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Preface 
 

Gastroenterology is the branch of medicine whereby the digestive system and its 
disorders are studied. The name is a combination of three Ancient Greek words gaster 
(gastros or stomach), enteron (intestine), and logos (reason). Its documented history dates 
back to Egyptian times where, citing from Egyptian papyri, Nunn identified 
significant knowledge of gastrointestinal diseases among practicing physicians during 
the periods of the pharaohs. Irynakhty, of the tenth dynasty, c. 2125 B.C., was a court 
physician specializing in gastroenterology and proctology. Among ancient Greeks, 
Hippocrates attributed digestion to concoction, while Galen’s concept of the stomach 
having four faculties was widely accepted up to modernity in the seventeenth century. 
Since then, the works of several scholars has evolved the thinking of gastroenterology, 
such as Maximilian Stroll in 1777, who described cancer of the gallbladder, and Karl 
Wilhelm von Kupffer in 1876, who described the properties of liver Kupffer cells. 
Others include Burrill Bernard Crohn in 1932, who described Crohn’s disease, and 
Barry Marshall, Robin Warren and James Leavitt in 1982/1983 with the discovery of 
Helicobacter pylori and its role in peptic ulcer disease. It is clearly seen, by the history 
of Gastroenterology, that the speciality continues to develop at a rapid pace due to 
increase of understanding of disease processes and the discovery of new diagnostic 
and treatment strategies. Ulcerative Colitis is no exception to this trend. This book is 
just another step in marking the current developing knowledge and thinking around 
the area of Ulcerative colitis. 

This book, which is divided into 2 volumes, is intended to act as an up-to-date 
reference point and knowledge developer for all readers interested in the area of 
gastroenterology, and in particular, Ulcerative Colitis. All authors of the chapters are 
experts in their fields of publication, and deserve individual credit and praise for 
their contributions to the world of Ulcerative Colitis. We hope that you will find this 
publication informative, stimulating, and a reference point for the area of Ulcerative 
colitis as we move forward in our understanding of the field of medicine. With that 
hope, I remind you of the though provoking quote by the French Philosopher and 
writer, Voltaire (1694 – 1778), “Doctors are men who prescribe medicines of which they 
know little, to cure disease of which they know less, in human beings of whom they know 
nothing”.   
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Ulcerative Colitis  
Iftikhar Ahmed1 and Zafar Niaz2 

1Department of Gastroenterology, University of Bristol / North Bristol NHS Trust, Bristol 
2Mayo Hospital / King Edward Medical University Lahore 

1UK 
2Pakistan 

1. Introduction 
Ulcerative colitis (UC) is chronic remitting relapsing disease of gastrointestinal tract which 
together with Crohn’s disease (CD) is often grouped as inflammatory bowel disease (IBD). 
For a long time, all diarrhoeal diseases were believed to be caused by infectious agents such 
as bacteria. In 1875  Wilks and Moxon for the first time described UC as a separate entity 
different from infectious colitis [1]. Later in 1960, formal criteria to differentiate UC from CD 
were established. UC has an annual incidence of 10-20 per 100,000 compared to 5-10 per 
100,000 for CD, however these data are generally considered to be an underestimate [2, 3]. It 
predominantly affects younger population with a peak incidence between ages 20-40 yrs, 
however they may affect any age group; and up to 15% of individuals are above 60 yrs of 
age at the time of diagnosis. Currently IBD is estimated to affect as many as 1.4 million 
people in the United States and 2.2 millions in Europe [3]. UC usually causes continuous 
mucosal inflammation and is confined to the large bowel, except in a minority of patients 
where involvement extends to the terminal ileum, called “backwash ileitis”. Bloody diarrhoea, 
abdominal pain and passage of rectal mucous and blood are the predominant presenting 
symptoms of UC. In addition, extra-intestinal manifestations are also prevalent in UC 
although less common than CD; the most common being rheumatological (ankylosing 
spondylitis, axial arthritis), dermatological (erythema nodosum, pyoderma gangrenosum), 
and ophthalmological (scleritis, episcleritis) [4]. A small subgroup of patients (approximately 
10%) have disease affecting colon with histological features of both CD and UC which is 
termed as indeterminate colitis [5]. 

2. Epidemiology 
Epidemiological studies have revealed gender-related differences in UC with a slight 
predominance of males. It is traditionally considered to be most common in Western 
countries and least common in Asian pacific region, however its low incidence in the later is 
considered to be due to under-diagnosis and its overlap with infective diarrhoea [6]. The 
incidence of UC has increased markedly in the West since 1950s. The increase in the 
incidence of UC precedes that of CD by about 15-20 years [7]. Geographically, the 
prevalence of the disease has a gradient from North to South and, to a lesser degree, from 
West to East. The Western-Eastern discrepancy can be attributed to urbanization and a 
difference in Western lifestyles [8]. 
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The incidence of the disease has been increasing worldwide of late, but the rate of  increase 
has been slowing in highly affected countries [9]. Racial and ethnic observations in different 
populations reflect genetic, inherited, environmental and behavioural factors. The disease 
seems to have a characteristic racial-ethnic distribution: blacks are less affected by the UC 
than whites and the Jewish population is highly susceptible to both UC and CD  
everywhere, but its prevalence in a particular population nears that of the domestic 
society in which they live [10]. A study from northern England suggested that the 
prevalence of UC in 1995 was as high as 243 cases per 100,000 persons [2]. Recent data 
from Cardiff, UK showed that incidence of CD continue to rise slowly with female 
preponderance [11], and a similar trend has been seen in juvenile onset CD and UC in 
Scotland [12]. 

3. Aetiology 
Despite progress in our understanding of its immunopathogenesis, the exact aetiology of 
UC remains elusive and appears to be polygenic and multifactorial. It is postulated that 
there is chronic activation of immune and inflammatory cascade in genetically susceptible 
individual. Environmental factors play a significant role in the disease manifestation, course 
and prognosis of UC. A rapid increase in its incidence in developed countries, the 
occurrence of UC in spouses and a lack of complete concordance in monozygotic twins are 
strong arguments for the role of environmental factors in UC. Observations on temporal 
trends and geographical distribution point to risk factors associated with a Western lifestyle. 
Many studies have specifically looked for involvement of factors such as diet, smoking, and 
several infectious agents but, so far, only smoking cessation can be considered established 
risk factors for the manifestation of the disease [13]. A strong negative association between 
appendectomy and UC has been found consistently across many studies; however, the 
implications of this finding are still obscure [14]. 
Interaction of these various factors (environmental, microbial and immunological) 
contributes to the development of chronic intestinal inflammation in a genetically susceptible 
host. Genetic susceptibility is influenced by the luminal microbiota, which provides antigens 
and adjuvant that stimulate either pathogenic or protective immune responses. 
The gut microbiota has been known to be involved in the induction and perpetuation of 
immune-mediated bowel inflammation for a long time and the most revealing evidence for 
its potential involvement came from the study of genetically engineered mice in which 
colitis did not develop if mice were kept in a germ-free environment [15],[16]. More 
importantly, UC preferentially occurs in the colon which contains the highest intestinal 
bacterial concentrations. Moreover, the composition and function of microbiota in UC, and 
pouchitis are abnormal. Such evidence points towards a strong association between mucosal 
microbiota and the development of CD. However, few investigators have examined in 
depth the involvement of disturbed intestinal microbiota composition in the pathogenesis 
of IBD. This is due to the difficulty in culturing relevant bacteria by conventional means. 
Over half of the intestinal bacteria are almost impossible to culture; their characterisation 
requires complex, labour-intensive, and time-consuming methods [17]. Furthermore, 
identifying bacterial strains can be inaccurate and determining the strain abundance can 
be difficult.  
More recently, the development of advanced molecular techniques has shown a breakdown 
in the balance between putative "protective" and "harmful" intestinal bacteria [18], [19]. The 
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decreased concentration of protective bacteria that produce short chain fatty acid (SCFA) 
such as butyrate can enhance mucosal permeability. Conversely, increased concentration of 
harmful bacteria might increases the production of toxic metabolites such as hydrogen 
sulfide that increase mucosal permeability and block butyrate metabolism. The increase in 
mucosal permeability may lead to activation of pathogenic T cell mediated and innate 
immune response through exposure of bacterial TLR ligands and antigen [20].  
 

 
Fig. 1. Possible etiological mechanisms for the development of IBD 

Altered composition of gut microbiota has been demonstrated by many studies both in CD 
and UC and also in pouchitis [21]. There is an increase in gut Enterobacteria mainly E. Coli 
[22], [23] and decrease in the Firmicutes in IBD, although no fundamental difference 
between CD and UC was found [22],[24]  some studies demonstrated microbial difference in 
active and inactive disease [23], [25].    
Other possible mechanisms by which gut microbiota can play a role in immune mediated 
intestinal injury are; functional alteration in commensal bacteria (such as increased epithelial 
adherence, mucosal invasion, and resistant to killing) [26], defective containment of 
commensal bacteria where by defective killing of phagocytosed bacterial and ineffective 
clearance of bacterial antigen provide a persistent source of mucosal immune stimulation 
[27] and exaggerated mucosal immune response to commensal bacteria due to 
discoordinated homeostatic mechanism in intestinal epithelial cells [28] . 

4. Diagnosis 
Diagnosis of UC is based on clinical assessment followed by a combination of biochemical, 
endoscopic, radiological, histological, or nuclear medicine based investigations. Endoscopy 
with histology is considered to be the so called “gold standard” diagnostic modality 
History: Important aspects in history of patients with UC are duration and severity of 
symptoms, recent travel, medication, smoking, family history, stool frequency and 
consistency, urgency, rectal bleeding, abdominal pain, malaise, fever, weight loss, and 
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symptoms of extra-intestinal manifestations. Majority of patients presents with diarrhoea 
with or without blood, urgency abdominal pain, rectal bleed and systemic illness. The 
pattern of symptoms is usually depends on the extent of bowel involvement. For example, 
patients with pan-colitis are usually systemically ill and present with abdominal pain and 
bloody diarrhoea compared to those with limited colitis who remains systemically well 
despite similar symptoms of bloody diarrhoea.  
Examination: Examination findings may suggest the severity of disease and extent of 
involvement.  For example, patient with limited colitis and mild disease may have no 
specific clinical findings on examination and will be systemically well as compared to those 
with severe disease who may be systemically unwell, hypotensive,  tachycardic and may 
have generalised abdominal tenderness on examination. 
Investigation: Initial laboratory workup includes full blood count (FBC), U&Es, liver 
function tests, and erythrocyte sedimentation rate (ESR) or C reactive protein (CRP), and 
microbiological testing for infectious diarrhoea including Clostridium difficile toxin. 
Abdominal radiography is also important in patients with suspected severe UC. 
Endoscopic investigation: A flexible sigmoidoscopy should be performed to confirm the 
diagnosis. It enables taking biopsies for histology and also helps excluding other causes for 
diarrhoea such as infective, ischemic or CMV colitis.  Endoscopic changes characteristically 
extend in continuous fashion from anal verge to proximal colon. Full colonoscopy in acute 
severe colitis is not recommended as high risks of complications.  
Radiological investigations: A plan radiograph should be performed on admission to 
estimate the extent of disease and also to exclude colonic dilatation. Certain features on 
abdominal radiograph such as presence of mucosal islands or more than two gas-filled 
loops of small bowel may suggest severity of the disease and may predict poor response to 
medical treatment [29].  
Generally large bowel radiology is inferior to endoscopy in the diagnosic evaluation of UC 
but double contrast barium enemas; CT or MRI (with or without contrast) may have a place 
where endoscopy is contraindicated or unsuitable. Ultrasound scanning is very sensitive for 
thickened bowel wall in slimmer patients. Capsule endoscopy and white cell scanning lack 
sensitivity and specificity.  
Depending upon the extent of bowel involvement, the disease can be categorized as 
follows: 
• Proctitis: Where disease is limited to the rectum only  
• Left sided: disease involvement limited to the proportion of the colon distal to the 

splenic flexure  
• Extensive Colitis: Where bowel involvement extend proximal to the splenic flexure 

including Pancolitis 
Majority of patients have long standing diarrhoea before the diagnosis of UC is eventually 
made.  
The main differential is infective colitis, ischemic colitis, CMV colitis and drug induced 
colitis.  

5. Management 
Management is usually depends upon the severity, complexity and extent of disease. No 
treatment is an option in case of very mild and limited disease. In this section, we discuss in 
more detail the therapeutic options in sever UC and briefly about mild and moderate disease.  
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5.1 Management of severe colitis 
Acute severe colitis is a serious and life threatening emergency and in about 10% of all 
newly diagnosed cases, the first presentation is with acute severe colitis. Early recognition 
and prompt start of treatment is vital to the successful management and prevention of 
complications. Prior to the discovery of steroids in 1955 the mortality of acute severe UC 
was described to be as high as 33% in some studies and 75% in other study [30]. Early use of 
intravenous steroids has reduced the mortality to 7 % and even <1% in specialized centre 
[31]. 
Several criteria are in use to define severe colitis. One of the simple and most commonly 
used criteria is proposed by Truelove and Witts as shown in the table 1. 
 

