2010; Kim et al., 2010) are others of the anti-inflammatory effects of n-3 fatty 
acids. Autoimmunity can be considered as an exacerbated inflammatory response against 
self structures; therefore n-3 long chain fatty acids can be useful in the treatment of these 
diseases.  
Oleic acid is the main fatty acid contained in olive oil. Olive oil has traditionally been used 
as a placebo in the studies investigating the potential action of other dietary lipids on the 
modulation of immune functions. Thus, MUFA that constitute olive oil were initially 
considered as neutral fatty acids. Nevertheless different studies demonstrated that olive oil 
is clearly involved in anti-inflammatory activities and in the modulation of immune 
response (reviewed in Puertollano et al., 2010). The anti-inflammatory activity of olive oil 
appears to be associated with the production of the metabolite eicosatrienoic acid from oleic 
acid (20:3 n-9), which is a potent inhibitor of LTB4 (James et al., 1993). In addition it is 
possible that beneficial effects of olive oil may be in part due to the presence of natural 
antioxidants, contributing to an increase in the stability of oil (Linos et al., 1999).  
Taken together there is evidence that both n-3 PUFA and n-9 MUFA can be useful in 
treatment of inflammatory disorders associated with autoimmune disease. Table 2 
summarizes a list of some of the diseases and conditions with an inflammatory component 
that could be beneficially affected by n- 3 and n-9 series fatty acids. 
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 Acute cardiovascular events 
 Acute respiratory distress syndrome 
 Allergic disease 
 Asthma (childhood and adult) 
 Atherosclerosis 
 Cancer cachexia 
 Chronic obstructive pulmonary disease 
 Cystic fibrosis 
 Inflammatory bowel disease (Crohn’s disease, ulcerative colitis) 
 Lupus 
 Multiple sclerosis 
 Neurodegenerative disease of ageing 
 Obesity 
 Psoriasis 
 Rheumatoid arthritis 
 Systemic inflammatory response to surgery, trauma and critical illness 
 Type 1 diabetes 
 Type 2 diabetes 

Table 2. Inflammatory disorder where fatty acids could be useful. Diseases are listed in an 
alphabetical order (Adapted from Calder, 2006). 

3. Fatty acids and autoimmune disorders 
Autoimmunity is the failure of an organism to recognize its own constituent parts as self, 
which results in immune responses against its own cells and tissues. Autoimmunity 
involves an inflammatory response against own tissues which are implicated different 
mechanisms like autoantibodies production, immunocomplex formation and lymphocytes T 
reactivity. Recently, an important investigation about the implication of fatty acids and 
dietary lipids in the amelioration of autoimmune diseases has been carried out because of 
their anti-inflammatory properties (Linos et al., 1999). Below we will summarize the main 
autoimmune disorder where fatty acids have shown to exert beneficial effects. 

3.1 Fatty acids and inflammatory bowel disease 
Inflammatory bowel disease (IBD) includes Cronh´s disease and ulcerative colitis which are 
autoimmune disorders characterized by an exacerbated inflammatory response against 
innocuous stimulus in gastrointestinal tract. Their pathogenesis is considered to include 
disorders of the immunomodulation of the bowel mucosa which results in lesions of the 
epithelium tissue layer caused by activated T cells, mononuclear cells and macrophages. In 
Crohn’s disease the mucosa of the whole alimentary tract from the mouth to the anus can be 
affected, with maximal manifestation in the ileum and colon, while in ulcerative colitis the 
mucosa of the colon is mainly affected. In both diseases inflammatory cytokines and 
eicosanoids like LTB4 are actively produced in situ (Sharon et al., 1984).  
The gastrointestinal system is subjected to sustained exposure to ingested foods throughout 
the whole life, and this gives rise to interactions between food components and 
gastrointestinal mucosal cells. Interactions with transporters and transcription factors 
contribute to the modulation of various responses, including those of cells involved in 
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cell reactivity and diminishing inflammatory cytokine production (Calder et al., 2002; 
Akhtar Khan, 2010; Kim et al., 2010) are others of the anti-inflammatory effects of n-3 fatty 
acids. Autoimmunity can be considered as an exacerbated inflammatory response against 
self structures; therefore n-3 long chain fatty acids can be useful in the treatment of these 
diseases.  
Oleic acid is the main fatty acid contained in olive oil. Olive oil has traditionally been used 
as a placebo in the studies investigating the potential action of other dietary lipids on the 
modulation of immune functions. Thus, MUFA that constitute olive oil were initially 
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summarizes a list of some of the diseases and conditions with an inflammatory component 
that could be beneficially affected by n- 3 and n-9 series fatty acids. 
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 Acute cardiovascular events 
 Acute respiratory distress syndrome 
 Allergic disease 
 Asthma (childhood and adult) 
 Atherosclerosis 
 Cancer cachexia 
 Chronic obstructive pulmonary disease 
 Cystic fibrosis 
 Inflammatory bowel disease (Crohn’s disease, ulcerative colitis) 
 Lupus 
 Multiple sclerosis 
 Neurodegenerative disease of ageing 
 Obesity 
 Psoriasis 
 Rheumatoid arthritis 
 Systemic inflammatory response to surgery, trauma and critical illness 
 Type 1 diabetes 
 Type 2 diabetes 

Table 2. Inflammatory disorder where fatty acids could be useful. Diseases are listed in an 
alphabetical order (Adapted from Calder, 2006). 

3. Fatty acids and autoimmune disorders 
Autoimmunity is the failure of an organism to recognize its own constituent parts as self, 
which results in immune responses against its own cells and tissues. Autoimmunity 
involves an inflammatory response against own tissues which are implicated different 
mechanisms like autoantibodies production, immunocomplex formation and lymphocytes T 
reactivity. Recently, an important investigation about the implication of fatty acids and 
dietary lipids in the amelioration of autoimmune diseases has been carried out because of 
their anti-inflammatory properties (Linos et al., 1999). Below we will summarize the main 
autoimmune disorder where fatty acids have shown to exert beneficial effects. 

3.1 Fatty acids and inflammatory bowel disease 
Inflammatory bowel disease (IBD) includes Cronh´s disease and ulcerative colitis which are 
autoimmune disorders characterized by an exacerbated inflammatory response against 
innocuous stimulus in gastrointestinal tract. Their pathogenesis is considered to include 
disorders of the immunomodulation of the bowel mucosa which results in lesions of the 
epithelium tissue layer caused by activated T cells, mononuclear cells and macrophages. In 
Crohn’s disease the mucosa of the whole alimentary tract from the mouth to the anus can be 
affected, with maximal manifestation in the ileum and colon, while in ulcerative colitis the 
mucosa of the colon is mainly affected. In both diseases inflammatory cytokines and 
eicosanoids like LTB4 are actively produced in situ (Sharon et al., 1984).  
The gastrointestinal system is subjected to sustained exposure to ingested foods throughout 
the whole life, and this gives rise to interactions between food components and 
gastrointestinal mucosal cells. Interactions with transporters and transcription factors 
contribute to the modulation of various responses, including those of cells involved in 
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inflammatory processes. There are, however, specific chronic diseases of the alimentary tract 
that are based on inflammatory processes and hence are bound to be susceptible to 
modulation by dietary FA.  

3.1.1 Role of dietary lipids on animal models of IBD 
Several studies with animal models of IBD, especially chemical induced colitis, have been 
developed after the recognition of anti-inflammatory properties of n-3 PUFA. Generally 
researches show that fish oil rich diet are involved in the amelioration of the disease 
comparing with n-6 fatty acid oil rich diet. In this way different studies have demonstrated 
convincingly  the reduction on colonic damage and ulceration (Vilaseca et al., 1990; Yuceyar 
et al., 1999), reduction in cell recruitment and activation (Andoh et al., 2003; Whiting et al., 
2005) decreasing levels of LTB4 and PGE2  on plasma and gut mucosa (Shoda et al., 1995; 
Nieto et al., 2002; Hudert et al., 2006) and reduction of pro-inflammatory cytokines (Andoh 
et al., 2003) in animals fed with n-3 PUFA rich diet.  
The effects of fatty acids on an animal model of Cronh’s disease have been proved too. 
Lately Matsunaga et al. have reported for the first time that n-3 fatty acids ameliorate the 
ileum inflammation in a murine model of spontaneous and chronic ileitis that closely 
resembles human Cronh’s disease. Specifically these authors have shown that n-3 fatty acids 
diets are capable to decrease the ileum inflammation markers, cells recruitment and 
infiltration and pro-inflammatory mediators like monocyte chemoattractant protein-1(MCP-
1) and IL-6 (Matsunaga et al., 2009).  
A number of investigators have studied the effect of olive oil rich diet on animals models of 
IBD too. In this way Camuesco et al. have reported a lower colonic inflammatory response 
in rats fed with olive oil-based diet and this anti-inflammatory effect is increased when the 
olive oil diet is supplemented with a 4% of fish oil (Camuesco et al., 2005). Another study 
has described a beneficial effect of extra virgin olive oil in colitis associated colon 
carcinogenesis. A reduction on colonic inflammation, proinflammatory cytokines and less 
incident and multiplicity of tumours have been reported in rats fed with extra virgin olive 
oil versus sunflower oil (Sanchez-Fidalgo et al., 2010).  
Generally animal models have shown a beneficial effect of n-3 and n-9 fatty acids in the 
development of IBD.  

3.1.2 Trials in human patients  
The established role of AA derived eicsanoids in pathophysiology of inflammatory bowel 
diet, and especially and inadequate n-6/n-3 balance, may play an important role in 
establishing and perpetuating of the disease. Indeed, multivariate analysis suggested that 
the recently increased consumption of n–6 FA in Japan, resulting in an increased ratio of n–6 
to n–3 PUFA and possibly also elevated AA levels, may be responsible for the increased 
incidence of Crohn’s disease in this country (Shoda et al., 1996).  
In recent  years some pilot studies have been carried out to analyze the effects of fish oil on 
IBD patients (reviewed by Calder, 2008a). A number of several randomized, placebo-
controlled, double-blind studies on the effects of fish oil (2.7–5.6 g/d) in IBD have reported 
benefits, including improved clinical scores, mucosal histology, sigmoidoscopic score and 
lower rates of relapse. In this way an interesting study reported a decreased incidence of 
relapses in patients with Crohn’s disease in remission who received a supplemented of 
enterically coated fish oil for 1 year; there was a significant reduction in the proportion of 
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relapse on fish oil group, 28%, compared with placebo group, 69%, over 12 months. In 
addition this difference was maintained at 12 months, with an incidence of remission of 59% 
in fish oil group versus 26% in placebo group (Belluzzi et al., 1996). However another 
studies have not found beneficial effects of n-3 fatty acids supplementation in IBD patients 
(Loeschke et al., 1996; Lorenz-Meyer et al., 1996). 
Studies about the effect of olive oil in IBD patients are limited and most of them used the 
olive oil as a placebo because n-9 MUFA was considered as a neutral fat. Although 
preliminary studies of Dr. Gassull research group had demonstrated that n-9 MUFA might 
be beneficial inducing remission of Crohn’s disease (Gonzalez-Huix et al., 1993; Fernandez-
Banares et al., 1994). The first multicentre, randomized and double-blind trial to evaluate the 
influence of fat composition in enteral nutrition have not been successful. Nevertheless the 
results are not conclusive because of the small sample size (smaller than was initially 
estimated). The study was prematurely finished and the source of oleic acid used in this trial 
was synthetic trioleate and not olive oil as in the other studies (Gonzalez-Huix et al., 1993). 
Olive oil contains polyphenols, another components with a potent antioxidant activity and 
this fact may contribute to different effects of vegetables oil and even though olive oil and n-
9 MUFA (Owen et al., 2000).  
Studies in which olive oil have been used as a placebo have reported contradictory results. 
Lorenz et al. have shown an increased activity of disease in patients of ulcerative colitis and 
Crohn’s disease supplemented with olive oil as a placebo versus fish oil group (Lorenz et al., 
1989; Romano et al., 2005). However others authors have not founds differences between 
both groups of supplementation (Greenfield et al., 1993; Trebble et al., 2005). 
In spite of several favourable studies about the use of fatty acids, and specially fish oil, in the 
treatment of IBD the evidence of clinical benefits are limited. The soundest result was the 
potential of n-3 PUFA to maintain the patients of Crohn’s disease in remission (Belluzzi et 
al., 1996). However, this observation was not confirmed in a recent larger study using a 
similar protocol (Feagan et al., 2008). One reason why dietary lipids might be more effective 
in animal models than in human patients is the different dose of assay. In human trials the 
dose of fatty acids are lower compared with the dose in animals studies (higher compared 
with habitual human consumption doses).  

3.2 Fatty acids and rheumatoid arthritis  
Rheumatoid arthritis is a chronic inflammatory autoimmune disease that affects about 1% of 
adult population and is more frequent in women than men. Rheumatoid arthritis is 
characterized by joint inflammation, swelling, pain, impaired function, stiffness, 
osteoporosis, muscle wasting, and the participation of inflammatory cells (macrophages, T 
lymphocytes, plasma cells infiltrating the synovium). All the mediators of inflammation 
(cytokines, interleukins and typical pro-inflammatory factors and proteins) are actively 
produced by synovial cells. COX-2 is over-expressed in the synovium of patients, and its 
eicosanoid products, in addition to those of the 5-LOX, are found in the synovial fluids 
(Sano et al., 1992; Sperling, 1995). In addition rheumatoid arthritis is also characterised by 
signs of systemic inflammation, such as elevated plasma concentrations of some cytokines 
(e.g. IL-6), acute-phase proteins and rheumatoid factors. The relevance of the pro-
inflammatory COX pathway is also underlined by the efficacy of the pharmacological 
inhibition of this pathway (e.g. by non steroidal anti-inflammatory drugs).  
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1) and IL-6 (Matsunaga et al., 2009).  
A number of investigators have studied the effect of olive oil rich diet on animals models of 
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relapse on fish oil group, 28%, compared with placebo group, 69%, over 12 months. In 
addition this difference was maintained at 12 months, with an incidence of remission of 59% 
in fish oil group versus 26% in placebo group (Belluzzi et al., 1996). However another 
studies have not found beneficial effects of n-3 fatty acids supplementation in IBD patients 
(Loeschke et al., 1996; Lorenz-Meyer et al., 1996). 
Studies about the effect of olive oil in IBD patients are limited and most of them used the 
olive oil as a placebo because n-9 MUFA was considered as a neutral fat. Although 
preliminary studies of Dr. Gassull research group had demonstrated that n-9 MUFA might 
be beneficial inducing remission of Crohn’s disease (Gonzalez-Huix et al., 1993; Fernandez-
Banares et al., 1994). The first multicentre, randomized and double-blind trial to evaluate the 
influence of fat composition in enteral nutrition have not been successful. Nevertheless the 
results are not conclusive because of the small sample size (smaller than was initially 
estimated). The study was prematurely finished and the source of oleic acid used in this trial 
was synthetic trioleate and not olive oil as in the other studies (Gonzalez-Huix et al., 1993). 
Olive oil contains polyphenols, another components with a potent antioxidant activity and 
this fact may contribute to different effects of vegetables oil and even though olive oil and n-
9 MUFA (Owen et al., 2000).  
Studies in which olive oil have been used as a placebo have reported contradictory results. 
Lorenz et al. have shown an increased activity of disease in patients of ulcerative colitis and 
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1989; Romano et al., 2005). However others authors have not founds differences between 
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treatment of IBD the evidence of clinical benefits are limited. The soundest result was the 
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al., 1996). However, this observation was not confirmed in a recent larger study using a 
similar protocol (Feagan et al., 2008). One reason why dietary lipids might be more effective 
in animal models than in human patients is the different dose of assay. In human trials the 
dose of fatty acids are lower compared with the dose in animals studies (higher compared 
with habitual human consumption doses).  

3.2 Fatty acids and rheumatoid arthritis  
Rheumatoid arthritis is a chronic inflammatory autoimmune disease that affects about 1% of 
adult population and is more frequent in women than men. Rheumatoid arthritis is 
characterized by joint inflammation, swelling, pain, impaired function, stiffness, 
osteoporosis, muscle wasting, and the participation of inflammatory cells (macrophages, T 
lymphocytes, plasma cells infiltrating the synovium). All the mediators of inflammation 
(cytokines, interleukins and typical pro-inflammatory factors and proteins) are actively 
produced by synovial cells. COX-2 is over-expressed in the synovium of patients, and its 
eicosanoid products, in addition to those of the 5-LOX, are found in the synovial fluids 
(Sano et al., 1992; Sperling, 1995). In addition rheumatoid arthritis is also characterised by 
signs of systemic inflammation, such as elevated plasma concentrations of some cytokines 
(e.g. IL-6), acute-phase proteins and rheumatoid factors. The relevance of the pro-
inflammatory COX pathway is also underlined by the efficacy of the pharmacological 
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There is evidence that rheumatoid arthritis is less severe in Mediterranean countries where 
consume of fish oil, fruits and vegetables and olive oil are higher than in other countries 
(Pattison et al., 2004). This report, joint to the special relevance of COX pathway on the 
development of the disease, has brought about a great number of studies where the role of 
dietary lipids in the management of rheumatoid arthritis has been evaluated.  

3.2.1 Some studies with animal models 
Interest in the use of n-3 fatty acids in rheumatoid arthritis began in the mid-eighties, 
following the demonstration in several autoimmune strains of mice that n-3 fatty acids 
reduced the severity of diffuse proliferative glomerulonephritis (Simopoulos, 2002). Further 
studies have shown the efficacy of fish oil in the development of the animal disease. For 
instance in an early study Leslie et al. shown that fish oil increased the time of onset of 
arthritis and decreased the incidence and severity of this disease in a murine model of type 
II collagen-induced arthritis(Leslie et al., 1985). Another researchers have reported a mouse 
model of rheumatoid arthritis fed with fish oil and have shown a significantly lower serum 
levels of interleukins IL-6, IL-10, IL-12 and in tumour necrosis factor-α (TNF-α), PGE2, TXB2 
and LTB4 compared with levels in mice fed corn oil (Venkatraman et al., 1999). Similarly, 
EPA and DHA incorporation into macrophage phospholipids via oral administration 
resulted in a reduction of streptococcal cell wall arthritis in Lew/SSN rats (Volker et al., 
2000).   
On the other hand it is well known that rheumatoid arthritis is characterized by joint and 
tissue damage and this damage occurs by a variety of mechanisms, many of which involve 
reactive oxygen species (ROS). ROS can cause destruction of hyaluronic acid and disruption 
to collagen, proteoglycans, protease inhibitors, and membrane function, the latter via 
oxidation of membrane fatty acids. The initiation of rheumatoid arthritis is believed to result 
in an increase in the concentration of macrophages and neutrophils in the synovial fluid and 
free-radical-producing enzymes. This leads to high levels of ROS in the joints, which 
increases and prolongs inflammation and damage (Darlington et al., 2001). Olive oil, and 
especially extra virgin olive oil, is rich in antioxidants compounds. Taking account the role 
of ROS in joint and tissue damage on development of rheumatoid arthritis, the effect of olive 
oil can be especially useful in this kind of disease. Indeed Martinez-Dominguez et al. have 
shown the efficacy of an olive oil supplemented with polyphenols in animal models of 
arthritis (Martinez-Dominguez et al., 2001). 

3.2.2 Efficacy of fatty acids on human disease 
During the 80s and 90s several studies in patients with rheumatoid arthritis showed the 
beneficial effects of n-3 PUFA on the development of the disease. Several authors reported 
that fish oils reduces the production of inflammatory mediators like LTB 4 by neutrophils 
and monocytes (Kremer et al., 1985; Kremer et al., 1987; Cleland et al., 1988; Tulleken et al., 
1990; van der Tempel et al., 1990) and IL-1β by monocytes (Kremer et al., 1990). There is also 
evidence of reduction in the plasma concentrations of IL-1 (Espersen et al., 1992)and C-
reactive protein (Kremer et al., 1985), and normalized neutrophil function (Sperling et al., 
1987).  
A number of randomized, placebo-controlled, double-blind studies of fish oil treatments 
have been reported. In different reviews Calder have summarized the results of studies with 
a dose of fatty acids between 1.6 and 7.1 g/d (average of 3.5 g/day EPA + DHA) and almost 
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of them reported some benefit (Calder, 2006; Calder, 2008b; Galli et al., 2009). Clinical 
symptoms were improved, including reduced duration of morning stiffness, number of 
tender or swollen joints, joint pain, time of fatigue and increased grip strength. Particular 
relevance has the reduction of the use of anti-inflammatory drugs.  
n–3 PUFA may act as anti-inflammatory agents by competition whit AA for incorporation in 
the eicosanoid pathway. This efficacy of n-3 PUFA may be achieved in rheumatoid arthritis 
by simultaneously decreasing of n-6 PUFA intake, especially AA. Indeed Adam et al. have 
shown that a diet supplemented with n-3-PUFA and AA restricted is able to ameliorate 
clinical signs of inflammation like tenders and swollen joints and to decrease the formation 
of eicosanoids such as leukotrienes and prostaglandins (Adam et al., 2003). This study 
shows also that intakes of preformed AA, in addition to formation from the precursor LA, 
may be a factor in the modulation of AA levels in the body, and since LA and AA are 
provided by quite different sources (seed oils vs. lean meat), this should be taken into 
consideration in the evaluation of strategies for optimal n–3 FA intakes. 
Several reviews about the role of fish oil in rheumatoid arthritis patients have been carried 
out and most of them conclude that there was strong evidence about benefits of n-3 PUFA 
on the management of this disease (Cleland et al., 2000). These reviews have shown that fish 
oil is able to improve the signs of the disease like number and severity of tender joint, 
number of swollen joints, physician and patients´ global assessment and use of anti-
inflammatory drugs among others effect (Simopoulos, 2002; Stulnig, 2003; Calder, 2006; 
Calder, 2008a; Galli et al., 2009). Indeed an editorial comment about the use of fish oil in this 
disease concluded that dietary fish oil supplements should be regarded as part of a standard 
therapy for rheumatoid arthritis (Cleland et al., 2000).  
With reference to olive oil a study by Linos et al. (Linos et al., 1991) has suggested that a 
beneficial anti-inflammatory effect of olive oil consumption on rheumatoid arthritis may be 
possible. In fact, this study compared the relative risk of development of rheumatoid 
arthritis in relation to lifelong consumption of olive oil in a Greek population and 
demonstrated that high consumers of olive oil (almost every day throughout life) had four 
times less risk than those who consumed olive oil less than six times per month on average 
throughout their lives; by contrast the effect of fish consumption was also tested without 
statistically significant findings (Linos et al., 1991).  
A number of studies that examined the benefits of fish oil in rheumatoid arthritis used an 
olive oil placebo for the control groups. Kremer et al. evaluated the effect of fish oil 
supplementation on the progression and severity of the disease using olive oil as a placebo. 
Unexpectedly clinical evaluation and immunologic test showed similar results in both 
groups. No explanation of the improvements showed by the olive oil groups was given, 
although changes in immune function may be responsible (Kremer et al., 1990). A more 
recent research has reported an improvement in beneficial effect of fish oil when is mixed 
together olive oil versus a supplementation with only fish oil , suggesting a positive action 
of olive oil in signs and symptoms of rheumatoid arthritis (Berbert et al., 2005). 
Taking together all these results and facts revised in this section, it can be concluded that 
there are strong evidences to justify the positive effects of fish oil in the management of 
rheumatoid arthritis. On the other hand, although the results are still preliminary, 
combination of olive oil and fish oil may be more favorable because of the antioxidant effect 
of olive oil joint to the anti-inflammatory potential of both oils.  
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3.3 Fatty acids in systemic lupus erythematosus 
Systemic lupus erythematosus (SLE) is a complex autoimmune disease with heterogeneous 
clinical manifestations and disease course and most of cases occurring in women of 
childrenbering age. It is characterized by the deregulated innate and adaptive immune 
pathways and the development of anti-nuclear antibodies (ANA). Mortality of patients with 
SLE is significatly correlated wiht development of glomerulonephritis. Binding of 
autoantibodies, specially IgG anti-DNA, and immunecomplex depositions within the 
kidneys recruits leukocytes and this infiltration results in an inflammatory response that can 
lead to irreparale renal parenchymal damage (Pestka, 2010).  

3.3.1 Studies with animal models  
Several studies with animal models of SLE have been carried out about the role of dietary 
lipids in the development of the disease and generally most of them concluded a beneficial 
effect of fish oil (reviewed in Pestka, 2010).  
Early studies of Prickett and his research group showed that administration of fish oil to 
young mice induced a reduction on severity and incidence of renal disease and increased 
the lifespan of NZB/NZW mice (Prickett et al., 1981; Prickett et al., 1982; Prickett et al., 
1983), even fish oil was able to reduce the progression of established renal damage in 
another mouse model of lupus (Robinson et al., 1986). Other studies have reported a link 
between increased lifespan and reduced renal damage and reductions of anti-DNA 
autoantibodies and circulating immunocomplexes in NZB/NZW (Alexander et al., 1987).  
Subsequently several studies have demonstrated that the amelioration of disease in these 
animal models were linked with the action of fish oil over eicosanoids metabolism (Kelley et 
al., 1985; Spurney et al., 1994; Venkatraman et al., 1999).  
Results from Fernandes laboratory have reported that DHA, but not EPA, is the most potent 
n-3 fatty acid that suppresses glomerulonephritis and extends life span of systemic lupus 
erythematosus-prone NZB/NZW mice (Halade et al., 2010). In addition the same authors 
have proved that the beneficial action of fish oil in lupus animal models is increased by 
caloric restriction (Jolly et al., 1999; Jolly et al., 2001). 

3.3.2 Clinical trials  
Numerous studies have evaluated the possible beneficial action of fish oil in lupus patients 
although the results are not so conclusive like animal studies. Indeed two early clinical trials 
suggested that fish oil supplementation has little value in management of lupus nephritis 
when it is compared with olive oil (Westberg et al., 1990; Clark et al., 1993). However two 
double blind studies have reported a benefit in disease criteria and lupus score (Walton et 
al., 1991; Duffy et al., 2004). More recently investigations have shown that fish oil, and more 
specifically EPA, may be useful in the amelioration of lupus disease because of the 
decreasing oxidative stress, improving endothelial functions and conferring cardiovascular 
benefits (Nakamura et al., 2005; Wright et al., 2008). 
In view of the previous reports we can conclude that, in spite of fish oil supplementation 
may be useful in the amelioration of lupus and prevention of renal disease, new and larger 
investigations must be carried out to clarify the role of fatty acids in development of this 
disease.  

3.4 Fatty acids and multiple sclerosis 
Multiple sclerosis (MS) is a Central Nervous System-specific demyelinating disease and is 
the most common neurological disorder that occurs in young adults. Although the aetiology 
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of MS remains unknown there is strong evidence for the presence of autoimmune 
mechanisms in the disease pathogenesis. Pro-inflammatory cytokines from activated T cells 
and macrophages have been strongly implicated in the pathogenesis of MS, like the up-
regulation of adhesion molecules on endothelial cells and the subsequent infiltration of 
activated T cells into the Central Nervous System.  
An association between dietary fat intake and the incidence of multiple sclerosis was first 
proposed by Swank in 1950 (Swank, 1950). Some epidemiological studies have been carried 
out later and the most of them indicate that diets rich in saturated fatty acids are 
detrimentally associated with MS, while PUFA acid rich diets are beneficially associated 
with MS. Studies from Harbige laboratory have shown that the relationship between linoleic 
acid (n-6) and dihomo-g-linoleic acid (DGLA), and also between DGLA (n-6) and AA is 
clearly disturbed in MS compared with healthy controls. This may indicate a problem with 
δ6 and δ5 desaturation and / or a greater requirement for these n-6 fatty acids in many of 
the MS patients (Harbige et al., 2007). 

3.4.1 Fatty acids in animal models of multiple sclerosis 
Experimental autoimmune encephalomyelitis (EAE) is an experimentally induced CD4+ T 
cell mediated autoimmune inflammatory and demyelinating disease in rodents often used 
as a useful animal model of MS.  
Administration of PUFA can reduce the clinical severity of EAE. Indeed LA 
supplementation has been shown to reduce the severity of EAE in guinea pigs when it is 
administered before EAE induction (Meade et al., 1978; Hughes et al., 1980). Harbige et al. 
also demonstrated that gamma linoleic acid (GLA) supplementation could reduce the 
severity of both acute EAE and the relapsing phases of chronic. Further analysis revealed an 
increase in production of transforming growth factor β-1 and PGE2, both associated with a 
reduction in the inflammatory response in EAE models (Harbige et al., 1995; Harbige et al., 
1997; Harbige et al., 2000). 

3.4.2 Clinical trials in human patients  
Following the preliminary epidemiological studies by Swank, several researches have 
attempted the role of PUFA in the development of MS. In this way Millar et al. carried out a 
double-blind study with LA and olive oil during 24 months. These authors reported an 
improvement in relapse severity and nonsignificant trends towards lower relapse rates but 
no difference in disability (Millar et al., 1973). Later, Paty et al. did not find such effects in a 
similar trial with higher doses of oleic acid as a placebo (Paty et al., 1978). No conclusive 
data have been found in other trials realized with GLA in combination with LNA (Bates et 
al., 1977).  
However more recently Harbige et al. have reported a randomised double-blind placebo 
controlled trial to determine the effects of supplementation with selected GLA rich borage 
oil. Data proved that high dose of this oil reduced the relapse rate and disability progression 
as measured by EDSS (Expanded Disability Status Scale) and compared with a placebo of 
polyethylene glycol and with low dose of the same oil (Harbige et al., 2007). Although these 
data are very positive, the number of patients enrolled in the trial is limited (n=36) and no 
conclusive statements can be made.  
The fish oil action in MS has been investigated too but some studies have not been 
successful. Two double blind controlled clinical trials have been carried out to evaluate the 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

500 

3.3 Fatty acids in systemic lupus erythematosus 
Systemic lupus erythematosus (SLE) is a complex autoimmune disease with heterogeneous 
clinical manifestations and disease course and most of cases occurring in women of 
childrenbering age. It is characterized by the deregulated innate and adaptive immune 
pathways and the development of anti-nuclear antibodies (ANA). Mortality of patients with 
SLE is significatly correlated wiht development of glomerulonephritis. Binding of 
autoantibodies, specially IgG anti-DNA, and immunecomplex depositions within the 
kidneys recruits leukocytes and this infiltration results in an inflammatory response that can 
lead to irreparale renal parenchymal damage (Pestka, 2010).  

3.3.1 Studies with animal models  
Several studies with animal models of SLE have been carried out about the role of dietary 
lipids in the development of the disease and generally most of them concluded a beneficial 
effect of fish oil (reviewed in Pestka, 2010).  
Early studies of Prickett and his research group showed that administration of fish oil to 
young mice induced a reduction on severity and incidence of renal disease and increased 
the lifespan of NZB/NZW mice (Prickett et al., 1981; Prickett et al., 1982; Prickett et al., 
1983), even fish oil was able to reduce the progression of established renal damage in 
another mouse model of lupus (Robinson et al., 1986). Other studies have reported a link 
between increased lifespan and reduced renal damage and reductions of anti-DNA 
autoantibodies and circulating immunocomplexes in NZB/NZW (Alexander et al., 1987).  
Subsequently several studies have demonstrated that the amelioration of disease in these 
animal models were linked with the action of fish oil over eicosanoids metabolism (Kelley et 
al., 1985; Spurney et al., 1994; Venkatraman et al., 1999).  
Results from Fernandes laboratory have reported that DHA, but not EPA, is the most potent 
n-3 fatty acid that suppresses glomerulonephritis and extends life span of systemic lupus 
erythematosus-prone NZB/NZW mice (Halade et al., 2010). In addition the same authors 
have proved that the beneficial action of fish oil in lupus animal models is increased by 
caloric restriction (Jolly et al., 1999; Jolly et al., 2001). 