 Mild UC Moderate Severe 

Bloody stool / day < 4 4-6 > 6 

Pulse < 90 90 - 100 > 100 

Temp < 37.5°C ≤ 37.8 °C >37.8 °C 

Hb >11.5g/dl > 10.5g/dl < 10.5 g/dl 

ESR < 20mm /h < 30 mm/h > 30 mm/h 

CRP Normal < 30mg/L > 30 mg/L 

Albumin Normal 30 - 35 < 30 

Table 1. Truelove & Witts criteria for severity of UC [32] 

A thorough clinical assessment is important to identify patients at risks and immediate 
admission to hospital is warranted for all those fulfilling the Truelove and Witts’ criteria for 
severe colitis [32] . Differential diagnosis for these patients will include infective, ischaemic, 
drug-induced and other inflammatory causes of colitis. Routine lab investigation such as full 
blood count, electrolyte and liver function tests and inflammatory markers along with plain 
abdominal radiograph should be carried out and a faecal specimen should be sent to 
exclude infective causes including C-Difficile. If the mucosa on a plain abdominal 
radiograph is unremarkable, a sensible approach is to treat decisively with corticosteroids, 
review the patient within a few days and admit for intensive treatment if there is no 
improvement.  Early sigmoidoscopy and biopsy should be performed as part of the initial 
assessment of the patient. Biopsies confirm the severity of the inflammation and allow other 
diagnoses such as cytomegalovirus (CMV), indicated by viral inclusion bodies, to be 
excluded. CMV colitis can mimic UC and is thought to be responsible for treatment failure 
in up to 10% of patients labelled as steroid-refractory. Treatment of CMV may obviate 
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colectomy. Care should be taken to monitor and correct electrolytes on a daily basis as 
almost every patient with severe colitis becomes hypokalaemic during intensive treatment 
as a result of loss through bowel in the form of diarrhoea and also intensive therapy with 
steroids contribute to the development of hypokalaemia. Since acute UC is associated with 
higher risk of venous thromboembolism, unfractionated heparin should be administered for 
prophylaxis purposes.  

5.2 Corticosteroids 
Steroids remain the treatment of choice in severe UC and usually given as intravenous 
Hydrocortisone 100mg four times a day. Early use of IV steroids has shown a significant 
reduction in mortality and therefore, should not be delayed whilst awaiting microbiological 
results for possible infective causes. IV treatment is best given for about 5 days while 
monitoring parameters for response objectively and on satisfactory response to IV steroids; 
oral Prednisolone can be instituted at 40 mg daily dose and tapered down gradually. It is 
important to attain a full remission before beginning tapering of steroids or rapid recurrence 
of symptoms may ensue [33].  
Approximately 60% of patients will only show partial response to corticosteroids which can 
be predicted through objective measures such as lack of clinical improvement and persistent 
raised inflammatory markers [34]. At presentation, low albumin, high CRP, short duration 
of illness and prior steroid use all portend an increased risk of medical failure. In an analysis 
of 189 patients with acute severe UC,  a stool frequency >9 in the first 24 h, an albumin <30 
g/l or a pulse rate >90 beats per minute after 24 hours of IV steroid was predictive of a 62% 
failure rate to steroids. Similarly in another prospective study, a stool frequency > 8/day or 
CRP > 45 mg/l on day 3 of intensive therapy were predictive of the need for colectomy in 
85% during that admission [35]. In case of failure of treatment with IV steroids, early use 
of Ciclosporin or Infliximab is now considered a rescue therapy in order to prevent 
colectomy.  

5.3 Ciclosporin 
Ciclosporin is a calcineurin inhibitor and prevents a cascade of downstream events that are 
necessary for T-cell activation and proliferation.  
It is used in an attempt to prevent surgery when intravenous corticosteroids have failed to 
induce a response [36] or in those with contraindication or intolerance of steroids due to 
psychoses, severe osteoporosis, uncontrolled diabetes or patient preference . It is usually 
started after steroid failure preferable on day 3 when little or no response is seen with IV 
steroids, and is converted to oral cyclosporine 5 mg/kg once a response has occurred. Oral 
ciclosporin is then generally continued for about 3 months, and azathioprine or 
mercaptopurine (6-MP) introduced to maintain remission once the steroid dose tapers 
below 20 mg/day. 

5.4 Infliximab 
Infliximab is a monoclonal antibody to tumour necrosis factor-α (TNFα) and is established 
treatment in active CD. In cases of UC, there are only few small trials which have shown its 
use in case of steroid failure. The recently published Active Ulcerative Colitis Trials (ACTs) 
1 and 2 support the use of Infliximab in moderately active UC refractory to aminosalicylates, 
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steroids or thiopurines [37]. Infliximab has emerged a promising therapeutic option in 
circumstances where intravenous steroids show signs of failing. 
5-aminosalcylic acid (5-ASA) drugs are of little use during severe attacks of colitis and their 
role is usually reserved for maintenance of remission. Use of opioids and anticholinergic 
medication should be avoided during the acute attack in order to prevent development of 
megacolon, and NSAIDs should also be ceased.  

5.5 Surgery 
Surgical therapy requires a mutual decision by patient, surgeon and physician with 
consideration of optimum timing and remains a definitive procedure for the treatment of 
UC. Early involvement of an experienced colorectal surgical team with the 
gastroenterologist is crucial in decision-making. Close liaison with a stoma therapist is also 
necessary for continued education, support and postoperative follow-up.  
The most commonly performed procedure is a subtotal colectomy and ileostomy initially 
which later on followed by an elective completion proctectomy and the formation of an 
ileal-pouch anal anastomosis (IPAA). With timely surgery, a marked improvement in 
clinical condition is noted within a short span after colectomy. It improves quality of life, 
provide confidence and control in >90%, allow patients to stop immunomodulators and 
prevent the long-term risk of cancer. Most follow-up studies of patients undergoing IPAA 
report an average of six bowel motions per day, but up to 50% experience episodes of faecal 
leakage at some stage 
Surgery is associated with certain complications such as small bowel obstruction, 
anastomotic stricture, pouch leak and pelvic abscesses, and some late complications such as 
pouchitis. However, this has to be balanced against the poor outcome of medical therapy in 
patients who have had an episode of severe colitis.  

5.6 Management of Left sided UC 
The ECCO guidelines suggest that left sided UC with mild to moderate severity should be 
initially treated with combined oral and topical mesalazine therapy. Higher doses of 
mesalazine, usually a daily dose of 4.8gm is more effective than lower doses of 2.4 gm 
daily. The treatment does of topical mesalazine is usually 1gm daily and various studies 
have shown no additional benefits with higher topical doses. Treatment with systemic 
steroids is reserved for cases not responding to combined mesalazine therapy.  A usually 
starting dose of Prednisolone is 40mg daily for 2 weeks which is then tapered down by 5 
mg every week. Topical steroids are reserved for patients who are intolerant to topical 
mesalazine. 

5.7 Management of limited UC 
The preferred treatment for active proctitis is with topical therapy either with 5ASA based 
suppository or enema or steroid based enema. The usual daily dose of mesalazine 
suppositories is 1gm per day and is considered to be better in proctitis than enema. Various 
studies have shown topical mesalazine to be twice as effective as topical steroids in inducing 
remission. Therefore, mesalazine suppositories are recommended as first line treatment for 
active Proctitis while topical steroids are reserved for those who are less responsive or 
intolerant to topical mesalazine.  
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A significant proportion of patients with left sided UC or proctitis either remain refractory 
to treatment with 5ASA medication and steroids or are steroid dependant. Patients 
refractory to initial treatment would require more intensive treatment such as Infliximab, 
cyclosporine or Tacrolimus. Those who are steroid dependant would be a candidate for 
immunosuppressant and Azathioprin has shown better efficacy than mesalazine in inducing 
and maintaining remission in this groups of patient.  
A careful evaluation of patients who remain symptomatic despite initial treatment with 
mesalazine and or steroids is important and other causes such IBS and CMV colitis with a 
review of the diagnosis should be considered. Poor compliance with medication is another 
aspect which should be considered while dealing with treatment refractory patients.  
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1. Introduction  
Ulcerative colitis (UC) as well as Crohn’s disease (CD) is one of the major inflammatory 
bowel diseases (IBD). Although genetic (1), infectious (2), and immunological (3, 4) factors 
have been reported to be involved in the pathogenesis of UC, the precise etiology remains 
unclear. UC is now diagnosed based on clinical, radiologic, endoscopic and 
histopathological findings. Thus, biomarkers for UC have been vigorously explored to 
diagnose UC accurately and non-invasively. The most clinically useful biomarker for UC at 
present is perinuclear anti-neutrophil cytoplasmic antibodies (p-ANCA) which is detected 
in 50-80% of UC patients (5). However, p-ANCA is also detected in 10-40% of CD patients, 
30-80% of patients with microscopic polyangiitis, 30-75% of patients with Churg-Strauss 
syndrome and 50% of patients with rapid progressive glomerulonephritis (5-7). A more 
sensitive and specific biomarker for UC should be established.   
Recently, there have been great advances in proteomics, the science dealing with the 
comprehensive analysis of protein expression. Proteomics have been applied to search of 
biomarkers in various diseases (8-10). In this paper, we introduced proteomic studies which 
explored biomarkers for UC by analyzing proteins in various clinical samples such as sera, 
peripheral blood mononuclear cells (PBMCs) and colonic mucosa. The comprehensive study 
can detect unexpected and sometimes novel molecules as a biomarker, which may also lead 
to elucidation of the pathogenesis of UC. 

1.1 Representative methods for proteomics 
As an assembly of genes is called as genome (gene + ome), an assembly of proteins is named 
as proteome (protein + ome). An assembly of low molecular proteins (peptides) is 
specifically called as peptidome (peptide + ome) (11). Proteomics are the study to 
comprehensively analyze proteome. There are two major methods for proteomics, 2-
dimensional electrophoresis (2DE) and shotgun method (Fig.1).  
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A. 2-dimensional electrophoresis (2DE) 
 
Extraction of whole proteins from cells or tissue 
 ↓ 
Isoelectric focusing 
 ↓ 
Sodium dodecyl sulfate-polyaclylamide gel electrophoresis (SDS-PAGE) 

↓ 
Detection of individual proteins as spots 
 ↓ 
Comparison of individual protein spot intensity between disease A and disease B 
 ↓  
Cut out the gel of the protein spots of interest 
 ↓ 
In gel digestion of the proteins by a protease 
 ↓ 
Identification of the proteins by mass spectrometry (MS) and protein database search 
 
 
B. Shotgun method 
 
Extraction of whole proteins from cells or tissue 
 ↓ 
Digestion of the mixture of proteins with a protease 
 ↓ 
Fractionating the obtained peptides by liquid chromatography 
 ↓ 
Analysis of individual peptides by MS/MS method to identify the original proteins 
 

Fig. 1. Representative methods for proteomics. 
The outlines of 2DE and shotgun method are described 

2DE is the method to separate cell- or tissue-derived proteins into protein spots by 
isoelectric focusing and subsequent sodium dodecyl sulfate-polyaclylamide gel 
electrophoresis (SDS-PAGE) (Fig.2). After the 2DE, protein spots of interest are cut out, and 
the proteins contained in the spots are identified by mass spectrometry (MS). Both matrix-
assisted laser desorption/ionization time-of-flight mass spectrometer (MALDI-TOF/MS) 
and liquid chromatography-mass spectrometer (LC-MS) are mainly used for the 
identification. One advantage of 2DE is to visualize the proteome of targeted cells or tissue 
as protein spots. A representative case is 2-dimensional differential image gel 
electrophoresis (2D-DIGE) which displays 2 kinds of proteome with different fluoresceines 
on the same gel (9). 2D-DIGE can visualize and compare proteome of two different samples, 
for examples, between a patient and a healthy donor, and before and after treatment with a 
drug. The other advantage of 2DE is to detect at least a part of the difference of post-
translational modification, amino acid mutation, and isotypes of one protein as different 
spots. Disadvantages of 2DE are that it is laborious requiring many manual procedures, and 
that number of detectable proteins is limited because proteins with low expression levels 

 
Proteomic Approaches for Biomarker Discovery in Ulcerative Colitis 

 

15 

and with extremely high or low molecular weights/isoelectric points are not visualized and 
separated, respectively. However, automation of 2DE has been recently developed, and use 
of a longer isoelectric focusing gel has increased number of detected proteins to achieve 
more comprehensiveness. 
 