3.3.2 Clinical trials  
Numerous studies have evaluated the possible beneficial action of fish oil in lupus patients 
although the results are not so conclusive like animal studies. Indeed two early clinical trials 
suggested that fish oil supplementation has little value in management of lupus nephritis 
when it is compared with olive oil (Westberg et al., 1990; Clark et al., 1993). However two 
double blind studies have reported a benefit in disease criteria and lupus score (Walton et 
al., 1991; Duffy et al., 2004). More recently investigations have shown that fish oil, and more 
specifically EPA, may be useful in the amelioration of lupus disease because of the 
decreasing oxidative stress, improving endothelial functions and conferring cardiovascular 
benefits (Nakamura et al., 2005; Wright et al., 2008). 
In view of the previous reports we can conclude that, in spite of fish oil supplementation 
may be useful in the amelioration of lupus and prevention of renal disease, new and larger 
investigations must be carried out to clarify the role of fatty acids in development of this 
disease.  

3.4 Fatty acids and multiple sclerosis 
Multiple sclerosis (MS) is a Central Nervous System-specific demyelinating disease and is 
the most common neurological disorder that occurs in young adults. Although the aetiology 

 
Role of Fatty Acids in the Resolution of Autoimmune and Inflammatory Diseases 

 

501 

of MS remains unknown there is strong evidence for the presence of autoimmune 
mechanisms in the disease pathogenesis. Pro-inflammatory cytokines from activated T cells 
and macrophages have been strongly implicated in the pathogenesis of MS, like the up-
regulation of adhesion molecules on endothelial cells and the subsequent infiltration of 
activated T cells into the Central Nervous System.  
An association between dietary fat intake and the incidence of multiple sclerosis was first 
proposed by Swank in 1950 (Swank, 1950). Some epidemiological studies have been carried 
out later and the most of them indicate that diets rich in saturated fatty acids are 
detrimentally associated with MS, while PUFA acid rich diets are beneficially associated 
with MS. Studies from Harbige laboratory have shown that the relationship between linoleic 
acid (n-6) and dihomo-g-linoleic acid (DGLA), and also between DGLA (n-6) and AA is 
clearly disturbed in MS compared with healthy controls. This may indicate a problem with 
δ6 and δ5 desaturation and / or a greater requirement for these n-6 fatty acids in many of 
the MS patients (Harbige et al., 2007). 

3.4.1 Fatty acids in animal models of multiple sclerosis 
Experimental autoimmune encephalomyelitis (EAE) is an experimentally induced CD4+ T 
cell mediated autoimmune inflammatory and demyelinating disease in rodents often used 
as a useful animal model of MS.  
Administration of PUFA can reduce the clinical severity of EAE. Indeed LA 
supplementation has been shown to reduce the severity of EAE in guinea pigs when it is 
administered before EAE induction (Meade et al., 1978; Hughes et al., 1980). Harbige et al. 
also demonstrated that gamma linoleic acid (GLA) supplementation could reduce the 
severity of both acute EAE and the relapsing phases of chronic. Further analysis revealed an 
increase in production of transforming growth factor β-1 and PGE2, both associated with a 
reduction in the inflammatory response in EAE models (Harbige et al., 1995; Harbige et al., 
1997; Harbige et al., 2000). 

3.4.2 Clinical trials in human patients  
Following the preliminary epidemiological studies by Swank, several researches have 
attempted the role of PUFA in the development of MS. In this way Millar et al. carried out a 
double-blind study with LA and olive oil during 24 months. These authors reported an 
improvement in relapse severity and nonsignificant trends towards lower relapse rates but 
no difference in disability (Millar et al., 1973). Later, Paty et al. did not find such effects in a 
similar trial with higher doses of oleic acid as a placebo (Paty et al., 1978). No conclusive 
data have been found in other trials realized with GLA in combination with LNA (Bates et 
al., 1977).  
However more recently Harbige et al. have reported a randomised double-blind placebo 
controlled trial to determine the effects of supplementation with selected GLA rich borage 
oil. Data proved that high dose of this oil reduced the relapse rate and disability progression 
as measured by EDSS (Expanded Disability Status Scale) and compared with a placebo of 
polyethylene glycol and with low dose of the same oil (Harbige et al., 2007). Although these 
data are very positive, the number of patients enrolled in the trial is limited (n=36) and no 
conclusive statements can be made.  
The fish oil action in MS has been investigated too but some studies have not been 
successful. Two double blind controlled clinical trials have been carried out to evaluate the 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

502 

effect of fish oil in the disease without significant findings. In these trials olive oil was used 
as a placebo again and although nonsignificant trends, toward less disability and certain 
improvements in quality of life, have been found the results are inconclusive (Bates et al., 
1989; Weinstock-Guttman et al., 2005). However others researchers have found beneficial 
effects of fish oil in MS patients. Shinto et al. have reported that n-3 fatty acids 
supplementation significantly decreased matrix metalloproteinase-9 (MMP-9) levels in 
relapsing-remitting MS. This enzyme is thought to have a significant role in the 
transmigration of inflammatory cells into the central nervous system by aiding in the 
disruption of the blood brain barrier. In this way the ability of n-3 fatty acids to decrease the 
levels secreted by immune cells may be a significant observation in spite of significant 
changes in quality of life have not been found (Shinto et al., 2009). 
Taken over all epidemiological data, animal data and clinical trial we can confirm that 
PUFA, particularly n-6 fatty acids, have a role in the pathogenesis and treatment of multiple 
sclerosis. However different factors must be better controlled in the clinical trials to achieve 
convincing results, like trials design, sample size and the choice of an appropriate placebo. 
This last item is of a great important because of olive oil has been used as a placebo in most 
of the reviewed clinical trials, however experience of our laboratory and others clearly 
proved the great immunomodulator potential of this fat, usually considered relatively inert 
(Puertollano et al., 2004; Puertollano et al., 2010). In this way olive oil may be acting in 
immune system of MS patients and no significant different with n-3 and n-6 PUFA can be 
found.  

3.5 Action of dietary lipids in type 1 diabetes mellitus  
Type 1 diabetes mellitus (T1DM) is an autoimmune disease characterized by the destruction 
of insulin-producing beta cells in the pancreatic islets. Dietary factors have been implicated 
in the aetiology of type 1 diabetes as well as in initiating the autoimmune process that leads 
to clinical disease. Macrophages and T cells, attracted to the islets, secrete soluble mediators 
such as oxygen free radicals, nitric oxide (NO), and the cytokines IL-1ß, interferon (IFN)-γ 
and TNF-α. Increasing evidence suggests that these mediators induce apoptosis, the main 
mode of ß-cell death in the development of T1DM. Fatty acids, because of their properties as 
anti-inflamatory compounds as well as cell apoptosis modulators, may be useful in the 
management of T1DM.  

3.5.1 Findings from studies in animal models of type 1 diabetes 
Earlier investigations suggested that deficiency of essential fatty acids, including n-6 and n-3 
PUFA, caused a resistance in development of the diabetes in certain animal models 
(Lefkowith et al., 1990; Wright et al., 1995). 
However, in 2001 Krishna Mohan & Das carried out a study to evaluate the effect of 
supplementation of various PUFA-rich oils on the incidence of alloxan-induced diabetes in 
experimental animals (Krishna Mohan et al., 2001). These authors have reported that n-3 and 
n-6 fatty acids may prevent alloxan-induced diabetes in experimental animals administered 
before of the diabetogenic agent and this preventive action may reside in their ability to 
enhance antioxidant status, suppress cytokine production, and activate PPARs. These 
researchers have evaluated also the effect of estearic saturated FA, oleic MUFA and n-6 AA 
PUFA in the same model finding that only AA was effective (Suresh et al., 2006). 
Recently others authors have evaluated the efficacy of a right balance n-6/n-3 PUFA in diet 
of T1DM model NOD mice finding that low n-6/n-3 ratio delays the onset of diabetes 
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(Kagohashi et al., 2010b). Other studies from the same laboratory have shown that the most 
effective strategy in prevention of the disease in the offspring is an adequate dose of  n-6/n-
3 PUFA in maternal diet during gestation and lactation (Kagohashi et al., 2010a).  

3.5.2 Trials with type 1 diabetes mellitus patients  
In 2003 an interesting pilot case-study was carried out in Norway to the attempt to test the 
hypothesis that cod liver oil, taken either by the mother during pregnancy or by the child 
during the first year of life, is associated with a lower risk of type 1 diabetes among children.  
A significant association between the use of cod liver oil during the first year of life and a 
lower risk of type 1 diabetes was found (Stene et al., 2003). In a similar way, an 
observational longitudinal study was carried out in U.S.A., the Diabetes Autoimmunity 
Study in the Young (DAISY). During 13 years a total of 1770 children at increased risk for 
type 1 diabetes were sudied. Th results revealed that dietary intake of n-3 fatty acids is 
associated with reduced risk of islet autoimmunity in children at increased genetic risk for 
type 1 diabetes. This association is further substantiated by the pilot observation of a higher 
proportion of n-3 PUFA in the erythrocyte membranes (Norris et al., 2007). However the 
same authors later reported that there was a lack of association between n-3 PUFA intake 
and conversion to type 1 diabetes in children with islet autoimmunity (Miller et al., 2011). 
In spite of certain positive data in animal models and human patients nowadays we can not 
confirm a justification for the use of fatty acids in preventing the development of type 1 
diabetes mellitus.  

4. Conclusions  
In the recent years the immunonutrition area has advanced significantly to elucidate the role 
of the diet in development and function of immune system and to prevent or ameliorate 
numerous diseases in which immune system is implicated like infections, cancer, 
inflammatory disease, allergies and autoimmune disorders. Among the diet components, 
fatty acids (PUFA in particular), are especially interesting by their immunomodulator and 
anti-inflammatory role.   
Autoimmune disorders are a complex group of disease characterized by an exacerbated 
immune response against self structures and an elevated inflammatory state. Several 
investigations have shown that fatty acids and especially n-3 PUFA act as potent anti-
inflammatory molecules and even induce a strong immunosupression. For this reason, the 
use of fatty acids has been considered a good a therapeutic strategy in prevention and 
treatment of these diseases.   
In spite of convincing data from the several studies with animal model, clinical trials have 
not achieved similar results. Only clear evidence in management of rheumatoid arthritis and 
in remission maintenance in Crohn’s disease patients justifies the use of fish oil, and perhaps 
in combination with olive oil. However results from studies with other diseases like 
ulcerative colitis, lupus and multiple sclerosis are promising. Future studies with a better 
control of placebo, number of enrolled patients and design are necessary to justify of use of 
fatty acids in this type of immune disorders.  
Finally epidemiological studies report that Mediterranean countries with a traditionall diet 
rich in fruits and vegetables, fish oil and olive oil and poor in saturated fats, have lower 
levels of inflammatory disease than countries with other type of diet. In the same way 
countries like Japan with changes in the habitual diet to “western diet” have increased rates 
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of inflammatory disease. In our opinion the best strategy recommending to population in 
general, and autoimmune disease patients in particular, is the maintenance of a healthy diet 
rich in naturals antioxidants (fruit, vegetables, olive oil), moderate consumption of fats and 
a well balanced of n-6/n-3 fatty acids.  
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of inflammatory disease. In our opinion the best strategy recommending to population in 
general, and autoimmune disease patients in particular, is the maintenance of a healthy diet 
rich in naturals antioxidants (fruit, vegetables, olive oil), moderate consumption of fats and 
a well balanced of n-6/n-3 fatty acids.  
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1. Introduction 
1.1 Diagnosis of ASD 
Autism (also known as classic autism or autism disorder) is a common neurodevelopmental 
disorder. Typically diagnosed before three years old, autistic children usually present with 
significant language delays, social and communication impairments, as well as abnormal 
repetitive and restrictive behaviors. Autism spectrum disorders (ASD) however, refers to a 
boarder definition of autism. Based on the severity of the clinical conditions, ASD is further 
divided into three subgroups namely autism (the most severe type of ASD), Asperger 
syndrome and pervasive developmental disorder – not otherwise specified (PDD-NOS; also 
called atypical autism) [1-3]. 
Of note, current diagnosis criteria of these disorders are based on behavior tests, no single 
biomarker has been clinically accepted, which mainly due to the difficulties for studying 
cellular and molecular etiology of ASD. First, subjects among different researches lack of 
comparability because of the diagnostic heterogeneity [4]. Second, the prevalence of ASD is 
relatively low therefore sample sizes are usually too small for statistical analysis. Third, 
comparing with other diseases, the young ages of the autistic subjects make biological study 
difficult. Forth, valid control groups require age-, gender-, IQ- and socioeconomic status-
matched developmentally normal subjects, which most studies failed to satisfy with [5]. 

1.2 Epidemiology 
ASD is reported to occur in all racial, ethnic and socioeconomic groups, and are about 
four times more likely to occur in boys than in girls probably due to the extremes of 
typical male neuroanatomy of autism [6, 7]. Studies in Asia, Europe and North America 
have identified individuals with ASD with an approximate prevalence of 6/1,000 to over 
10/1,000 [8]. Chronologically, the prevalence of ASD increased from 0.8/1,000 in 1983 to 
4.6/1,000 in 1999 in Western Australia, while this ratio increased from 6.6/1,000 in 2000 to 
9/1,000 in 2006 in United States [9-11]. This increase is probably because of changes and 
broadening of the diagnostic criteria and due to heightened awareness, but may also 
reflect, in part, a true increase due to environmental factors acting upon a genetically 
vulnerable background [12, 13]. 

2. Immune disorders and autism 
The relationship between immune disorders and ASD has been proposed for decades. Based 
on the epidemiological data, higher rate of autoimmune conditions, such as rheumatoid 
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significant language delays, social and communication impairments, as well as abnormal 
repetitive and restrictive behaviors. Autism spectrum disorders (ASD) however, refers to a 
boarder definition of autism. Based on the severity of the clinical conditions, ASD is further 
divided into three subgroups namely autism (the most severe type of ASD), Asperger 
syndrome and pervasive developmental disorder – not otherwise specified (PDD-NOS; also 
called atypical autism) [1-3]. 
Of note, current diagnosis criteria of these disorders are based on behavior tests, no single 
biomarker has been clinically accepted, which mainly due to the difficulties for studying 
cellular and molecular etiology of ASD. First, subjects among different researches lack of 
comparability because of the diagnostic heterogeneity [4]. Second, the prevalence of ASD is 
relatively low therefore sample sizes are usually too small for statistical analysis. Third, 
comparing with other diseases, the young ages of the autistic subjects make biological study 
difficult. Forth, valid control groups require age-, gender-, IQ- and socioeconomic status-
matched developmentally normal subjects, which most studies failed to satisfy with [5]. 

1.2 Epidemiology 
ASD is reported to occur in all racial, ethnic and socioeconomic groups, and are about 
four times more likely to occur in boys than in girls probably due to the extremes of 
typical male neuroanatomy of autism [6, 7]. Studies in Asia, Europe and North America 
have identified individuals with ASD with an approximate prevalence of 6/1,000 to over 
10/1,000 [8]. Chronologically, the prevalence of ASD increased from 0.8/1,000 in 1983 to 
4.6/1,000 in 1999 in Western Australia, while this ratio increased from 6.6/1,000 in 2000 to 
9/1,000 in 2006 in United States [9-11]. This increase is probably because of changes and 
broadening of the diagnostic criteria and due to heightened awareness, but may also 
reflect, in part, a true increase due to environmental factors acting upon a genetically 
vulnerable background [12, 13]. 

2. Immune disorders and autism 
The relationship between immune disorders and ASD has been proposed for decades. Based 
on the epidemiological data, higher rate of autoimmune conditions, such as rheumatoid 
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arthritis, autoimmune thyroid disease, asthma, ulcerative colitis, exits in parents of autistic 
children [14-17]. Another line of evidence supporting immune dysfunction at least partly 
responsible for ASD comes from large population studies, which suggest maternal immune 
dysfunctions may be related to a later diagnosis of ASD in the offspring [18]. Furthermore, 
cumulative evidences support the theory that ASD is caused by a loss of self-tolerance to 
one or more neural antigens during early childhood. Using western blot for the presence of 
IgG antibodies against protein extracts from human brain or sera, multiple brain-specific 
autoantibodies are detected [19, 20]. Other groups measured the plasma concentration of 
immunoglobulins and/or cytokines, autistic subjects exclusively exhibited abnormal 
immunoglobin and/or cytokine profiles [21-24]. It’s not known yet whether immune 
activation plays an initiating or ongoing role in the pathology of ASD. But investigations of 
dynamic adaptive cellular immune function suggested dysfunctional immune activation, 
which may be linked to disturbances in behavior and developmental functioning [25]. 

2.1 Autoimmune diseases 
Autoimmune diseases are the most common type of immune disorders. And its relationship 
with autism has been widely studied. Very early study reported an increased number of 
autoimmune disorders in some families with autism, suggesting immune dysfunction plays 
a role in autism pathogenesis [26]. Consistent with this result, Sweeten et al investigated the 
frequency of autoimmune disorders in families that have probands with pervasive 
developmental disorders and autism, compared with control groups. Autoimmunity was 
increased significantly in families with pervasive developmental disorders compared with 
those of healthy and autoimmune control subjects [27]. More persuasive evidence comes 
from a multicenter study of 308 children with Autism Spectrum Disorder. Regression was 
significantly associated with a family history of autoimmune disorders. But the only specific 
autoimmune disorder found to be associated with regression was autoimmune thyroid 
disease [28]. 

2.2 Cytokines and chemokines 
Cytokines and chemokines are thought to mediate the pathogenesis of autism, although the 
exact mechanism remains unclear. Jyonouchi group determined innate and adaptive 
immune responses in children with developmental regression and autism spectrum 
disorders, developmentally normal siblings, and controls. Their results indicated excessive 
innate immune responses in a number of ASD children that may be most evident in TNF-
alpha production [29]. Similarly, Molloy et al reported children with ASD had increased 
activation of both Th2 and Th1 arms of the adaptive immune response, with a Th2 
predominance, and without the compensatory increase in the regulatory cytokine IL-10 [30]. 
But Li et al showed that proinflammatory cytokines (TNF-alpha, IL-6 and GM-CSF), Th1 
cytokine (IFN-gamma) and chemokine (IL-8) were significantly increased in the brains of 
ASD patients compared with the controls, but not the Th2 cytokines (IL-4, IL-5 and IL-10). 
The Th1/Th2 ratio was also significantly increased in ASD patients. Based on these results, 
the author concluded that ASD patients displayed an increased innate and adaptive 
immune response through the Th1 pathway, suggesting that localized brain inflammation 
and autoimmune disorder may be involved in the pathogenesis of ASD [31]. Most recently, 
Ashwood group used larger number of participants than previous studies and found that 
significant increases in plasma levels of a number of cytokines, including IL-1beta, IL-6, IL-8 
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and IL-12p40 in the ASD group compared with typically developing controls [32]. All these 
findings suggest that inflammatory responses may be related to disturbances in behavior. 
And the characterization of immunological parameters in ASD has important implications 
for diagnosis, therefore should be considered when designing therapeutic strategies to treat 
ASD. 

2.3 Immunoglobulin 
Using human fetal and adult brains as antigenic substrates, maternal serum antibodies 
transferred through placenta are detected by four independent research groups, suggesting 
an association between the transfer of IgG autoantibodies during early neurodevelopment 
and the risk of developing of autism in some children [33-37].  
Singh et al provided more confirmative evidence by studying regional distribution of 
antibodies to rat caudate nucleus, cerebral cortex, cerebellum, brain stem and hippocampus 
of 30 normal and 68 autistic children. Autistic children, but not normal children, had 
antibodies to caudate nucleus (49% positive sera), cerebral cortex (18% positive sera) and 
cerebellum (9% positive sera). Brain stem and hippocampus were negative. Since a 
significant number of autistic children had antibodies to caudate nucleus, the author 
proposed that an autoimmune reaction to this brain region may cause neurological 
impairments in autistic children [38]. Agreed with this result, Trajkovski et al measured 
plasma concentration of IgA, IgM, IgG classes, and IgG1, IgG2, IgG3, and IgG4 subclasses in 
children with autism. Plasma concentrations of IgM and IgG in autistic children were 
significantly higher in comparison with their healthy brothers or sisters. Children with 
autism had significantly higher plasma concentrations of IgG4 compared to their siblings. 
Increased plasma concentration of IgG1 was found in autistic males as compared with their 
healthy brothers. Plasma concentrations of IgG and IgG1 in autistic females were increased 
in comparison with IgG and IgG1 in their healthy sisters [39]. More recently, Enstrom et al 
report significantly increased levels of the IgG4 subclass in children with autism compared 
with typically developing control children and compared with developmental delayed 
controls [40]. 
However, No consensus has been reached regarding the immunoglobin levels in autistic 
subjects. Morris and colleagues failed to find any useful biomarker in a small group of 
subjects, posing question to the current theory [41]. Stern et al found in their study most of 
the autistic children had normal immune function, suggesting that routine immunologic 
investigation is unlikely to be of benefit in most autistic children [42].   

2.4 Gastrointestinal disorders 
The report regarding the relationship between autism and gastrointestinal disorders was 
seen as early as 1971, when Goodwin et al described 6 of 15 randomly selected autistic 
children with symptoms of malabsorption [43]. Later Horvath et al investigated 412 autistic 
children, of which 84.1% had at least one of the eight abnormal gastrointestinal symptoms, 
comparing with 31.2% of the healthy siblings [44]. However, disagreements exit. Kuddo 
group and Molloy group failed to find any association between chronic gastrointestinal 
symptoms and autism based on the literature search or their own sample [45, 46]. Fernell et 
al tested two independent biomarkers of inflammatory reactions (faecal calprotectin and 
rectal nitric oxide) in 24 autistic children, but didn’t find clear link between active intestinal 
inflammation and autism [47]. 
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Morphological and histological studies provided consistent results with the clinical 
manifestations. Ileocolonoscopic examinations in 60 children with autism and other 
developmental disorders revealed that 8% (4/51) affected children but none in controls 
presented with active ileitis. Chronic colitis was identified in 88% (53/60) affected children 
compared with 4.5% (1/22) controls [48]. Similarly, another group conducted upper 
gastrointestinal endoscopy in 36 autistic subjects. 69.4% (25/36) of whom presented with 
grade I or II reflux esophagitis, 41.7% (15/36) with chronic gastritis, and 66.7% with chronic 
duodenitis [49]. 
In addition, biochemical researches reported evidences of abnormal intestinal cytokine 
profiles. Ashwood et al found enhanced pro-inflammatory cytokine production present in 
21 ASD children compared with 65 controls [50]. Furthermore, they investigated the 
peripheral blood and mucosal CD3+ lymphocyte cytokine profiles in 18 autistic children 
with gastrointestinal symptoms. In both peripheral blood and mucosa, CD3+ TNFalpha+ 
and CD3+ IFNgamma+ were increased, while CD3+ IL-10+ were markedly lower in ASD 
children. And mucosal CD3+ IL-4+ cells were increased in ASD compared with NIC [51]. 
Similarly, Jyonouchi et al provided evidence that intrinsic defects of innate immune 
responses in ASD children with gastrointestinal symptoms, suggesting a possible link 
between GI and behavioral symptoms mediated by innate immune abnormalities [52]. 
However, DeFelice et al assessed levels of proinflammatory cytokines, interleukin (IL)-6, IL-
8, and IL-1beta, produced by intestinal biopsies of children with pervasive developmental 
disorders but failed to find significant difference between autistic and control groups [53]. 
How do the gastrointestinal disorders affect brain functions? Currently available 
pathophysiological studies provided partial explanations. D'Eufemia et al investigated the 
occurrence of gut mucosal damage using the intestinal permeability test in 21 autistic 
children without known intestinal disorders. They found increased intestinal permeability 
in 43% (9/21) autistic patients, but in none of the 40 controls, which suggested an altered 
intestinal permeability could represent a possible mechanism for the increased passage 
through the gut mucosa of peptides derived from foods with subsequent behavioral 
abnormalities [54].  

3. Genetics of autism 
Similar to several other complex diseases, autism was not widely considered to have a 
strong genetic component until the 1980s. But increasing numbers of epidemiological and 
genetic studies are deepening our understanding of the genetic contribution autism. First, it 
is estimated that about 10% of children with ASD have an identifiable co-occuring genetic, 
neurologic or metabolic disorder, such as the fragile X syndrome and tuberous sclerosis [55]. 
Second, the relative risk of a newborn child to have autism, if he or she has an affected 
sibling, increases at least 25 folds comparing with general population [56]. Third, 
independent twin studies have suggested identical twins have a 60-90% chance to be 
concordantly diagnosed with autism, and this risk decreases sharply to the sibling risk of 0-
24% in non-identical twins [57, 58]. However, based on a large scale study of 503 ASD twins 
in California, Liu et al suggest the heritability has been largely overestimated [59]. They 
found the concordance rate for monozygotic male twins was 57% and for females 67%, 
while for same sex dizygotic twins the rate was 33%. Fourth, cumulative reports have 
confirmed mutations or structural variations of a number of specific genes significantly 
increase the risk of ASD [56]. 
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3.1 Genetic methodology 
However, unlike monogenic Mendelian disorders, the genetic and clinical heterogeneity of 
ASD poses a difficult challenge to precisely define the underlying genetics. This complexity 
has been blamed for the lack of replicability of the many reported chromosomal 
susceptibility regions. Therefore, multiple parallel approaches are needed for the 
exploration of the potential loci underlying the etiology of ASD. In general, there are a 
number of methods available for genetic studies of ASD, with each having different 
advantages as well as limitations. The most widely used methods include cytogenetic 
analysis, linkage and association studies, copy number variation and DNA micro-array 
analysis. 
A cytogenetic study is the most “classic” of genetic methods. Based on the assumption that 
ASD is a result of unique rare mutations that present sporadically or “de novo” in the 
population and are not usually inherited, cytogenetics helps to determine the contribution of 
chromosomal abnormalities in childhood diseases. Cytogenetics has transitioned from light 
microscopy to molecular cytogenetics to DNA-based microarray detections of structural 
variations [60]. Copy number variation (CNV) analysis is a newer molecular cytogenetic 
approach, aiming to detect the insertion or deletion of DNA fragments typically larger than 
50 kb [61]. However, extreme caution must be paid when interpreting CNV analysis since it 
is very dependent on the specific methods employed, which may partly account for the low 
replicability among studies [62]. 
Differing from cytogenetics, linkage studies trace genetic loci that are transmitted with 
autism in the families of affected individuals. Parametric and non-parametric linkage 
studies are two typical designs. While parametric analysis requires a model for the disease 
(i.e. frequency of disease alleles and penetrance for each genotype), and therefore is 
typically employed for single gene disorders and Mendelian forms of complex disorders, 
“model-free” non-parametric linkage analysis evaluates whether segregation at specific 
locations is “not-random”. Given the uncertainty of the mode of inheritance in ASD, non-
parametric linkage is more widely used, providing suggestive evidence of linkage on almost 
all of the chromosomes [63]. However, linkage studies are unable to identify mutations in 
critical genes in highly heterogeneous disorders involving many different genes and 
chromosomal loci [64].  
Genetic association studies, including case-control and family-based studies, examine 
differences in allele or genotype frequencies between two groups [63]. Typically, several 
microsatellite markers or SNPs are chosen based on linkage studies or biological evidence. 
The seemingly countless potential candidates make it hard to determine the causative 
relations between genes and ASD [61]. In addition, although association studies are suitable 
to identify common susceptibility alleles present in large numbers of patients compared to 
controls, they usually fail to identify rare, causal mutations [63, 64].  
Rapid advances in micro-array technologies have substantially improved our ability to 
detect submicroscopic chromosomal abnormalities. These tools have allowed for high-
output and high-resolution detection of rare and de novo changes in a genome-wide 
manner. Moreover, newly developed, commercially available whole-exome arrays are 
increasingly being employed to detect de novo mutations in complex disorders. Based on 
the fact that the protein coding regions of genes (i.e. exons) habor 85% of the mutations of 
disease-related traits, whole-exome sequencing offers the possibility to identify disease-
causing sequence variations in small kindreds for phenotypically complicated, genetically 
heterogeneous diseases when traditional linkage studies are impossible [65-69]. As such, 
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studies in this realm have been increasing in the past several years and there will surely 
benefit the etiological diagnosis and genetic counseling of ASD in the near future [70].  

3.2 Potential loci in autism 
3.2.1 Genome wide linkage analysis 
Although there is accumulating evidence supporting a genetic component to ASD, the 
specific genes involved have yet to be totally clarified. Genome-wide screening of autistic 
subjects and their first-degree relatives offers an attractive means to search for susceptibility 
genes. However there has been a disappointing lack of replication of many of the reported 
susceptibility regions. The reason for this could be due to the epistasis of many interacting 
genes. But it may also be due to the genetic and clinical heterogeneity present in ASD [71]. 
The noted effects of heterogeneity of the samples on the corresponding results, have led to 
attempts to decrease sample heterogeneity by various ways which include narrowing 
inclusion criteria and studies of specific, autism-related endophenotypes. 
A substantial body of evidence has resulted from genome-wide screening for the 
susceptibility genes of ASD (table 1). Significant replicability has been found for several 
chromosomal loci including 2q, 5, 7q, 15q and 16p. Two studies provided suggestive 
evidence for linkage to chromosome 2q using a two-stage genome screen [71, 72], while 
association tests for specific candidate genes in the chromosome 2q31-q33 region led to 
negative results [73]. Additional support for the presence of susceptibility loci on 
chromosome 2q is given by overlapping positive linkage findings in four other independent 
genomic scans [74-77].  
There are three reports about gene variants on chromosome 5. Philippi found strong 
association with autism for allelic variants of “paired-like homeodomain transcription factor 
1” (PITX1), a key regulator of hormones within the pituitary-hypothalamic axis [78]. Two 
other groups used genome-wide linkage and association mapping studies to analyze 
chromosome 5 gene variations finding that SNPs located at 5p14.1 and 5q15 respectively 
were significantly associated with autism [79, 80].  
Chromosome 16 linkage results have been fairly consistent in showing a peak at 16p11-13, 
which strongly suggested a gene in this region may contribute to the risk of ASD [81, 82]. 
15q11-q13 is another frequently identified locus by linkage studies. Several genes located in 
this region have been intensively studied and some have provided very promising results 
[83-86]. But in all of these linkage reports there is a certain lack of reproducibility, and 
therefore they require further validation based on using a combination of several methods.  
Besides these “hot spots”, there are other reports regarding associations of other loci with 
ASD [80, 87-90], including some evidence of linkage to the X chromosome [91]. However, 
there is little overlap of these potential loci involving potential candidate genes, suggesting 
that the genetic background of ASD is full of complexity. 

3.2.2 Copy number variation (CNV) 
Rapid advances in genomic DNA microarray technologies have substantially improved our 
ability to detect submicroscopic chromosomal abnormalities. Novel rare variants have been 
detected in association with ASD and these can be either de novo or inherited. De novo or 
noninherited CNVs are found in 7%–10% of ASD samples from simplex families (having 
only one child affected, the majority), in 2%–3% from multiplex families, and in ∼1% in non-
ASD controls. Further, about 10% of ASD subjects with de novo CNVs carry two or more 
CNVs [100-102]. Inherited CNVs reportedly are found in up to 50% of ASD subjects for 
whom one of the presumably normal parents also has the duplication/deletion. These 

 
Autoimmune Disorder and Autism 

 

523 

familial CNVs may include candidate genes relevant to ASD where they are rare in the 
normal population.  
 
Chrom- 
osome Loci Candidate genes Ref. 

1 1p34.2 Regulating Synaptic Membrane Exocytosis 3(RIMS3) [90] 
2 2q  [71, 72] 

 2q31-2q33 GAD1,STK17B,ABI2,CTLA4,CD28,NEUROD1, 
PDE1A,HOXD1, DLX2 [73] 

 2q31 SLC25A12 [92] 
 2q24-2q33 SLC25A12, CMYA3 [75] 
 2q24-2q33 SLC25A12, STK39, ITGA4 [77] 
 2q34 Neuropilin-2 (NRP2) [74] 
3 3q25-3q27 HTR3C [48] 
5 5q31 Paired-like homeodomain transcription factor 1(PITX1) [78] 
 5p14.1  [79] 
 5p15 SEMA5A [80] 
6 6q Abelson's Helper Integration 1 (AHI1) [88] 
 6q27  [80] 
7 7q22.1-7q31  [93] 

 7q31 Laminin Beta-1 (LAMB1), 
Neuronal cell adhesion molecule (NRCAM) 

[94, 
95][96] 

 7q32 NADH-ubiquinone oxidoreductase 1 alpha subcomplex 
5 (NDUFA5) [48] 

 7q31-7q33 wingless-type MMTV integration site family member 2 
(WNT2) [97] 

11 11p12-p13  [76] 
12 12q14  [87] 
15 15q11-q13 Angelman syndrome gene (UBE3A) [85] 
 15q11-q13  [83] 
 15q13 Amyloid precursor protein-binding protein A2 (APBA2 ) [84] 

16 16p11-13 
4-Aminobutyrate Aminotransferase (ABAT), 
CREB-binding protein (CREBBP), 
Glutamate receptor, ionotropic, NMDA 2A (GRIN2A) 

[98] 

 16p11.2  [81, 82, 
90] 

17 17q11.2  [99] 
19 19p13  [99] 
20 20q13  [80] 
22 22q13 SHANK3 [89] 
X Xp22.11 PTCHD1 [91] 

Table 1. Loci identified by genome wide linkage analysis 

Array comparative genomic hybridization (aCGH) is the most widely used method for 
detection of CNVs. A seminal early report used aCGH, with a mean resolution of one probe 
every 35 kb, to study a sample of 264 ASD families. After validation by higher-resolution 
microarray scans, G-banded karyotype, FISH, and microsatellite genotyping, 17 de novo 
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studies in this realm have been increasing in the past several years and there will surely 
benefit the etiological diagnosis and genetic counseling of ASD in the near future [70].  
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noninherited CNVs are found in 7%–10% of ASD samples from simplex families (having 
only one child affected, the majority), in 2%–3% from multiplex families, and in ∼1% in non-
ASD controls. Further, about 10% of ASD subjects with de novo CNVs carry two or more 
CNVs [100-102]. Inherited CNVs reportedly are found in up to 50% of ASD subjects for 
whom one of the presumably normal parents also has the duplication/deletion. These 
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CNVs were confirmed [102]. A Korean group recently reported deletion CNVs at 8p23.1 and 
17p11.2 using whole-genome aCGH [103]. Using aCGH with a mean 19 kb resolution, 51 
autism-specific CNV were identified in 397 unrelated ASD subjects [100]. Similarly, Qiao 
and colleagues performed aCGH on 100 autistic subjects and identified 9 CNVs, three of 
which were unique to their cohort [104]. A Spanish group recently reported the 
identification of 13 CNVs containing 24 different genes in their sample of 96 ASD 
subjects [105]. 
Single-nucleotide polymorphism (SNP) array analysis, primarily developed to determine 
linkage, now is also employed to determine genomic CNVs [106]. Marshall performed a 
genome-wide assessment via SNP array analysis. They genotyped proximately 500,000 
SNPs for each sample and detected 13 loci with recurrent or overlapping CNVs in a sample 
of 427 ASD cases [101]. Using SNP markers, another group identified 6 CNVs within a 2.2-
megabase (Mb) intergenic Chr 2 region between cadherin 10 (CDH10) and cadherin 9 
(CDH9) in a combined sample set of 1,984 ASD probands of European ancestry [107]. In 
addition, SNP array analysis offers some special advantages in the exploration of potentially 
relevant gene networks. Two recent reports have provided strong evidence for the 
involvement of certain genes in important gene networks including neuronal cell-adhesion, 
ubiquitin degradation and GTPase/Ras signaling [108, 109]. 
Currently available aCGH methods for identifying CNV typically assay the genome in the 
40-kb to several Mb range. Methodological improvements that employ oligonucleotides are 
providing a high potential resolution down to approximately the 5-kb resolution level for 
aCGH with genome-wide detection of CNVs [106]. Thus, SNP or oligonucleotide aCGH 
analysis can detect a CNV as small as a few kilobases. Therefore, it is clear that the higher-
density oligonucleotide or SNP arrays offer the higher resolution for analysis of CNVs in the 
future. 

3.3 Selected candidate genes 
As it is becoming apparent, a genetic predisposition to ASD may involve one or more 
interconnected genetic networks involving neurogenesis, neuronal migration, 
synaptogenesis, axon pathfinding and neuronal or glial structure regionalization [110]. 
Function-targeted studies, mainly by association that focus exclusively on the candidate 
genes, including some of the most widely studied will be reviewed in the following section 
(table 2). 
Reelin is an extracellular matrix glycoprotein responsible for guiding the migration of 
several neural cell types and the establishment of neural connection. In the 1980s, it was 
discovered that reelin plays important roles in the positioning of neuronal cells in the 
inferior olivery complex, cerebral cortex and cerebellum early in embryonic development 
[203-205]. Further research has confirmed and further extended our knowledge about the 
widespread functions reelin plays in laminated regions of the brain, both embryonically and 
postnatally [206-208]. 
Given the critical functions of reelin in brain development, and knowing there are 
neuroanatomical abnormities in autism [209], the reelin gene (RELN) was a plausible 
candidate to investigate in ASDs. Significantly reduced levels of reelin in the human cortex, 
cerebellum and peripheral blood were confirmed in ASD at both the protein and mRNA 
levels [210-212]. Genome-wide scans also identified 7q22 as an autism critical region, where 
RELN is located [213].  
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Genes Loci Positive 
results 

Negative/Unconfirmed 
results 

RELN 7q22 [111-
120]  

SLC6A4 17q11.1-17q12 [121-
127] [128-140] 

GABR 15q11-15q13 [141-
154] [155-157] 

NLGN 
3q26(NLGN1), 17p13 (NLGN2), Xq13 
(NLGN3), Xp22.3 (NLGN4), Yq11.2 
(NLGN4Y) 

[158-
163] [164-169] 

OXTR 3p24-3p25 [170-
174]  

MET 7q31.2 [175-
179]  

SLC25A12 2q31 [180-
183] [184-186] 

GluR6 6q21 [187-
189] [190] 

CNTNAP2 7q35 [191-
196]  

GLO1 6p21.3-6p21.2 [197, 
198] [199, 200] 

TPH2 12q21.1 [201] [197, 202] 

Table 2. Selected candidate genes 

i. Reelin gene (RELN) 

Additionally, case-control and family-based studies provided further evidence supporting 
the association of RELN and ASD. Persico identified a RELN–related polymorphic GGC 
repeat located immediately 5’ of the ATG initiator codon in Italian and American subjects 
[120]. Using the similar methods and 126 multiplex ASD families, Zhang et al examined the 
polymorphic CGG-repeat of RELN [118]. Family-based association tests showed that larger 
RELN alleles (≥11 repeats) were transmitted more often than expected to autistic children. 
Independant studies regarding the CGG-repeat of RELN have also supported its 
contribution to the genetic risk of autism [112, 113, 115]. Others have also reported 
significant differences in the transmission of the reelin alleles of exon 22 and intron 59 SNPs 
to autistic subjects [114]. However, results have not been uniformly positive. Krebs et al 
performed a transmission disequilibrium test (TDT) analysis of the CGG-repeat 
polymorphism in 167 Caucasian families and found no evidence of linkage or association 
[119]. Similarly, another two groups failed to find a significant association of RELN CGG 
repeat polymorphisms with liability to autism [116, 117]. 
The association between RELN and ASD were also found in other ethnic groups besides 
Caucasian populations. Recently, a significant genetic association between the RELN SNP2 
(located in intron 59) and ASD was reported in a Chinese Han population, and the 
combination of  RELN SNP1/SNP2/SNP3/SNP4, all in strong linkage disequilibrium, were 
reported to have a significant association with ASD [111]. 
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Additionally, case-control and family-based studies provided further evidence supporting 
the association of RELN and ASD. Persico identified a RELN–related polymorphic GGC 
repeat located immediately 5’ of the ATG initiator codon in Italian and American subjects 
[120]. Using the similar methods and 126 multiplex ASD families, Zhang et al examined the 
polymorphic CGG-repeat of RELN [118]. Family-based association tests showed that larger 
RELN alleles (≥11 repeats) were transmitted more often than expected to autistic children. 
Independant studies regarding the CGG-repeat of RELN have also supported its 
contribution to the genetic risk of autism [112, 113, 115]. Others have also reported 
significant differences in the transmission of the reelin alleles of exon 22 and intron 59 SNPs 
to autistic subjects [114]. However, results have not been uniformly positive. Krebs et al 
performed a transmission disequilibrium test (TDT) analysis of the CGG-repeat 
polymorphism in 167 Caucasian families and found no evidence of linkage or association 
[119]. Similarly, another two groups failed to find a significant association of RELN CGG 
repeat polymorphisms with liability to autism [116, 117]. 
The association between RELN and ASD were also found in other ethnic groups besides 
Caucasian populations. Recently, a significant genetic association between the RELN SNP2 
(located in intron 59) and ASD was reported in a Chinese Han population, and the 
combination of  RELN SNP1/SNP2/SNP3/SNP4, all in strong linkage disequilibrium, were 
reported to have a significant association with ASD [111]. 
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ii. Human serotonin transporter gene (SLC6A4) 

The human serotonin transporter, encoded by SLC6A4, localizes to chromosome 17q11.1-q12 
and consists of 15 exons [214]. SLC6A4 was considered as a candidate gene for autism 
primarily based on the elevated blood serotonin levels found in a number of autistic 
probands, as well as the efficacy of potent serotonin transporter inhibitors in reducing 
rituals and routines [215, 216]. Using the TDT, positive associations of a 5-HTTLPR 
polymorphism found in the promoter region of the SLC6A4 gene with autism have been 
identified by 4 family-based studies and 2 case-control studies [121, 123, 125-127]. Other 
groups have performed both family-based and case-control analysis and found significant 
associations of the SLC6A4 polymorphism with autism [122, 124]. In contrast to these 
positive reports, 9 family-based studies failed to find evidence for associations of the 
SLC6A4 polymorphism with autism [130, 132-134, 136-140], as well as a case-control study 
[128]. An Indian group performed a series of studies but found no persuasive evidence of 
the association of the SLC6A4 polymorphisms with autism [129, 135, 217]. In addition, a 
systematic review and meta-analysis failed to find a significant overall association of the 
serotonin polymorphisms examined and autism [131]. 
iii. Gamma-aminobutyric acid receptor gene (GABR)  
Gamma-aminobutyric acid (GABA) is the chief inhibitory neurotransmitter in the brain, 
acting by binding to a GABA receptor. The receptor is a multimeric transmembrane receptor 
that consists of five subunits arranged around a central pore. The GABA receptor subunits 
are homologous, but are both structurally and functionally diverse [144]. Three of the GABA 
receptor subunit genes (GABRB3, GABRA5 and GABRG3) are localized to chromosome 
15q11-q13, one of the most complex regions in the genome involved with genome 
instability, gene expression, imprinting and recombination [156].  
The region 15q11-q13 was originally associated with ASD based on several studies which 
reported a common duplication of this region in ASD subjects [147, 148, 152, 154]. A 
chromosome-engineered mouse model for human 15q11-13 duplication was developed with 
autistic features [141, 143, 153]. Cook et al examined markers across this region for linkage 
disequilibrium in 140 families with ASD, detecting significant linkage disequilibrium 
between GABRB3 and ASD [218]. This finding was confirmed by others as well [145, 146, 
151]. Also, two SNPs located within the GABRG3 gene were associated with ASD using the 
Pedigree Disequilibrium Test (PDT) [144]. An independent study demonstrated nominally 
signicant associations between six markers across the GABRB3 and GABRA5 genes [142]. 
Moreover, using ordered-subset analysis (OSA) another group provided evidence of 
increased linkage at the GABRB3 locus [149]. Other research has also identified significant 
association and gene-gene interactions of GABA receptor subunit genes in autism [150]. 
Nonetheless, conflicting evidence has also been reported. Other groups have reported 
limited or no association between GABA receptor polymorphisms and autism [155, 156]. 
Similarly, another group conducted a full genome search for autism susceptibility loci 
including seven microsatellite markers from 15q11-q13, and found no significant evidence of 
association or linkage [157]. Thus the linkage results are at best inconclusive. 
iv. Neuroligin genes (NLGN) 

The marked difference in sex ratio for ASD justifies the exploration of genes on the sex 
chromosome, among which the neuroligin genes (NLGN) are perhaps the most widely 
studied. Five NLGN have been identified in the human genome, which are localized at 
3q26(NLGN1), 17p13 (NLGN2), Xq13 (NLGN3), Xp22.3 (NLGN4), and Yq11.2 (NLGN4Y) 
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respectively. They encode a family of cell-adhesion molecules, the neuroligans, essential for 
the formation of functional neural synapses [163, 169].  
The earliest report regarding the potential association of NLGN genes and ASD came from 
the study of multiple Swedish families [163]. The authors screened for NLGN3 mutations in 
36 affected sib-pairs and 122 trios with ASD. They found one de novo mutation in NLGN4 in 
one family. This mutation creates a stop codon leading to premature termination of the 
protein. In another family, a C to T transition in NLGN3 was identified that changed a 
highly conserved arginine residue into cysteine (R451C) within the esterase domain.  It was 
inherited from the mother. Following this report, several other groups studied this gene but 
found little support for common mutations of the gene. Limited support came from a 
Portuguese group, who found missense changes in NLGN4 as well as the protein-truncating 
mutations in ASD [162]. A Finnish group conducted a molecular genetic analysis of NLGN1, 
NLGN3, NLGN4, and NLNG4Y. Their results suggested neuroligin mutations most probably 
represent rare causes of autism and concluded that it was unlikely that the allelic variants in 
these genes would be major risk factors for autism [166]. Others have also failed to obtain 
positive results, casting doubt on the earlier conclusion  [164, 165, 167-169]. 
Other reports about mutations of NLGN3 or NLGN4 have identified splice variants in both 
genes [161]. Three groups recently reported one missense variant and two single 
substitutions in independent autistic samples, indicating that a defect of synaptogenesis 
may predispose to autism [158-160]. 
v. Human oxytocin receptor gene (OXTR) 

Oxytocin is a nine-amino-acid peptide synthesized in the hypothalamus. Apart from 
regulating lactation and uterine contraction, oxytocin acts as a neuromodulator in the 
central nervous system [219, 220]. Both animal experiments and clinical research have 
confirmed the role oxytocin plays in social and repetitive behaviors [221]. Therefore the 
oxytocin system might be potentially involved in the pathogenesis of ASD, and the human 
oxytocin receptor gene (OXTR) has been regarded as a most promising candidate gene to 
study.   
Indeed, research pertaining to the potential association between OXTR and autism has come 
to positive conclusions. Using family-based and population-based association tests, SNPs 
and haplotypes in the OXTR have been reported to confer risk for ASD in different ethnic 
groups [170, 172-174]. They have also been associated with IQ and adaptive behavior scale 
scores [172]. Furthermore, a recent study identified significant increases in the DNA 
methylation status of OXTR in peripheral blood cells and temporal cortex, as well as 
decreased expression of OXTR mRNA in the temporal cortex of autism cases, suggesting 
that epigenetic dysregulation may be involved in the pathogenesis of ASD [171]. 

vi. MET 

The human MET gene encodes a transmembrane receptor tyrosine kinase of the hepatocyte 
growth factor/scatter factor (HGF/SF) [222]. Though primarily identified as an oncogene, 
MET plays crucial roles in neuronal development [222-224]. Moreover, impaired MET 
signaling causes abnormal interneuron migration and neural growth in the cortex, as well as 
decreased proliferation of granule cells, which matches many of the features found in 
autistic brains [223, 225]. 
Campbell and colleagues have done a series of studies regarding the association between 
MET signaling and autism. They first reported the genetic association of a common C allele 
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association and gene-gene interactions of GABA receptor subunit genes in autism [150]. 
Nonetheless, conflicting evidence has also been reported. Other groups have reported 
limited or no association between GABA receptor polymorphisms and autism [155, 156]. 
Similarly, another group conducted a full genome search for autism susceptibility loci 
including seven microsatellite markers from 15q11-q13, and found no significant evidence of 
association or linkage [157]. Thus the linkage results are at best inconclusive. 
iv. Neuroligin genes (NLGN) 

The marked difference in sex ratio for ASD justifies the exploration of genes on the sex 
chromosome, among which the neuroligin genes (NLGN) are perhaps the most widely 
studied. Five NLGN have been identified in the human genome, which are localized at 
3q26(NLGN1), 17p13 (NLGN2), Xq13 (NLGN3), Xp22.3 (NLGN4), and Yq11.2 (NLGN4Y) 
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respectively. They encode a family of cell-adhesion molecules, the neuroligans, essential for 
the formation of functional neural synapses [163, 169].  
The earliest report regarding the potential association of NLGN genes and ASD came from 
the study of multiple Swedish families [163]. The authors screened for NLGN3 mutations in 
36 affected sib-pairs and 122 trios with ASD. They found one de novo mutation in NLGN4 in 
one family. This mutation creates a stop codon leading to premature termination of the 
protein. In another family, a C to T transition in NLGN3 was identified that changed a 
highly conserved arginine residue into cysteine (R451C) within the esterase domain.  It was 
inherited from the mother. Following this report, several other groups studied this gene but 
found little support for common mutations of the gene. Limited support came from a 
Portuguese group, who found missense changes in NLGN4 as well as the protein-truncating 
mutations in ASD [162]. A Finnish group conducted a molecular genetic analysis of NLGN1, 
NLGN3, NLGN4, and NLNG4Y. Their results suggested neuroligin mutations most probably 
represent rare causes of autism and concluded that it was unlikely that the allelic variants in 
these genes would be major risk factors for autism [166]. Others have also failed to obtain 
positive results, casting doubt on the earlier conclusion  [164, 165, 167-169]. 
Other reports about mutations of NLGN3 or NLGN4 have identified splice variants in both 
genes [161]. Three groups recently reported one missense variant and two single 
substitutions in independent autistic samples, indicating that a defect of synaptogenesis 
may predispose to autism [158-160]. 
v. Human oxytocin receptor gene (OXTR) 

Oxytocin is a nine-amino-acid peptide synthesized in the hypothalamus. Apart from 
regulating lactation and uterine contraction, oxytocin acts as a neuromodulator in the 
central nervous system [219, 220]. Both animal experiments and clinical research have 
confirmed the role oxytocin plays in social and repetitive behaviors [221]. Therefore the 
oxytocin system might be potentially involved in the pathogenesis of ASD, and the human 
oxytocin receptor gene (OXTR) has been regarded as a most promising candidate gene to 
study.   
Indeed, research pertaining to the potential association between OXTR and autism has come 
to positive conclusions. Using family-based and population-based association tests, SNPs 
and haplotypes in the OXTR have been reported to confer risk for ASD in different ethnic 
groups [170, 172-174]. They have also been associated with IQ and adaptive behavior scale 
scores [172]. Furthermore, a recent study identified significant increases in the DNA 
methylation status of OXTR in peripheral blood cells and temporal cortex, as well as 
decreased expression of OXTR mRNA in the temporal cortex of autism cases, suggesting 
that epigenetic dysregulation may be involved in the pathogenesis of ASD [171]. 

vi. MET 

The human MET gene encodes a transmembrane receptor tyrosine kinase of the hepatocyte 
growth factor/scatter factor (HGF/SF) [222]. Though primarily identified as an oncogene, 
MET plays crucial roles in neuronal development [222-224]. Moreover, impaired MET 
signaling causes abnormal interneuron migration and neural growth in the cortex, as well as 
decreased proliferation of granule cells, which matches many of the features found in 
autistic brains [223, 225]. 
Campbell and colleagues have done a series of studies regarding the association between 
MET signaling and autism. They first reported the genetic association of a common C allele 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

528 

in the promoter region of MET, which results in significant decrease in MET promoter 
activity and altered binding of specific transcription factor complexes [179]. Then they found 
significantly decreased MET protein levels and increased mRNA expression for proteins 
involved in regulating MET signaling activity [226]. Furthermore, they screened the exons 
and 5’ promoter regions for variants in the five genes encoding the proteins that regulate 
MET expression, finding that genetic susceptibility impacting multiple components of the 
MET signaling pathway contributes to ASD risk [178]. Most recently, they found that the 
MET C allele inuences two of the behavioral domains of the autism triad [175]. Other 
groups have also provided supportive evidence that MET gene variations may play a role in 
autism susceptibility [176, 177]. 
vii. SLC25A12  

SLC25A12 locates in the chromosome 2q31 region, encoding the mitochondrial 
aspartate/glutamate carrier (AGC1), a key protein involved in mitochondrial function and 
ATP synthesis. Since the physiological function of neurons greatly depends on energy 
supply, any alteration in mitochondrial function or ATP synthesis could lead to 
corresponding changes in neurons [227]. Recently mitochondrial hyperproliferation and 
partial respiratory chain block were found in two autistic patients, suggesting SLC25A12 
could be a promising candidate gene [228]. 
Following this report, several studies for genetic variants of the gene were performed. Three 
different ethnic groups reported linkage and association between ASD and two SNPs (i.e. 
rs2056202 and rs2292813) in SLC25A12 [180, 182, 183], while another three independent 
groups failed to reveal significant association [184-186]. Another group associated one SNP 
(rs2056202) with ASD but not the other [181]. Thus, the findings so far are inconclusive. 
viii. Other candidate genes  

The glutamate receptor 6 gene (GRIK2 or GluR6) is located at chromosome 6q21. Given that 
glutamate is the principal excitatory neurotransmitter in the brain and it is involved in 
cognitive functions such as memory and learning, GRIK2 was proposed as a gene candidate 
for ASD [229]. Unfortunately, the limited reports have very different results. Genetic studies 
in a Caucasian population, Chinese Han and Korean trios provided positive evidence, but 
using different SNPs [187-189]. Another report failed to find any association of GRIK2 with 
autism in an Indian population [189].  
Contactin associated protein-2 (CNTNAP2) belongs to the neurexin family, within which 
several members have been identified as being related to autism [230]. A recent research 
report identified a homozygous mutation of CNTNAP2 in Amish children with pervasive 
developmental disorders, seizures, and language regression [196]. Five other studies have 
supported this finding that CNTNAP2 may be a genetic susceptibility factor in autism [191-
195]. Another group found that CNTNAP2 provided a strong male affection bias in ASD 
[193]. 
Glyoxalase 1 is a cytosolic, ubiquitously expressed, zinc metalloenzyme enzyme involved in 
scavenging toxic α-oxoaldehydes formed during cellular metabolic reactions. Proteomics 
analysis found glyoxalase 1 increased in autism brains, and subsequent sequencing of its 
gene (GLO1) identified that homozygosity for a polymorphism of the gene, A419 GLO1, 
resulted in decreased enzyme activity and association with autism [198], although this 
conclusion was not confirmed by other studies [199, 200]. In addition, one group found a 
protective effect of the A419 allele of GLO1 [197]. 
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TPH1 and TPH2 encode rate-limiting enzymes that control serotonin biosynthesis. TPH1 is 
primarily expressed peripherally, while TPH2 is found exclusively in brain tissue. However, 
despite evidence for the potential involvement of the serotonin system in the etiology of 
autism, only one of three reports to date conservatively has supported the notion that TPH2 
plays a role in autism susceptibility [197, 201, 202].  

4. Environmental factors 
4.1 Prenatal factors 
The association between prenatal insults and the pathogenesis of autism has been reported 
recent decades. Early in 2005, Beversdorf et al. conducted surveys regarding incidence and 
timing of prenatal stressors. They found a higher incidence of prenatal stressors in autism at 
21-32 weeks gestation, which peaks at 25-28 weeks. Their finding supported the hypothesis 
of prenatal stressors as a potential contributor to autism, and the timing was consistent with 
the embryological age suggested by neuroanatomical findings seen in the cerebellum in 
autism [231]. More specifically, Meyer et al demonstrate that the effects of maternal immune 
challenge between middle and late gestation periods in mice are dissociable in terms of 
several neuropsychiatric disorders including autism [232]. However, this conclusion was 
challenged by another group of scientists. Ploeger et al. proposed pleiotropic effects during a 
very early and specic stage of embryonic development, namely early organogenesis (day 
20 to day 40 after fertilization) in order to explain the effect of uterine disturbances to the 
development of autism [233]. They provided ample evidence from literature for the 
association between autism and many different kinds of physical anomalies such as limb 
deformities, craniofacial malformations, brain pathology, and anomalies in other organs, 
which agrees with the hypothesis that pleiotropic effects are involved in the development of 
autism.  
Drugs are the most important prenatal factors affecting embryo and fetal development. 
Cumulating data support the relationships between maternal medication and fetogeneous 
diseases including autism. The obnoxious drug thalidomide turned out not only to relate to 
fetal abnormality but also to autism. Stromland group retrospectively investigated 100 
Swedish thalidomide embryopathy cases and found possible association of thalidomide 
embryopathy with autism [234]. Another example of drug relating to autism is valproate. 
Williams et al reported six cases whose clinical phenotype was compatible with both fetal 
valproate syndrome (FVS) and autism. Although the sample size is small, the authors 
claimed the association between this known teratogen and autism had both clinical and 
research implications [235]. Similarly, Rasalam group provided another line of evidence that 
prenatal exposure to sodium valproate is a risk factor for the development of an ASD [236]. 
Another prenatal factor is intrauterine inflammation. Kannan et al conducted an animal 
study to demonstrate intrauterine inflammation results in alterations in cortical serotonin 
and disruption of serotonin-regulated thalamocortical development in the newborn brain 
therefore resulting in impairment of the somatosensory system, such as autism [237]. More 
persuasive evidence comes from Girard’s report. According to their results, end of gestation 
exposure of pregnant rats to systemic microbial product such as lipopolysacharide (LPS) is 
an independent risk factor for neurodevelopmental diseases such as cerebral palsy, mental 
deficiency, and autism. And coadministration of IL-1 receptor antagonist with LPS 
alleviated the detrimental effects caused by LPS [238].  
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in the promoter region of MET, which results in significant decrease in MET promoter 
activity and altered binding of specific transcription factor complexes [179]. Then they found 
significantly decreased MET protein levels and increased mRNA expression for proteins 
involved in regulating MET signaling activity [226]. Furthermore, they screened the exons 
and 5’ promoter regions for variants in the five genes encoding the proteins that regulate 
MET expression, finding that genetic susceptibility impacting multiple components of the 
MET signaling pathway contributes to ASD risk [178]. Most recently, they found that the 
MET C allele inuences two of the behavioral domains of the autism triad [175]. Other 
groups have also provided supportive evidence that MET gene variations may play a role in 
autism susceptibility [176, 177]. 
vii. SLC25A12  

SLC25A12 locates in the chromosome 2q31 region, encoding the mitochondrial 
aspartate/glutamate carrier (AGC1), a key protein involved in mitochondrial function and 
ATP synthesis. Since the physiological function of neurons greatly depends on energy 
supply, any alteration in mitochondrial function or ATP synthesis could lead to 
corresponding changes in neurons [227]. Recently mitochondrial hyperproliferation and 
partial respiratory chain block were found in two autistic patients, suggesting SLC25A12 
could be a promising candidate gene [228]. 
Following this report, several studies for genetic variants of the gene were performed. Three 
different ethnic groups reported linkage and association between ASD and two SNPs (i.e. 
rs2056202 and rs2292813) in SLC25A12 [180, 182, 183], while another three independent 
groups failed to reveal significant association [184-186]. Another group associated one SNP 
(rs2056202) with ASD but not the other [181]. Thus, the findings so far are inconclusive. 
viii. Other candidate genes  

The glutamate receptor 6 gene (GRIK2 or GluR6) is located at chromosome 6q21. Given that 
glutamate is the principal excitatory neurotransmitter in the brain and it is involved in 
cognitive functions such as memory and learning, GRIK2 was proposed as a gene candidate 
for ASD [229]. Unfortunately, the limited reports have very different results. Genetic studies 
in a Caucasian population, Chinese Han and Korean trios provided positive evidence, but 
using different SNPs [187-189]. Another report failed to find any association of GRIK2 with 
autism in an Indian population [189].  
Contactin associated protein-2 (CNTNAP2) belongs to the neurexin family, within which 
several members have been identified as being related to autism [230]. A recent research 
report identified a homozygous mutation of CNTNAP2 in Amish children with pervasive 
developmental disorders, seizures, and language regression [196]. Five other studies have 
supported this finding that CNTNAP2 may be a genetic susceptibility factor in autism [191-
195]. Another group found that CNTNAP2 provided a strong male affection bias in ASD 
[193]. 
Glyoxalase 1 is a cytosolic, ubiquitously expressed, zinc metalloenzyme enzyme involved in 
scavenging toxic α-oxoaldehydes formed during cellular metabolic reactions. Proteomics 
analysis found glyoxalase 1 increased in autism brains, and subsequent sequencing of its 
gene (GLO1) identified that homozygosity for a polymorphism of the gene, A419 GLO1, 
resulted in decreased enzyme activity and association with autism [198], although this 
conclusion was not confirmed by other studies [199, 200]. In addition, one group found a 
protective effect of the A419 allele of GLO1 [197]. 
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TPH1 and TPH2 encode rate-limiting enzymes that control serotonin biosynthesis. TPH1 is 
primarily expressed peripherally, while TPH2 is found exclusively in brain tissue. However, 
despite evidence for the potential involvement of the serotonin system in the etiology of 
autism, only one of three reports to date conservatively has supported the notion that TPH2 
plays a role in autism susceptibility [197, 201, 202].  