 
Fig. 2. 2DE analysis of a UC patient. 
PBMCs were obtained from patients with UC, CD, and from a healthy subject, and proteins 
were extracted from the cells to be separated by 2DE. Representative results of a UC patient 
(A), a CD patient (B), and a healthy subject are shown. pI, isoelectric points; MW, molecular 
weights 

In the shotgun method, mixture of proteins extracted from cells or tissue is digested with a 
protease. When protein profiles of several disease groups are compared, proteins are 
sometimes labeled by isotopes such as iTRAQ and ICAT. The obtained peptide mixture was 
fractionated by liquid chromatography (LC) to be finally analyzed by MS/MS method (LC-
MS/MS). To fractionate minutely, 2D-HPLC is useful, for example, using a combination of 
strong cation exchange column and reverse-phase column. Surface enhanced laser 
desorption/ionization (SELDI)-TOF/MS is also used, in which proteins/peptides are 
trapped by radicals and molecules immobilized on protein chips to be directly measured by 
the MS system. The shotgun method has advantages to detect proteins with low expression 
levels, to achieve high comprehensiveness because of no limitation of isoelectric points, 
molecular weights, and hydrophilicity, and to automatize the procedures from fractionation 
to mass spectrometry. However, the proteome is not visualized, and nature of the original 
proteins remains unknown in this method.  

1.2 Discovery of biomarkers for UC  
Proteomic studies using sera, PBMCs, and colonic mucosa have found biomarker candidates 
for UC by comparison of UC, CD, other colitis, and healthy condition. Comprehensive 
analysis of a number of proteins makes multivariate analysis possible, which raises not only 
one protein but a combination of multiple proteins as a biomarker for UC. 

2. Serum proteomics 
A serum sample is one of the most frequently used clinical samples, which is obtained with 
low invasiveness. It contains a number of proteins which are physiologically and 
pathologically important. Serum samples would be an excellent source for the surveillance 
of biomarker candidates.  
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1.2 Discovery of biomarkers for UC  
Proteomic studies using sera, PBMCs, and colonic mucosa have found biomarker candidates 
for UC by comparison of UC, CD, other colitis, and healthy condition. Comprehensive 
analysis of a number of proteins makes multivariate analysis possible, which raises not only 
one protein but a combination of multiple proteins as a biomarker for UC. 
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low invasiveness. It contains a number of proteins which are physiologically and 
pathologically important. Serum samples would be an excellent source for the surveillance 
of biomarker candidates.  



 
Ulcerative Colitis – Epidemiology, Pathogenesis and Complications 

 

16

As a conventional proteomic study using MALDI-TOF/MS, Nanni et al analyzed serum 
protein profiles of UC patients, CD patients, and healthy subjects (12). The profiles of 20 
peptides extracted based on hydrophobic interaction completely classified all the cases into 
the original three groups, and UC was predicted with 96.3% prediction ability by cross 
validation of the classification model. In this study, the 20 peptides were not identified. In 
contrast, three studies analyzing serum proteins by SELDI-TOF-MS identified the biomarker 
candidates (Table 1) (13-15). Subramanian et al analyzed sera from UC and CD patients, and 
detected 12 discriminative peaks with both specificity and sensitivity of approximately 95% 
(13). Six out of the 12 proteins were identified, including inter alpha trypsin inhibitor 4, 
apolipoprotein C1, and platelet activated factor 4 variants. Meuwis et al generated 
classification models by multivariate analysis, whose sensitivity and specificity to 
discriminate UC from CD were approximately 80% and 90%, respectively (14). Four 
biomarkers with important diagnostic values were identified as platelet aggregation factor 4 
(PF4), myeloid related protein 8 (MRP8), fibrinopeptide A (FIBA), and haptoglobin α2 
(Hpα2). Kanmura et al selected human neutrophil peptides 1-3 (HNP 1-3) from the 27 
proteins with significantly different concentration between UC and healthy sera (15). In a 
larger cohort, concentration of HNP 1-3 were significantly higher in active UC patients 
compared to that in UC patients in remission, CD patients, patients with infectious colitis, 
and healthy subjects. Levels of HNP 1-3 decreased after corticosteroid therapy in responders 
for the drug, whereas the levels were not changed in non-responders. As a new method, 
Haas et al analyzed serum samples from UC and CD patients by Fourier Transform Near-
Infrared Spectroscopy (FT-NIR) (16). The cluster and Artificial Neural Networks (ANN) 
analyses of the results correctly identified 80% and 69.8% of UC, respectively, suggesting a 
usefulness of this technology. In addition, a pilot study compared sera between corticosteroid-
resistant and -responsive UC patients, and detected 19 proteins with significantly different 
concentration, which may predict response to the treatment in UC (17). 
Proteomics include studies using various kinds of protein arrays. Kader et al used antibody 
arrays containing 78 cytokines, growth factors and soluble receptors to screen sera from UC 
and CD patients (18). In UC, only IL-12p40 was significantly upregulated in the remission 
stage compared to in the active stage (p<0.02). On the other hand, in CD, significantly 
elevated levels of 4 cytokines including IL-12p40 were found in the remission stage 
compared to in the active stage (p<0.01). The other 3 cytokines were placenta-derived 
growth factor, IL-7, and TGF-β1. In another study using protein arrays, Escherichia coli-
derived proteome was served to screen serum antibodies (19). A set of antibodies 
distinguished UC patients from healthy subjects with 66% accuracy (p<0.05). The other 
antibody set distinguished UC patients from CD patients with 80% accuracy (p<0.01). The 
latter set consists of only two kinds of antibodies which recognized YidX and Frv X, 
suggesting that immune reaction to the 2 proteins from E. coli would be useful for 
discrimination of UC from CD.  
It seems to be difficult to find serum autoantibodies which are more powerful than p-ANCA 
even using proteomic techniques. Vermeulen et al analyzed serum autoantibodies against 
commercial human protein arrays (20). 75 proteins reacted more strongly with sera from 
IBD patients than those from healthy subjects, while 88 proteins showed the opposite 
pattern. One of the identified proteins as an autoantigen for IBD was pleckstrin homology-
like domain, family A, member 1 (Phla1). In a large cohort, 42.8% of the UC patients, 50.0% 
of the CD patients, (taken together, 46% of the IBD patients), 33.3% of the patients with non-
IBD gastrointestinal diseases, and 28.7% of the healthy subjects were positive for the anti-
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Phla1 antibodies. Thus, discriminative power between UC and CD, and IBD and controls 
remained low. The same research group also analyzed serum autoantibodies against α-
enolase in IBD by a classic proteomic approach (21). The anti-α-enolase antibodies were 
detected in 49.0% of the UC patients, 50.0% of the CD patients, 37.8% of the patients with 
autoimmune hepatitis, 34.0% of the patients with ANCA-positive vasculitis, and 31.0% of the 
patients with the other gastrointestinal diseases, showing the only limited diagnostic value. 
 

References Samples Methods Identified proteins 
Subramanian  
et al (13) 

sera SELDI- 
TOF MS 

inter alpha trypsin inhibitor 4  
apolipoprotein C1  
platelet activated factor 4 variants 

Meuwis et al 
(14)  

sera SELDI- 
TOF MS 

platelet aggregation factor 4 (PF4)  
myeloid related protein 8 (MRP8)  
fibrinopeptide A (FIBA)  
haptoglobin α2 (Hpα2) 

Kanmura  
et al (15) 

sera SELDI- 
TOF MS 

Human neutrophil peptide (HNP) 1-3 

Kader et al 
(18) 

sera antibody 
array 

IL-12p40 (upregulated in the remission stage 
than in the active stage in UC)  

Chen et al  
(19) 

sera E. coli- 
protein 
array 

YidX  
Frv X 

Vermeulen  
et al (20) 

sera Human 
protein 
arrays 

autoantibodies against pleckstrin homology-
like domain, family A, member 1 (Phla1) 

Vermeulen  
et al (21) 

sera  autoantibodies against α-enolase 

Hatsugai  
et al (9) 

PBMCs 2DE, 
MALDI-
TOF MS 

cyclophilin A (PPIA)   
protein S100-A9 (S100A9) 
peroxiredoxin-2 (PRDX2) 
carbonic anhydrase 2 (CA2) 
β-actin (ACTB) 
annexin A6 (ANXA6) 
α/β Hydrolase domain-sontaining protein 
14B (ABHD14B) 

Table 1. Blood biomarker candidates for UC 

3. Proteomics of PBMCs  
PBMCs, relatively easily prepared from the peripheral blood, contain a number of proteins 
different from serum proteins. Because UC is considered as an autoimmune disease, 
analysis of PBMCs which include lymphocytes and monocytes is useful not only for the 
biomarker surveillance but also for the elucidation of the pathogenesis of UC. However, 
little has been known about the protein profile of PBMCs in UC.  
We comprehensively analyzed proteins in PBMCs from UC, focusing on discrimination of 
UC from CD (9). PBMC-derived proteins from UC patients, CD patients, and healthy 
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stage compared to in the active stage (p<0.02). On the other hand, in CD, significantly 
elevated levels of 4 cytokines including IL-12p40 were found in the remission stage 
compared to in the active stage (p<0.01). The other 3 cytokines were placenta-derived 
growth factor, IL-7, and TGF-β1. In another study using protein arrays, Escherichia coli-
derived proteome was served to screen serum antibodies (19). A set of antibodies 
distinguished UC patients from healthy subjects with 66% accuracy (p<0.05). The other 
antibody set distinguished UC patients from CD patients with 80% accuracy (p<0.01). The 
latter set consists of only two kinds of antibodies which recognized YidX and Frv X, 
suggesting that immune reaction to the 2 proteins from E. coli would be useful for 
discrimination of UC from CD.  
It seems to be difficult to find serum autoantibodies which are more powerful than p-ANCA 
even using proteomic techniques. Vermeulen et al analyzed serum autoantibodies against 
commercial human protein arrays (20). 75 proteins reacted more strongly with sera from 
IBD patients than those from healthy subjects, while 88 proteins showed the opposite 
pattern. One of the identified proteins as an autoantigen for IBD was pleckstrin homology-
like domain, family A, member 1 (Phla1). In a large cohort, 42.8% of the UC patients, 50.0% 
of the CD patients, (taken together, 46% of the IBD patients), 33.3% of the patients with non-
IBD gastrointestinal diseases, and 28.7% of the healthy subjects were positive for the anti-
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Phla1 antibodies. Thus, discriminative power between UC and CD, and IBD and controls 
remained low. The same research group also analyzed serum autoantibodies against α-
enolase in IBD by a classic proteomic approach (21). The anti-α-enolase antibodies were 
detected in 49.0% of the UC patients, 50.0% of the CD patients, 37.8% of the patients with 
autoimmune hepatitis, 34.0% of the patients with ANCA-positive vasculitis, and 31.0% of the 
patients with the other gastrointestinal diseases, showing the only limited diagnostic value. 
 

References Samples Methods Identified proteins 
Subramanian  
et al (13) 

sera SELDI- 
TOF MS 

inter alpha trypsin inhibitor 4  
apolipoprotein C1  
platelet activated factor 4 variants 

Meuwis et al 
(14)  

sera SELDI- 
TOF MS 

platelet aggregation factor 4 (PF4)  
myeloid related protein 8 (MRP8)  
fibrinopeptide A (FIBA)  
haptoglobin α2 (Hpα2) 

Kanmura  
et al (15) 

sera SELDI- 
TOF MS 

Human neutrophil peptide (HNP) 1-3 

Kader et al 
(18) 

sera antibody 
array 

IL-12p40 (upregulated in the remission stage 
than in the active stage in UC)  

Chen et al  
(19) 

sera E. coli- 
protein 
array 

YidX  
Frv X 

Vermeulen  
et al (20) 

sera Human 
protein 
arrays 

autoantibodies against pleckstrin homology-
like domain, family A, member 1 (Phla1) 

Vermeulen  
et al (21) 

sera  autoantibodies against α-enolase 

Hatsugai  
et al (9) 

PBMCs 2DE, 
MALDI-
TOF MS 

cyclophilin A (PPIA)   
protein S100-A9 (S100A9) 
peroxiredoxin-2 (PRDX2) 
carbonic anhydrase 2 (CA2) 
β-actin (ACTB) 
annexin A6 (ANXA6) 
α/β Hydrolase domain-sontaining protein 
14B (ABHD14B) 

Table 1. Blood biomarker candidates for UC 

3. Proteomics of PBMCs  
PBMCs, relatively easily prepared from the peripheral blood, contain a number of proteins 
different from serum proteins. Because UC is considered as an autoimmune disease, 
analysis of PBMCs which include lymphocytes and monocytes is useful not only for the 
biomarker surveillance but also for the elucidation of the pathogenesis of UC. However, 
little has been known about the protein profile of PBMCs in UC.  
We comprehensively analyzed proteins in PBMCs from UC, focusing on discrimination of 
UC from CD (9). PBMC-derived proteins from UC patients, CD patients, and healthy 
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subjects were separated by 2DE, and intensity of individual protein spots was subjected to 
multivariate analysis to generate differential diagnostic models between UC and CD. As a 
result, 547 protein spots were detected in the 2DE results. Two diagnostic models were 
generated using intensity of selected 276 protein spots and further selected 58 protein spots, 
both of which completely discriminated between UC and CD (sensitivity and specificity 
were 100% in these models). Eleven out of the 58 protein spots were identified, which were 
functionally related to inflammation (cyclophilin A, PPIA; protein S100-A9, S100A9), 
oxidation/reduction (peroxiredoxin-2, PRDX2; carbonic anhydrase 2, CA2), cytoskeleton (β-
actin, ACTB), endocytotic trafficking (annexin A6, ANXA6), and transcription (α/β 
Hydrolase domain-sontaining protein 14B, ABHD14B). Interestingly, the PBMC protein 
profiles were useful for prediction of disease activity in the UC and the CD patients, and 
prediction of severity and responses to treatments in the UC patients. Especially, some 
clinical parameters were predicted by intensity of a few protein spots, for example, intensity 
of only 2 protein spots for disease activity of the UC. Proteins associated with the activity of 
UC may be extremely restricted. PBMC protein profile would be a potent biomarker for 
differential diagnosis of UC from CD, and investigation of the proteins contributing to the 
discrimination may elucidate the different pathophysiology of UC from CD. 
As an antigen-specific model, an IBD model was established using male SD rats by colonic 
administration of trinitrobenzene sulfonic acid (TNBS) in 50% ethanol (22). Lymphocyte-
derived protein profiles from the model rats and the control rats receiving 50% ethanol were 
compared by 2DE and MALDI-TOF/MS, which revealed different expression of 26 proteins 
(17, upregulated; and 9, downregulated) included regulators of the cell cycle and cell 
proliferation, signal transduction factors, apoptosis-related proteins and metabolic enzymes. 