4. Environmental factors 
4.1 Prenatal factors 
The association between prenatal insults and the pathogenesis of autism has been reported 
recent decades. Early in 2005, Beversdorf et al. conducted surveys regarding incidence and 
timing of prenatal stressors. They found a higher incidence of prenatal stressors in autism at 
21-32 weeks gestation, which peaks at 25-28 weeks. Their finding supported the hypothesis 
of prenatal stressors as a potential contributor to autism, and the timing was consistent with 
the embryological age suggested by neuroanatomical findings seen in the cerebellum in 
autism [231]. More specifically, Meyer et al demonstrate that the effects of maternal immune 
challenge between middle and late gestation periods in mice are dissociable in terms of 
several neuropsychiatric disorders including autism [232]. However, this conclusion was 
challenged by another group of scientists. Ploeger et al. proposed pleiotropic effects during a 
very early and specic stage of embryonic development, namely early organogenesis (day 
20 to day 40 after fertilization) in order to explain the effect of uterine disturbances to the 
development of autism [233]. They provided ample evidence from literature for the 
association between autism and many different kinds of physical anomalies such as limb 
deformities, craniofacial malformations, brain pathology, and anomalies in other organs, 
which agrees with the hypothesis that pleiotropic effects are involved in the development of 
autism.  
Drugs are the most important prenatal factors affecting embryo and fetal development. 
Cumulating data support the relationships between maternal medication and fetogeneous 
diseases including autism. The obnoxious drug thalidomide turned out not only to relate to 
fetal abnormality but also to autism. Stromland group retrospectively investigated 100 
Swedish thalidomide embryopathy cases and found possible association of thalidomide 
embryopathy with autism [234]. Another example of drug relating to autism is valproate. 
Williams et al reported six cases whose clinical phenotype was compatible with both fetal 
valproate syndrome (FVS) and autism. Although the sample size is small, the authors 
claimed the association between this known teratogen and autism had both clinical and 
research implications [235]. Similarly, Rasalam group provided another line of evidence that 
prenatal exposure to sodium valproate is a risk factor for the development of an ASD [236]. 
Another prenatal factor is intrauterine inflammation. Kannan et al conducted an animal 
study to demonstrate intrauterine inflammation results in alterations in cortical serotonin 
and disruption of serotonin-regulated thalamocortical development in the newborn brain 
therefore resulting in impairment of the somatosensory system, such as autism [237]. More 
persuasive evidence comes from Girard’s report. According to their results, end of gestation 
exposure of pregnant rats to systemic microbial product such as lipopolysacharide (LPS) is 
an independent risk factor for neurodevelopmental diseases such as cerebral palsy, mental 
deficiency, and autism. And coadministration of IL-1 receptor antagonist with LPS 
alleviated the detrimental effects caused by LPS [238].  
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In addition, maternal complications of pregnancies are proved to be associated with autism. 
One group performed a discriminant analysis to explore perinatal complications as 
predictors for autism. They found three maternal medical conditions including urinary 
infection, high temperatures, and depression to be highly significant and contribute to the 
separation between the autistic and normal subjects [239].  

4.2 Postnatal factors 
Heavy metals have also been generally considered to contribute to the pathogenesis of 
autism. Mercury is one of the most widely studied heavy metals. Palmer et al studied the 
association between environmentally released mercury, special education and autism rates 
in Texas using data from the Texas Education Department and the United States 
Environmental Protection Agency, and found there was a significant increase in the rates of 
special education students and autism rates associated with increases in environmentally 
released mercury. They reported a 43% increase in the rate of special education services and 
a 61% increase in the rate of autism [240]. Windham group included 284 children with ASD 
and 657 controls from the San Francisco Bay area in order to explore possible associations 
between autism spectrum disorders (ASD) and environmental exposures. Their results 
suggested a potential association between autism and estimated metal concentrations 
including mercury, cadmium, nickel [241].  Consistent with previous results, Geier et al 
conducted a prospective study which provided biochemical/genomic evidence for mercury 
susceptibility/toxicity in ASDs indicating a causal role for mercury [242, 243], and they 
further explored the threshold effect of mercury in a recent publication [244]. In spite of 
these different pieces of evidence, disagreement exists. IP et al performed a cross-sectional 
cohort study to compare the hair and blood mercury levels of autistic children and a group 
of normal children. There was no difference in the mean mercury levels. Thus, they 
concluded that there is no causal relationship between mercury as an environmental 
neurotoxin and autism [245]. 
In addition of mercury, lead is also associated with autism. Very early evidence came from a 
case report, which explored the interaction and possible casual relationship of an elevated 
blood-lead and autism, as well as treatment of the behavioral symptoms [246]. Later, 
Canfield et al concluded that blood lead concentrations, even those below 10 microgram per 
deciliter, were inversely associated with children's IQ scores at three and five years of age, 
and associated declines in IQ were greater at these concentrations than at higher 
concentrations [247]. Supporting these results, Yorbik group reported that autism could be 
associated with significant decrease in excretion rate of lead [248]. 
Hazardous air pollutants have long been related to the development of autism and more 
evidences have begun to emerge in recent years. Kalkbrenner et al conducted a case-control 
study to screen perinatal exposure to 35 hazardous air pollutants using 383 children with 
autism spectrum disorders and, as controls, 2,829 children with speech and language 
impairment. Although the results were biased by exposure misclassification of air pollutants 
and the use of an alternate developmental disorder as the control group, they provided 
evidence based on their analysis that methylene chloride, quinoline, and styrene were the 
plausible candidate exposures for autism spectrum disorders [249]. In another study 
conducted by Windham group, trichloroethylene, and vinyl chloride have also been related 
to autism [241]. 
However, one should notice that the currently available data are mainly derived from 
epidemiological studies. Considering the limited sample sizes and the different populations, 
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the previous results are hardly conclusive. Further research is needed to explore the possible 
mechanisms underlying these results. 

5. Mouse models for autism research 
Mouse models provide a powerful strategy to explore experimentally candidate genes for 
autism susceptibility, and to use environmental challenges to induce gene mutations and 
cell pathology early in development. Mouse models have also been used to investigate the 
effects of alterations in signaling pathways on neuronal migration, neurotransmission and 
brain anatomy, which are relevant to findings in autistic subjects [250]. These models have 
elucidated neuropathology that might underlie the autism phenotype.  
There are currently several mouse models for autism research, most of which are primarily 
developed by knocking out different candidate genes for other neuropsychiatric diseases 
such as fragile X syndrome [250, 251], Rett syndrome [252], but now are used as autistic 
models because of their autistic-like behaviors. Other examples include Engrailed 1&2 and 
PTEN genetic mice [253, 254]. In addition, there is another group of models constructed by 
surgical or toxic treatments of candidate regions in the brain, in general during development 
[255]. Some other reports regarding autistic-like behaviors in BALB/c and A/J mice have 
also been seen [250, 256-258]. 
Here the author would like to stress an inbred mouse strain for autistic research. BTBR 
T(+)tf/J mouse, also named as BTBR mouse, is an inbred strain with black top coat and blond 
undercoat. Anatomically BTBR mice get total absence of the corpus callosum, and severely 
reduced hippocampal commissure, which are also attributed to their phenotypes [259-262]. 
Although primarily used as type 2 diabetes model [263-268] and phenylketonuria (PKU) 
model [269-274], BTBR mice were recently found to be a promising mice model for autism 
research because they exhibited the three core symptoms for diagnosing autism [275-282]. 
Using this strain, several groups have begun to explore the pathogenesis of autism. It was 
well documented that circulating corticosterone is higher in the BTBR than in B6. And 
higher basal glucocorticoid receptor mRNA and higher oxytocin peptide levels were 
detected in the brains of BTBR as compared to B6, although their relationship to autism 
remain disputable [283, 284]. In the meanwhile, potential treatments for autism have been 
proposed based on the experimental results using BTBR mice. Two independent groups 
confirm the efficacy of the SERT blocker, fluoxetine for enhancement of social interactions 
[285, 286]. Another experiment reported repetitive self-grooming behavior in the BTBR 
mouse model of autism was blocked by the mGluR5 antagonist Methyl-6-phenylethynyl-
pyridine (MPEP) [287]. Behavioral therapies offer another option for autism treatment, 
Young group reported social peers rescued autism-relevant sociability deficits in adolescent 
BTBR mice, but not cross-fostering [288, 289]. 
However, the tools to analyze these animals are not yet standardized, and an important 
effort needs to be made. Crawley et al proposed three standards to evaluate animal model, 
namely face validity (i.e. resemblance to the human symptoms), construct validity (i.e. 
similarity to the underlying causes of the disease) and predictive validity (i.e. expected 
responses to treatments that are effective in the human disease) [290]. Using these standards, 
newly developed tests are used to screen more animal models for autism research. 

6. Summary and conclusions 
Autism spectrum disorders (ASD) is a common neurodevelopment disorder. Diagnosed 
before three years old, autistic children present significant language delays, social and 
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In addition, maternal complications of pregnancies are proved to be associated with autism. 
One group performed a discriminant analysis to explore perinatal complications as 
predictors for autism. They found three maternal medical conditions including urinary 
infection, high temperatures, and depression to be highly significant and contribute to the 
separation between the autistic and normal subjects [239].  

4.2 Postnatal factors 
Heavy metals have also been generally considered to contribute to the pathogenesis of 
autism. Mercury is one of the most widely studied heavy metals. Palmer et al studied the 
association between environmentally released mercury, special education and autism rates 
in Texas using data from the Texas Education Department and the United States 
Environmental Protection Agency, and found there was a significant increase in the rates of 
special education students and autism rates associated with increases in environmentally 
released mercury. They reported a 43% increase in the rate of special education services and 
a 61% increase in the rate of autism [240]. Windham group included 284 children with ASD 
and 657 controls from the San Francisco Bay area in order to explore possible associations 
between autism spectrum disorders (ASD) and environmental exposures. Their results 
suggested a potential association between autism and estimated metal concentrations 
including mercury, cadmium, nickel [241].  Consistent with previous results, Geier et al 
conducted a prospective study which provided biochemical/genomic evidence for mercury 
susceptibility/toxicity in ASDs indicating a causal role for mercury [242, 243], and they 
further explored the threshold effect of mercury in a recent publication [244]. In spite of 
these different pieces of evidence, disagreement exists. IP et al performed a cross-sectional 
cohort study to compare the hair and blood mercury levels of autistic children and a group 
of normal children. There was no difference in the mean mercury levels. Thus, they 
concluded that there is no causal relationship between mercury as an environmental 
neurotoxin and autism [245]. 
In addition of mercury, lead is also associated with autism. Very early evidence came from a 
case report, which explored the interaction and possible casual relationship of an elevated 
blood-lead and autism, as well as treatment of the behavioral symptoms [246]. Later, 
Canfield et al concluded that blood lead concentrations, even those below 10 microgram per 
deciliter, were inversely associated with children's IQ scores at three and five years of age, 
and associated declines in IQ were greater at these concentrations than at higher 
concentrations [247]. Supporting these results, Yorbik group reported that autism could be 
associated with significant decrease in excretion rate of lead [248]. 
Hazardous air pollutants have long been related to the development of autism and more 
evidences have begun to emerge in recent years. Kalkbrenner et al conducted a case-control 
study to screen perinatal exposure to 35 hazardous air pollutants using 383 children with 
autism spectrum disorders and, as controls, 2,829 children with speech and language 
impairment. Although the results were biased by exposure misclassification of air pollutants 
and the use of an alternate developmental disorder as the control group, they provided 
evidence based on their analysis that methylene chloride, quinoline, and styrene were the 
plausible candidate exposures for autism spectrum disorders [249]. In another study 
conducted by Windham group, trichloroethylene, and vinyl chloride have also been related 
to autism [241]. 
However, one should notice that the currently available data are mainly derived from 
epidemiological studies. Considering the limited sample sizes and the different populations, 
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the previous results are hardly conclusive. Further research is needed to explore the possible 
mechanisms underlying these results. 

5. Mouse models for autism research 
Mouse models provide a powerful strategy to explore experimentally candidate genes for 
autism susceptibility, and to use environmental challenges to induce gene mutations and 
cell pathology early in development. Mouse models have also been used to investigate the 
effects of alterations in signaling pathways on neuronal migration, neurotransmission and 
brain anatomy, which are relevant to findings in autistic subjects [250]. These models have 
elucidated neuropathology that might underlie the autism phenotype.  
There are currently several mouse models for autism research, most of which are primarily 
developed by knocking out different candidate genes for other neuropsychiatric diseases 
such as fragile X syndrome [250, 251], Rett syndrome [252], but now are used as autistic 
models because of their autistic-like behaviors. Other examples include Engrailed 1&2 and 
PTEN genetic mice [253, 254]. In addition, there is another group of models constructed by 
surgical or toxic treatments of candidate regions in the brain, in general during development 
[255]. Some other reports regarding autistic-like behaviors in BALB/c and A/J mice have 
also been seen [250, 256-258]. 
Here the author would like to stress an inbred mouse strain for autistic research. BTBR 
T(+)tf/J mouse, also named as BTBR mouse, is an inbred strain with black top coat and blond 
undercoat. Anatomically BTBR mice get total absence of the corpus callosum, and severely 
reduced hippocampal commissure, which are also attributed to their phenotypes [259-262]. 
Although primarily used as type 2 diabetes model [263-268] and phenylketonuria (PKU) 
model [269-274], BTBR mice were recently found to be a promising mice model for autism 
research because they exhibited the three core symptoms for diagnosing autism [275-282]. 
Using this strain, several groups have begun to explore the pathogenesis of autism. It was 
well documented that circulating corticosterone is higher in the BTBR than in B6. And 
higher basal glucocorticoid receptor mRNA and higher oxytocin peptide levels were 
detected in the brains of BTBR as compared to B6, although their relationship to autism 
remain disputable [283, 284]. In the meanwhile, potential treatments for autism have been 
proposed based on the experimental results using BTBR mice. Two independent groups 
confirm the efficacy of the SERT blocker, fluoxetine for enhancement of social interactions 
[285, 286]. Another experiment reported repetitive self-grooming behavior in the BTBR 
mouse model of autism was blocked by the mGluR5 antagonist Methyl-6-phenylethynyl-
pyridine (MPEP) [287]. Behavioral therapies offer another option for autism treatment, 
Young group reported social peers rescued autism-relevant sociability deficits in adolescent 
BTBR mice, but not cross-fostering [288, 289]. 
However, the tools to analyze these animals are not yet standardized, and an important 
effort needs to be made. Crawley et al proposed three standards to evaluate animal model, 
namely face validity (i.e. resemblance to the human symptoms), construct validity (i.e. 
similarity to the underlying causes of the disease) and predictive validity (i.e. expected 
responses to treatments that are effective in the human disease) [290]. Using these standards, 
newly developed tests are used to screen more animal models for autism research. 

6. Summary and conclusions 
Autism spectrum disorders (ASD) is a common neurodevelopment disorder. Diagnosed 
before three years old, autistic children present significant language delays, social and 
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communication challenges, as well as abnormal repetitive and restrictive behaviors. It is 
reported that ASD occur in all racial, ethnic and socioeconomic groups, yet are about four 
times more likely to occur in boys than in girls probably due to the extremes of typical male 
neuroanatomy of autism.  
The relationship between immune disorders and ASD has been proposed based on series of 
evidences.Secondly, genetic predisposition is considered to be involved in the etiology of 
ASD. Cumulative evidences indicated ASD had a strong genetic background, both gene-
gene and gene-environment interactions attribute to the etiology of autism. Also, it’s now 
generally accepted that ASD is a group of multi-genetic diseases, in which environmental 
factors play an important part. Given the early onset of the symptoms, prenatal exposures to 
environmental challenges are considered the major risk factors leading to subsequent 
mortality of ASD. Various factors have been proven to be potentially detrimental to early 
neurosystem development, including maternal use of pharmaceutical agents with 
neurotoxic effects, intrauterine exposure to viral infections or maternal stress , as well as 
exposure to high levels of environmental pollutants such as heavy metals . Similarly, 
neonatal exposure to such risk factors may also lead to mortality of ASD, which has been 
proven in animal studies as well as clinical reports. 
At last, ASD animal models provide a feasible and relatively easy way to morphologically 
and functionally study the etiology of ASD in different levels, and to testify the effectiveness 
of the potential interventions. Recent advances in this field provide both inbred strains such 
as BTBR T+ tf/J mice and mutant lines. Other mice models for fragile X syndrome, Rett 
syndrome have also been used for autism related studies due to the autistic-like behaviors 
exhibited in these patients.  
In conclusion, data remain inconclusive for the majority of candidate genes tested so far. 
Still, we have good reason to be optimistic regarding gene discovery in ASD now and in the 
future. Cytogenetic, linkage, association studies and array analysis have provided 
promising results. Emerging genetic technologies and analysis tools offer even more 
powerful approaches for developing insights into the etiology of ASD. In addition, genetic 
studies facilitate other autism research such as biochemical and neuroimaging studies, 
which will, in turn, provide evidence and valuable clues to direct future genetic studies. 
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communication challenges, as well as abnormal repetitive and restrictive behaviors. It is 
reported that ASD occur in all racial, ethnic and socioeconomic groups, yet are about four 
times more likely to occur in boys than in girls probably due to the extremes of typical male 
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evidences.Secondly, genetic predisposition is considered to be involved in the etiology of 
ASD. Cumulative evidences indicated ASD had a strong genetic background, both gene-
gene and gene-environment interactions attribute to the etiology of autism. Also, it’s now 
generally accepted that ASD is a group of multi-genetic diseases, in which environmental 
factors play an important part. Given the early onset of the symptoms, prenatal exposures to 
environmental challenges are considered the major risk factors leading to subsequent 
mortality of ASD. Various factors have been proven to be potentially detrimental to early 
neurosystem development, including maternal use of pharmaceutical agents with 
neurotoxic effects, intrauterine exposure to viral infections or maternal stress , as well as 
exposure to high levels of environmental pollutants such as heavy metals . Similarly, 
neonatal exposure to such risk factors may also lead to mortality of ASD, which has been 
proven in animal studies as well as clinical reports. 
At last, ASD animal models provide a feasible and relatively easy way to morphologically 
and functionally study the etiology of ASD in different levels, and to testify the effectiveness 
of the potential interventions. Recent advances in this field provide both inbred strains such 
as BTBR T+ tf/J mice and mutant lines. Other mice models for fragile X syndrome, Rett 
syndrome have also been used for autism related studies due to the autistic-like behaviors 
exhibited in these patients.  
In conclusion, data remain inconclusive for the majority of candidate genes tested so far. 
Still, we have good reason to be optimistic regarding gene discovery in ASD now and in the 
future. Cytogenetic, linkage, association studies and array analysis have provided 
promising results. Emerging genetic technologies and analysis tools offer even more 
powerful approaches for developing insights into the etiology of ASD. In addition, genetic 
studies facilitate other autism research such as biochemical and neuroimaging studies, 
which will, in turn, provide evidence and valuable clues to direct future genetic studies. 
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For instance, ICR mice, which were housed under standardized light-dark cycle conditions 
(lights-on and lights-off at 7:00 and 19:00, respectively) at a room temperature of 24 ± 1oC 
(range) and a relative humidity of 60 ± 10% (range) and were allowed free access to food 
and water displayed a circadian rhythm in their leukocyte counts with a peak at noon and a 
trough at midnight (Fig. 1). Many organisms display rhythms in various factors (Table 1). In 
humans, heart rate and blood pressure decline at night. We spend much of our time in a 
standing position during the day and sleep in a recumbent position at night. It is thought 
that the wake-sleep transition and endogenous circadian rhythms are responsible for the 
circadian rhythms in heart rate and blood pressure. Circadian rhythms also exist for the 
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levels of hormones such as cortisol and melatonin (MLT). The plasma level of cortisol peaks 
in the morning and that of MLT peaks at midnight. Bone marrow cells, intestinal mucosal 
cells, and hair matrix cells show relatively active cell division. In the day, there is also a 
period of time when the number of cells is actively increased by segmentation (DNA 
synthesis) as well as a period of dormancy. The circadian rhythm of bone marrow cell 
division involves a peak in the evening and a trough in the midnight, and that of rectal 
mucosal cell division is higher at 7:00 and lower at 19:00. Thus, various factors in the living 
body have their own circadian rhythms, and the phases of these cycles vary for each factor.  
 

No. Factors Peak period Trough period Ref 
1 Body temperature 18:00-20:00 3:00-6:00 Lack et al., 2008 
2 Heart rate 8:00-18:00 4:00-6:00 Clarke et al., 1976 
3 Blood pressure 8:00-20:00 0:00-6:00 Degaute et al., 1991 
4 Hepatic blood flow 8:00 14:00 Lemmer et al., 1991 
5 Glomerular filtration 16:00 4:00 Koopman et al., 1989 
6 Lymphocytes 12:00-17:00 7:00 Miyawaki et al., 1984 

7 
Cortisol 

Adiponectin 
Leptin-binding protein 

8:00-13:00 
8:00-13:00 
8:00-14:00 

0:00-4:00 
2:00-4:00 
1:00-5:00 

Gavrila et al., 2003 

8 Melatonin 2:00-4:00 9:00-21:00 Kennaway et al., 1998 

9 DNA synthesis in the 
bone marrow 16:00 0:00 Smaaland et al., 1991 

10 DNA synthesis in the 
rectal mucosa 7:00 19:00 Buchi et al., 1991 

Table 1. Circadian rhythms of various factors in humans 
 

No. Factors Peak period Trough period Ref 

1 
Spontaneous acute 

dissection and rupture 
of the thoracic aorta 

7:00-12:00 22:00-6:00 Gallerani et al., 1997 

2 Myocardial ischemia 8:00 0:00-4:00 Egstrup et al., 1991 
3 Ischemic stroke 8:00 18:00-6:00 Argentino et al., 1990 

4 Subarachnoid 
hemorrhage 6:00-20:00 0:00-4:00 Vermeer et al., 1997 

5 Asthma 2:00-5:00 7:00-19:00 Dethlefsen et al., 1985 
6 Temporal lobe epilepsy 15:00-21:00 0:00-5:00 Quigg et al., 1998 
7 Pain sensitivity in teeth 4:00-7:00 11:00-17:00 Pöllmann et al., 1978 
8 Migraine 4:00-10:00 21:00-1:00 Fox et al., 1998 

9 
Stiffness, pain, and 

functional disability in 
rheumatoid arthritis 

3:00-7:00 13:00-21:00 Straub et al., 2007 

Table 2. Circadian rhythms in the risk or frequency of disease occurrence 

These circadian rhythms are also associated with the risk or frequency of disease occurrence 
(Table 2). For example, asthma attacks get worse between midnight and early morning and 
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are seldom observed in the daytime (Fig.2; Dethlefsen et al., 1985). In addition, the risks of 
spontaneous acute dissection and rupture of the thoracic aorta, myocardial ischemia, 
ischemic stroke, and subarachnoid hemorrhage are higher during the active phase than 
during the rest phase. The variations in heart rate, blood pressure, and blood flow, etc., 
induced by the wake-sleep transition are considered to affect the risk of such problems 
occurring. Interestingly, pain such as toothache, migraine, and rheumatoid arthritis pain is 
more acute in the early morning. Collectively, circadian rhythms are recognized in many 
diseases, and certain time periods are associated with a high risk or frequency of disease 
occurrence. 
 

 
 

Fig. 2. Circadian rhythm of asthmatic attacks in asthma patients (redrawn from the data of 
Dethlefsen et al., 1985) 

Chronotherapy is defined as the administration of medications in accordance with biological 
rhythms in order to optimize therapeutic outcomes and/or control adverse effects, and it 
has been reported that many drugs such as antitumor drugs, antidepressants, and analgesic 
drugs show rhythm-dependent differences in their effects and pharmacokinetics (Tabuchi et 
al., 2005; Ushijima et al., 2005; Tampellini et al., 1998). These effects arise from the circadian 
rhythms found in elements of cellular physiology such as the cell cycle and the expression of 
receptors, hormones, and enzymes (Iurisci et al., 2006; Matsunaga et al., 2004; Koyanagi et 
al., 2006). Fig. 3 displays data for the dosing time-dependency of vomiting episodes in 
urogenital cancer patients treated with cisplatin (Kobayashi et al., 2001). Cisplatin (70 
mg/m2) was given to the patients at 5:00 or 17:00. After the cisplatin administration, all 
episodes of vomiting during a 6-hour period were recorded. Vomiting was markedly 
decreased in the patients treated at 17:00 compared with that at 5:00 (P = 0.061). 
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Fig. 3. Number of vomiting episodes according to the time (5:00 vs 17:00) of cisplatin 
administration in patients with urogenital cancer (redrawn from the data of Kobayashi et al., 
2001) 

 

 
Fig. 4. Circadian rhythm of plasma mevalonic acid levels and the influence of simvastatin 
dosing time on total cholesterol levels (redrawn from the data of Jones et al., 1992, and Saito 
et al., 1991) 

Moreover, it has been reported that circadian rhythms exist for asthma attacks and 
cholesterol synthesis, and medicinal treatment based on chronotherapy has been actively 
applied to the treatment of asthma, hypertension, and hyperlipidemia (D'Alonzo et al., 1995; 
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Hermida et al., 2010; Haus, 2007; Saito et al., 1991; Smolensky et al., 2007). Hydroxymethyl 
glutaryl coenzyme A (HMGCoA) reductase participates in the biosynthesis of mevalonic 
acid and is the rate-limiting enzyme of cholesterol biosynthesis. The plasma mevalonic acid 
levels in healthy volunteers showed a clear circadian rhythm, with higher levels seen at 
night and lower levels observed at daytime (Fig. 4A). Simvastatin is an HMGCoA reductase 
inhibitor. When simvastatin was administered to hyperlipidemic patients once a day in the 
morning or evening, the evening group displayed a significantly decreased total cholesterol 
level compared with the morning group (Fig. 4B). Thus, cholesterol biosynthesis may be 
effectively inhibited when simvastatin is administered in the evening, when the activity of 
HMGCoA reductase begins to increase. 
Taken together, many organisms display circadian rhythms in various factors, and 
chronotherapy that takes into account circadian rhythms is thought to be a useful 
therapeutic method.  

2. Chronobiology of rheumatoid arthritis 
Rheumatoid arthritis (RA) is an autoimmune disorder of unknown etiology and a chronic 
progressive disease that reduces the quality of life of individuals that suffer from the 
condition (Harris ED Jr., 1990; Gabriel SE., 2001). Although many requirements must be met 
to establish a diagnosis of RA, morning stiffness is a characteristic feature of RA (Arnett et 
al., 1988). Tumor necrosis factor- (TNF-), interleukin-1 (IL-1), and interleukin-6 (IL-6), 
which are inflammatory cytokines, show high concentrations in human blood and synovial 
fluid, and excess production of these cytokines plays a central role in the pathogenesis of RA 
(Feldmann et al., 1996; McInnes et al., 2005). Morning stiffness shows a circadian rhythm 
with a peak in the early morning in RA patients. The IL-6 concentration in blood also shows 
a circadian rhythm peaking from midnight to early morning, which mirrors the timing of 
morning stiffness (Crofford et al., 1997). 
In this chapter, I would like to introduce the circadian rhythm of rheumatoid arthritis and 
its mechanism. 

2.1 Circadian rhythm of rheumatoid arthritis 
RA is an autoimmune disorder of unknown etiology, and morning stiffness is a 
characteristic of the condition (Arnett et al., 1988). Pain, functional disability, and stiffness 
show circadian rhythms with a peak in the early morning in many RA patients (Fig. 5) 
(Bellamy et al., 1991; Kowanko et al., 1982), and the circadian rhythms of pain and stiffness 
may play a role in local and systemic inflammatory responses. Herold and Günther (Herold 
et al., 1987) reported that plasma C-reactive protein (CRP) levels, an indicator of 
inflammatory responses, showed a circadian rhythm with a peak in the early morning and a 
trough in the evening in RA patients, which matches the rhythms of pain and stiffness. 
Proinflammatory cytokines, such as TNF- and IL-6, are secreted from activated monocytes, 
and macrophages increase CRP levels in hepatocytes. There are clear circadian rhythms in 
the blood concentrations of these cytokines, with higher levels seen in the early morning in 
RA patients (Crofford et al., 1997; Perry et al., 2009). Since the circadian rhythms of CRP and 
cytokines are similar, it is considered that cytokine rhythms contribute to the rhythm of CRP 
levels. 
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Fig. 5. Circadian rhythms of stiffness, pain, and functional disability in RA patients 
(redrawn from the data of Strub et al., 2007) 

To clarify the relationship between the inflammatory response and cytokines in RA, we 
studied these circadian rhythms in RA model animals. MRL/lpr mice are an RA model that 
develop autoimmune disorders that share similarities with human RA and systemic lupus 
erythematosus (Abe et al., 1980; Koopman et al., 1988). It is difficult to monitor stiffness in 
RA model animals; however, the circadian rhythm of CRP was found to correspond to that 
of morning stiffness in RA patients (Herold et al., 1987). Using MRL/lpr mice, we estimated 
the plasma serum amyloid A (SAA) concentration, which is an acute-phase protein and a 
sensitive marker of acute inflammatory states, because the CRP level cannot be detected in 
mice. SAA is also synthesized in the liver upon stimulation by cytokines such as TNF- and 
IL-6 (Baumann et al., 1994; Gabay et al., 1999). Before RA onset, there was no significant 
circadian rhythm in plasma SAA levels (To et al., 2011). However, an obvious circadian 
rhythm in the plasma SAA concentration involving higher levels in the morning was 
observed in the MRL/lpr mice that developed RA. There was no significant circadian 
rhythm in plasma TNF- levels before RA onset (To et al., 2011). After RA onset, plasma 
TNF- levels showed an obvious daily variation, with higher levels in the morning and 
lower levels at midnight. Collagen-induced arthritis (CIA) represents a true autoimmune 
reaction against major joint components that is associated with class II major 
histocompatibility complex genes and pannus formation. CIA model animals display 
similarities with RA in terms of pathology, immunology, and genetics (Wooley et al., 1984; 
Holmdahl et al., 1989). It was previously reported that CIA mice showed increased 
cytokines levels, similar to RA patients (Marinova-Mutafchieva et al., 1997; Mussener et al., 
1997). In CIA mice, the SAA level was increased compared with that in the control group 
and showed a significant circadian rhythm involving higher levels in the morning after RA 
onset (Fig. 6). The plasma TNF- concentration also showed a circadian rhythm with a peak 
in the morning (Fig. 6) (To et al., 2009).  
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Fig. 6. Circadian rhythm of plasma SAA and TNF- levels in CIA mice (redrawn from the 
data of To et al., 2009) 

In healthy humans, there is no significant circadian rhythm in plasma IL-6 levels. Moreover, 
no circadian rhythm is found in patients with various other inflammatory connective tissue 
diseases. Only RA patients show a clear circadian rhythm in plasma IL-6 concentrations, 
with higher levels seen from night to early morning and lower levels observed during the 
daytime (Crofford et al., 1997; Arvidson et al., 1994). Therefore, it is considered that the 
circadian rhythm in plasma IL-6 levels, which is not present before RA, is a phenomenon 
peculiar to RA because identical results were obtained in RA patients and RA model 
animals. 
Collectively, the synchronization of the circadian rhythms of the inflammatory response and 
cytokine levels was also observed in RA patients and RA model animals. It is thought that 
the inflammatory response contributes to morning stiffness in RA because pain and stiffness 
develop in the early morning, when the CRP level is higher. Therefore, it is thought that the 
circadian rhythms of inflammatory cytokines play important roles in the expression of RA 
symptoms and that these rhythms are important for diagnosing RA. 

2.2 Factors affecting the circadian rhythm of rheumatoid arthritis 
Although the causes of the cytokine circadian rhythms generated by RA onset have not been 
completely clarified, it is thought that the MLT and cortisol balance and clock genes are 
involved in the mechanism. 
The circadian rhythms of mammals are mediated by the transcriptional/ posttranscriptional 
machinery regulating the clock genes including Clock, Bmal 1, period, and Cryptochrome (Cry) 
(Sato et al., 2006). Hashiramoto et al. reported that Cry, which is one of the clock genes, 
contributes to the induction of arthritis and increases the serum TNF- level (Hashiramoto 
et al., 2010). In this study, the number of activated CD3(+) CD69(+) T cells was significantly 
increased among lymphocytes from Cry1-/-Cry2- mice. Cry1-/-Cry2- mice display aggravated 
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Fig. 5. Circadian rhythms of stiffness, pain, and functional disability in RA patients 
(redrawn from the data of Strub et al., 2007) 
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Fig. 6. Circadian rhythm of plasma SAA and TNF- levels in CIA mice (redrawn from the 
data of To et al., 2009) 
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arthritis and increased serum TNF- concentrations compared with wild type mice. Thus, 
Cry may play an important role in the inducement of RA.  
Cutolo et al. proposed that the balance between MLT and cortisol is related to the formation 
of cytokine circadian rhythms (Straub et al., 2007; Cutolo et al., 2003). MLT has an 
immunoenhancing effect and induces cytotoxic properties in monocytes etc. (Morrey et al., 
1994). Additionally, MLT enhances the expression of inflammatory cytokines (Garcia-
Mauriño et al., 1997). In contrast, glucocorticoid suppresses the expression of cytokines such 
as IL-1, IL-6, and TNF-. In humans, the MLT level in plasma shows a circadian rhythm 
with a peak at 3:00 (Kennaway et al., 1998), and the plasma cortisol level shows a circadian 
rhythm with higher levels seen at 8:00 (Miyatake et al., 1980). The secretion of MLT and 
cortisol in RA patients differs from that in healthy subjects; i.e., the serum MLT levels of RA 
patients peak about 2 hours earlier than those in healthy controls (Sulli et al., 2002). 
Furthermore, the peak cortisol level was found to be lower in RA patients than in the 
controls (Neeck et al., 1990). These changes in the hormone balance may contribute to the 
increased cytokine expression seen in RA. It was reported that the serum cytokine and MLT 
concentrations also showed circadian rhythms with peaks from midnight to early morning, 
which mirror those of morning stiffness (Arvidson et al., 1997; Sulli et al., 2002). Thus, MLT 
may be involved in the circadian rhythm of RA symptoms. 
We studied the corticosterone concentrations in MRL/lpr mice before/after RA onset. The 
corticosterone concentration before RA onset showed a significant circadian rhythm with 
higher levels during the early dark phase and lower levels during the period from the late 
dark phase to the early light phase (Fig. 7). After RA onset, there was a clear circadian 
rhythm in the corticosterone level. As rodents are nocturnal animals, the phases of their 
circadian rhythm for glucocorticoid secretion are shifted by about 12 hours compared with 
those for humans (Koyanagi et al., 2006). At 21:00, when the corticosterone level peaked, the 
corticosterone level after RA onset had decreased by 40.9% compared with that before RA 
onset (Fig. 7). The change in corticosterone secretion in the MRL/lpr mice was similar to 
that seen in RA patients. On the other hand, the MLT levels in rodents displayed a circadian 
rhythm with a peak at midnight, as is seen in humans (Conti et al., 1998). 
 

 
Fig. 7. Circadian rhythms of the corticosterone levels of MRL/lpr mice 
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Fig.8 shows a hypothesis for the interaction of cytokines and the secretion of MLT and 
glucocorticoid. Cytokine overexpression is controlled by the secretion balance between the 
circadian rhythms of MLT and corticosterone. However, the secretion of glucocorticoid 
declines in RA, and the induction of cytokine expression is increased by MLT. 
Consequently, the cytokine circadian rhythm follows that of MLT. The phases of the 
circadian rhythm for glucocorticoid and leukocyte counts, etc., differ by about 12 hours 
between humans and rodents. However, the phases of the circadian rhythms for the 
inflammatory response and cytokines are similar between humans and rodents. This may be 
caused by the similar circadian rhythms for MLT levels between human and rodents. 
Therefore, it is thought that the circadian rhythm and balance of MLT, which induces the 
expression of cytokines, and glucocorticoid, which suppresses their expression, participate 
in the circadian rhythm of RA symptoms. 
 

 
Fig. 8. Interaction of cytokines and the secretion of MLT and glucocorticoid 

3. Chronotherapy for rheumatoid arthritis 
In the treatment of RA, non-steroidal anti-inflammatory drugs (NSAID) are used to decrease 
pain; steroids are used to reduce pain and inflammation; and disease modifying 
antirheumatic drugs (DMARD) are used prior to the development of destructive changes in 
bones, joints, and organ tissues. In addition, biological DMARD can be used to target 
specific cytokines. 
In this Chapter, I summarize the chronopharmacology and chronotherapies of these drugs. 
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Therefore, it is thought that the circadian rhythm and balance of MLT, which induces the 
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3. Chronotherapy for rheumatoid arthritis 
In the treatment of RA, non-steroidal anti-inflammatory drugs (NSAID) are used to decrease 
pain; steroids are used to reduce pain and inflammation; and disease modifying 
antirheumatic drugs (DMARD) are used prior to the development of destructive changes in 
bones, joints, and organ tissues. In addition, biological DMARD can be used to target 
specific cytokines. 
In this Chapter, I summarize the chronopharmacology and chronotherapies of these drugs. 
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3.1 NSAID and glucocorticoids 
Arthritis develops in many RA patients. Thus, NSAID such as indomethacin are often used 
as analgesics. Levi et al. reported on the use of chronotherapy involving indomethacin for 
osteoarthritis (Levi et al., 1985). The patients with osteoarthritis took an indomethacin 
sustained-release (ISR) oral preparation once a day at 8:00, noon, or 20:00. The evening 
dosing protocol showed higher safety than the morning dosing protocol.  
Glucocorticoids have been used in RA therapy to treat symptoms such as joint stiffness and 
joint pain. Generally, glucocorticoids are administered in the morning according to the 
circadian rhythm of endogenous glucocorticoids. De Silva et al. performed a double-blind 
cross-over study to determine the effect of the timing of prednisolone administration on 
morning stiffness (De Silva et al., 1984). The duration of morning stiffness was markedly 
shorter in the night (22:00- 23:00) dosing group than in the morning (6:00- 7:00) dosing 
group. Moreover, Arvidson et al. also reported that the 2:00-treated group displayed a 
markedly decreased duration of morning stiffness and joint pain and reduced serum IL-6 
levels compared with the 7:30-treated group (Arvidson et al., 1997). From these results, it is 
thought that administering glucocorticoids at night is useful for the treatment of RA. 
Interesting evidence has been reported for glucocorticoid chronotherapy in recent years. 
Buttgereit et al. developed a new modified-release formulation of prednisone that releases 
prednisone about 4 hours after ingestion (Buttgereit et al., 2008). When RA patients were 
randomly given a modified-release tablet at bedtime or an immediate-release prednisone 
tablet in the morning, the relative change in the duration of joint morning stiffness was 
significantly higher with the modified-release tablet than with the immediate-release tablet. 
Furthermore, administering the modified-release prednisone at night did not change the 
patients' adrenocortical function over 12 months (Alten et al., 2010). These results show that 
chronotherapy with a modified-release prednisone tablet is safe and effective as a treatment 
for RA therapy, even though it was thought that administering glucocorticoids at night 
would have negative effects upon the circadian rhythm of endogenous cortisol and reduce 
hypothalamic-pituitary-adrenal axis function. Therefore, chronotherapy using the modified-
release prednisone tablet is considered to be a useful RA therapy. 

3.2 Methotrexate 
Methotrexate (MTX) is one of the most commonly used DMARD. It inhibits cytokine 
production by suppressing lymphocyte proliferation (Williams et al., 2001) and TNF- 
transcriptional activity (Becker et al., 1998). MTX induces a high American College of 
Rheumatology improvement response rate (Choi et al., 2002), inhibits joint inflammation 
(Kremer et al., 1992; Weinblatt et al., 1992), and conveys a marked survival benefit (Choi et 
al., 2002) in RA patients although the exact mechanisms underlying its antirheumatic effects 
are not fully understood (Dolhain et al., 1998; Gerards et al., 2003). Currently, MTX is used 
as an anchor drug in RA therapy. However, MTX also causes adverse effects, such as 
myelosuppression and interstitial pneumonitis because it is an anticancer agent. Therefore, 
it is necessary to design a safe and effective dosing protocol for MTX treatment. 

3.2.1 Basic study 
In recent years, it has been stated that cytokines are an important factor in the pathogenesis 
of RA (Chu et al., 1991) and that the levels of proinflammatory cytokines are increased in RA 
patients. Blood cytokine levels show circadian rhythms in RA patients (Arvidson et al., 1997; 
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Sulli et al., A, 2002), and these rhythms correspond to those of morning stiffness. We 
consider that RA therapy associated with cytokine circadian rhythms might be more 
effective than the RA therapy used commonly in clinical practice. 
In previous studies, we revealed that the circadian rhythms of SAA and TNF- levels, which 
peak in the light phase, were maintained after RA onset in CIA and MRL/lpr mice (Fig. 6 
and 9; To et al., 2009 and 2011). Based on the circadian rhythms of plasma SAA and TNF- 
levels in MRL/lpr mice (Fig. 9), MTX was administered three times a week for 2 weeks at 
1:00 or 13:00, when the TNF- level begins to decrease and increase, respectively. The TNF- 
levels did not differ between the control and 13:00-treated groups, although they were 
significantly lower in the 1:00-treated group than in the control group (P < 0.05). The SAA 
concentration in the 1:00-treated group was significantly lower than those in the control and 
13:00-treated groups (vs. control: P < 0.01, vs. 13:00: P < 0.05; Fig. 9) (To et al., 2011).  
In the CIA model, clear circadian rhythms in SAA and TNF-levels were observed, with 
higher levels seen in the morning and lower levels observed at night (Fig. 6; To et al., 2009), 
and MTX was intraperitoneally injected at 5:00 or 17:00 every 7 days for 3 weeks. The 5:00-
treated group displayed significantly reduced arthritis scores compared with the control 
and 17:00-treated groups (P < 0.01, respectively; Fig. 9). On the other hand, the arthritis 
scores of the 17:00-treated group did not differ from those of the control group for the entire 
study period in mice. 
 

 
Fig. 9. Influence of MTX dosing time on antirheumatic effects 

In these studies, the dosing time-dependent changes in the SAA level corresponded to 
identical changes in the TNF- level. It is likely that the SAA level is reduced due to a 
decrease in the TNF- concentration after MTX administration from midnight to early 
morning. In addition, arthritis and inflammation were reduced in the dark phase, when the 
plasma TNF- concentration began to increase, in both the CIA model and MRL/lpr mice. 
These findings reveal that the therapeutic effects of MTX treatment can be improved by 
administering MTX when the serum TNF- level begins to increase. 
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MTX causes myelosuppression and is used as an antitumor drug. It is reported that the 
toxicity caused by MTX varies significantly in mice depending on the dosing time (Ohdo et 
al., 1997). In our studies using CIA mice, the MTX dosing groups showed no significant 
decreases in their leukocyte counts compared with the control group. In RA therapy, MTX is 
used at very low doses compared with those used in cancer chemotherapy. Its 
chronotoxicity was studied using 400 mg/kg of MTX to estimate the toxicity of MTX as an 
antitumor drug (Ohdo et al., 1997). However, no adverse effects were observed in our 
studies because only 60 mg/kg of MTX was administered to mice. Thus, MTX may reduce 
plasma TNF- levels by suppressing transcriptional activity rather than suppressing 
lymphocyte proliferation. 
 

 
Fig. 10. Plasma concentration of MTX after drug administration at 5:00 or 17:00 (redrawn 
from the data of To et al., 2009) 

To clarify the mechanism underlying dosing time dependency, we investigated the 
influence of dosing time on the pharmacokinetics of MTX. MTX is largely excreted in urine. 
Both renal blood flow and the glomerular filtration rate have been found to follow circadian 
rhythms, with a peak during the active period in animals. The MTX concentration was 
expected to be higher in the 17:00-treated group than in the 5:00-treated group since MTX 
was administered during the inactive period. In our study, the plasma MTX concentrations 
at 0.5 and 2 hour after MTX injection in the 17:00 group were significantly higher than those 
in the 5:00 group (0.5 hour: P < 0.05, 2 hour: P < 0.01; Fig. 10). On the other hand, the 5:00 
group showed significantly higher plasma MTX levels than the 17:00 group at 4, 6, and 8 
hour (4 hour: P < 0.01, 6 hour: P < 0.01, 8 hour: P < 0.05; Fig. 10). However, the area under 
the plasma-time concentration curve (AUC) was 23,622 g/ml/hr at 5:00 and 32,305 
g/ml/hr at 17:00. The AUC in the 17:00-treated group, which showed no decrease in the 
arthritis score, was 1.28-fold higher than that in the 5:00-treated group, which had a 
significantly arthritis reduced score. Thus, no relationship was detected between the 
concentration of MTX and its efficacy. It was reported in previous studies that there were no 
dosing time-dependent changes in MTX pharmacokinetics in patients with cancer  
(Balis et al., 1989; Robinson et al., 1989). Moreover, no difference was noted in MTX 
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pharmacokinetics according to the injection time when MTX was administered to RA 
patients intramuscularly at 10:00 or 18:00 (Carpentier et al., 1998).  
From the results of our studies and the circadian cycles of cytokines in RA patients, it is 
thought that MTX has a significant dosing-time-dependent anti-inflammatory action and 
that this effect might be due to the circadian rhythms of cytokine levels rather than the 
pharmacokinetics of MTX. 
It was shown that there were daily variations in the plasma SAA and TNF- concentrations 
in CIA and MRL/lpr mice after the onset of RA and that their arthritis score and SAA and 
TNF- levels were relieved after the administration of MTX at specific times in 
synchronization with the circadian rhythm of TNF-. Therefore, we consider that choosing 
an optimal dosing time associated with the circadian rhythm of RA symptoms could lead to 
effective MTX treatment for RA. 

3.2.2 Clinical study 
From our studies in RA model animals, we anticipated that higher therapeutic effects could 
be achieved with chronotherapy compared with the current treatment schedule, in which 
MTX is administered during the night. In RA patients, pain and stiffness are accentuated in 
the early morning, and proinflammatory cytokines show circadian rhythms that peak from 
midnight to early morning (Crofford et al., 1997; Perry et al., 2009). Based on our findings in 
animal studies and the circadian TNF- rhythms of RA patients, we changed the dosing 
schedules of RA patients from the standard MTX schedule, in which MTX is administered 
three times a week (day 1: after breakfast and supper, day 2: after breakfast only), to a 
chronotherapy schedule, in which the dose and number of doses per week were not 
changed, but MTX was administered once a day after supper, to examine whether a dosing-
time dependency of the therapeutic effects of MTX treatment could be detected in Japanese 
RA patients. The disease activity score (DAS) 28, modified health assessment questionnaire 
(MHAQ) score, and adverse effects were assessed. DAS28 is a composite score based on 
tender and swollen joint counts (28 joints), the patient’s global assessment of their disease 
activity (100 mm Visual Analog Scale (VAS): 0 = no activity, 100 = extreme activity), and the 
CRP level. DAS28 values were calculated as follows: 

DAS28 (CRP) = 0.56 x √(TJC28) + 0.28 x √(SJC28) + 0.014 x GH + 0.36 x ln(CRP+1) + 0.96, 

where TJC = tender joint count, SJC = swollen joint count, GH = general health, and CRP = 
CRP level in mg/l. A score of ≥ 4.1 indicates high disease activity, a score > 2.7 and ≤ 4.1 
indicates moderate disease activity, a score < 2.7 indicates low disease activity, and a score < 
2.3 indicates disease remission (van Gestel et al., 1996). The European league against 
rheumatism (EULAR) response states were classified as follows: good responders were 
patients displaying an improvement of > 1.2 and a present score of ≤ 2.7; moderate 
responders were patients displaying an improvement of > 0.6 and ≤ 1.2 and a present score 
of ≤ 4.1, or an improvement of > 1.2 and a present score of > 4.1; and non-responders were 
any patients displaying an improvement of ≤ 0.6 or patients displaying an improvement of > 
0.6 and ≤ 1.2 and a present score of > 4.1 (Fransen et al., 2005).  
The chronotherapy administered MTX after supper proved highly effective despite the dose 
and the number of doses remaining the same, although many patients did not derive a 
therapeutic benefit from the therapy. As the half-life of MTX is about 2 hours, the MTX had 
disappeared from the plasma by 10 hours after its administration. Therefore, it was thought 



 
Autoimmune Disorders – Current Concepts and Advances from Bedside to Mechanistic Insights 

 

558 

MTX causes myelosuppression and is used as an antitumor drug. It is reported that the 
toxicity caused by MTX varies significantly in mice depending on the dosing time (Ohdo et 
al., 1997). In our studies using CIA mice, the MTX dosing groups showed no significant 
decreases in their leukocyte counts compared with the control group. In RA therapy, MTX is 
used at very low doses compared with those used in cancer chemotherapy. Its 
chronotoxicity was studied using 400 mg/kg of MTX to estimate the toxicity of MTX as an 
antitumor drug (Ohdo et al., 1997). However, no adverse effects were observed in our 
studies because only 60 mg/kg of MTX was administered to mice. Thus, MTX may reduce 
plasma TNF- levels by suppressing transcriptional activity rather than suppressing 
lymphocyte proliferation. 
 

 
Fig. 10. Plasma concentration of MTX after drug administration at 5:00 or 17:00 (redrawn 
from the data of To et al., 2009) 

To clarify the mechanism underlying dosing time dependency, we investigated the 
influence of dosing time on the pharmacokinetics of MTX. MTX is largely excreted in urine. 
Both renal blood flow and the glomerular filtration rate have been found to follow circadian 
rhythms, with a peak during the active period in animals. The MTX concentration was 
expected to be higher in the 17:00-treated group than in the 5:00-treated group since MTX 
was administered during the inactive period. In our study, the plasma MTX concentrations 
at 0.5 and 2 hour after MTX injection in the 17:00 group were significantly higher than those 
in the 5:00 group (0.5 hour: P < 0.05, 2 hour: P < 0.01; Fig. 10). On the other hand, the 5:00 
group showed significantly higher plasma MTX levels than the 17:00 group at 4, 6, and 8 
hour (4 hour: P < 0.01, 6 hour: P < 0.01, 8 hour: P < 0.05; Fig. 10). However, the area under 
the plasma-time concentration curve (AUC) was 23,622 g/ml/hr at 5:00 and 32,305 
g/ml/hr at 17:00. The AUC in the 17:00-treated group, which showed no decrease in the 
arthritis score, was 1.28-fold higher than that in the 5:00-treated group, which had a 
significantly arthritis reduced score. Thus, no relationship was detected between the 
concentration of MTX and its efficacy. It was reported in previous studies that there were no 
dosing time-dependent changes in MTX pharmacokinetics in patients with cancer  
(Balis et al., 1989; Robinson et al., 1989). Moreover, no difference was noted in MTX 
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pharmacokinetics according to the injection time when MTX was administered to RA 
patients intramuscularly at 10:00 or 18:00 (Carpentier et al., 1998).  
From the results of our studies and the circadian cycles of cytokines in RA patients, it is 
thought that MTX has a significant dosing-time-dependent anti-inflammatory action and 
that this effect might be due to the circadian rhythms of cytokine levels rather than the 
pharmacokinetics of MTX. 
It was shown that there were daily variations in the plasma SAA and TNF- concentrations 
in CIA and MRL/lpr mice after the onset of RA and that their arthritis score and SAA and 
TNF- levels were relieved after the administration of MTX at specific times in 
synchronization with the circadian rhythm of TNF-. Therefore, we consider that choosing 
an optimal dosing time associated with the circadian rhythm of RA symptoms could lead to 
effective MTX treatment for RA. 

3.2.2 Clinical study 
From our studies in RA model animals, we anticipated that higher therapeutic effects could 
be achieved with chronotherapy compared with the current treatment schedule, in which 
MTX is administered during the night. In RA patients, pain and stiffness are accentuated in 
the early morning, and proinflammatory cytokines show circadian rhythms that peak from 
midnight to early morning (Crofford et al., 1997; Perry et al., 2009). Based on our findings in 
animal studies and the circadian TNF- rhythms of RA patients, we changed the dosing 
schedules of RA patients from the standard MTX schedule, in which MTX is administered 
three times a week (day 1: after breakfast and supper, day 2: after breakfast only), to a 
chronotherapy schedule, in which the dose and number of doses per week were not 
changed, but MTX was administered once a day after supper, to examine whether a dosing-
time dependency of the therapeutic effects of MTX treatment could be detected in Japanese 
RA patients. The disease activity score (DAS) 28, modified health assessment questionnaire 
(MHAQ) score, and adverse effects were assessed. DAS28 is a composite score based on 
tender and swollen joint counts (28 joints), the patient’s global assessment of their disease 
activity (100 mm Visual Analog Scale (VAS): 0 = no activity, 100 = extreme activity), and the 
CRP level. DAS28 values were calculated as follows: 

DAS28 (CRP) = 0.56 x √(TJC28) + 0.28 x √(SJC28) + 0.014 x GH + 0.36 x ln(CRP+1) + 0.96, 

where TJC = tender joint count, SJC = swollen joint count, GH = general health, and CRP = 
CRP level in mg/l. A score of ≥ 4.1 indicates high disease activity, a score > 2.7 and ≤ 4.1 
indicates moderate disease activity, a score < 2.7 indicates low disease activity, and a score < 
2.3 indicates disease remission (van Gestel et al., 1996). The European league against 
rheumatism (EULAR) response states were classified as follows: good responders were 
patients displaying an improvement of > 1.2 and a present score of ≤ 2.7; moderate 
responders were patients displaying an improvement of > 0.6 and ≤ 1.2 and a present score 
of ≤ 4.1, or an improvement of > 1.2 and a present score of > 4.1; and non-responders were 
any patients displaying an improvement of ≤ 0.6 or patients displaying an improvement of > 
0.6 and ≤ 1.2 and a present score of > 4.1 (Fransen et al., 2005).  
The chronotherapy administered MTX after supper proved highly effective despite the dose 
and the number of doses remaining the same, although many patients did not derive a 
therapeutic benefit from the therapy. As the half-life of MTX is about 2 hours, the MTX had 
disappeared from the plasma by 10 hours after its administration. Therefore, it was thought 
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that the plasma concentration produced by administrating MTX after supper was 
insufficient. We therefore administered MTX before bedtime once a day to a patient in 
whom MTX was ineffective in the previous study. Consequently, the DAS28 of the patient 
decreased from 5.45 (4 months) to 3.25 (7 months) over  the study (moderate response) 
(Fig.11). From this result, it was considered that a higher therapeutic effect can be achieved 
by administrating MTX before bedtime compared with after supper. 
 

 
Fig. 11. Influence of MTX chronotherapy on DAS28 score (case data) 

We studied the effects of MTX chronotherapy before bedtime, and the dose and the 
number of doses per week were not changed. Twenty-two rheumatoid arthritis patients 
between 41 and 78 years of age were enrolled, and 77% received MTX chronotherapy for 
the entire 3 months of the study. Fig. 12 shows the change in DAS28 in a female RA 
patient to whom MTX was administered at bedtime. After the start of the chronotherapy, 
her DAS28 value was markedly decreased by 1.5 at only one month, and the effect was 
maintained throughout the 3 months of the study. In particular, all of her joint swelling 
disappeared, and the tenderness in many of her joints was relieved after the 
chronotherapy. 
The chronotherapy improved the DAS28 score in 14 of 17 patients (82.4%), and the mean 
DAS28 value was significantly decreased by 0.460 at one month, 0.506 at two months, and 
0.521 at three months after the start of the chronotherapy (P < 0.05 and P < 0.01, 
respectively) (Fig. 13; To et al., 2011). In particular, despite the dose and the number of doses 
remaining the same, 23.5% of patients attained clinical remission. DAS28 is calculated from 
the following 4 parameters: the tender and swollen joint counts, the patient’s global 
assessment of disease activity, and the CRP concentration. The median tender joint count 
changed little throughout the study. On the other hand, the swollen joint count was 
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markedly decreased in all patients after 3 months chronotherapy. The CRP level continued 
to improve throughout the 3 month study period and had improved by 64.2% after the 
chronotherapy compared with the baseline. The patient’s global assessment of disease 
activity is susceptible to patient bias because each patient evaluates their own degree of 
illness. In this study, the patients understood that the method of MTX administration had 
changed. The patient’s global assessment of disease activity did not show definite changes, 
even though a placebo effect of the chronotherapy was anticipated. Therefore, it was 
considered that the placebo effect did not contribute to the observed significant decrease in 
the DAS28 score. 
 

 
Fig. 12. Influence of MTX chronotherapy (before bedtime) on DAS28 score (case data) 

The MHAQ is used to estimate the functional capacity of RA patients. It assesses the ability 
of patients to perform daily activities using eight questions. The final MHAQ score is the 
mean score of the eight questions and ranges from 0 to 3, with higher levels reflecting 
greater disability (Pincus et al., 1983). It was revealed that chronotherapy improved the 
functional capacity of the RA patients although we could not clarify the factors responsible 
for the improvement in the MHAQ score from the data obtained in this study. Almost all 
patients had mild leukopenia although the incidence of leukopenia higher than Grade 1 
increased from 11.8% to 23.5% throughout the study. Moreover, there were no severe 
adverse effects in 17 patients.  
From these results, it was demonstrated that MTX chronotherapy is safe and markedly 
improves the disease activity and functional capacity of RA patients. 
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Fig. 13. Efficacy of 3 months MTX treatment in Japanese RA patients (redrawn from the data 
of To et al., 2011) 

4. Conclusion 
RA is an autoimmune disorder of unknown etiology, and morning stiffness is a well-known 
characteristic of the condition. Inflammatory responses show circadian rhythms in RA 
patients, and these rhythms correspond to that of morning stiffness. Moreover, it is 
considered that cytokine rhythms contribute to the rhythm of inflammatory responses since 
the circadian rhythms of inflammatory responses and cytokines are similar. The symptoms 
of RA such as disease activity and the patients' functional capacity, arthritis, pain, etc. were 
relieved after the administration of anti-antirheumatic drugs such as MTX, steroids, NSAID, 
etc. at specific times in synchronization with the circadian rhythm of cytokines and the 
inflammatory response. Choosing an optimal dosing time that is associated with the 
circadian rhythms of RA symptoms is, therefore, expected to lead to more effective medical 
therapy for RA (Fig. 14). 
Presently, we are performing basic and clinical studies to prove the utility of chronotherapy 
involving various anti-antirheumatic drugs. From these studies, we hope to be able to 
propose safe and effective RA therapies. Furthermore, the mechanism regulating the 
generation of circadian rhythms in RA is being studied. It is expected that new drugs 
targeting RA will be discovered and that new RA therapies that regulate the 
abovementioned circadian rhythms will be developed once the mechanism responsible for 
their generation has been clarified. 
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1. Introduction 
The cells of the immune system are exposed to two broad types of antigenic challenges – 
challenges from the external environment (bacteria, viruses, etc.), and challenges from the 
internal environment of the host (from both normal and abnormal self). The immune system 
functions throughout life to preserve the integrity of the organism, allowing its various 
organs and systems to carry out their intended functions, and maintaining normal health. 
The cells of the immune system have intimate knowledge of self and non-self. Normal self is 
allowed to live and function, whereas abnormal self or non-self, e.g. degraded cellular 
products or abnormal cells, are recognized as non-self and removed by the cells and 
products of the immune system and processed into reusable small MW peptides (Manson et 
al., 2005; Quartier et al., 2005; Wermeling et al., 2009). Occasionally, modified self will affect 
the normally functioning immune system and stimulate a pathogenic immune response 
causing an autoimmune disease (Barabas et al., 2004c; Heymann et al., 1959). In other 
instances, because of the minimal antigenicity of cancer specific antigens (ags) on cancer cell 
surfaces, cancer is not recognized as non-self and is allowed to grow and cause harm 
(Berinstein, 2007; Engelhard et al., 2002). 
The question of how to correct immunological mishaps that not only compromise the 
normal functioning of an affected organ but can even threaten the life of the host has 
engaged numerous investigators in the search for curative solutions. So far the options 
available for treating ailments caused by autoimmune disorders have been mainly limited to 
drugs (Cattran, 1988; Matsukawa et al., 1992; Penny et al., 1998), which in general have 
undesirably over-broad effects. Yet there are encouraging signs that targeted, specific cures 
might be achieved by immunological means (Andreakos et al., 2002; Berinstein, 2007; 
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Hasegawa et al., 2001; Lollini & Forni, 2002; Yokoyama et al., 1999). Studies have shown that 
the method of presentation of the ag – whether it be exogenous or endogenous – to the cells 
of the immune system determines the immune response outcome. 
Medical science has learned, over the course of the developmental history of vaccination, 
how to present antigenic components in an inoculate to stimulate protective immune 
responses in the vaccinated host against exogenous ags. However, the possibility of using 
vaccination to achieve protective or curative outcomes in patients with disorders caused by 
endogenous ags, without causing side effects, has remained elusive (Ben Yehuda et al., 1988; 
Fox & McCune, 1994; Golbus & McCune, 1994; Hu et al., 2009; Nepom, 2002; Perosa et al., 
2005; Thaiss et al., 1989). 
Our investigations into the etiology and pathogenesis of an experimental autoimmune 
kidney disease have resulted in a new immunological approach involving the presentation 
of native autoimmune disease related ags to evoke a predetermined corrective immune 
response in the host (Barabas et al., 2004b; Barabas et al., 2006c; Barabas et al., 2006b; Barabas 
& Lafreniere, 2005). The approach consists of a new vaccination method called modified 
vaccination technique (MVT) (Barabas et al., 2007b; Barabas et al., 2007a; Barabas et al., 
2008a; Barabas et al., 2009a; Barabas et al., 2009b). The MVT involves the injection of a 
mixture of antibody (ab) inducing components which are predetermined based on the 
required outcome. So far the MVT has been implemented:  
 to prevent an experimental autoimmune kidney disease, and to terminate the already 

present disease (Barabas et al., 2004b; Barabas et al., 2006c; Barabas et al., 2006b; Barabas 
& Lafreniere, 2005); and 

 to achieve a powerful immune response against an exogenous ag (Barabas et al., 2007d); 
Below we give a detailed account of how and why the MVT has the potential of specifically 
preventing and curing certain chronic disorders such as autoimmune disease and disease 
caused by chronic infection. 