4. Proteomic analyses of colonic mucosa from UC 
Proteomic analysis of colonic mucosa has demonstrated multiple biomarker candidates. The 
analyses using clinical samples of the disease-affected sites may highly contribute to 
elucidation of the pathophysiology of UC, indicating functional difference of various 
proteins from the other gastrointestinal diseases. 
Comparing protein profiles between the UC-affected mucosa and normal mucosa both from 
UC patients by 2DE and subsequent LC-MS, protein spots showing higher intensity in the 
UC-affected mucosa than in the normal mucosa were identified (23). They were 
protocadherin, α-1 antitrypsin, tetratrico-peptide repeat domains, caldesmon, and mutated 
desmin, associated with inflammation and cell repair (Table 2). Especially, a mutated form 
of desmin was detected in all the examined UC-affected mucosa, suggesting its potential as 
a UC biomarker. Another study comparing colonic mucosa from UC patients and healthy 
subjects by 2DE and MALDI-TOF/MS showed 13 downregulated and 6 upregulated 
proteins in UC (24), which were involved in mitochondrial function (heat shock protein 70, 
HSP70; HSP60; H+-transporting two sector ATPase, ATP5B; prohibitin, PHB; malate 
dehydrogenase, MDH2; voltage-dependent anion-selective channel protein 1, VDAC1; 
thioredoxin peroxidase 1, PRDX1; PRDX2), energy generation (ATP5B, MDH2, 
triosephosphate isomerase), cellular antioxidants (PRDX1; PRDX2; selenium binding protein 
1, SELENBP1), and stress-response (HSP70, HSP60, PRDX1, PRDX2, PHB, VDAC1). 
Aberrant activation of nuclear factor of activated T cell (NFAT), and ectopic expression of 
tumor rejection antigen 1 and poliovirus receptor related protein 1 were detected in the UC-
affected colonic mucosa.  
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References Samples  Methods Identified proteins 
Fogt et al (23) colonic 

mucosa 
2DE, LC-
MS 

protocadherin, α-1 antitrypsin,  
tetratrico-peptide repeat domains, 
caldesmon, mutated desmin 

Hsieh et al 
(24) 

colonic 
mucosa 

2DE, 
MALDI- 
TOF/MS 

heat shock protein 70 (HSP70), HSP60,  
H+-transporting two sector ATPase (ATP5B), 
prohibitin (PHB), malate dehydrogenase 2 
(MDH2), voltage-dependent anion-selective 
channel protein 1 (VDAC1), thioredoxin 
peroxidase 1 (PRDX1), PRDX2, 
triosephosphate isomerase,  
selenium binding protein 1 (SELENBP1), 
nuclear factor of activated T cell (NFAT), 
tumor rejection antigen 1,  
poliovirus receptor related protein 1 

Shkoda et al 
(25) 

colonic 
mucosa 

2DE, 
MALDI- 
TOF/MS 

programmed cell death protein 8,  
annexin 2A 
(Both increased in inflamed regions) 

Shih et al (26) colonic 
mucosa 

2DE, 
IHC 

Translocation of NFAT2 into nuclei 

Berndt et al 
(27) 

T cells in 
colon 

MELC Colocalization of NF-kB and poly (ADP-
ribose)-polymerase 

Naito et al 
(30) 

mouse 
intesitinal 
mucosa 

2DE, 
MALDI- 
TOF/MS 

3-Hydroxy-3- methlglutaryl-coenzyme A 
synthase 2, serpin b1a, protein disulfide- 
isomerase A3, PRDX6, vimentin 

Table 2. Biomarker candidates for UC identified from colonic mucosal cells 

Comparison with colonic mucosal proteins between UC and CD revealed their specific 
characters of UC and common features to IBD (25-27). Intestinal epithelial cells (IECs) from 
patients with UC, CD, and colon cancer, analyzed by 2DE and MALDI-TOF/MS, showed 21 
protein spots with at least 2-fold change between inflamed tissue from the IBD (UC and CD) 
patients and non-inflamed tissue from the patients with colonic cancer (25). The identified 
proteins were functionally related to signal transduction, stress response, and energy 
metabolism. Specifically, Rho-GDP dissociation inhibitor α, which inhibits cell cycle 
progression, was upregulated in IBD and sigmoid diverticulitis, possibly involving with the 
destruction of IEC homeostasis under the condition of chromic inflammation. On the other 
hand, 40 proteins were significantly altered between inflamed and noninflamed regions in 
the UC patients. The proteins included programmed cell death protein 8 and annexin 2A, 
both of which were increased in the inflamed regions. In addition, localization of the 
proteins may indicate the pathophysiological difference of UC and CD (26, 27). NFAT2, 
increased in the UC-affected colon tissue in the 2DE results, was specifically translocated 
into nuclei of the UC colonic mucosa, whereas NFAT2 was located exclusively in cytoplasm 
in the normal and the CD mucosa (26). A modified proteomic method, Multi-Epitope 
Ligand Cartography (MELC), showed that only CD4+ T cells co-expressing NF-kB were 
caspase-8+ and poly(ADP-ribose)-polymerase+ in the UC colonic mucosa (27). The 
colocalization of NF-kB+ and poly(ADP-ribose)-polymerase+ would be the base motif that 
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subjects were separated by 2DE, and intensity of individual protein spots was subjected to 
multivariate analysis to generate differential diagnostic models between UC and CD. As a 
result, 547 protein spots were detected in the 2DE results. Two diagnostic models were 
generated using intensity of selected 276 protein spots and further selected 58 protein spots, 
both of which completely discriminated between UC and CD (sensitivity and specificity 
were 100% in these models). Eleven out of the 58 protein spots were identified, which were 
functionally related to inflammation (cyclophilin A, PPIA; protein S100-A9, S100A9), 
oxidation/reduction (peroxiredoxin-2, PRDX2; carbonic anhydrase 2, CA2), cytoskeleton (β-
actin, ACTB), endocytotic trafficking (annexin A6, ANXA6), and transcription (α/β 
Hydrolase domain-sontaining protein 14B, ABHD14B). Interestingly, the PBMC protein 
profiles were useful for prediction of disease activity in the UC and the CD patients, and 
prediction of severity and responses to treatments in the UC patients. Especially, some 
clinical parameters were predicted by intensity of a few protein spots, for example, intensity 
of only 2 protein spots for disease activity of the UC. Proteins associated with the activity of 
UC may be extremely restricted. PBMC protein profile would be a potent biomarker for 
differential diagnosis of UC from CD, and investigation of the proteins contributing to the 
discrimination may elucidate the different pathophysiology of UC from CD. 
As an antigen-specific model, an IBD model was established using male SD rats by colonic 
administration of trinitrobenzene sulfonic acid (TNBS) in 50% ethanol (22). Lymphocyte-
derived protein profiles from the model rats and the control rats receiving 50% ethanol were 
compared by 2DE and MALDI-TOF/MS, which revealed different expression of 26 proteins 
(17, upregulated; and 9, downregulated) included regulators of the cell cycle and cell 
proliferation, signal transduction factors, apoptosis-related proteins and metabolic enzymes. 

4. Proteomic analyses of colonic mucosa from UC 
Proteomic analysis of colonic mucosa has demonstrated multiple biomarker candidates. The 
analyses using clinical samples of the disease-affected sites may highly contribute to 
elucidation of the pathophysiology of UC, indicating functional difference of various 
proteins from the other gastrointestinal diseases. 
Comparing protein profiles between the UC-affected mucosa and normal mucosa both from 
UC patients by 2DE and subsequent LC-MS, protein spots showing higher intensity in the 
UC-affected mucosa than in the normal mucosa were identified (23). They were 
protocadherin, α-1 antitrypsin, tetratrico-peptide repeat domains, caldesmon, and mutated 
desmin, associated with inflammation and cell repair (Table 2). Especially, a mutated form 
of desmin was detected in all the examined UC-affected mucosa, suggesting its potential as 
a UC biomarker. Another study comparing colonic mucosa from UC patients and healthy 
subjects by 2DE and MALDI-TOF/MS showed 13 downregulated and 6 upregulated 
proteins in UC (24), which were involved in mitochondrial function (heat shock protein 70, 
HSP70; HSP60; H+-transporting two sector ATPase, ATP5B; prohibitin, PHB; malate 
dehydrogenase, MDH2; voltage-dependent anion-selective channel protein 1, VDAC1; 
thioredoxin peroxidase 1, PRDX1; PRDX2), energy generation (ATP5B, MDH2, 
triosephosphate isomerase), cellular antioxidants (PRDX1; PRDX2; selenium binding protein 
1, SELENBP1), and stress-response (HSP70, HSP60, PRDX1, PRDX2, PHB, VDAC1). 
Aberrant activation of nuclear factor of activated T cell (NFAT), and ectopic expression of 
tumor rejection antigen 1 and poliovirus receptor related protein 1 were detected in the UC-
affected colonic mucosa.  
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References Samples  Methods Identified proteins 
Fogt et al (23) colonic 

mucosa 
2DE, LC-
MS 

protocadherin, α-1 antitrypsin,  
tetratrico-peptide repeat domains, 
caldesmon, mutated desmin 

Hsieh et al 
(24) 

colonic 
mucosa 

2DE, 
MALDI- 
TOF/MS 

heat shock protein 70 (HSP70), HSP60,  
H+-transporting two sector ATPase (ATP5B), 
prohibitin (PHB), malate dehydrogenase 2 
(MDH2), voltage-dependent anion-selective 
channel protein 1 (VDAC1), thioredoxin 
peroxidase 1 (PRDX1), PRDX2, 
triosephosphate isomerase,  
selenium binding protein 1 (SELENBP1), 
nuclear factor of activated T cell (NFAT), 
tumor rejection antigen 1,  
poliovirus receptor related protein 1 

Shkoda et al 
(25) 

colonic 
mucosa 

2DE, 
MALDI- 
TOF/MS 

programmed cell death protein 8,  
annexin 2A 
(Both increased in inflamed regions) 

Shih et al (26) colonic 
mucosa 

2DE, 
IHC 

Translocation of NFAT2 into nuclei 

Berndt et al 
(27) 

T cells in 
colon 

MELC Colocalization of NF-kB and poly (ADP-
ribose)-polymerase 

Naito et al 
(30) 

mouse 
intesitinal 
mucosa 

2DE, 
MALDI- 
TOF/MS 

3-Hydroxy-3- methlglutaryl-coenzyme A 
synthase 2, serpin b1a, protein disulfide- 
isomerase A3, PRDX6, vimentin 