2. Vaccination 
Vaccination is the most cost-effective way to protect the public against undesirable medical 
conditions that can result in acute or chronic ailments. Vaccination by active immunization 
can prevent serious infectious and contagious diseases from occurring; and vaccination by 
passive immunization can neutralize existing disease causing/contributing agents (Hjelm et 
al., 2006; Imbach et al., 1981; Leandro & de, I, 2009; Levesque, 2009; Pirofsky & Kinzey, 1992; 
Segal et al., 1999). However, neither vaccination technique has been successfully 
implemented to date to achieve preventative or curative immune response outcomes in 
endogenous ag initiated and maintained disorders. It has been evident for a number of years 
that a technique other than those applied to diseases caused by exogenous ags is needed. 
The danger of using components derived from endogenous ags and causing added 
complications (e.g. autoimmune disease) has presented obstacles in the search for solutions 
(Finn & Forni, 2002; Peakman & Dayan, 2001). However, a better understanding of naturally 
occurring immune events, particularly pathogenic and non-pathogenic immune responses 
against self (Barabas et al., 2008b) - where the terms “pathogenic” and “non-pathogenic” do 
not equate with the terms “harmful” and “beneficial” - within the concept of autoimmunity 
promises to provide a framework for creating new possibilities for designing prophylactic 
and therapeutic vaccines for mishaps caused by or involving endogenous ags. 
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3. Autoimmunity conventional definition 
Autoimmunity is conventionally defined in the scientific literature as abnormal immune 
response against self resulting in autoimmune disease. As such, autoimmunity is viewed as 
a self-destructive process, involving aberrant immune responses against self by the cells and 
products of the immune system, along with the wide spectrum of resulting autoimmune 
diseases which are generally chronic and progressive in nature. An autoimmune process is 
often irreversible, and currently the only readily available treatment is with drugs. In most 
cases the prognosis is guarded at best; even with the best medical care the symptoms of 
autoimmune conditions can generally only be minimized. Autoimmunity can result in 
morphological changes, including structural alterations in affected organs, that compromise 
and even destroy the normal functioning of the affected part. For example, in an 
experimental autoimmune kidney disease called Heymann nephritis (HN), we observe: a 
collection of symptoms including proteinuria, the presence in the circulation of pathogenic 
IgG autoantibodies (aabs) directed against the brush border (BB) region of the proximal 
renal tubules, massive deposition of immune complexes (ICs) in the glomeruli, and overall 
morphological and functional changes in affected regions of the kidney (Alousi et al., 1969; 
Andres et al., 1986; Edgington et al., 1967; Farquhar et al., 1995; Heymann et al., 1959; 
Kerjaschki, 1993; Kerjaschki & Farquhar, 1982; Singh & Kasinath, 1993). As in the case of 
HN, if the affected part is vitally important to the host and can no longer contribute to 
health, then premature death due to organ failure can ensue. 
It is a common belief that once an autoimmune response is triggered it continues in 
perpetuum (Manz et al., 2002). However, many autoimmune diseases exhibit remission or 
exacerbation of disease processes, with or without drug treatment. Generally speaking it is 
not understood why. Autoimmune diseases are treated with immunosuppressive agents 
(Cattran, 1988; Fox & McCune, 1994; Fox & Ransohoff, 2004; Matsukawa et al., 1992) that 
have side effects and do not act specifically to terminate disease processes (Perna et al., 
2004). In addition, as a result of their non-selective inhibition of the overall function of the 
immune system, these immunosuppressants expose patients to infection and related 
complications. The conventional understanding of how immunopathological processes 
cause autoimmune diseases (Davidson & Diamond, 2001; Feldmann & Steinman, 2005; Hill 
& Sarvetnick, 2002) does not allow for the possibility of reversing disease processes and re-
establishing normalcy (Dorner et al., 2009) by the application of a vaccination technique. 

4. Autoimmunity within the concept of beneficial and harmful aspects of 
immune responses against self in the light of new evidence 
Autoimmunity properly understood denotes a complex interconnected network of immune 
responses against self that are not pathological in the first instance, but rather are designed 
to maintain the structural and functional integrity of the host’s internal environment 
throughout life. The cells and products of the autoimmune system keep the internal 
environment of the host in a state of homeostasis. As a result of the proper functioning of 
the autoimmune system, intracytoplasmic components released from damaged cells (by 
burns, drugs, infectious agents, ischemia, toxic compounds, etc.) and from normal cells at 
the end of their life span are assisted in their removal by non-pathogenic IgM aabs 
(Avrameas, 1991; Casali & Notkins, 1989; Chen et al., 1995; Weir et al., 1966; Weir, 1966) and 
phagocytic cells (Barabas et al., 2004a; Helmy et al., 2006; Mevorach et al., 1998; UytdeHaag 
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et al., 1991; Wermeling et al., 2009). Likewise, abnormal cells and cell lines having non-self 
antigenic surface markers (e.g. cancer cells) are also recognized and removed (Cheent & 
Khakoo, 2009; Foss, 2002; Topham & Hewitt, 2009). These are the two beneficial aspects of 
autoimmunity, by which it endeavours to keep the internal environment, composed as it is 
of endogenous ags, free of change. It is a major undertaking since several factors, both 
internal and external, have the potential to create an imbalance and cause harmful 
pathogenic immune responses against self, especially if the right triggers are present. 
A well functioning autoimmune system averts most attempts by internal and external 
agents to create a harmful autoimmune response resulting in autoimmune disorders such as 
autoimmune disease and cancer (which themselves may be considered the two negative 
aspects of autoimmunity). It stands to reason that in order to protect against the kinds of 
insults that could lead to autoimmune disorders, we should engage in healthful 
consumption and healthful avoidance, eating healthy diets (consisting of fruits, vegetables, 
etc.) that contain chemicals or trace elements that boost the immune system or contribute to 
the prevention of cancer, and minimizing exposure to noxious agents (cigarette smoke, legal 
and illegal drugs, alcohol, and other toxic or infectious agents) that can chemically alter 
autoantigens (aags) and initiate autoimmune diseases (Greenwald et al., 2001; Howells et al., 
2007; Nair et al., 2007). However it would also be advantageous to know more about the 
workings of the beneficial aspects of the autoimmune system, how it operates, how it 
maintains tolerance to self, how it might be influenced by naturally occurring or medically 
induced events to correct harmful immune responses and restore the organism to a normal 
state of health. 
Observation tells us that the autoimmune system has the inbuilt ability to self-correct – with 
or without medical intervention – and restore the host to health, provided the correction 
occurs prior to overwhelming injury to the host’s immune system and/or organs, tissues, or 
cells. We have conducted several recent experiments in this area, and have observed 
through these experiments that corrective immune responses can in fact be initiated by 
providing the right “information” to the cells of the autoimmune system. We have shown 
that with a vaccination technique that induces a predetermined immune response, 
autoimmune diseases can not only be prevented, but also, when present, terminated 
(Barabas et al., 2004b; Barabas et al., 2006c; Barabas et al., 2006b). 

4.1 Beneficial aspects of autoimmunity resulting in tolerance to self 
There are two beneficial aspects of autoimmunity, both characterized by maintenance of the 
integrity of the host’s internal environment (homeostasis/healthy state) and involving the 
clearing and elimination of cellular waste and abnormal cell lines that are not conducive to 
the morphological and functional unity of the organism. Immunological cell lines are 
dedicated to surveyance and recognition of self and difference, or self and non-self (Kreuwel 
& Sherman, 2001; Sakaguchi, 2000). When difference is recognized there is usually enough 
time for the host to mount an immune response to avoid the establishment of an 
autoimmune disorder. Such protective immune responses are carried out by the normally 
functioning autoimmune system and as such the host is not aware of them. On the other 
hand, if the autoimmune system’s natural ability to correct mishaps is compromised by age, 
dysfunction, suppression, misinformation, etc. then there exists a stronger likelihood of the 
host not being able to regain tolerance to self, and the host has a greater chance of 
experiencing ill health in the form of an autoimmune disorder. 
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4.1.1 Removal of cellular waste 
Cells damaged by various agents or events (e.g. chemicals, drugs, ischemia, trauma, toxic 
compounds, UV irradiation, etc.) release their intracytoplasmic components into intra- and 
extravascular spaces. These cellular wastes are assisted in their removal by specific non-
pathogenic IgM aabs (Avrameas, 1991; Weir, 1964; Weir et al., 1966; Weir, 1969; Zwart et al., 
2004) and subsequently phagocytosed and broken down into reusable small MW peptides 
(Ciurana et al., 2004; Manson et al., 2005; Ogden et al., 2005; Quartier et al., 2005). It was 
shown by Weir and associates that in a physiological sense we are not per se tolerant to our 
own intracytoplasmic components, and specific IgM aabs are present in the circulation 
throughout life to clear the system of cellular breakdown products (Weir et al., 1966; Weir & 
Elson, 1969; Weir & Pinckard, 1967). Specific IgM aab production increases following 
excessive release of aags (secondary ab response) from an organ damaged by toxic agents, 
pathogenic IgG aabs, or ischemia at the site of rapid tumour growth etc. (Barabas et al., 2003; 
Pinckard & Weir, 1966; Weir, 1966). Circulating specific IgM aabs also contribute to rapid 
and efficient removal of cellular wastes to prevent not only their toxic accumulation in the 
system but also their possible chemical modification, which could trigger a tissue to be 
targeted and damaged by a pathogenic IgG aab response, an event which has the potential 
to initiate an autoimmune disease (Weir, 1969; Weir & Elson, 1969). IgM aabs are able to 
assist in the removal from the intracytoplasmic space not only of normal native aags 
released into the intra- and extravascular spaces but also of native-like ags (molecular 
mimicry) and native aags that are chemically or otherwise modified (Barabas et al., 2004b). 
Specific IgM aabs in the circulation are present with high titres measurable during the 
chronic phase of an autoimmune disease, as they assist in the removal of both disease 
causing and maintaining aags (modified aags that stimulate pathogenic IgG aab production) 
and disease contributing aags (target aags from the targeted organ) (Barabas et al., 2003; 
Barabas et al., 2004b). These cross-reactive specific IgM aabs are greatly responsible for the 
maintenance of tolerance to self during life by efficiently clearing the system of native and 
modified aags. If they can effectively clear the system of both native and modified aags 
during an autoimmune disease, then remission will occur, as manifested in signs of 
improvement and diminished symptoms (Barabas et al., 2004b; Barabas et al., 2006c; Barabas 
et al., 2006b; Barabas & Lafreniere, 2005). If the stimulus agent – that produces the modified 
self – ceases to be present in the system then spontaneous remission and termination of the 
autoimmune disease process will follow. However, as long as the modifying agent remains 
present in the system and is able to alter the chemical nature of self into non-self, the 
immune responses that cause the disease will continue, and the condition will be 
exacerbated and will manifest in a chronic progressive disease.  
The autoimmune system’s specific IgM aab production cell line will lose its ability to carry 
out its intended beneficial function in such circumstances where the modifying agent is 
continuously present in the system and maintains a pathogenic immune response. Its work 
may also be compromised in cases where the immune system is dysfunctional or has low 
IgM aab production because of old age, ill health, genetic predisposition, malnutrition, 
immune suppression, ineffective phagocytosis, etc. (Schulze et al., 2008; Wermeling et al., 
2009). 

4.1.2 Removal of abnormal cell lines 
Just as intracytoplasmic waste is recognized as unwanted self and assisted in its removal by 
physiological non-pathogenic IgM aabs, cells with non-self markers, i.e., cancer cells, are 
also recognized by lymphocytes and their products – NK cells, cytolytic IgG aabs, etc. – and 
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are eliminated from the system (Cheent & Khakoo, 2009; Kim et al., 2007; Topham & Hewitt, 
2009). Such naturally occurring autoimmune responses are necessary to maintain the 
morphological and functional integrity of the host’s organs, tissues, cells, etc. Without this 
beneficial aspect of autoimmunity, normal cells exposed to carcinogens, genetic influences, 
or even to normal aging could become cancerous, non-functional tissue, infiltrating the body 
and compromising its health. It is well documented that the incidence of cancer in the young 
is considerably lower than in the elderly, presumably because in the young a more efficient 
autoimmune system recognizes and responds to changes more readily, and/or cell cycles 
are more precisely regulated. (However, the autoimmune system’s beneficial function of 
recognizing and eliminating cancer can be compromised at any age by a hazardous lifestyle 
[diets known to cause cancer, smoking, drinking, excessive exposure to the sun], genetic 
predisposition, exposure to certain infectious agents, malnutrition, immune suppression, 
etc. (Arver et al., 2000; Baniyash, 2006; Beral et al., 1991; Birkeland et al., 1995; Greenwald et 
al., 2001; Khuder et al., 1998). 
 

 
Fig. 1. A normally functioning immune system’s immune responses against exogenous ags, 
exogenous-like and endogenous aags. 
The IS is designed to remove exogenous ags, exogenous-like aags, and cellular breakdown 
products of normal cells from the system to maintain homeostasis and tolerance to self. 
However, prolonged exposure to exogenous ags can result in chronic infections, exogenous-
like aags can induce autoimmune diseases, and deficient processing of cancer specific aags 
on the surface of cancer cells can permit the growth of cancer. 
Abbreviations: aabs, autoantibodies; aags, autoantigens; abs, antibodies; ags, antigens; IgG, 
immunoglobulin G; IgM, immunoglobulin M; IS, immune system  
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In order for the autoimmune system to respond for the benefit of the host, the cancer specific 
ags on cancer cell surfaces must be readily available for immune processing. In this regard, 
the cancer specific ag must be somehow detached, chemically degraded, and made available 
separately from normal cell membrane components or other normal self molecules shared 
with normal cells to stimulate immune cell lines to produce pathogenic lytic IgG aabs 
(primary ab response) against the cancer cell line bearing that specific ag. If this process 
occurs and pathogenic lytic IgG aabs are produced, then regardless of where those cancer 
cells are located in the body they will be lysed and the cellular breakdown products 
eliminated by non-pathogenic IgM aabs (secondary ab response).  
It is noteworthy that in cancer defence one of the most important aspects of autoimmunity is 
manifested in a pathogenic IgG aab response against a self-like group of cells (Jager et al., 
1999; Tureci et al., 2006) (Figure 1).  
Pathogenic autoimmune response against altered self (i.e., cancer specific ag on cancer cells) 
is clearly a highly beneficial aspect of autoimmunity. In such circumstances tolerance to self 
(to a self-like group of cells) is lost, but the host’s internal environment is protected from 
possible changes that could result in tumour growth. However, pathogenic lytic IgG ab 
response may fail to occur for the following reasons: 
 the cancer specific ag is minimally antigenic (Foss, 2002; Lollini & Forni, 2002) (and a 

small MW protein), is closely associated with normal cell surface components, and does 
not detach easily to allow its recognition as non-self for pathogenic immune response 
inducement; or 

 the host’s immune system is prevented from functioning against an apparent self ag by 
inbuilt protective regulatory cells and molecules (Cheent & Khakoo, 2009; Musiani et 
al., 1997). 

4.2 Harmful aspects of autoimmunity resulting in autoimmune disorders 
There are two harmful aspects of autoimmunity, both of which have the potential to 
manifest in disease states, one being an adverse immune response against normal self, 
causing an autoimmune disease; and the other being tolerance of an abnormal cell line, so 
that cancer growth is permitted. These disease states, or autoimmune disorders, come about 
when the immune system’s surveying ability is mislead into situations of improper response 
or non-response to changes in self. It is observed in many autoimmune diseases that 
modified self initiates and/or maintains pathogenic aab responses against a target ag, 
causing a disease state (Barabas et al., 2004c; Heymann et al., 1959), whereas in cancer, ags 
identifiable as cancer specific are minimally antigenic and not recognized as unwanted self, 
and therefore fail to induce an immune response that eliminates the cancer cells (Foss, 2002; 
Kim et al., 2007). 
In many respects the autoimmune system responds correctly during the development and 
maintenance of autoimmune disorders. In fact, the immune system does what it is 
instructed to do or not to do by the “information” it receives. In the case of self reaction, for 
instance, the cells and the products of the cells of the autoimmune system are virtually 
predestined to react against altered self, in that altered self is non-self and non-self should 
provoke a pathogenic immune response. Unfortunately, such an immune response against 
altered self can cause an autoimmune disease, as the developing pathogenic aabs are cross-
reactive, i.e., in addition to reacting against the modified self ag that initiates and maintains 
their production, they also react with normal self, causing harm to the tissue and providing 
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are eliminated from the system (Cheent & Khakoo, 2009; Kim et al., 2007; Topham & Hewitt, 
2009). Such naturally occurring autoimmune responses are necessary to maintain the 
morphological and functional integrity of the host’s organs, tissues, cells, etc. Without this 
beneficial aspect of autoimmunity, normal cells exposed to carcinogens, genetic influences, 
or even to normal aging could become cancerous, non-functional tissue, infiltrating the body 
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are more precisely regulated. (However, the autoimmune system’s beneficial function of 
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al., 2001; Khuder et al., 1998). 
 

 
Fig. 1. A normally functioning immune system’s immune responses against exogenous ags, 
exogenous-like and endogenous aags. 
The IS is designed to remove exogenous ags, exogenous-like aags, and cellular breakdown 
products of normal cells from the system to maintain homeostasis and tolerance to self. 
However, prolonged exposure to exogenous ags can result in chronic infections, exogenous-
like aags can induce autoimmune diseases, and deficient processing of cancer specific aags 
on the surface of cancer cells can permit the growth of cancer. 
Abbreviations: aabs, autoantibodies; aags, autoantigens; abs, antibodies; ags, antigens; IgG, 
immunoglobulin G; IgM, immunoglobulin M; IS, immune system  
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more substrate for the reaction to continue. In the case of cancer, on the other hand, the cells 
and the products of the autoimmune system do not react with the minimally altered self on 
cancer cell surfaces and the cancer cells are not be eliminated, therefore allowing the cancer 
to prevail (Foss, 2002). 

4.2.1 Initiation and maintenance of an autoimmune disease 
The induction and maintenance of autoimmune diseases, as well as the associated 
immunopathological and functional changes, have been extremely well studied in 
experimental animals (Andres et al., 1986; Barabas et al., 1969; Barabas & Lannigan, 1969; 
Grupe & Kaplan, 1969; Heymann et al., 1959; Kerjaschki, 1993; Kerjaschki, 2000b; Kerjaschki 
& Farquhar, 1982); and by comparative study the etiology and pathogenesis of human 
autoimmune diseases are equally well understood (Davidson & Diamond, 2001; Kretz-
Rommel et al., 1997; Kretz-Rommel & Rubin, 1999; Sinha et al., 1990; Theofilopoulos, 1995; 
Tung, 1994; Von Herrath & Oldstone, 1995). In most instances for an autoimmune disease to 
begin, a modified self (Barabas et al., 2004c) or self-like (molecular mimicry) (Ebringer et al., 
1997; Ebringer, 2003; Mokhtarian et al., 1999; Orbach & Shoenfeld, 2007) ag has to present 
itself as a foreign-like, exogenous-like ag to the cells of the immune system. There are 
numerous agents that are able to modify self ags (toxins, chemicals, infectious agents, drugs, 
adjuvants, vaccines, smoking, chemical dyes, UV irradiation, etc.) and initiate a pathogenic 
IgG aab response (Barabas et al., 2004c; Conti et al., 2008; Davidson & Diamond, 2001; Hess, 
1999; Heymann et al., 1959; Rao & Richardson, 1999; ten Veen & Feltkamp, 1972) (initially a 
primary immune response, as the immune system has not previously been exposed to the 
modified ag). If the modifying agent is continuously present in the system, then the 
modified self ag will continue to stimulate the appropriate T and B cells to maintain the 
production of pathogenic IgG aabs by the plasma cells (secondary ab response) (Barabas et 
al., 2003). The developing pathogenic IgG aabs are cross-reactive (Barabas & Lafreniere, 
2005). They react with the modified self ag and the normal target ag in an organ. ICs made 
up of modified self and anti-modified self IgG aab form as a result. The fate of these ICs is 
twofold. In part they are neutralized and eliminated. However, insofar as they are not fully 
or quickly enough removed from the body they operate to maintain the pathogenic IgG aab 
production. 
The pathogenic IgG aabs also react with the target ag not just as it appears in the circulation, 
but also in situ within the organ where it originates; e.g. in HN circulating anti-
nephritogenic IgG aabs attack renal tubular BB localized nephritogenic ags and release them 
into the circulation (Barabas et al., 2003; Barabas et al., 2006c). Released aags will join IC 
deposits on the epithelial side of the glomerular basement membrane enlarging the deposits 
and thus causing morphological and functional injury to the kidney (Barabas et al., 2003). 
Continuously produced pathogenic IgG aabs and aags continually released from the 
damaged normal renal tubules will continue to enlarge the deposits in the glomeruli 
together with complement components, causing a chronic progressive autoimmune kidney 
disease (Barabas et al., 2003). The progression of disease processes or diminution of disease 
intensity depends mainly on the presence of the modifying agent in the system, because as 
stated above the immune response outcome depends on the presentation of the ag to the 
cells of the immune system. The continuous alteration of self by the modifying agent in the 
system drives the pathogenic autoimmune response to produce high levels of circulating 
pathogenic IgG aabs. As long as a pathogenic IgG aab is present in the circulation, the 
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disease process will continue. The level of pathogenic IgG aab must be at zero for no 
autoimmune disease process to be detectable in the host (Barabas et al., 2004b). 
In contrast to the common belief, we and a few other scientists believe that the normal target 
ag on its own will not under normal circumstances initiate a pathogenic IgG aab response 
(Barabas et al., 2004c; Barabas et al., 2006a; Rich, 1996; Totoritis & Rubin, 1985; Weir & Elson, 
1969; Weir & Pinckard, 1967). Administration of native ags during autoimmune disease 
states, e.g. during slowly progressive Heymann nephritis (SPHN), other experimental 
situations, do not make the disease process progress more intense (Barabas et al., 2006a; 
Bielekova et al., 2000; Peakman & Dayan, 2001; Prakken et al., 2004). Rather the opposite, in 
most instances they reduce the pathogenic immune response (Barabas et al., 2004c; Barabas 
et al., 2006a). It seems that even during a disease state the native target ag preferentially 
stimulates IgM aab production. The IgM aabs being cross-reactive, their increased levels 
remove from the circulation both the disease contributing native target ag and the disease 
causing modified target ag (Barabas et al., 2007a), contributing to remission. 
It is worth noting, in reference to a broader context, that the initiation and intensification of 
an autoimmune disease are undoubtedly complex, and may involve numerous factors or 
processes besides those described above, such as: 
 genetic predisposition; 
 dysfunctional autoimmune system response (e.g. reduced phagocytosis and reduced 

specific IgM aab production due to age, malnutrition, vitamin deficiency, 
overwhelming infection, etc.); 

 presentation of modified self aags or exogenous self-like ags to dendritic cells prior to 
antigenic information being processed by T and B cells for plasma cells to produce 
pathogenic IgG aabs; 

 regulatory molecules (cytokines, chemokines, etc.) attempting to accelerate or 
decelerate autoimmune processes; 

 complement systems or components playing dominant roles in aag and aab reactions 
during an autoimmune disease (in both pathogenic and non-pathogenic immune 
responses) (Blom, 2010): 
a. assisting in the complement-dependent clearance of modified/unmodified self that 

causes the autoimmune disease (Gaipl et al., 2001; Taylor et al., 2000; Zwart et al., 
2004); 

b. in contributing to the continuously layered aag/aab depositions, e.g. in the glomeruli 
(Barabas et al., 2003; Barabas et al., 2004b; Barabas et al., 2004c) (pathogenic immune 
response) causing complement mediated C3, C59b injury (Barabas et al., 2003; Barabas 
et al., 2004c) resulting in compromised glomerular filtration; 

 overwhelming infection by an infectious agent presenting a whole range of potentially 
antigenic peptides that may initiate autoimmune disease by molecular mimicry; 

 environmental factors; 
 potentially self reactive clones of T cells can react with self because of immune 

regulation failure; 
 in a few instances self ags can act to initiate and maintain pathogenic autoimmune 

responses against self, e.g. when regulatory T cells are out of control. 
Notwithstanding the influence of such other factors, the set of processes described above 
appear to be fundamental to autoimmune disease involving misdirected auto-reaction, and 
understanding them has assisted in the development of a powerful technique to deal with 
autoimmune disease, as we will describe further below. 
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4.2.2 Inability to recognize and remove abnormal cell lines 
Throughout life abnormal cell lines (some being cancerous) can emerge. They are most often 
recognized as non-self and removed by the cells of the autoimmune system. NK cells play a 
dominant role in this regard (Cheent & Khakoo, 2009; Foss, 2002; Topham & Hewitt, 2009). 
Cancer specific non-self antigenic markers on the cell surfaces of emerging cancer cells are 
sometimes weakly antigenic; for this reason, they do not lend themselves to immune 
recognition and provoke immune response (Foss, 2002; Kim et al., 2007). In addition, 
tumour ags associated with cancer cell surfaces are camouflaged or protected on the cell 
membranes of these self-like cancer cells. The combination of minimal antigenicity and firm 
integration into and protection by the cell surface membrane means that even after cell 
death, these cancer specific ags do not detach to form individual small MW antigenic 
fragments that might be recognized as non-self for immune response processing. Further, if 
these cells are growing in a well vascularised space and allowed to spread into secondary 
sites without undermining influences such as ischemia, lack of nutrients, vitamins, or trace 
minerals, immune attack, etc. then the emerging cancer cells are more readily accepted as 
self. Several factors, such as old age, compromised immune system function (e.g. from 
treatment with immunosuppressive agents), overwhelming infections, exposure to harmful 
substances (smoking, alcohol, chemicals, drugs, etc.), and tumour derived soluble factors, 
can interfere with the normal functioning of the cells of the immune system in carrying out 
the surveillance of the somatic cells of our internal environments (Kim et al., 2007). 
The lack of adjuvant in a mixture of the disintegrated components of dead cancer cells 
which include cell membrane associated ags has been shown to prevent pathogenic immune 
response against cancer specific ags, though it also prevented immune response against 
normal cell membrane associated ags (Ichim, 2005). And as we have noted elsewhere, 
normal self ags administered in adjuvants can induce pathogenic autoimmune responses, 
causing autoimmune disease – especially in the case of experimental autoimmune diseases 
(Barabas et al., 2004c; Heymann et al., 1959). Therefore, although a pathogenic autoimmune 
response is required against the cancer specific ag in order to kill (lyse) the cancer cells in the 
system, the use of an adjuvant to induce such an autoimmune response would likely have a 
deleterious effect against normal self as well. The question is how to overcome the immune 
system’s inability to respond only against the non-self parts of cancer cells without causing 
harm to their normal functioning counterparts either in the organ where the primary 
tumour originated or elsewhere. 

5. MVT for the prevention and cure of diseases caused by chronic immune 
disorders 
Our MVT, which involves the administration of IC formed with condition-specific 
components that initiate and maintain a predetermined immune response, has the potential 
to prevent chronic ailments, and to cure already present diseases (Barabas et al., 2004b; 
Barabas et al., 2006c; Barabas et al., 2006b; Barabas et al., 2009a). This is the first time that the 
promise has existed to prevent, treat, and cure endogenous ag induced mishaps in humans 
specifically and without side effects.  
The study of the affects of injection of ag:ab ICs at different ratios is not new, nor is the use 
of ICs in increasing ab production (Klaus, 1978; Kunkl & Klaus, 1981; Nie et al., 1997; Stoner 
et al., 1975; Stoner & Terres, 1963; Terres et al., 1972; Terres & Stoner, 1962; Terres & Wolins, 
1959; Terres & Wolins, 1961) and even in vaccination (Haddad et al., 1997; Jeurissen et al., 
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1998; Whitfill et al., 1995; Xu et al., 2005; Yao et al., 2007). So far most of the pertinent 
investigations have described the role that ag:ab ICs play in immune response upon 
injection of such complexes at various ratios, and how enhanced ab production occurs 
during primary and secondary ab responses (Barabas et al., 2007d; Heyman, 2000; Stoner & 
Terres, 1963; Xu et al., 2005; Yao et al., 2007).  
To date, we are the only group to have described how specifically composed ag:ab 
complexes can redirect the immune response for the health benefit of the vaccinated host 
(Barabas et al., 2004b; Barabas et al., 2006c; Barabas et al., 2006b; Barabas et al., 2007c; 
Barabas et al., 2009a; Barabas & Lafreniere, 2005). The possibility of such an approach has 
just recently become a reality, following the categorization of autoimmunity into four clearly 
definable functioning immunological responses (Figure 2) against self (Barabas et al., 2008a;  
 

 
Fig. 2. Beneficial or harmful aspects of pathogenic and non-pathogenic immune responses. 
The diagram illustrates the beneficial and harmful aspects of pathogenic and non-
pathogenic aspects of autoimmunity. The MVT can restore non-pathogenic tolerance, 
ending an autoimmune disease. [Figure reproduced by permission from BioProcessing 
Journal, 2007 Winter;6(4):12-18.] 
Abbreviations: AAb, autoantibody; AAg, autoantigen; Ab, antibody; Ag, antigen; MVT, 
modified vaccination technique  
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1998; Whitfill et al., 1995; Xu et al., 2005; Yao et al., 2007). So far most of the pertinent 
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complexes can redirect the immune response for the health benefit of the vaccinated host 
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Fig. 2. Beneficial or harmful aspects of pathogenic and non-pathogenic immune responses. 
The diagram illustrates the beneficial and harmful aspects of pathogenic and non-
pathogenic aspects of autoimmunity. The MVT can restore non-pathogenic tolerance, 
ending an autoimmune disease. [Figure reproduced by permission from BioProcessing 
Journal, 2007 Winter;6(4):12-18.] 
Abbreviations: AAb, autoantibody; AAg, autoantigen; Ab, antibody; Ag, antigen; MVT, 
modified vaccination technique  
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Barabas et al., 2009a), and the development of our understanding of autoimmune disease 
etiology and pathogenesis, in particular the role of non-pathogenic and pathogenic aabs 
(Figure 1) in both disease development and in its prevention and cure (Barabas et al., 2004b; 
Barabas et al., 2006c; Barabas et al., 2006b) (e.g. in autoimmune disease). 
NOTE:  
 The concept of autoimmunity is presently understood as pathogenic immune response 

against self, causing autoimmune disease. 
 Autoimmune anomalies cannot be specifically prevented or treated by any of the 

presently available vaccination techniques. 
 The concept of autoimmunity, according to our definition, encompasses four possible 

immune responses against self: two beneficial and two harmful ones. 
 The harmful aspects of autoimmunity manifest in autoimmune diseases and cancer. 
The immune system’s natural ability can be utilized to bring about corrective immune 
responses which can cure/terminate chronic ailments by proper presentation of the target 
ag. In other words, the ag that causes or contributes to the disease can also terminate it, 
provided the antigenic information is presented to the cells of the immune system in the 
proper format. 
The vaccination method we have developed – which is essentially the third vaccination 
rubric to have arisen, coming as it has after the conventional active and passive 
immunization techniques – promises to be able to deal with chronic ailments that are 
presently only treatable with drugs. Called MVT, it is so named because every time a 
vaccine is produced it must be formulated of components that are tailor-made to induce a 
specific corrective immune response. In order to achieve specificity – and to avoid collateral 
damage to normal body constituents – the production of absolutely pure and specific target 
ags and their abs is required. This can be done by present techniques, and soon more 
sophisticated methodologies will be available.  

6. Components of the modified vaccine and how it works 
6.1 Target ag against which the desired ab response is required 
 For application in an autoimmune disease: ag prepared ex vivo that is identical in 

molecular composition to, and therefore the specific equivalent of, the host’s target ag 
(native aag) (Kerjaschki, 2000a; Kerjaschki & Farquhar, 1982); 

 For application in a chronic infection: ag derived from the causative organism, prepared 
ex vivo. 