Table 2. Biomarker candidates for UC identified from colonic mucosal cells 

Comparison with colonic mucosal proteins between UC and CD revealed their specific 
characters of UC and common features to IBD (25-27). Intestinal epithelial cells (IECs) from 
patients with UC, CD, and colon cancer, analyzed by 2DE and MALDI-TOF/MS, showed 21 
protein spots with at least 2-fold change between inflamed tissue from the IBD (UC and CD) 
patients and non-inflamed tissue from the patients with colonic cancer (25). The identified 
proteins were functionally related to signal transduction, stress response, and energy 
metabolism. Specifically, Rho-GDP dissociation inhibitor α, which inhibits cell cycle 
progression, was upregulated in IBD and sigmoid diverticulitis, possibly involving with the 
destruction of IEC homeostasis under the condition of chromic inflammation. On the other 
hand, 40 proteins were significantly altered between inflamed and noninflamed regions in 
the UC patients. The proteins included programmed cell death protein 8 and annexin 2A, 
both of which were increased in the inflamed regions. In addition, localization of the 
proteins may indicate the pathophysiological difference of UC and CD (26, 27). NFAT2, 
increased in the UC-affected colon tissue in the 2DE results, was specifically translocated 
into nuclei of the UC colonic mucosa, whereas NFAT2 was located exclusively in cytoplasm 
in the normal and the CD mucosa (26). A modified proteomic method, Multi-Epitope 
Ligand Cartography (MELC), showed that only CD4+ T cells co-expressing NF-kB were 
caspase-8+ and poly(ADP-ribose)-polymerase+ in the UC colonic mucosa (27). The 
colocalization of NF-kB+ and poly(ADP-ribose)-polymerase+ would be the base motif that 
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discriminates UC from CD. Interestingly, the number of CD4+CD25+ T cells was elevated 
only in the UC mucosa, but not in the CD mucosa and the normal mucosa from patients 
with colonic cancer, suggesting the specific activation of regulatory T cells in UC.  
Other modified methods including cellular or subcellular analyses have brought useful 
information (28, 29). Effects of inflammatory cytokines of IFNγ, IL-1β, and IL-6 on IBD were 
investigated human adenocarcinoma cells by 2DE and MALDI-TOF/MS (28). Tryptophanyl 
tRNA synthetase, indoleamine-2,3-dioxygenase (IDO), heterogenous nuclear 
ribonucleoprotein JKTBP, IFN-induced p35, proteasome subunit LMP2, and arginosuccinate 
synthetase were identified as the cytokine-regulated proteins. Overexpression of IDO in 
IECs was found in the UC and CD mucosa, but not in the diverticulitis and normal mucosa, 
suggesting that the specific response of IDO to the inflammatory cytokines may be a 
character of IBD. As a subcellular fractionation analysis, expression levels of 5’ nucleotidase 
(plasma membrane), malate dehydrogenase (mitochondria), catalase (peroxisomes), LDH 
(ER), N-acetyl-β-glucosaminidase (lysosomes), and neutral-α-glucosidase (ER) in rectal 
biopsy homogenates from the UC, CD, and non-rectal CD patients were assayed (29). 
Reduction of both cytosolic and particulate N-acetyl-β-glucosaminidase was found in the 
UC patients, whereas a selective reduction in particulate activity was found in the non-rectal 
CD patients, demonstrating lysosomal alterations in these diseases. 
IECs from UC or IBD model mice have been analyzed by proteomics (30-33). Intestinal 
mucosa from a UC mouse model, made by oral administration of 8.0% dextran sodium 
sulfate, was analyzed by 2DE and MALDI-TOF/MS (30). Comparison of mucosa from the 
UC model with that from normal mice revealed 7 altered protein spots. Five proteins were 
identified from the spots, which were 3-Hydroxy-3-methlglutaryl- coenzyme A synthase 2, 
serpin b1a, protein disulfide-isomerase A3, PRDX6 and vimentin. To investigate response of 
IECs against a pathogen, Caco-2 IEC line was co-cultured with Enteropathogenic E. coli 
(EPEC) to be injected the bacterial proteins through bacterial type III secretion system 
(TTSS) (31). Among 2,090 host proteins identified by LC-MS, 264 proteins (approximately 
13%) were differentially expressed between WT EPEC-cocultured IECs and TTSS-deficient 
EPEC-cocultured IECs, suggesting that host proteins were potentially involved in EPEC-
induced colitis. 
Based on an interesting idea that endoplasmic reticulum (ER)-mediated stress responses in 
IECs may contribute to chronic intestinal inflammation, IECs from Enterococcus faecalis-
monoassociated IL-10-deficient mice and WT mice were analyzed by 2DE and MALDI-
TOF/MS (32). Increased expression of glucose-regulated ER stress protein (grp)-78 was 
found in the IL-10-deficient mice. In human, the increased expression of grp-78 was also 
found in the inflamed colonic tissue from patients with UC, CD and sigmoid diverticulitis. 
IL-10 was found to inhibit inflammation-induced ER stress response by modulating nuclear 
recruitment of activating transcriptional factor (ATF)-6 to the grp-78 gene promoter. 
Another interesting idea is raised from the field of neutrinogenomics, in which 
environmental factors would contribute to the chronic intestinal inflammation in the 
genetically susceptible hosts (33, 34). In this respect, TNFDeltaARE/WT mice were 
prepared, which showed impaired regulation of TNFα synthesis by deletion of an AU-rich 
motif in the 3’-untranslated region of the TNF gene (35). WT and TNFDeltaARE/WT mice 
were fed with adequate and low amount of iron, and the adequate iron-fed 
TNFDeltaARE/WT mice were found to develop severe ileal inflammation. Comparison of 
IEC-derived proteins between adequate iron-fed WT and TNFDeltaARE/WT mice 
(inflamed conditions), and that between adequate iron- and low iron-fed 
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TNFDeltaARE/WT mice (absence of inflammation), by 2DE and MALDI-TOF/MS showed 
4 contrarily regulated proteins including aconitase 2, catalase, intelectin 1, and 
fumarylacetoacetate hydrolase (FAH). These proteins are associated with energy 
homeostasis, host defense, oxidative, and ER stress responses.  

5. Prediction of colorectal cancer associated with UC 
UC shows an increased risk of colorectal cancer compared to other inflammatory intestinal 
diseases. In UC patients, occurrence of colorectal cancer is periodically examined by 
colonoscopy throughout their lives. To avoid this invasive and expensive examination, a 
biomarker which predicts occurrence of colorectal cancer in UC will be useful. Further, 
although UC-associated colon cancer is known to develop from dysplastic lesions caused by 
chronic inflammation, the molecular mechanism how inflammation leads to carcinogenesis 
should be elucidated.  
Brentnall et al analyzed protein profiles of epithelium from normal colon, nondysplastic 
colon of UC patients without dysplasia (UC nonprogressors), nondysplastic colon of UC 
patients with high grade dysplasia or cancer (UC progressors), and high grade dysplastic 
colon of UC progressors by LC-MS subsequent to strong cation exchange (36). Proteins 
related to mitochondria, oxidative activity, and calcium-binding proteins were associated 
with the neoplastic progression in UC. In the early and late stages, Sp1 and c-myc may play 
roles in UC neoplastic progression, respectively (Table 3). Carbamoyl-phophate synthase 1 
(CPS1) and S100P were overexpressed in nondysplastic colon tissue from the UC 
progressors. The overexpression may be useful for the prediction of dysplasia in UC.  
In another study from the same research group, differently expressed proteins between 
nondysplastic and dysplastic tissue from the UC progressors were detected by LC-MS (37). 
They were mitochondrial proteins, cytoskeletal proteins, RAS superfamily, proteins related 
to apoptosis and metabolism, suggesting their importance in the early stages of neoplastic 
progression in UC. Among such proteins, both TNF receptor-associated protein 1 (TRAP1) 
and CPS1 were increased in nondysplastic and dysplastic tissue in the UC progressors than 
in the nonprogressors. Rectal CPS1 staining predicts dysplasia or cancer in the colon with 
87% sensitivity and 45% specificity, indicating its feasibility as a biomarker to predict colonic 
dysplasia or cancer. On the other hand, comparison of UC-associated and sporadic colon 
cancer cell lines by 2DE and LC-MS showed that the expression of heat shock protein 
(HSP47) was significantly higher in UC-associated colon cancers, the increase of which was 
correlated to the progression of neoplastic lesions (38). HSP47 was co-expressed with type I 
collagen in the cytoplasm, and both of them were released from culture cells into the 
medium, suggesting the possibility of HSP47 as a biomarker for UC-associated cancer. 
Analysis of colonic mucosa by MELC study showed significant increase of NF-kB+ HLA-
DR+ cells in CD4+ and CD8+ cell populations in UC patents and patients with colorectal 
cancer compared to healthy subjects (39). This suggested increase of activated T cells and an 
altered antigen presentation. In the UC group, NF-kB+ cells were significantly increased in 
CD45RO+ cell populations, but not in CD45RA+ cell population, suggesting the activation 
in memory T cells. CD4+CD25+NF-kB+ cells were also specifically increased in the UC 
group, which indicated the increase of regulatory T cells. The specific activation of such 
subpopulations of T cells would play protective roles in UC, and loss of the activation may 
play a role in the progression of colorectal cancer. In an animal model for UC, which was 
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discriminates UC from CD. Interestingly, the number of CD4+CD25+ T cells was elevated 
only in the UC mucosa, but not in the CD mucosa and the normal mucosa from patients 
with colonic cancer, suggesting the specific activation of regulatory T cells in UC.  
Other modified methods including cellular or subcellular analyses have brought useful 
information (28, 29). Effects of inflammatory cytokines of IFNγ, IL-1β, and IL-6 on IBD were 
investigated human adenocarcinoma cells by 2DE and MALDI-TOF/MS (28). Tryptophanyl 
tRNA synthetase, indoleamine-2,3-dioxygenase (IDO), heterogenous nuclear 
ribonucleoprotein JKTBP, IFN-induced p35, proteasome subunit LMP2, and arginosuccinate 
synthetase were identified as the cytokine-regulated proteins. Overexpression of IDO in 
IECs was found in the UC and CD mucosa, but not in the diverticulitis and normal mucosa, 
suggesting that the specific response of IDO to the inflammatory cytokines may be a 
character of IBD. As a subcellular fractionation analysis, expression levels of 5’ nucleotidase 
(plasma membrane), malate dehydrogenase (mitochondria), catalase (peroxisomes), LDH 
(ER), N-acetyl-β-glucosaminidase (lysosomes), and neutral-α-glucosidase (ER) in rectal 
biopsy homogenates from the UC, CD, and non-rectal CD patients were assayed (29). 
Reduction of both cytosolic and particulate N-acetyl-β-glucosaminidase was found in the 
UC patients, whereas a selective reduction in particulate activity was found in the non-rectal 
CD patients, demonstrating lysosomal alterations in these diseases. 
IECs from UC or IBD model mice have been analyzed by proteomics (30-33). Intestinal 
mucosa from a UC mouse model, made by oral administration of 8.0% dextran sodium 
sulfate, was analyzed by 2DE and MALDI-TOF/MS (30). Comparison of mucosa from the 
UC model with that from normal mice revealed 7 altered protein spots. Five proteins were 
identified from the spots, which were 3-Hydroxy-3-methlglutaryl- coenzyme A synthase 2, 
serpin b1a, protein disulfide-isomerase A3, PRDX6 and vimentin. To investigate response of 
IECs against a pathogen, Caco-2 IEC line was co-cultured with Enteropathogenic E. coli 
(EPEC) to be injected the bacterial proteins through bacterial type III secretion system 
(TTSS) (31). Among 2,090 host proteins identified by LC-MS, 264 proteins (approximately 
13%) were differentially expressed between WT EPEC-cocultured IECs and TTSS-deficient 
EPEC-cocultured IECs, suggesting that host proteins were potentially involved in EPEC-
induced colitis. 
Based on an interesting idea that endoplasmic reticulum (ER)-mediated stress responses in 
IECs may contribute to chronic intestinal inflammation, IECs from Enterococcus faecalis-
monoassociated IL-10-deficient mice and WT mice were analyzed by 2DE and MALDI-
TOF/MS (32). Increased expression of glucose-regulated ER stress protein (grp)-78 was 
found in the IL-10-deficient mice. In human, the increased expression of grp-78 was also 
found in the inflamed colonic tissue from patients with UC, CD and sigmoid diverticulitis. 
IL-10 was found to inhibit inflammation-induced ER stress response by modulating nuclear 
recruitment of activating transcriptional factor (ATF)-6 to the grp-78 gene promoter. 
Another interesting idea is raised from the field of neutrinogenomics, in which 
environmental factors would contribute to the chronic intestinal inflammation in the 
genetically susceptible hosts (33, 34). In this respect, TNFDeltaARE/WT mice were 
prepared, which showed impaired regulation of TNFα synthesis by deletion of an AU-rich 
motif in the 3’-untranslated region of the TNF gene (35). WT and TNFDeltaARE/WT mice 
were fed with adequate and low amount of iron, and the adequate iron-fed 
TNFDeltaARE/WT mice were found to develop severe ileal inflammation. Comparison of 
IEC-derived proteins between adequate iron-fed WT and TNFDeltaARE/WT mice 
(inflamed conditions), and that between adequate iron- and low iron-fed 
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TNFDeltaARE/WT mice (absence of inflammation), by 2DE and MALDI-TOF/MS showed 
4 contrarily regulated proteins including aconitase 2, catalase, intelectin 1, and 
fumarylacetoacetate hydrolase (FAH). These proteins are associated with energy 
homeostasis, host defense, oxidative, and ER stress responses.  