6.2 Ab against the disease causing/contributing target ag 
 For application in an autoimmune disease: homologous non-pathogenic IgM ab 

directed against the target ag(s), prepared ex vivo by monoclonal ab technology; 
 For application in a chronic infection: homologous pathogenic neutralizing IgG ab 

against target ags on the surface of infectious agents, prepared ex vivo. 
The modified vaccine is composed of an IC mixture made up of the target ag and ab against 
the target ag in slight ag excess. E.g. in an experimental autoimmune kidney disease 
(Barabas et al., 2003; Barabas et al., 2004b; Barabas et al., 2006c; Barabas et al., 2006b) it was 
observed that:  
 immunization with suitable IC (rat kidney fraction 3 X rat anti-rat kidney fraction 3 IgM 

ab) at slight ag excess prior and subsequent to disease-inducing inoculation prevented 

Four Aspects of Autoimmunity and How to Regain Tolerance to Self  
from an Autoimmune Disease Utilizing the Modified Vaccination Technique 

 

581 

the occurrence of the autoimmune kidney disease (Barabas et al., 2004b; Barabas et al., 
2006b) (prophylactic vaccination); 

 immunization post-disease-induction with the same IC, when the autoimmune disease 
was in its chronic progressive phase, terminated the disease causing immune events 
(Barabas et al., 2004b; Barabas et al., 2006b) (increased levels of specific IgM aabs 
removed both the pathogenic immune response inducing modified ag and the disease 
contributing native aag from the system, thereby terminating pathogenic immune 
response; therapeutic vaccination); 

 corrective immune response induction was immediate (similar to secondary ab 
response); 

 there was no need for adjuvant application as immune response was quick, specific, 
and powerful; 

 the MVT was not a mere supplementary therapeutic option for prevention or treatment 
of the endogenous ag induced disorder; rather, it was key; by ab information transfer, 
utilizing the immune system’s natural abilities. We achieved production in the 
vaccinated host of the same ab (i.e., the corrective immune response), with the same 
specificity against the target ag, as was present in the injected IC; and 

 tolerance to self was accomplished specifically and without side effects (utilizing the 
MVT) by downregulating and terminating pathogenic immune events. 

7. Conclusion 
There are several reasons why up to now chronic disorders have been mainly treated with 
drugs and not by immune intervention. Perhaps the most important reason was that we 
were unable to present the offending ag(s) (i.e., the antigenic information) to the cells of the 
immune system in a suitable form to elicit corrective immune response outcomes. However, 
we have learned how to prepare and present exogenous ags such as bacterial/viral products 
to the body in attenuated or inactivated forms – usually in adjuvants – to elicit protective 
immune responses. 
We have developed a new vaccination methodology called MVT that is able to 
downregulate immunopathological events in an experimental autoimmune kidney disease 
in animals and is also able to upregulate immune responses against an exogenous ag. This 
method, which is the third method of vaccination to be developed, has the potential not only 
to prevent but with equal effectiveness cure certain autoimmune diseases and chronic 
infections in humans. 
Autoimmunity encompasses four possible immunological events against self, two beneficial 
and two harmful aspects (Figure 2). The two beneficial aspects of autoimmunity function 
throughout life to preserve the internal integrity of the organism by maintaining tolerance to 
normal self while preventing corrupted self from taking hold. The maintenance of antigenic 
homeostasis is the most important function of the autoimmune system. 
The autoimmune system achieves its aim on one hand (the first beneficial aspect of 
autoimmunity) by degrading cellular debris – from cells damaged by various agents (e.g. 
chemicals, drugs, smoke, toxins, etc.) and from cells which have come to the end of their 
lifespan – into reusable small MW peptides. The efficient clearance of cellular waste is 
assisted by non-pathogenic IgM aabs prior to their degradation by phagocytic cells. These 
specific IgM aabs are the main agents of the maintenance of tolerance to self, and fulfill a 
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continuous physiological role throughout life. In a physiological sense, we are not per se 
tolerant to normal self components within cells. 
On the other hand (the second beneficial aspect of autoimmunity) the autoimmune system 
works to eliminate abnormal cell lines that emerge as a result of external (e.g. drugs, 
radiation, smoking, etc.) and internal (e.g. genetic) influences. Emerging cancer cells are 
recognized and eliminated by NK cells. In addition, cancer specific ags can stimulate a 
pathogenic lytic IgG aab response, particularly when presented to the system with an 
adjuvant. These aabs may lyse cancer cells in the presence of complement and eliminate 
them from the system. 
The two harmful aspects of autoimmunity, i.e., autoimmune disease and cancer, will 
manifest only if external (e.g. carcinogens, chemicals, infectious agents, UV irradiation, 
drugs, smoking) or internal (e.g. genetic) influences cause changes in the structural makeup 
of cells or cell products containing native ags. Such changes could result in harmful immune 
events leading to functional disturbance of the affected cells, tissues and organs. 
Taking advantage of recent insight into the workings of the immune system, our MVT has 
proved itself to be effective in preventing the development of an experimental autoimmune 
kidney disease, and when the disease was in its progressive phase, in terminating it 
altogether, by halting immunopathological events that were causing the symptomatic, 
morphological and functional changes. 
The immune system has a natural ability to correct immunological mishaps and restore the 
body to normalcy, provided the right information is presented to it for processing. The MVT 
is a way of presenting that information, in the form of specific ICs, and triggering or 
enhancing the body's own ability to counteract autoimmune disease, cancer, and chronic 
infection. We have observed that by injecting ICs – made up of a given endogenous or 
exogenous ag and a specific ab against it at slight ag excess – into experimental animals, the 
recipient’s immune system produced the same ab, with the same specificity against the 
target ag, as was present in the IC (ab information transfer). 
We have shown in experimental situations that corrective immune responses can be induced 
by the application of the MVT. We remain convinced that by the proper application of the 
MVT in humans, chronic diseases such as cancer, autoimmune disease, and chronic 
infections will be prevented and cured as well. 
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1. Introduction 
In developed countries, the prevalence of both allergic disease (asthma) and autoimmune 
disorders such as Crohn’s disease (CD), multiple sclerosis (MS), and type 1 diabetes (T1D) is 
increasing. This trend seems to be inversely correlated to prominent decreases in infectious 
diseases such as measles, tuberculosis, and hepatitis A (Bach, 2002). Based on such 
epidemiological observations, the “hygiene hypothesis”, that exposure to infectious agents; 
i.e. bacteria, viruses, and parasites, especially in childhood, lowers the risk of later onset of 
immunological disorders, has attracted much attention. According to the hypothesis, a 
reduced exposure to infectious agents due to improved hygienic conditions in developed 
countries, urbanized areas, and/or a westernized lifestyle is responsible for the higher 
incidence of autoimmunity and allergies in modern society. A number of epidemiological 
and experimental studies have demonstrated the plausibility of this hypothesis. However, 
there is also considerable evidence that does not support or contradicts the hypothesis. In 
this chapter, conflicting reports are introduced and discussed. 
Most studies trying to elucidate the mechanisms involved have been conducted using 
rodent models. In various models of autoimmune or allergic diseases, effects of bacterial, 
viral or parasitic infections were tested. Consequently, in many cases, preventive or 
ameliorating effects of infectious agents have been confirmed. In the main part of this 
chapter, the influence of parasitic helminths on autoimmune disorders will be introduced. 
Although the mechanisms underlying the amelioration and/or prevention of 
immunological disorders by infectious agents have been studied extensively, they are not 
yet fully understood.  As both Th1-polarizing (bacteria and viruses) and Th2-polarizing 
(parasitic helminths) infectious agents have anti-autoimmune/anti-allergic activities 
(Zaccone & Cooke, 2011), the “Th1/Th2 paradigm” is not enough to explain the mechanisms 
involved.  Additionally, some autoimmune diseases have been shown to be dependent on a 
pathogenic T helper subset (Th17), and not on the Th1 subset. The suppressive mechanisms 
of infectious agents have been attributed to various regulatory/suppressive cell 
populations, such as Treg cells, Breg cells, NKT cells and alternatively activated 
macrophages (AA MΦs). In addition, the involvement of suppressive cytokines (e.g. IL-4, IL-
10 or TGF-β) has been studied and demonstrated. Focusing on helminth infections, the 
possible involvement of regulatory cells and cytokines is discussed.  
Some autoimmune diseases are being treated successfully with recently developed 
biological products (mainly humanized monoclonal antibodies against pro-inflammatory 
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macrophages (AA MΦs). In addition, the involvement of suppressive cytokines (e.g. IL-4, IL-
10 or TGF-β) has been studied and demonstrated. Focusing on helminth infections, the 
possible involvement of regulatory cells and cytokines is discussed.  
Some autoimmune diseases are being treated successfully with recently developed 
biological products (mainly humanized monoclonal antibodies against pro-inflammatory 
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cytokines). These products have outstanding therapeutic effects on autoimmune diseases 
(Nixon et al., 2007; Jones & Ding, 2010) compared to traditional immunomodulatory agents 
such as disease modifying anti-rheumatic drugs (DMARDs). However, they can cause 
severe adverse effects such as opportunistic infections. Helminths or their 
excretory/secretary products might solve the problems of monoclonal antibody therapy 
(Puneet et al, 2011). Therefore, at the end of this chapter, clinical trials of viable parasitic 
helminths for the treatment of immunological disorders are briefly introduced. 

2. Evidence of the hygiene hypothesis 
As described in Introduction, the prevalence of asthma, T1D, MS, and inflammatory bowel 
diseases (IBD) has been increasing in developed countries in an inverse relation to the 
declining prevalence of infectious diseases (Bach, 2002). In addition to the chronological 
trend, the geographical distribution of some autoimmune diseases seems to support the 
hygiene hypothesis. MS and T1D have a similar geographical distribution pattern known as 
a “North-south gradient”, with a high prevalence in northern European (Scandinavian) 
countries (= relatively hygienic) and low prevalence in southern European countries (= 
relatively non-hygienic) (Bach, 2002; Shapira et al., 2010a). This pattern could be explained 
by the hygiene hypothesis, but also attributable to differences in genetic background. For 
example, the single nucleotide polymorphism (SNP) PTPN22 is associated with high risk of 
T1D and distributed more in the northern regions than southern regions of Europe (Shapira 
et al., 2010a). Another factor that might explain the “North-south gradient” of MS and T1D 
is the amount of sun exposure. Vitamin D, production of which is dependent on exposure to 
UV, has been reported to have immunomodulatory effects, and insufficient production of 
vitamin D might be responsible for the higher incidence of autoimmune disorders in 
northern European countries (Shoenfeld et al., 2009; Ponsonby et al., 2002).  
There is epidemiological evidence of the importance of non-hygienic conditions in the 
prevention of autoimmune or atopic disorders. For instance, a significant difference in 
allergen-specific IgE level was reported between people of neighboring regions sharing the 
same ethnic background; Finland (relatively hygienic) and Russian Karelia (relatively non-
hygienic) (Seiskari et al., 2007). Enteroviral infections were found to protect the children in 
Karelia from atopy. Moreover, there are reports that offspring of immigrants from developing 
countries acquire a higher incidence of autoimmune diseases, such as T1D and MS, than the 
population of their parents’ motherland countries (Bach, 2002; Bodansky, 1992). These findings 
clearly indicate the importance of environmental factors (including hygienic standards) rather 
than genetic background in the pathogenesis of autoimmune disorders.  
The “sibling effect”, that children with more siblings have a lower risk of developing atopic 
disorders (Strachan, 1989), is the basic finding that the hygiene hypothesis comes from. The 
sibling effect on atopic disorders has been demonstrated in cohort studies (Benn et al., 2004; 
Matheson et al., 2009; Cullinan et al., 2003). A similar effect was reported in case of T1D 
(Cardwell et al., 2008a) and IBD (Koloski et al., 2008). From the viewpoint of the hygiene 
hypothesis, the decrease of the disease risk can be explained by the increased exposure to 
pathogens from elder siblings. Regarding atopic disorders, a meta-analysis of atopic 
dermatitis (AD) has shown inverse relationships with exposure to endotoxins, early day 
care, and contact with animals (Flohr et al., 2005). The risk of the early onset of allergic 
rhinitis (AR) was inversely correlated with viral infections during childhood, in addition to 
cumulative exposure to siblings before the age of 2 years (Matheson et al., 2009). Not only 
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overt infections but also non-invasive exposure to pathogen-derived products, such as 
endotoxins (Gereda et al., 2000), are considered responsible for prevention of atopy (von 
Mutius, 2007). In the case of autoimmune diseases, the risk of T1D is reduced in children 
living with siblings, sharing a bedroom and of households that often move (Cardwell et al., 
2008b). A population-based study in Canada demonstrated correlations between IBD and 
high socioeconomic status and low rates of enteric infections (Green et al., 2006). The report 
also revealed a positive correlation between IBD and MS.  

3. Evidence that does not match the hygiene hypothesis 
In great contrast to T1D and MS, rheumatoid arthritis (RA) has been declining in prevalence 
in recent decades (Gabriel &Michaud, 2009). Moreover, its geographical distribution is very 
different from that of T1D or MS. That is, RA is generally evenly distributed in the world 
and does not have a “North-south gradient”. (Shapira et al., 2010b). The geographical 
distribution of systemic sclerosis (SSc) seems to be contrast to those of T1D and MS. Within 
Europe, SSc is less frequent in the north than south (Shapira et al., 2010b). In the case of 
ankylosing spondylitis (AS), a genetic factor (HLA-B27) rather than environmental factors 
seems to explain the prevalence of the disease (Shapira et al., 2010b). Therefore, the 
geographical distribution and/or chronological transition of some autoimmune diseases 
cannot be explained by the hygiene hypothesis.  
For atopic disorders, the sibling effect itself has been confirmed (Benn et al, 2004; Matheson 
et al., 2009; Cullinan et al., 2003). However, some authors suggest that infections in early life 
do not explain the observed sibling effect (Benn et al., 2004; Cullinan et al., 2003). In a report 
on the preventive effects of endotoxins against AD (Flohr et al., 2005), apparent infections in 
early life were shown to increase the risk of AD. In a meta-analysis of relationships between 
exposure to furry pets and asthma and allergic rhinitis, there were different effects in 
different species of animals. That is, exposure to dogs increases the risk but exposure to cats 
decreases it (Takkouche et al., 2008). Moreover, in a meta-analysis of interrelationships 
between vaccinations with bacterial products (BCG and pertussis vaccine) and the incidence 
of asthma, no statistical association was found (Balicer et al., 2007). For T1D, there was no 
association between routinely recorded infections in early life and subsequent risk of the 
disease (Cardwell et al., 2008a). In addition, T1D had inverse relationships with asthma 
(Cardwell et al., 2003). These finding do not match the hypothesis that infections and 
exposure to pathogens protect against both atopy and autoimmunity. A systematic review 
of mycobacterial infections and atopy (Obihara et al., 2007) found that the negative 
correlations between them were mainly based on cross-sectional studies. The authors, 
therefore, claimed that population-based prospective studies would be needed. 
Regarding etiology of MS, two hypotheses have been proposed (Milo & Kahana, 2010). The 
“prevalence hypothesis” postulates that MS is caused by a pathogen common in high-
incidence areas. In contrast, according to the more accepted “poliomyelitis-hygiene 
hypothesis”, certain infections in early childhood protect against MS whereas infections 
with the same infectious agents later in life (e.g. adolescence) cause the disease, as in the 
cases of poliomyelitis. This concept is different from that of the “original” hygiene 
hypothesis, in that people living in hygienic conditions (= non-infected people) are 
protected from the disease. Epstein-Barr virus (EBV) is one of the infectious agents 
suspected to be causative of MS. Individuals infected with EBV in early childhood have a 
lower risk of MS than those infected in adolescence and as a consequence, suffer from 
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cytokines). These products have outstanding therapeutic effects on autoimmune diseases 
(Nixon et al., 2007; Jones & Ding, 2010) compared to traditional immunomodulatory agents 
such as disease modifying anti-rheumatic drugs (DMARDs). However, they can cause 
severe adverse effects such as opportunistic infections. Helminths or their 
excretory/secretary products might solve the problems of monoclonal antibody therapy 
(Puneet et al, 2011). Therefore, at the end of this chapter, clinical trials of viable parasitic 
helminths for the treatment of immunological disorders are briefly introduced. 

2. Evidence of the hygiene hypothesis 
As described in Introduction, the prevalence of asthma, T1D, MS, and inflammatory bowel 
diseases (IBD) has been increasing in developed countries in an inverse relation to the 
declining prevalence of infectious diseases (Bach, 2002). In addition to the chronological 
trend, the geographical distribution of some autoimmune diseases seems to support the 
hygiene hypothesis. MS and T1D have a similar geographical distribution pattern known as 
a “North-south gradient”, with a high prevalence in northern European (Scandinavian) 
countries (= relatively hygienic) and low prevalence in southern European countries (= 
relatively non-hygienic) (Bach, 2002; Shapira et al., 2010a). This pattern could be explained 
by the hygiene hypothesis, but also attributable to differences in genetic background. For 
example, the single nucleotide polymorphism (SNP) PTPN22 is associated with high risk of 
T1D and distributed more in the northern regions than southern regions of Europe (Shapira 
et al., 2010a). Another factor that might explain the “North-south gradient” of MS and T1D 
is the amount of sun exposure. Vitamin D, production of which is dependent on exposure to 
UV, has been reported to have immunomodulatory effects, and insufficient production of 
vitamin D might be responsible for the higher incidence of autoimmune disorders in 
northern European countries (Shoenfeld et al., 2009; Ponsonby et al., 2002).  
There is epidemiological evidence of the importance of non-hygienic conditions in the 
prevention of autoimmune or atopic disorders. For instance, a significant difference in 
allergen-specific IgE level was reported between people of neighboring regions sharing the 
same ethnic background; Finland (relatively hygienic) and Russian Karelia (relatively non-
hygienic) (Seiskari et al., 2007). Enteroviral infections were found to protect the children in 
Karelia from atopy. Moreover, there are reports that offspring of immigrants from developing 
countries acquire a higher incidence of autoimmune diseases, such as T1D and MS, than the 
population of their parents’ motherland countries (Bach, 2002; Bodansky, 1992). These findings 
clearly indicate the importance of environmental factors (including hygienic standards) rather 
than genetic background in the pathogenesis of autoimmune disorders.  
The “sibling effect”, that children with more siblings have a lower risk of developing atopic 
disorders (Strachan, 1989), is the basic finding that the hygiene hypothesis comes from. The 
sibling effect on atopic disorders has been demonstrated in cohort studies (Benn et al., 2004; 
Matheson et al., 2009; Cullinan et al., 2003). A similar effect was reported in case of T1D 
(Cardwell et al., 2008a) and IBD (Koloski et al., 2008). From the viewpoint of the hygiene 
hypothesis, the decrease of the disease risk can be explained by the increased exposure to 
pathogens from elder siblings. Regarding atopic disorders, a meta-analysis of atopic 
dermatitis (AD) has shown inverse relationships with exposure to endotoxins, early day 
care, and contact with animals (Flohr et al., 2005). The risk of the early onset of allergic 
rhinitis (AR) was inversely correlated with viral infections during childhood, in addition to 
cumulative exposure to siblings before the age of 2 years (Matheson et al., 2009). Not only 
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overt infections but also non-invasive exposure to pathogen-derived products, such as 
endotoxins (Gereda et al., 2000), are considered responsible for prevention of atopy (von 
Mutius, 2007). In the case of autoimmune diseases, the risk of T1D is reduced in children 
living with siblings, sharing a bedroom and of households that often move (Cardwell et al., 
2008b). A population-based study in Canada demonstrated correlations between IBD and 
high socioeconomic status and low rates of enteric infections (Green et al., 2006). The report 
also revealed a positive correlation between IBD and MS.  

3. Evidence that does not match the hygiene hypothesis 
In great contrast to T1D and MS, rheumatoid arthritis (RA) has been declining in prevalence 
in recent decades (Gabriel &Michaud, 2009). Moreover, its geographical distribution is very 
different from that of T1D or MS. That is, RA is generally evenly distributed in the world 
and does not have a “North-south gradient”. (Shapira et al., 2010b). The geographical 
distribution of systemic sclerosis (SSc) seems to be contrast to those of T1D and MS. Within 
Europe, SSc is less frequent in the north than south (Shapira et al., 2010b). In the case of 
ankylosing spondylitis (AS), a genetic factor (HLA-B27) rather than environmental factors 
seems to explain the prevalence of the disease (Shapira et al., 2010b). Therefore, the 
geographical distribution and/or chronological transition of some autoimmune diseases 
cannot be explained by the hygiene hypothesis.  
For atopic disorders, the sibling effect itself has been confirmed (Benn et al, 2004; Matheson 
et al., 2009; Cullinan et al., 2003). However, some authors suggest that infections in early life 
do not explain the observed sibling effect (Benn et al., 2004; Cullinan et al., 2003). In a report 
on the preventive effects of endotoxins against AD (Flohr et al., 2005), apparent infections in 
early life were shown to increase the risk of AD. In a meta-analysis of relationships between 
exposure to furry pets and asthma and allergic rhinitis, there were different effects in 
different species of animals. That is, exposure to dogs increases the risk but exposure to cats 
decreases it (Takkouche et al., 2008). Moreover, in a meta-analysis of interrelationships 
between vaccinations with bacterial products (BCG and pertussis vaccine) and the incidence 
of asthma, no statistical association was found (Balicer et al., 2007). For T1D, there was no 
association between routinely recorded infections in early life and subsequent risk of the 
disease (Cardwell et al., 2008a). In addition, T1D had inverse relationships with asthma 
(Cardwell et al., 2003). These finding do not match the hypothesis that infections and 
exposure to pathogens protect against both atopy and autoimmunity. A systematic review 
of mycobacterial infections and atopy (Obihara et al., 2007) found that the negative 
correlations between them were mainly based on cross-sectional studies. The authors, 
therefore, claimed that population-based prospective studies would be needed. 
Regarding etiology of MS, two hypotheses have been proposed (Milo & Kahana, 2010). The 
“prevalence hypothesis” postulates that MS is caused by a pathogen common in high-
incidence areas. In contrast, according to the more accepted “poliomyelitis-hygiene 
hypothesis”, certain infections in early childhood protect against MS whereas infections 
with the same infectious agents later in life (e.g. adolescence) cause the disease, as in the 
cases of poliomyelitis. This concept is different from that of the “original” hygiene 
hypothesis, in that people living in hygienic conditions (= non-infected people) are 
protected from the disease. Epstein-Barr virus (EBV) is one of the infectious agents 
suspected to be causative of MS. Individuals infected with EBV in early childhood have a 
lower risk of MS than those infected in adolescence and as a consequence, suffer from 
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infectious mononucleosis (IM). Additionally, non-infected people are known to have the 
lowest risk of MS (Ascheiro & Munger, 2010), suggesting the plausibility of the 
poliomyelitis-hygiene hypothesis. In addition to the causal relationship betwen EBV and 
MS, a number of infectious agents (HCV, rotavirus, Coxsackie virus, HHV-6, Helicobacter 
pylori, Trypanosoma cruzi etc.) were reported to have an association with autoimmunity 
(Kivity et al., 2009; Getts & Miller 2010).    
Collectively, numerous reports seem to contradict the hygiene hypothesis. In the 99th 
Dahlem Conference on Infection, Dr. Matricardi tried to reconcile the conflicting evidence 
(Matricardi, 2010). For instance, infections with orofecal pathogens like hepatitis A virus 
(HAV) were shown to be inversely correlated with atopy whereas infections of airborne 
viruses (measles virus, mumps virus, rubella virus etc.) were not (Matricardi et al., 1997; 
Matricardi et al., 2000). He proposes gastrointestinal infections that stimulate immunological 
changes in gut-associated lymphoid tissue (GALT) to be important for protective effects 
against atopic diseases (Matricardi, 2010, Matricardi et al., 2000). Likewise, to explain why 
some microorganisms protect against immunological disorders and others do not, a refined 
version of the hygiene hypothesis, the “old friends hypothesis” has been proposed (Rook, 
2009). According to this hypothesis, immunological disorders develop if “old friends” 
(=microorganisms present in humans for a long time on the evolutionary time scale) are 
expelled from the body. Parasitic helminths and saprophytic bacteria are representative “old 
friends”. To avoid having to fight the host’s immune systems long term, they become 
relatively harmless and continuously activate regulatory dendritic cells (DCs) and 
regulatory T cells (Treg) at background levels. Consequently, the presence of “old friends” 
renders hosts resistant to immune dysregulation. This hypothesis seems very attractive, 
especially to explain immunoregulatory mechanisms by parasitic helminths. 

4. Influence of helminth infections on human autoimmune disorders 
There have been a few papers on the interrelationships between helminth infections and 
autoimmune diseases in humans. Correale and colleagues have reported the influence of 
helminth infections on MS. In a prospective, double-cohort study, they found that MS 
patients infected with helminths (Hymenolepis nana, Trichuris trichiura, Ascaris lumbricoides, 
Strongyloides stercolaris or Enterobius vermicularis) showed fewer exacerbations, reduced 
disability scores, and lower MRI activity compared with uninfected MS patients (Correale & 
Farez, 2007). Furthermore, the infected MS patients showed an increase in myelin basic 
protein (MBP)-specific IL-10 and TGF-β - producing cells and a decrease in IL-12 and IFN-γ - 
producing cells. B cells from helminth-infected MS patients tend to produce high levels of 
IL-10, brain-derived neurotropic factor (BDNF), and nerve growth factor (NGF) (Correale et 
al., 2008). More importantly, some MS patients who received anti-parasite treatment, due to 
an exacerbation of helminth-derived symptoms, showed an increase in MS activity (Correale 
& Farez, 2011). The authors also showed that both B cells and DCs from intestinal helminth-
infected MS patients had increased expression of TLR2 and some of immunological changes 
observed in helminth Ag-exposed cells were TLR2-dependent (Correale & Farez, 2009). 
Collectively, these results suggest that parasitic helminths have anti-MS activity in humans. 
Fleming & Cook (2006) summarized the relationship between prevalence of T. trichiura and 
MS at the country / regional level. According to the data, MS is prevalent only in T. 
trichiura-free countries. Regarding other autoimmune diseases, in a case-control study in 
Okinawa (Japan), S. stercolaris was less frequent in the autoimmune liver disease group than 
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control group, suggesting that the parasite might protect against autoimmune liver diseases 
(Aoyama et al., 2007). Most recently, Mutapi et al. (2011) reported epidemiological study in 
Zimbabwe on the interrelationships between Schistosoma haematobium infection and auto-
reactive antibody levels. They found an inverse relationship between infection intensity and 
anti-nuclear antibody (ANA) levels in schistosome- endemic areas. According to the study, 
anti-helminthic treatment significantly increased ANA levels.  

5. Influence of helminth infections on human atopic disorders 
Compared to studies on human helminth infections and autoimmunity, reports on the 
interrelationships between helminth infections and atopic disorders are much more 
common. However, as there is considerable variation in results among the reports, 
systematic reviews and meta-analyses are important. According to reviews of cross-
sectional studies on the relationships between current parasitic infections and athma and 
atopy (Leonardi-Bee et al., 2006; Flohr et al., 2009; Feary et al., 2011), both intestinal 
helminths (Hookworms, Ascaris, Trichuris, Strongyloides, Enterobius) and schistosomes 
significantly lowered reactivity in the skin prick test. In contrast, only hookworm infections 
lowered the risk of asthma significantly; odds ratio (OR) = 0.50 (Leonardi-Bee et al., 2006). It 
is worth noting that Ascaris infections heightened the risk of asthma (OR = 1.34). Other 
geohelminths had no significant effects on the risk of asthma.  
The evidence obtained in cross-sectional studies is indirect. Direct evidence of ameliorating 
effects of helminths can be obtained by intervention studies. According to the review 
literature above (Flohr et al., 2009), in some intervention studies, allergic skin sensitization 
increased after de-worming treatment. This finding was reproducibly observed in 
independent studies in Venezuela (Lynch et al., 1993), Gabon (van den Biggelaar et al., 2004) 
and Vietnam (Flohr et al., 2010). However, in a study in Ecuador (Cooper et al., 2006), there 
was no increase in the prevalence of atopy or clinical allergies after de-worming treatment. 
Furthermore, in the study in Vietnam (Flohr et al., 2010), the clinical symptoms of allergy 
did not worsen in the treated group despite the increased sensitization. Remarkably, a study 
in Venezuela (Lynch et al., 1997) showed a clinical improvement in asthma after regular anti-
helminthic treatment. Taken together with cross-sectional studies of allergies in helminth-
infected individuals, the overall results could be summarized as follows: 1) In general, 
parasitic helminths suppress skin sensitization. 2) However, parasitic helminths do not 
always suppress clinical allergies and can sometimes worsen allergic symptoms. Regarding 
the timing of helminth infections, a study in Brazil is especially noteworthy (Rodrigues et 
al., 2008). In the study, heavy infections with T. trichiura in early childhood were shown to 
reduce reactivity to allergens in later childhood. Even if the child was not infected at the 
time of the skin test, this protective effect was observed. Cooper et al. (2009) summarized 
studies on helminth infections and clinical allergies in a review, in which he stated that 
different helminths have different effects on allergies depending on the timing of exposure. 
According to the review, Trichuris and hookworms are protective, whereas Ascaris and 
Toxocara may be risk factors in certain situations. Further studies, especially de-worming 
intervention studies or therapeutic clinical trials using helminths, may be necessary to 
establish a general view of the anti-allergic effects of helminths. 

6. T cell subsets and autoimmunity 
Until several years ago, major autoimmune diseases such as MS, T1D, RA and CD and 
animal models thereof had been classified as Th1-dependent diseases. Recently, however, 
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(=microorganisms present in humans for a long time on the evolutionary time scale) are 
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control group, suggesting that the parasite might protect against autoimmune liver diseases 
(Aoyama et al., 2007). Most recently, Mutapi et al. (2011) reported epidemiological study in 
Zimbabwe on the interrelationships between Schistosoma haematobium infection and auto-
reactive antibody levels. They found an inverse relationship between infection intensity and 
anti-nuclear antibody (ANA) levels in schistosome- endemic areas. According to the study, 
anti-helminthic treatment significantly increased ANA levels.  

5. Influence of helminth infections on human atopic disorders 
Compared to studies on human helminth infections and autoimmunity, reports on the 
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is worth noting that Ascaris infections heightened the risk of asthma (OR = 1.34). Other 
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did not worsen in the treated group despite the increased sensitization. Remarkably, a study 
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helminthic treatment. Taken together with cross-sectional studies of allergies in helminth-
infected individuals, the overall results could be summarized as follows: 1) In general, 
parasitic helminths suppress skin sensitization. 2) However, parasitic helminths do not 
always suppress clinical allergies and can sometimes worsen allergic symptoms. Regarding 
the timing of helminth infections, a study in Brazil is especially noteworthy (Rodrigues et 
al., 2008). In the study, heavy infections with T. trichiura in early childhood were shown to 
reduce reactivity to allergens in later childhood. Even if the child was not infected at the 
time of the skin test, this protective effect was observed. Cooper et al. (2009) summarized 
studies on helminth infections and clinical allergies in a review, in which he stated that 
different helminths have different effects on allergies depending on the timing of exposure. 
According to the review, Trichuris and hookworms are protective, whereas Ascaris and 
Toxocara may be risk factors in certain situations. Further studies, especially de-worming 
intervention studies or therapeutic clinical trials using helminths, may be necessary to 
establish a general view of the anti-allergic effects of helminths. 