5. Prediction of colorectal cancer associated with UC 
UC shows an increased risk of colorectal cancer compared to other inflammatory intestinal 
diseases. In UC patients, occurrence of colorectal cancer is periodically examined by 
colonoscopy throughout their lives. To avoid this invasive and expensive examination, a 
biomarker which predicts occurrence of colorectal cancer in UC will be useful. Further, 
although UC-associated colon cancer is known to develop from dysplastic lesions caused by 
chronic inflammation, the molecular mechanism how inflammation leads to carcinogenesis 
should be elucidated.  
Brentnall et al analyzed protein profiles of epithelium from normal colon, nondysplastic 
colon of UC patients without dysplasia (UC nonprogressors), nondysplastic colon of UC 
patients with high grade dysplasia or cancer (UC progressors), and high grade dysplastic 
colon of UC progressors by LC-MS subsequent to strong cation exchange (36). Proteins 
related to mitochondria, oxidative activity, and calcium-binding proteins were associated 
with the neoplastic progression in UC. In the early and late stages, Sp1 and c-myc may play 
roles in UC neoplastic progression, respectively (Table 3). Carbamoyl-phophate synthase 1 
(CPS1) and S100P were overexpressed in nondysplastic colon tissue from the UC 
progressors. The overexpression may be useful for the prediction of dysplasia in UC.  
In another study from the same research group, differently expressed proteins between 
nondysplastic and dysplastic tissue from the UC progressors were detected by LC-MS (37). 
They were mitochondrial proteins, cytoskeletal proteins, RAS superfamily, proteins related 
to apoptosis and metabolism, suggesting their importance in the early stages of neoplastic 
progression in UC. Among such proteins, both TNF receptor-associated protein 1 (TRAP1) 
and CPS1 were increased in nondysplastic and dysplastic tissue in the UC progressors than 
in the nonprogressors. Rectal CPS1 staining predicts dysplasia or cancer in the colon with 
87% sensitivity and 45% specificity, indicating its feasibility as a biomarker to predict colonic 
dysplasia or cancer. On the other hand, comparison of UC-associated and sporadic colon 
cancer cell lines by 2DE and LC-MS showed that the expression of heat shock protein 
(HSP47) was significantly higher in UC-associated colon cancers, the increase of which was 
correlated to the progression of neoplastic lesions (38). HSP47 was co-expressed with type I 
collagen in the cytoplasm, and both of them were released from culture cells into the 
medium, suggesting the possibility of HSP47 as a biomarker for UC-associated cancer. 
Analysis of colonic mucosa by MELC study showed significant increase of NF-kB+ HLA-
DR+ cells in CD4+ and CD8+ cell populations in UC patents and patients with colorectal 
cancer compared to healthy subjects (39). This suggested increase of activated T cells and an 
altered antigen presentation. In the UC group, NF-kB+ cells were significantly increased in 
CD45RO+ cell populations, but not in CD45RA+ cell population, suggesting the activation 
in memory T cells. CD4+CD25+NF-kB+ cells were also specifically increased in the UC 
group, which indicated the increase of regulatory T cells. The specific activation of such 
subpopulations of T cells would play protective roles in UC, and loss of the activation may 
play a role in the progression of colorectal cancer. In an animal model for UC, which was 
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established by repeatedly exposing B6 mice to dextran sodium sulfate (DSS), proteins in 
colonic mucosa were analyzed by 2DE and MALDI-TOF/MS (40). 38 protein spots were 
found to be differently expressed in colon tumors compared to normal colon, 27 of which 
were identified. They included glucose-regulated protein (GRP) 94, HSC70, emolase, PHB 
and transgelin. Transgelin was found to be significantly reduced in human colon tumors 
compared with adjacent nontumorous tissues, suggesting that low expression of this protein 
may be a candidate biomarker of colitis-associated colon cancer.  
 

References Samples  Methods Identified proteins 
Brentnall  
et al (36) 

colonic 
mucosa 

LC-MS Sp1, 
Carbamoyl-phophate synthase 1 (CPS1), S100P 

May et al  
(37) 

colonic 
mucosa 

LC-MS TNF receptor-associated protein 1 (TRAP1), 
CPS1 

Araki et al 
(38) 

colon 
cancer cell 
lines  

2DE, 
LC-MS 

heat shock protein (HSP47) 

Berndt et al 
(39) 

T cells in 
colon 

MELC (Increase of CD45RO+NFkB+ cells and 
increase of CD4+CD25+NFkB+ cells  
in UC than in colorectal cancer) 

Yeo et al (40) Mouse 
colonic 
mucosa 

2DE, 
MALDI- 
TOF/MS 

transgelin (GRP94, HSC70, enolase, PHB, and 
transgelin were differently expressed  
in colon tumors in the UC-model mice  
from those in normal colon) 

Table 3. Biomarker candidates to predict complication of colorectal cancer in UC 

6. Subproteomic analyses – metabolomics and other studies 
As subproteomic analyses, metabolomics which comprehensively analyze metabolites have 
been performed in IBD patients and also in UC model mice. Because metabolites are easily 
obtained from urine or fecal samples, use of biomarkers detected by metabolomics may be 
less-invasive compared to those derived from blood and colonic tissue. In addition to MS 
analysis, nuclear magnetic resonance (NMR) spectroscopy is frequently used in 
metabolomics. Metabolomics, which analyze different molecular profiles from proteomics, 
should also contribute to unraveling the pathophysiology of UC.  
Fecal extracts from patients with CD and UC were analyzed by 1H NMR spectroscopy (41). 
The levels of butyrate, acetate, methylamine, and trimethylamine were found to be lower in 
both diseases than in healthy subjects. The results may indicate changes of microbial 
community in gut. In contrast, elevated quantities of amino acids were demonstrated in 
both diseases, implying malabsorption caused by inflammation. Interestingly, the decreased 
amounts of amino acids and glycerol, and the increase of butyrate and acetate, in the feces of 
UC patients contributed to the discrimination of UC from CD (Table 4). A conventional 
metabolic analysis, in which utilization of n-butyrate, glucose, and glutamine in isolated 
colonic epithelial cells were evaluated, showed that oxidation of butyrate to CO2 and 
ketones was significantly suppressed in UC colonic mucosa compared to normal mucosa 
(42). The failure of n-butyrate oxidation in UC suggests that UC may be an energy-
deficiency disease of the colonic mucosa. To specifically distinguish UC from CD, 
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exoprotease activity was assayed using 2 synthetic peptides as substrates, which were 
fibrinopeptide A without the N-terminal alanine and complement 3f (43). The two peptides 
were spiked into serum samples from 3 UC patients, 3 CD patients, and 3 healthy subjects, 
and the metabolite pattern was analyzed by MALDI-MS and chemometric analysis. 
Although 100% discrimination of the UC patients from the CD patients and the healthy 
subjects was achieved, the diagnostic power should be verified with more number of 
subjects.  
 

References Samples  Methods Identified metabolites 
Marchesi  
et al (41) 

fecal 
extracts 

NMR decreased amounts of amino acids and 
glycerol, and increase of butyrate and acetate, 
compared to those in CD 

Roediger  
et al (42) 

IECs of 
colon 

Metabolic 
analysis 

decreased oxidation of butyrate to CO2 and 
ketones 

Table 4. Biomarker candidates for UC identified by metabolomics 

As an IBD model study, time course of urine metabolites from IL-10-deficient mice were 
compared with those from control mice by NMR analysis (44). Both groups initially had 
similar metabolic profiles, then diverged substantially with the onset of IBD. The levels of 
trimethylamine and fucose changed dramatically in 8wk IL-10-deficient mice, at the timeline 
of histological injury. In addition, bacterial signaling molecules involved in their 
communication may serve as potential biomarkers for IBD (45). Profiles of N-acyl 
homoserine lactones (AHLs), the chemical signaling molecules in Gram-negative bacteria, in 
saliva from healthy donors and patients with gastrointestinal disorders were analyzed by 
LC-MS. The levels of AHLs may correlate with the health status of subjects. 

7. Conclusion 
Novel approaches by proteomics and subproteomics for biomarker discovery of UC, 
including those of the complication of colorectal cancer, were introduced. Many proteins 
have been identified and considered to be candidates for UC biomarkers, however, most of 
them have not established, indicating the broad range of functional abnormality in UC. 
PRDX2, PHB, CPS1, and butyrate were identified in multiple different studies, suggesting 
their usefulness as a biomarker for UC or the associated colonic cancer. The candidate 
biomarkers should be validated with more number of patients with UC, CD, other control 
diseases, and healthy subjects. Even though simple and less-invasive biomarkers are 
desirable for clinical examination, if the biomarkers are sensitive and specific enough for the 
UC diagnosis, examination of colonic mucosa obtained by endoscopy and combination of 
multiple proteins as the biomarker are also acceptable. Further advances in these 
approaches would be useful to establish biomarkers for the accurate diagnosis and the 
disease course prediction, and may be useful to elucidate the complicated disease 
mechanisms of UC.  
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established by repeatedly exposing B6 mice to dextran sodium sulfate (DSS), proteins in 
colonic mucosa were analyzed by 2DE and MALDI-TOF/MS (40). 38 protein spots were 
found to be differently expressed in colon tumors compared to normal colon, 27 of which 
were identified. They included glucose-regulated protein (GRP) 94, HSC70, emolase, PHB 
and transgelin. Transgelin was found to be significantly reduced in human colon tumors 
compared with adjacent nontumorous tissues, suggesting that low expression of this protein 
may be a candidate biomarker of colitis-associated colon cancer.  
 

References Samples  Methods Identified proteins 
Brentnall  
et al (36) 

colonic 
mucosa 

LC-MS Sp1, 
Carbamoyl-phophate synthase 1 (CPS1), S100P 

May et al  
(37) 

colonic 
mucosa 

LC-MS TNF receptor-associated protein 1 (TRAP1), 
CPS1 

Araki et al 
(38) 

colon 
cancer cell 
lines  

2DE, 
LC-MS 

heat shock protein (HSP47) 

Berndt et al 
(39) 

T cells in 
colon 

MELC (Increase of CD45RO+NFkB+ cells and 
increase of CD4+CD25+NFkB+ cells  
in UC than in colorectal cancer) 

Yeo et al (40) Mouse 
colonic 
mucosa 

2DE, 
MALDI- 
TOF/MS 

transgelin (GRP94, HSC70, enolase, PHB, and 
transgelin were differently expressed  
in colon tumors in the UC-model mice  
from those in normal colon) 

Table 3. Biomarker candidates to predict complication of colorectal cancer in UC 

6. Subproteomic analyses – metabolomics and other studies 
As subproteomic analyses, metabolomics which comprehensively analyze metabolites have 
been performed in IBD patients and also in UC model mice. Because metabolites are easily 
obtained from urine or fecal samples, use of biomarkers detected by metabolomics may be 
less-invasive compared to those derived from blood and colonic tissue. In addition to MS 
analysis, nuclear magnetic resonance (NMR) spectroscopy is frequently used in 
metabolomics. Metabolomics, which analyze different molecular profiles from proteomics, 
should also contribute to unraveling the pathophysiology of UC.  
Fecal extracts from patients with CD and UC were analyzed by 1H NMR spectroscopy (41). 
The levels of butyrate, acetate, methylamine, and trimethylamine were found to be lower in 
both diseases than in healthy subjects. The results may indicate changes of microbial 
community in gut. In contrast, elevated quantities of amino acids were demonstrated in 
both diseases, implying malabsorption caused by inflammation. Interestingly, the decreased 
amounts of amino acids and glycerol, and the increase of butyrate and acetate, in the feces of 
UC patients contributed to the discrimination of UC from CD (Table 4). A conventional 
metabolic analysis, in which utilization of n-butyrate, glucose, and glutamine in isolated 
colonic epithelial cells were evaluated, showed that oxidation of butyrate to CO2 and 
ketones was significantly suppressed in UC colonic mucosa compared to normal mucosa 
(42). The failure of n-butyrate oxidation in UC suggests that UC may be an energy-
deficiency disease of the colonic mucosa. To specifically distinguish UC from CD, 
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exoprotease activity was assayed using 2 synthetic peptides as substrates, which were 
fibrinopeptide A without the N-terminal alanine and complement 3f (43). The two peptides 
were spiked into serum samples from 3 UC patients, 3 CD patients, and 3 healthy subjects, 
and the metabolite pattern was analyzed by MALDI-MS and chemometric analysis. 
Although 100% discrimination of the UC patients from the CD patients and the healthy 
subjects was achieved, the diagnostic power should be verified with more number of 
subjects.  
 

References Samples  Methods Identified metabolites 
Marchesi  
et al (41) 

fecal 
extracts 

NMR decreased amounts of amino acids and 
glycerol, and increase of butyrate and acetate, 
compared to those in CD 

Roediger  
et al (42) 

IECs of 
colon 

Metabolic 
analysis 

decreased oxidation of butyrate to CO2 and 
ketones 

Table 4. Biomarker candidates for UC identified by metabolomics 

As an IBD model study, time course of urine metabolites from IL-10-deficient mice were 
compared with those from control mice by NMR analysis (44). Both groups initially had 
similar metabolic profiles, then diverged substantially with the onset of IBD. The levels of 
trimethylamine and fucose changed dramatically in 8wk IL-10-deficient mice, at the timeline 
of histological injury. In addition, bacterial signaling molecules involved in their 
communication may serve as potential biomarkers for IBD (45). Profiles of N-acyl 
homoserine lactones (AHLs), the chemical signaling molecules in Gram-negative bacteria, in 
saliva from healthy donors and patients with gastrointestinal disorders were analyzed by 
LC-MS. The levels of AHLs may correlate with the health status of subjects. 

7. Conclusion 
Novel approaches by proteomics and subproteomics for biomarker discovery of UC, 
including those of the complication of colorectal cancer, were introduced. Many proteins 
have been identified and considered to be candidates for UC biomarkers, however, most of 
them have not established, indicating the broad range of functional abnormality in UC. 
PRDX2, PHB, CPS1, and butyrate were identified in multiple different studies, suggesting 
their usefulness as a biomarker for UC or the associated colonic cancer. The candidate 
biomarkers should be validated with more number of patients with UC, CD, other control 
diseases, and healthy subjects. Even though simple and less-invasive biomarkers are 
desirable for clinical examination, if the biomarkers are sensitive and specific enough for the 
UC diagnosis, examination of colonic mucosa obtained by endoscopy and combination of 
multiple proteins as the biomarker are also acceptable. Further advances in these 
approaches would be useful to establish biomarkers for the accurate diagnosis and the 
disease course prediction, and may be useful to elucidate the complicated disease 
mechanisms of UC.  
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1. Introduction 
Ulcerative colitis (UC) is a chronic non-specific inflammatory disease affecting the mucosa 
and the submucosa of the colon, and is characterized by alterations of gut functions which 
influence the clinical symptoms (Fiocchi, 1998; Reddy et al., 1991; Spriggs et al., 1951). 
Although reports showed morpho-functional abnormalities of the enteric nervous system in 
UC patients, the available literature is still heterogeneous and confusing.  
UC-related intestinal inflammation causes structural and functional changes to the enteric 
nervous system and its cellular components (neurons and glial cells), which could be 
directly related to the development of the disease and its associated symptoms (Geboes & 
Collins, 1998; Lakhan & Kirchgessner, 2010; Lomax et al., 2005; Villanacci et al., 2008).  
UC-related alteration in the enteric nervous system can be categorised into two groups: a) 
the alterations that occur in the structural morphology of the system, and b) those that occur 
in the level of enteric transmitters released by neurons and glial cells (Lakhan & 
Kirchgessner, 2010). Routine pathology of UC reports describe: 1) hypertrophy, hyperplasia 
and axonal damage of nerve fibres (Cook & Dixon, 1973; Geboes, 1993); 2) a normal aspect, 
hypertrophy, hyperplasia or damage of neuronal cell bodies (Belai et al., 1997; Siemers & 
Dobbins, 1974; Strobach et al., 1990); 3) glial cells hyperplasia (Antonius et al., 1960); 4) a 
variable increase of glial cells number (Geboes et al., 1992; Koretz et al., 1987); and 5) 
ganglioneuritis (Ohlsson et al., 2007). 
Besides structural changes, disruption in the function of neurons and glial cells is reported 
in patients with UC: defective neuronal control of epithelial secretion, increased excitability 
of enteric neurons, alteration in synaptic transmission, and variablility in the expression of 
neuronal and glial-derived factors (vasoactive intestinal peptide, inducible nitric oxide 
synthase and other mediators in neuronal cell bodies; S100B protein, glial fibrillary acidic 
protein and other factors in glial cells) (Lomax et al., 2005). 
The aim of this chapter is to illustrate the new insights into the pathophysiology of UC, 
providing an exhaustive overview of the current knowledge of the role of the enteric 
nervous system during gut inflammation. 
Initially, we describe the morphology and the basic physiological functions of the enteric 
nervous system and its cellular components, neurons and glial cells, respectively. Then, a 
more extensive part is dedicated to the modifications of the enteric nervous system in UC. 
Besides the well documented role of enteric neurons, attention is also focused on the 
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involvement of glial network in the complex scenario of intestinal inflammation, on which 
there is accumulating evidence in recent years. Finally, the implication of the enteric 
nervous system in the control of the gut immune system during inflammation is described 
in the last part of the chapter, as recently hypothesized.  

2. The Enteric Nervous System: Morphological and functional features 
The Enteric nervous System (ENS) is a collection of neurons in the gastrointestinal (GI) tract, 
and constitutes the “brain in the gut”, since it has the unique ability to control several GI 
functions, such as exocrine and endocrine secretions, motility, blood flow and 
immune/inflammatory processes, independent of the central nervous system (Goyal & 
Hirano, 1996). In the ENS, the nerve-cell bodies are grouped into small ganglia that are 
connected by nerve bundles forming two major layers embedded in the gut wall, the 
myenteric plexus (or Auerbach’s plexus) and the submucosal plexus (or Meissner’s plexus) 
(Goyal & Hirano, 1996). The myenteric plexus lies between the longitudinal and circular 
muscle and extends the entire length of the gut. This layer primarily provides motor 
innervations to the two muscle layers, and secretomotor innervations to the mucosa. The 
submucosal plexus, located between the mucosa and circular muscle (Furness & Costa 1980; 
Grundy et al., 2006), is best developed in the small intestine, where it plays an important 
role in the control of secretion. Both these components contain functionally different 
neurons (about 100 millions) and four to ten times more glial cells, together organized in 
ganglia (Goyal & Hirano, 1996; Hoff et al., 2008). Neurons and glial cells of the ENS are 
derived from stem cells in the neuronal crest, a transient structure present during embryonic 
development (Dupin et al., 2006). 

2.1 Enteric neurons 
Although up to eight morphologic forms of neurons have been identified in the ENS, there 
are two main types: type I neurons, that have many club-shaped processes and a single long 
process, and type II neurons, that are multipolar and have many long, smooth processes 
(Furness & Costa, 1980). Functionally, enteric neurons can be classified into primary afferent 
neurons, interneurons and motor neurons, synaptically linked to each other in microcircuits 
(Furness & Costa, 1980). Moreover, there is a general classification between neurons of the 
submucosal plexus and neurons of the myenteric plexus: while the first ones predominantly 
innervate the mucosa and regulate secretion, absorption and blood flow, the second ones are 
primarily involved in the control of intestinal motility (Brookes, 2001). Enteric neurons are 
also known to control mucosal development and function as well as some aspects of the 
local immune system within the gut. This fine regulation of several and different functions 
is possible because enteric neurons are in close proximity to other cells present in the gut 
wall (mucosal immune cells and epithelial cells) and also secrete a wide range of 
neurotransmitters.  
The chemical neuro-mediators of the ENS were initially thought to be limited to 
neurotransmitters such as acetylcholine and serotonin, but, subsequently, purines, such as 
ATP, amino acids, such as γ-aminobutyric acid, and peptides, such as vasoactive intestinal 
polypeptide (VIP) and neuropeptide Y (NPY), were identified (Gershon et al., 1994). More 
recently, nitric oxide (NO) has emerged as an important neurotransmitter in the ENS 
(Bogers et al., 1994). Overall, more than 20 candidate neurotransmitters have now been 
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identified in enteric neurons, and most neurons contain several of them (Gershon et al., 
1994). Distinctive patterns of co-localization of mediators appear to identify sets of neurons 
that perform distinct functions (Costa & Brookes, 1994; Gershon et al., 1994). Although 
neurotransmitter functions have been clearly defined for only a few of these mediators such 
acetylcholine, substance P (SP), VIP, NPY and NO, it is well known that a wide variety of 
neurons that perform different functions may use the same neurotransmitter. 

2.2 Enteric Glial Cells (EGC) 
Morphologically, EGC are small cells with a ‘star-like’ appearance (Hoff et al., 2008) 
containing intracellular arrays of 10 nm filaments made up of glial fibrillary acidic protein 
(GFAP) (Bjorklund et al., 1984; Endo & Kobayashi, 1987; Hoff et al., 2008; Mestres et al., 
1992). These cells envelop enteric neuronal cell bodies and axon bundles (Gershon & 
Rothman, 1991), as well as intestinal blood vessels (Bjorklund et al., 1984; Geboes et al., 
1992), and extend their processes into the intestinal mucosa (Bush et al., 1998; Jessen & 
Mirsky, 1980). Though, phenotypically comparable to the astrocytes in the central nervous 
system, EGC account for other similiar functions, such as the regulation of gut homeostasis, 
as well as inflammatory responses (Broussard et al., 1993; Gershon & Rothman, 1991). Since 
their first description by Dogiel in 1899, EGC have been assumed to be the most abundant 
cell type in the ENS (Gabella, 1981). At present, the S100B protein and GFAP, together with 
more recently identified markers such as Sox 10, are commonly used to identify EGC in the 
human gut (Bjorklund et al., 1984; Cirillo et al., 2009a; Esposito et al., 2007; Ferri et al., 1982; 
Hoff et al., 2008). Functionally, EGC have been traditionally considered as a mechanical 
support for enteric neurons since they release a wide range of factors responsible for the 
development, survival and differentiation of peripheral neurons (Laranjeira & Pachnis, 
2009). Like their counterpart in the brain, EGC, in physiological conditions, constitutively 
express major histocompatibility complex (MHC) class I molecules, whereas MHC class II 
expression is sparsely detectable (Geboes et al., 1992; Koretz et al., 1987). In recent years, this 
restrictive view has been changed to one of a more articulate and complex nature, since EGC 
are involved in the maintenance of intestinal homeostasis (Bassotti et al., 2007; Van 
Landeghem et al., 2009). Indeed, these cells control intestinal epithelial barrier functions, 
such as permeability, via the release of GSNO (S-nitrosoglutathione) as well as the 
regulation of expression of zonulin-1 and occludin (Neunlist et al., 2008; Savidge et al., 
2007a).  
Besides the well documented ‘protective role’, EGC are also activated by means of 
inflammatory insults and they directly contribute to an inflammatory condition by antigen 
presentation and by promoting the release of pro-inflammatory cytokines in the gut milieu, 
thus making them the initiators of immune responses (Cabarrocas, 2003; Cirillo et al., 2009a; 
Esposito et al., 2007; Neunlist et al., 2008; Savidge et al., 2007b). This ability of EGC to be 
atigen presenting cell is due to the expression of MHC class II molecule, in the presence of 
pro-inflammatory stimuli, as recently demonstrated (Cirillo et al., 2009a). Therefore, EGC act 
as ‘receptors’ for cytokines and may themselves produce cytokines, such as interleukin-6 
and interleukin-1-beta (Murakami et al., 2009; Ruhl et al., 2001). In addition, EGC express 
the inducible form of nitric oxide synthase (iNOS) and L-arginine, the machinery required 
for the time-delayed and micromolar release of nitric oxide (NO), one of the most important 
pro-inflammatory mediators within the gut (Aoki et al., 1991; Cirillo et al., 2009b; Nagahama 
et al., 2001). 
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2.2.1 EGC markers: GFAP and S100B protein 
Mature EGC are rich in the intermediate filament protein GFAP (Eng et al., 2000; Jessen & 
Mirsky, 1980). In animals, two classes of EGC can be distinguished, namely the GFAP 
positive and GFAP negative groups and this ratio is under control of pro-inflammatory 
cytokines (von Boyen et al., 2004). GFAP expression is modulated by cell differentiation, 
inflammation and injury (Eng et al., 2000), indicating that the level of this filament matches 
with the functional state of EGC. Increased GFAP expression has been observed in 
inflammation or inflammatory diseases of the gut, such as UC (Bradley et al., 1997; Cornet et 
al., 2001). 
S100B is an easily diffusible protein that is a homodimer of β subunit (Baudier et al., 1986). It 
belongs to the S100 protein family that includes more than 20 EF-hand Ca2+/Zn2+-binding 
proteins (Haimoto et al., 1987; Sugimura et al., 1989; Zimmer & Van Eldik, 1987). In the 
human gut, among S100 proteins, only the S100B protein is specifically and physiologically 
expressed by EGC (Cirillo et al., 2009a; Cirillo et al., 2009b; Esposito et al., 2007), while other 
members, such as S100A8, S100A9 and S100A12 are found in phagocytes and in intestinal 
epithelial cells in patients affected by inflammatory bowel disease (Leach et al., 2007; 
Pietzsch & Hoppmann, 2009). Recent findings have demonstrated that aberrant expression 
of S100B correlates with the degree of the gut inflammation (Cirillo et al., 2009b; Esposito et 
al., 2007). The search for a specific S100B signalling receptor has demonstrated that, in 
micromolar concentrations, this protein may accumulate at the RAGE (receptor for 
advanced glycation endproducts) site on target cells, such as immune cells (Adami et al., 
2004; Hofmann et al., 1999; Schmidt et al., 2001). Such interaction leads to the activation of a 
signalling cascade resulting in the transcription of different pro-inflammatory cytokines and 
iNOS protein. S100B can, thus, be considered as a diffusible pro-inflammatory cytokine 
which gains access to the extracellular space especially at immune-inflammatory reaction 
sites in the gut (Adami et al., 2001; Cirillo et al., 2009a; Cirillo et al., 2009b; Esposito et al., 
2007; Petrova et al., 2000). 