6. T cell subsets and autoimmunity 
Until several years ago, major autoimmune diseases such as MS, T1D, RA and CD and 
animal models thereof had been classified as Th1-dependent diseases. Recently, however, 
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the finding of a critical role for IL-23 in the pathogenesis of some experimental forms of 
autoimmune diseases (Cua et al., 2003; Murphy et al., 2003) and subsequent discovery of a 
pathogenic T cell subset producing IL-17 (Th17) (Langrish et al., 2005; Park et al., 2005) has 
led us to revisit the “Th1/Th2 paradigm”. The simplified “Th1/Th2 paradigm” still explains 
many immunological phenomena, but there is accumulating evidence of the importance of 
Th17 in the pathogenesis of autoimmunity. By using IL-17-deficient mice, essential roles of 
IL-17 in the pathogenesis of autoimmune disease have been demonstrated directly (Nakae et 
al., 2003a, 2003b; Komiyama et al., 2003). Development of the Th17 lineage is antagonized by 
both Th1-related cytokines (IL-12 and IFN-γ) and a Th2 cytokine (IL-4) (Park et al., 2005; 
Nakae et al., 2007). Conversely, IL-23 and IL-17 negatively regulate Th1 differentiation 
(Nakae et al., 2007). Therefore, the balance of these Th subsets is much more complex than 
previously believed. Complicating the situation further is the recent finding that Th17 is not 
a stable subset and can be changed to the Th1 phenotype; i.e. plasticity of Th17 (Kurschus et 
al., 2010; Dong, 2011). The fate of Th17 cells depends on their surrounding environment 
(Dong, 2011; Lee et al., 2009) and Th17’s pathogenic nature depends on the conversion to 
Th1 cells, in the case of experimental T1D (Martin-Orozco et al., 2009; Bending et al., 2009). 
The relative importance of each Th subset to the pathogenesis may differ with the disease 
model, however in most cases, the pathogenicity of Th1 and Th17 is still under debate. There 
is a report that a transcription factor, T-bet, is essential for the encephalitogenicity of T cells 
rather than cytokine production (Yang et al., 2009). In contrast, T-bet seems to be a negative 
regulator in experimental autoimmune myocariditis (Rangachari et al., 2006). Given the 
unstable nature of the Th17 subset and disease heterogeneity of individual patients, 
antagonism of both the Th1 and Th17 subsets would be a better choice for the successful 
suppression of autoimmune diseases. From this viewpoint, parasitic helminths may have 
ideal immunomodulatory activities for treatment of autoimmunity.  

7. Effect of helminths on experimental autoimmunity 
7.1 Experimental autoimmune encephalomyelitis (EAE) 
EAE in rodents has been widely used as an animal model of MS. In EAE, both Th1 and Th17 
have been reported to be encephalitogenic and their relative importance depends on the 
mouse strain and MOG epitope used for immunization (El-behi et al., 2010). In addition, Th1 
and Th17 have different encephalitogenic roles as demonstrated by pathological 
observations; e.g., distinct cellular infiltrates (macrophage predominant or neutrophil 
predominant) and distinct sites of inflammation (mainly in the spinal cord or mainly in the 
brain) (El-behi et al., 2010; Domingues et al., 2010). These observations reinforce the 
necessity for an antagonistic effect against both Th1 and Th17 for ideal immunomodulatory 
medicines. 
Studies of therapeutic effects of helminths on EAE are summarized in Table 1. Anti-
encephalitogenic effects have been observed in all three groups of parasitic helminths; i.e. 
nematodes (Heligmosomoides polygyrus (Wilson et al., 2010), Trichinella spiralis (Gruden-
Movsesijan et al., 2008), Trichinella pseudospiralis (Wu et al., 2010) ), trematodes (Schistosoma 
japonicum (Zheng et al., 2008), Schistosoma mansoni (Sewell et al., 2003; La Flamme et al., 
2003), Fasciola hepatica (Walsh et al., 2009)) and cestodes (Taenia crassiceps) (Reyes et al., 2011).  
Among them, there are some distinct results in the effects of schistosomes. According to 
Sewell et al. (2003), the intra-peritoneal injection of schistosome eggs protected mice from 
EAE, whereas La Flamme et al. (2003), reported that a similar injection did not have 
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protective effect. In general, a down-regulation of both Th17 and Th1 cytokine expression 
has been demonstrated (Walsh et al., 2009; Wu et al., 2010; Reyes et al., 2011) except in 
papers published before the emergence of the Th17 concept (Sewell et al., 2003; La Flamme 
et al., 2003). Regarding cellular involvement in the suppression, B cells highly expressing 
CD23 were shown to be responsible for EAE suppression (Wilson et al., 2010) in adoptive 
transfer experiments. In that study, B cells from IL-10-deficient mice as well as from wild-
type mice conferred protection against EAE. The involvement of AAMΦ is also plausible, 
because AAMΦ markers are increased in the brain in T. crassiceps-infected EAE mice (Reyes 
et al., 2011). In addition, abrogation of schistosome-induced anti- encephalitogenic effects in 
STAT6-deficient mice (Sewell et al., 2003) might support the importance of AAM Φ. 
 

Helminth Treatment Proposed mechanism Refs

Heligmosomoides polygyrus Adoptive transfer of
infected mouse cells

B cells, Independent of IL-10 Wilson et al., 2010

Trichinella spiralis Infection Gruden-Movsesijan et al., 2008

Trichinella pseudospiralis Infection IL-17↓, IL-6↓, IL-1↓, IFN-↓, TNF-↓ Wu et al., 2010

Schistosoma japonicum Egg Ag i.p. IFN-↓, IL-4↑ Zheng et al., 2008

Schistosoma mansoni Egg i.p. IFN-↓, IL-4↑, TGF-↑, IL-10↑,
Dependent on STAT6

Sewell et al., 2003

Infection IL-12/23 p40↓, IFN-↓, TNF-↓, IL-4↑ La Flamme et al., 2003

Fasciola hepatica Infection IFN-↓, IL-17↓, Dependent on TGF-,
Independent of IL-10

Walsh et al., 2009

Taenia crassiceps Infection IL-17↓, TNF-↓, IL-4↑, IL-10↑ Reyes et al., 2011
AAM markers↑

↓：down-regulation, ↑：up-regulation  
Table 1. Suppressive effect of parasitic helminths on EAE. 

7.2 Experimental T1D 
Non-obese diabetic (NOD) mice have been used widely as an animal model of T1D. 
Spontaneous destruction of pancreatic β-cells and subsequent hyperglycemia are observed 
in NOD mice. The pathogenesis of T1D in this mouse has been studied extensively, 
however, there is still considerable controversy over the relative contribution of Th1 (or IFN-
γ) and Th17 (or IL-17). Anti-IFN-γ treatment rendered NOD mice resistant to 
cyclophosphamide (CY)-accelerated diabetes (Debray-Sachs et al., 1991). In contrast, in IFN-
γ deficient NOD mice, neither insulitis nor diabetes was prevented although the onset was 
delayed (Hultgren et al., 1996; Gysemans et al., 2008). These findings suggest that IFN-γ is 
involved in, but not essential to, the pathogenesis. IFN-γ is not itself detrimental to β-cells, 
but induces apoptosis when acting with IL-1β or TNF-α (Gysemans et al., 2008). Regarding 
this pro-apoptotic effect, dual roles of IFN-γ in NOD mice have been indicated; i.e. IFN-γ 
induces β-cell destruction via STAT-1 but protects β-cells via IRF-1 (Gysemans et al., 2008). 
On the other hand, pathological roles of IL-17 have been also suggested in mice (Miljkovic et 
al., 2005: Emamaullee et al., 2009) and humans (Honkanen et al., 2010). Anti-IL-17 antibody 
prevented diabetes in NOD mice when administered around the time of onset (Emamaullee 
et al., 2009). At present, it is reasonable to conclude that both Th1 and Th17 play some role 
in diabetogenesis in NOD mice.  
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γ deficient NOD mice, neither insulitis nor diabetes was prevented although the onset was 
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On the other hand, pathological roles of IL-17 have been also suggested in mice (Miljkovic et 
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prevented diabetes in NOD mice when administered around the time of onset (Emamaullee 
et al., 2009). At present, it is reasonable to conclude that both Th1 and Th17 play some role 
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Along with NOD mice, inducible T1D models have been used for diabetes research. One of 
them is streptozotocin (STZ)-induced diabetes. STZ is a glucosamine- nitrosourea 
compound specifically toxic to pancreatic islet β-cells (Yamamoto et al., 1981). Multiple low-
dose administrations of STZ cause immune mechanism-mediated β-cell destruction and 
diabetes in mice (Kantwerk-Funke et al., 1991). In this T1D model, pathogenic roles of both 
IL-12/IFN-γ axis (Herold et al., 1996; Müller et al., 2002; Gysemans et al., 2005; Cetkovic-
Cvrlje & Uckun, 2005) and IL-23/IL-17 axis (Miljkovic et al., 2005, Mensah-Brown et al., 
2006) have been suggested, as in NOD mice.  
 
T1D model Helminth Treatment Proposed mechanism Refs

Spontaneous T1D in NOD mice Litomosoides sigmodontis Infection, Worm Ag IL-4↑, IL-5↑, Treg Hübner et al., 2009

Heligmosomoides polygyrus Infection Independent of IL-10 and Treg Liu et al., 2009

Trichinella spiralis Infection IL-4↑, IL-10↑ Saunders et al., 2007

Schistosoma mansoni Infection / Egg i.p. Anti-insulin IgG↓ Cooke et al., 1999

Eggs, Egg Ag,
Worm Ag i.p.

NKT cells↑ Zaccone et al., 2003

Egg Ag i.p. Treg Zaccone et al., 2009

Streptozotocin-induced
diabetes in mice

Schistosoma mansoni Infection EL-Wakil et al., 2002

(Multiple low dose model)
Taenia crassiceps Infection AAM Espinoza-Jiménez et al., 2010

↓：down-regulation, ↑：up-regulation  
Table 2. Suppressive effects of parasitic helminths on experimental T1D. 

Studies of the therapeutic effects of helminths on experimental T1D models are summarized 
in Table 2.  As in the case of EAE, all three groups of helminths (nematodes, trematodes and 
cestodes) have preventive effects against experimental T1D models. As Treg cells play an 
important regulatory role against diabetogenesis (Brode et al., 2006; Ott et al., 2005), some 
authors suggest that they are also responsible for the anti-diabetogenic effects of helminths 
(Hübner et al., 2009; Zaccone et al., 2009). However, other reports do not support the 
importance of Treg cells (Liu et al., 2009; Espinoza-Jiménez et al., 2010). This inconsistency 
probably suggests the presence of distinct suppressive mechanisms in each parasite species. 
In our recent study, intestinal helminth infection protected mice from diabetes induced by 
multiple low-doses of STZ in a STAT6-independent manner (unpublished observation). This 
finding suggests that immune polarization from Th1 to Th2 induced by helminths cannot 
explain the anti-diabetogenic effect. Further studies using gene-targeted mice are needed to 
elucidate the anti-diabetogenic mechanisms of helminths.  

7.3 Experimental autoimmune arthritis 
There are various models of autoimmune arthritis in rodents. Collagen-induced arthritis 
(CIA) is one of the most widely used classical models of RA (Stuart et al., 1982). In this 
model, anti-collagen antibodies are responsible for the destruction of cartilage (Terato et al., 
1992). Regarding cytokines, TNF-α, IL-1β and IL-6 are crucial to the inflammatory bone 
destruction in autoimmune arthritis (Ferraccioli et al., 2010; Möller & Villiger, 2006). 
However, the most important factor in the bone destruction is receptor activator of NFκB 
ligand (RANKL). This cytokine is induced to express on osteoblasts and synovial fibroblasts 
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by IL-17 and acts on osteoclast precursors to stimulate their differentiation into 
multinucleated osteoclasts (Okamoto & Takayanagi, 2010). An essential role for IL-17 in the 
pathogenesis of CIA has been demonstrated directly by using IL-17-deficient mice (Nakae et 
al., 2003a). IL-17 is an essential pathological factor also in other models of arthritis; e.g. IL-1 
receptor antagonist-deficient mice (Nakae et al., 2003b), Ag-induced arthritis (AIA) (Irmler 
et al., 2007) and glucose 6-phosphate isomerase (GPI)– induced arthritis (Iwanami et al., 
2008). Thus, these models could be considered Th17-dependent. In contrast, IFN-γ is now 
considered an ameliorating factor in CIA (Kelchtermans et al., 2009; Chu et al., 2007) and in 
AIA (Irmler et al., 2007). However, in proteoglycan-induced arthritis, IFN-γ (not IL-17) is 
responsible for the pathogenesis (Doodes et al., 2008). Taken together, models of 
autoimmune arthritis are mainly dependent on Th17 but exceptions do exist. In human RA, 
the pathological importance of TNF-α, IL-1β, IL-6 and IL-17 has been demonstrated directly 
by the striking efficacy of biological drugs targeting those cytokines (Nixon et al., 2007; 
Jones & Ding, 2010; Genovese et al., 2010). In addition, an anti-RANKL monoclonal antibody 
has been approved for osteoporosis and is now under clinical development for RA (Pageau, 
2009). 
As described in section 3, the global distribution and trends of RA do not match the hygiene 
hypothesis (Gabriel & Michaud, 2009; Shapira et al., 2010b). In addition, to our knowledge, 
there is no report of anti-RA effects of parasitic helminths in humans. Nonetheless, several 
investigators (including us) have found anti-arthritic effects of helminths or helminth-
derived products in rodents. Those studies are summarized in Table 3. We ourselves have 
reported suppressive effects of a blood fluke, S. mansoni, on mouse CIA (Osada et al., 2009). 
In that study, the S. mansoni infection reduced the severity of CIA as evaluated using scores 
of arthritis and numbers of arthritic paws. Histopathological observation revealed the 
prevention of bone destruction in the infected mice. According to an analysis of splenic 
cytokine production pattern, production of IL-17A, TNF-α and IFN-γ were down-regulated 
and that of IL-4 and IL-10 was up-regulated. The real-time PCR analysis of inflamed paws 
showed the striking augmentation of the gene expression of bone-absorptive pro-
inflammatory mediators (IL-1β, IL-6 and RANKL) observed in non-infected arthritic mice to 
be abrogated in infected mice. S. mansoni is a gonochoristic worm and forms a pair in the 
portal vein. Egg deposition in the infected host organs is the major stimulus of Th2-
polarization (Grzych et al., 1991) and other immunomodulatory events such as Treg 
induction (Taylor et al., 2006). In our experiments, the severity of CIA correlated inversely 
with the numbers of worm pairs, theoretically proportional to the number of eggs produced 
(Osada et al., 2009). In addition, in a time-course experiment, the splenic cytokine 
modulation (including down-modulation of IL-17 and TNF-α) was observed from 6 to 8 
week post-infection, which corresponds to the beginning of egg deposition (unpublished 
observation). However, repeated intra-peritoneal injections of soluble egg antigen (SEA) did 
not protect mice from CIA and viable eggs lost their ability to suppress IL-17 production by 
freeze-thawing and subsequent crushing treatment (Osada et al., 2010). Therefore, a viable 
infection, which supplies viable eggs continuously, may be essential for the schistosome-
induced anti-arthritic effects. By plotting the relationship between infection intensity and 
severity levels, we have found that a single pair of worms was enough to abrogate the 
augmentation of pro-inflammatory mediators and approximately 4 pairs were enough to 
suppress the onset of arthritis (Osada et al., 2009).  
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freeze-thawing and subsequent crushing treatment (Osada et al., 2010). Therefore, a viable 
infection, which supplies viable eggs continuously, may be essential for the schistosome-
induced anti-arthritic effects. By plotting the relationship between infection intensity and 
severity levels, we have found that a single pair of worms was enough to abrogate the 
augmentation of pro-inflammatory mediators and approximately 4 pairs were enough to 
suppress the onset of arthritis (Osada et al., 2009).  
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Arthritis model Helminth Treatment Proposed mechanism Refs

Collagen-induced arthritis
(CIA) in mice

Ascaris suum Worm Ag i.p. Rocha et al., 2008

Acanthocheilonema viteae ES-62 i.p. IFN-↓, TNF-↓, IL-6↓, Anti-
collagen IgG↓

McInnes et al., 2003

Schistosoma mansoni Infection IL-17↓, TNF-↓, IL-6↓, RANKL
↓, Anti-collagen IgG↓

Osada et al., 2009

Schistosoma japonicum Infection IL-4↑, Anti-collagen IgG↓ He et al., 2010

Zymosan-induced arthritis
(ZYA) in mice/rats

Ascaris suum Worm Ag i.p./p.o. NO↓, IL-1↓ Rocha et al., 2008

Adjuvant-induced arthritis
(AIA) in rats

Schistosoma japonicum rSj16 i.p. TNF-↓, IL-1↓,NO↓, IL-10↑ Sun et al., 2010

Spontaneous arthritis in
MRL/lpr mice

Nippostrongylus brasiliensis Infection Salinas-Carmona et al., 2009

Heligmosomoides polygyrus Infection

FCA-induced
monoarthritis in rats

Hymenolepis diminuta Infection IL-10 from CD4+ cells Shi et al., 2011

↓：down-regulation, ↑：up-regulation  
Table 3. Suppressive effects of parasitic helminths on experimental arthritis. 

In addition to the down-regulation of pro-inflammatory cytokines, pathogenic anti-collagen 
IgG levels were lowered in the infected mice. Since our publication, other investigators also 
have demonstrated therapeutic effects of schistosomes on arthritis models. He et al. (2010) 
showed that S.japonicum suppressed CIA. However, infection at 2 weeks before CIA 
induction resulted in an exacerbation of the disease, whereas infection at 7 weeks before 
induction prevented the disease. This is in contrast to our study in which infection at 2 
weeks before induction reduced the severity of CIA. The reason of this discrepancy is not 
clear, but as speculated by He et al., the difference in parasite species (S.mansoni and 
S.japonicum) might have affected the outcome. Sun et al. (2010) demonstrated that a 
recombinant protein of S. japonicum (rSj16) ameliorated adjuvant-induced arthritis in rats. 
The authors observed a suppression of IL-12 production and augmentation of IL-10 
production in rSj16-treated bone marrow-derived dendritic cells (BMDCs). A filarial 
nematode-derived phosphorylcholine- containing glycoprotein, ES-62, was proven to 
suppress ongoing CIA (McInnes et al., 2003). In vitro, ES-62 suppressed LPS-induced 
production of TNF-α and IL-6 from RA synovial cells. Moreover, ES-62 also inhibited TNF-α 
production in human T cells and macrophages. Regarding the involvement of regulatory 
cytokines and cells, Shi et al. (2011) reported that IL-10 from CD4+ cells of infected mice was 
important for anti-arthritic effects of the rat tapeworm Hymenolepis diminuta. They also 
found that the absence of IL-4Rα chain signaling in mice cancelled the anti-arthritic effects of 
the worm. These findings seem to suggest the importance of Th2-polarization by the 
parasite, however, we recently found that the Th2-polarizing intestinal parasite H. polygyrus 
did not protect mice from CIA but rather, exacerbated the disease (unpublished 
observation). The anti-arthritic mechanisms of helminths seem complicated, probably 
because of the heterogeneity of both experimental models and parasites.   

7.4 Experimental colitis as a model of IBD 
Human IBD includes heterogeneous inflammatory diseases of the intestines. For instance, in 
terms of T cell subset, CD had been considered a “Th1 disease”, but at present, the 
importance of the Th17 subset in the pathogenesis of CD is emphasized (Sarra et al., 2010). 
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Increases in both IL-17 and IL-12 mRNA in CD and UC patients has been reported (Nielsen 
et al., 2003). The most striking evidence of the involvement of IL-23/Th17 axis is the finding 
of Th17-related genes (including IL-23R gene) as susceptibility genes for CD (Brand, 2009).  
In contrast, Th2-related cytokines are dominant in UC (Sarra et al., 2010). Likewise, models 
of colitis are also composed of diseases with a distinct pathogenesis (Strober et al., 2002). 
Experimental colitis induced by the intra-rectal injection of hapten, such as TNBS or DNBS, 
resembles human CD and its development seems independent of IFN-γR (Camoglio et al., 
2000) and dependent on IL-17R signaling (Zhang et al., 2006). Colitis can be also induced by 
causing dysfunction in epithelial cell barrier. Supply of drinking water containing dextran 
sulfate sodium (DSS) induces this type of colitis. In this model, T and B cells are dispensable 
(Dieleman et al., 1994) and macrophages seem to play both a pathological role (Bauer et al., 
2010) and a regulatory role (Qualls et al., 2006; Smith et al., 2007). Considering predominant 
expression of Th2-related cytokines in the chronic phase, DSS-induced colitis resembles UC 
(Alex et al., 2009). Interestingly, neutralization of IL-17 aggravates the model (Ogawa et al., 
2004), suggesting that IL-17 plays a protective role against DSS-induced colitis. By contrast, 
another study demonstrated that the colitis was alleviated in IL-17A deficient mice (Ito et al., 
2008). The reason for this discrepancy is not clear, but might be due to different mouse 
strains used in their experiments as indicated by Ito et al. 
Using these models of colitis, a number of studies on helminth effects have been conducted 
(Table 4). Generally, helminths seem to ameliorate TNBS/DNBS- induced colitis. It is worth 
noting that even worms that usually cause intestinal pathology by laying a large number of 
eggs in the mesenteric vein (i.e. Schistosoma spp.) have anti-colitic effects (Moreels et al., 
2004; Ruyssers et al., 2009; Elliott et al., 2003; Mo et al., 2007; Zhao et al., 2009; Bodammer et 
al., 2011; Smith et al., 2007). A down-regulation of Th1/Th17-related cytokines and up-
regulation of anti-inflammatory cytokines are observed in most studies. However, only a 
few papers have provided direct evidence of the involvement of certain cells or cytokines.  
For instance, anti-colitic effects of S.mansoni (Elliott et al., 2003) and H.diminuta (Hunter et 
al., 2005) were demonstrated to be STAT6-dependent. The latter authors also a showed the 
anti-colitic effect of the worms to be dependent on IL-10 and the presence of macrophages 
(Hunter et al., 2010). In contrast to the regularly observed helminths’ ameliorating effects on 
Th1/Th17 dominant (TNBS/DNBS- induced) models, macrophage-mediated or Th2-
dominant (DSS-induced or oxazolone- induced) colitis was not alleviated or rather 
worsened by some helminth infections (Table 4). This exacerbation seems due to the robust 
Th2-polarization by the helminths; e.g. H. diminuta infection worsened oxazolone-induced 
colitis via IL-5 induction and consequently caused eosinophila (Wang et al., 2010), 
demonstrated by a loss of exacerbation in eotaxin-deficient mice or anti-IL-5 antibody-
treated mice. The finding that anti-colitic effects of schistosome male worms were lost in 
DSS-induced colitis when mice were infected with worms of mixed sex (Smith et al., 2007) 
may support the speculation, because the Th2-polarizing ability of schsitosome eggs 
(produced in mixed sex infection) is more potent than that of adult worms (Grzych et al., 
1991). Weinstock’s group has been studying anti-colitic mechanisms of the intestinal 
helminth H.polygyrus by using colitis in IL-10-deficient or TGF-βRII dominant negative (DN) 
mice (Elliott et al., 2004, 2008; Ince et al., 2009). According to the studies, the helminth’s anti-
colitic effect depends not on IL-10 but on TGF-β signaling. This finding does not mean that 
host-derived TGF-β is necessary, because it has been recently shown that H. polygyrus-
derived “TGF-β-like molecules” mobilize host TGF-β signaling and induce subsequent Treg 
cell development (McSorley et al., 2010; Grainger et al., 2010).  
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the worm. These findings seem to suggest the importance of Th2-polarization by the 
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resembles human CD and its development seems independent of IFN-γR (Camoglio et al., 
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(Dieleman et al., 1994) and macrophages seem to play both a pathological role (Bauer et al., 
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eggs in the mesenteric vein (i.e. Schistosoma spp.) have anti-colitic effects (Moreels et al., 
2004; Ruyssers et al., 2009; Elliott et al., 2003; Mo et al., 2007; Zhao et al., 2009; Bodammer et 
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al., 2005) were demonstrated to be STAT6-dependent. The latter authors also a showed the 
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dominant (DSS-induced or oxazolone- induced) colitis was not alleviated or rather 
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colitis via IL-5 induction and consequently caused eosinophila (Wang et al., 2010), 
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treated mice. The finding that anti-colitic effects of schistosome male worms were lost in 
DSS-induced colitis when mice were infected with worms of mixed sex (Smith et al., 2007) 
may support the speculation, because the Th2-polarizing ability of schsitosome eggs 
(produced in mixed sex infection) is more potent than that of adult worms (Grzych et al., 
1991). Weinstock’s group has been studying anti-colitic mechanisms of the intestinal 
helminth H.polygyrus by using colitis in IL-10-deficient or TGF-βRII dominant negative (DN) 
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colitic effect depends not on IL-10 but on TGF-β signaling. This finding does not mean that 
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Colitis model Helminth Treatment Effect Proposed mechanism Refs

TNBS/DNBS-induced colitis Ancylostoma caninum Worm Ag i.p. A Ruyssers et al., 2009

Heligmosomoides polygyrus Infection A Mast cell-mediated, Neural control of
secretory function

Sutton et al., 2008

Trichinella spiralis Worm Ag i.r. A IL-1↓, iNOS↓, IL-13↑, TGF-↑ Motomura et al., 2009

Schistosoma mansoni Infection A IL-2↑, IL-4↑ Moreels et al., 2004
Egg i.p. A IFN-↓, IL-4↑, STAT6 dependent Elliott et al., 2003
Worm Ag i.p. A IFN-↓, IL-17↓, TGF-↑, IL-10↑ Ruyssers et al., 2009

Schistosoma japonicum Egg  i.p. A IFN-↓, IL-4↑, IL-10↑, Treg↑ Mo et al., 2007
Egg i.p. A IFN-↓, IL-10↑、TLR4↓ Zhao et al., 2009

Hymenolepis diminuta Infection A TNF-↓, IL-10↑, IL-4↑, AAM-
dependent,  IL-10/STAT6 dependent

Hunter et al., 2005;  Hunter et
al., 2010; Johnston et al., 2010

DSS-induced colitis Ancylostoma ceylanicum Worm Ag / ES Ag i.p. A IFN-↓, IL-17↓, TNF-↓ Cançado et al., 2011

Acanthocheilonema viteae Cystatin i.p. A IL-10 producing M Schnoeller  et al., 2008

Toxascaris leonina Galectin homologue i.p. A TGF-↑, IL-10↑ Kim et al., 2010

Schistosoma mansoni Infection (male only) A M dependent, Treg/IL-10/IL-4/IL-
13/TGF- independent

Smith et al., 2007

Infection (mixed) N
Egg Ag i.p. N

Infection (mixed) A TNF-↓ Bodammer et al., 2011
Egg Ag i.p. N

Hymenolepis diminuta Infection E Reardon et al., 2001

Oxazolone colitis Hymenolepis diminuta Infection E IL-5↑, Eosinophils↑ Wang et al., 2010

Piroxicam-induced colitis in
IL-10 deficient mice

Heligmosomoides polygylus Infection A IL-17↓, IL-10 independent Elliott et al., 2004; Elliott et al.,
2008

Colitis in TGF-RII DN mice Heligmosomoides polygylus Infection N TGF- signal dependent Ince et al., 2009

Rag/IL-10-/- Tcell transfer Heligmosomoides polygylus Infection A Modulation of DC　function Hang et al., 2010

↓：down-regulation, ↑：up-regulation A: Amelioration, E: Exacerbation, N: No effect  
Table 4. Effects of parasitic helminths on experimental colitis. 

8. Clinical trials of parasitic helminths against immunological disorders  
The administration of non-pathogenic or hypo-virulent parasitic worms could be considered 
for the treatment of immunological disorders. Several clinical trials using parasitic worms 
have been and are currently being conducted. Significant therapeutic effects have been 
confirmed in some of these studies. Weinstock’s group conducted trials with Trichuris suis 
(porcine whipworm) ova (TSO) against CD (Summers et al., 2005a) and UC (Summers et al., 
2005b), and demonstrated significant efficacy. TSO is also being tested for MS and 
promising results have been obtained in a phase I trial (Fleming et al., 2011). Regarding 
allergic disorders, Bager et al. (2010) found no therapeutic effect of TSO on allergic rhinitis. 
However, Summers et al. (2010) critically commented on the report that it was premature to 
conclude that TSO is ineffective on allergic rhinitis because the TSO treatment was too late 
and not sufficient. Necator americanus (Hookworm) is also under clinical trials for asthma 
(Feary et al., 2010) and CD (Croese et al., 2006). The advantage of this worm is its long life in 
the host (at least 6 years) and no need for repeated inoculation (Elliott and Weinstock, 2009). 
The parasite was well-tolerated without severe adverse effects on asthmatic patients, but a 
safe dosage of the parasites (10 infective larvae) did not show significant therapeutic efficacy 
(Feary et al., 2010).  
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9. Concluding remarks 
There are two ways of developing parasite-based biomedicines for clinical use. One 
approach is the direct applications of non-pathogenic/hypo-virulent viable helminths to 
patients, as introduced in section 8. In addition to TSO and hookworms, other hypo-virulent 
helminths could be considered for human application. However, before clinical trials, 
sufficient accumulation of epidemiological and experimental evidence of their therapeutic 
efficacy is required. Hypo-virulent intestinal nematodes (e.g. Trichostrongylus spp.), 
intestinal trematodes (e.g. Metagonimus sp.) and intestinal tapeworms (e.g. Hymenolepis 
diminuta) may become candidates for such studies in the future. It is also essential that the 
parasites can be maintained in domestic or experimental animals. This is because parasites 
that infect only humans cannot be maintained and expanded efficiently for clinical use.  
Another way of developing parasite-based biomedicines comes from the identification of 
effector molecules of parasites. Considerable numbers of immunomodulatory molecules 
have been identified from helminths (Harnett W & Harnett MM, 2010). The majority have 
shown therapeutic effects on experimental autoimmunity or allergy. Some investigators 
reported that viable parasites were superior to administration of the antigens of parasites 
(Hunter et al., 2010; Bodammer et al., 2011; Osada et al., 2010) in therapeutic efficacy. In 
addition, there is still considerable controversy over the roles of regulatory cells (e.g. Treg, 
Breg or AAMΦ) and regulatory cytokines (e.g. IL-4, IL-10, TGF-β) in helminth-induced 
immunomodulation. Therefore, further investigation is needed to elucidate the 
immunomodulatory mechanisms of viable parasite infections, and new findings obtained 
there should help to establish an optimal screening system for anti-autoimmune/anti-
allergic substances from parasitic helminths. 
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have been identified from helminths (Harnett W & Harnett MM, 2010). The majority have 
shown therapeutic effects on experimental autoimmunity or allergy. Some investigators 
reported that viable parasites were superior to administration of the antigens of parasites 
(Hunter et al., 2010; Bodammer et al., 2011; Osada et al., 2010) in therapeutic efficacy. In 
addition, there is still considerable controversy over the roles of regulatory cells (e.g. Treg, 
Breg or AAMΦ) and regulatory cytokines (e.g. IL-4, IL-10, TGF-β) in helminth-induced 
immunomodulation. Therefore, further investigation is needed to elucidate the 
immunomodulatory mechanisms of viable parasite infections, and new findings obtained 
there should help to establish an optimal screening system for anti-autoimmune/anti-
allergic substances from parasitic helminths. 
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