3. Role of enteric neurons in UC 
Inflammation is well known to affect gut functions, since it leads to persistent changes in 
enteric nerves thus resulting in dismotility, hypersensitivity and dysfunction. Data obtained 
from intestinal biopsies from UC patients, or on animal models of UC, have consistently 
suggested a role of neuro-inflammation in the generation of symptoms associated with the 
disease (Beyak & Vanner, 2005; Geboes & Collins, 1998). Neuronal abnormalities strongly 
illustrate the impact of inflammatory signals generated within the gut mucosa on the ENS. 
In this context, the neuronal regeneration represents a challenging concept and studies 
aiming to the identification of progenitor-like cells in the ENS are crucial (Kruger et al., 
2002). 

3.1 Structural changes 
To understand the relationship between the intestinal inflammation that characterizes UC 
and structural abnormalities to the enteric neurons, animal models of colitis are routinely 
used. This enables us to elucidate the mechanisms underlying gut dysfuctions, which would 
be rather difficult to observe in humans. The most commonly used models to induce colitis 
are characterized by intracolonic administration of 1) trinitrobenzene sulfonic acid (TNBS) 
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or 2) 2,4-dinitrobenzene-sulfonic acid (DNBS) or 3) Trichinella spiralis (T. Spiralis) infection in 
the animal.  
In guinea pigs, it has been described that the number of myenteric neurons per ganglion is 
significantly decreased in TNBS-induced colitis (Linden et al., 2005). In this experimental 
model, the observed decrease in myenteric neurons was not associated with a decrease in 
any particular subpopulation of neurons, suggesting a severe loss of neurons that occur 
during the onset of colitis. In addition, the neurotoxic insult is followed by a rapid 
regeneration of the axons from the surviving neurons. These data are confirmed in a rat 
model of TNBS-induced colitis, in which there is a significant loss of myenteric neurons as a 
result of an increased rate of apoptosis (Sarnelli et al., 2009). Similar changes are reported in 
another model of chemically-induced colitis in rats, with DNBS administration, which is 
characterized by a significant decrease of neuronal cells in the myenteric plexus of the ENS 
(Sanovic et al., 1999; Hawkins et al., 1997). As confirmed by histopathological assessment, in 
this model, compared to the TNBS-induced model, the neuronal damages are more similar 
to those observed in UC patients. Significant neuronal death is also observed in T. spiralis 
induced colitis in mice and rats (Auli et al., 2008). Intracolonic administration of T. spiralis 
larvae in rats causes colitis with features similar to UC, notably with inflammation 
predominantly limited to the colonic mucosa (Auli et al., 2008). Interestingly, in this animal 
model of colitis, the authors also provide information about the subpopulation of neurons 
affected by inflammation, describing that there is a significant decrease especially in the 
number of nitric oxide synthase (NOS)-immunoreactive neurons in the myenteric plexus of 
infected rats, with consequent changes in intestinal motility. 
In humans, abnormalities of the neuronal components of the ENS reported in UC patients 
include hyperplasia or increased number of neuronal cell bodies, mainly in the ganglia of 
the submucosal plexus, neuronal cell damage, and neuronal hypertrophy. In addition, 
hypertrophy of the neuronal cell bodies in the submucosal plexus seems to be common in 
UC patients (Mottet, 1971; Van Patter et al., 1954). Neuronal hyperplasia of the myenteric 
plexus is also reported for UC but the data available in the literature is rare and may have 
been complicated by difficulties in the differential diagnosis between granulomatous colitis 
and genuine UC (Okamoto, 1964; Storsteen et al., 1953). Neuronal cell hyperplasia is 
certainly more frequently reported for Crohn’s disease and seems more common with a 
significant, statistical difference when compared with UC. In addition to hypertrophy and 
hyperplasia of neuronal cell bodies, signs of degeneration have been described occasionally 
in areas of the inflamed gut in UC patients (Oehmichen & Reiffersscheid, 1977; Rienmann & 
Schmidt, 1982).  
Also neuronal synapses appear to be altered in patients with UC. This is because of an 
increased synaptophysin (a synaptic vesicle protein involved in synapse formation but 
without a well defined functional role) immunoreactivity, compared to samples from 
normal mucosa and from cases with non-specific colitis, in which mucosal fibres are rare 
and usually small (Strobach et al., 1990). Submucosal and myenteric nerve fibre hypertrophy 
is uncommon in UC patients. Ultra-structural studies of UC and control samples have 
shown that, in both submucosal and myenteric layers, the nerve fibres or axons appear as 
swollen, empty, lucent structures, with large membrane-bound vacuoles, swollen 
mitochondria and concentrated neurofibrils (Dvorak et al., 1980). These changes can be focal 
or diffuse and can affect all axons in one nerve bundle or just few of them. This data 
supports the hypothesis of a correlation between the neural hyperplasia and the 
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2.2.1 EGC markers: GFAP and S100B protein 
Mature EGC are rich in the intermediate filament protein GFAP (Eng et al., 2000; Jessen & 
Mirsky, 1980). In animals, two classes of EGC can be distinguished, namely the GFAP 
positive and GFAP negative groups and this ratio is under control of pro-inflammatory 
cytokines (von Boyen et al., 2004). GFAP expression is modulated by cell differentiation, 
inflammation and injury (Eng et al., 2000), indicating that the level of this filament matches 
with the functional state of EGC. Increased GFAP expression has been observed in 
inflammation or inflammatory diseases of the gut, such as UC (Bradley et al., 1997; Cornet et 
al., 2001). 
S100B is an easily diffusible protein that is a homodimer of β subunit (Baudier et al., 1986). It 
belongs to the S100 protein family that includes more than 20 EF-hand Ca2+/Zn2+-binding 
proteins (Haimoto et al., 1987; Sugimura et al., 1989; Zimmer & Van Eldik, 1987). In the 
human gut, among S100 proteins, only the S100B protein is specifically and physiologically 
expressed by EGC (Cirillo et al., 2009a; Cirillo et al., 2009b; Esposito et al., 2007), while other 
members, such as S100A8, S100A9 and S100A12 are found in phagocytes and in intestinal 
epithelial cells in patients affected by inflammatory bowel disease (Leach et al., 2007; 
Pietzsch & Hoppmann, 2009). Recent findings have demonstrated that aberrant expression 
of S100B correlates with the degree of the gut inflammation (Cirillo et al., 2009b; Esposito et 
al., 2007). The search for a specific S100B signalling receptor has demonstrated that, in 
micromolar concentrations, this protein may accumulate at the RAGE (receptor for 
advanced glycation endproducts) site on target cells, such as immune cells (Adami et al., 
2004; Hofmann et al., 1999; Schmidt et al., 2001). Such interaction leads to the activation of a 
signalling cascade resulting in the transcription of different pro-inflammatory cytokines and 
iNOS protein. S100B can, thus, be considered as a diffusible pro-inflammatory cytokine 
which gains access to the extracellular space especially at immune-inflammatory reaction 
sites in the gut (Adami et al., 2001; Cirillo et al., 2009a; Cirillo et al., 2009b; Esposito et al., 
2007; Petrova et al., 2000). 

3. Role of enteric neurons in UC 
Inflammation is well known to affect gut functions, since it leads to persistent changes in 
enteric nerves thus resulting in dismotility, hypersensitivity and dysfunction. Data obtained 
from intestinal biopsies from UC patients, or on animal models of UC, have consistently 
suggested a role of neuro-inflammation in the generation of symptoms associated with the 
disease (Beyak & Vanner, 2005; Geboes & Collins, 1998). Neuronal abnormalities strongly 
illustrate the impact of inflammatory signals generated within the gut mucosa on the ENS. 
In this context, the neuronal regeneration represents a challenging concept and studies 
aiming to the identification of progenitor-like cells in the ENS are crucial (Kruger et al., 
2002). 

3.1 Structural changes 
To understand the relationship between the intestinal inflammation that characterizes UC 
and structural abnormalities to the enteric neurons, animal models of colitis are routinely 
used. This enables us to elucidate the mechanisms underlying gut dysfuctions, which would 
be rather difficult to observe in humans. The most commonly used models to induce colitis 
are characterized by intracolonic administration of 1) trinitrobenzene sulfonic acid (TNBS) 
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or 2) 2,4-dinitrobenzene-sulfonic acid (DNBS) or 3) Trichinella spiralis (T. Spiralis) infection in 
the animal.  
In guinea pigs, it has been described that the number of myenteric neurons per ganglion is 
significantly decreased in TNBS-induced colitis (Linden et al., 2005). In this experimental 
model, the observed decrease in myenteric neurons was not associated with a decrease in 
any particular subpopulation of neurons, suggesting a severe loss of neurons that occur 
during the onset of colitis. In addition, the neurotoxic insult is followed by a rapid 
regeneration of the axons from the surviving neurons. These data are confirmed in a rat 
model of TNBS-induced colitis, in which there is a significant loss of myenteric neurons as a 
result of an increased rate of apoptosis (Sarnelli et al., 2009). Similar changes are reported in 
another model of chemically-induced colitis in rats, with DNBS administration, which is 
characterized by a significant decrease of neuronal cells in the myenteric plexus of the ENS 
(Sanovic et al., 1999; Hawkins et al., 1997). As confirmed by histopathological assessment, in 
this model, compared to the TNBS-induced model, the neuronal damages are more similar 
to those observed in UC patients. Significant neuronal death is also observed in T. spiralis 
induced colitis in mice and rats (Auli et al., 2008). Intracolonic administration of T. spiralis 
larvae in rats causes colitis with features similar to UC, notably with inflammation 
predominantly limited to the colonic mucosa (Auli et al., 2008). Interestingly, in this animal 
model of colitis, the authors also provide information about the subpopulation of neurons 
affected by inflammation, describing that there is a significant decrease especially in the 
number of nitric oxide synthase (NOS)-immunoreactive neurons in the myenteric plexus of 
infected rats, with consequent changes in intestinal motility. 
In humans, abnormalities of the neuronal components of the ENS reported in UC patients 
include hyperplasia or increased number of neuronal cell bodies, mainly in the ganglia of 
the submucosal plexus, neuronal cell damage, and neuronal hypertrophy. In addition, 
hypertrophy of the neuronal cell bodies in the submucosal plexus seems to be common in 
UC patients (Mottet, 1971; Van Patter et al., 1954). Neuronal hyperplasia of the myenteric 
plexus is also reported for UC but the data available in the literature is rare and may have 
been complicated by difficulties in the differential diagnosis between granulomatous colitis 
and genuine UC (Okamoto, 1964; Storsteen et al., 1953). Neuronal cell hyperplasia is 
certainly more frequently reported for Crohn’s disease and seems more common with a 
significant, statistical difference when compared with UC. In addition to hypertrophy and 
hyperplasia of neuronal cell bodies, signs of degeneration have been described occasionally 
in areas of the inflamed gut in UC patients (Oehmichen & Reiffersscheid, 1977; Rienmann & 
Schmidt, 1982).  
Also neuronal synapses appear to be altered in patients with UC. This is because of an 
increased synaptophysin (a synaptic vesicle protein involved in synapse formation but 
without a well defined functional role) immunoreactivity, compared to samples from 
normal mucosa and from cases with non-specific colitis, in which mucosal fibres are rare 
and usually small (Strobach et al., 1990). Submucosal and myenteric nerve fibre hypertrophy 
is uncommon in UC patients. Ultra-structural studies of UC and control samples have 
shown that, in both submucosal and myenteric layers, the nerve fibres or axons appear as 
swollen, empty, lucent structures, with large membrane-bound vacuoles, swollen 
mitochondria and concentrated neurofibrils (Dvorak et al., 1980). These changes can be focal 
or diffuse and can affect all axons in one nerve bundle or just few of them. This data 
supports the hypothesis of a correlation between the neural hyperplasia and the 
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inflammatory reaction in UC patients. It appears, thus, that UC is characterized by two 
types of structural neuronal abnormalities: damage and hyperplasia of neurons in all parts 
of the ENS, related to inflammation. 
Changes in the chemical coding of myenteric neurons are described in UC patients (Neunlist 
et al., 2003). Immunohistochemical characterization of neurons in the myenteric plexus 
revealed that alterations occur in the proportion of choline acetyltransferase 
(ChAT)/negative (-ve), ChAT/SP-ve, and SP-ve populations in UC patients compared to the 
intestinal tissues from control subjects. These changes have similar features in inflamed and 
non-inflamed areas of the gut in UC patients. The use of a combination of antibodies against 
ChAT, VIP and SP enabled the identification of transmitter co-localisation in colonic 
myenteric neurons, showing five distinct subpopulations (ChAT-ve, ChAT/SP-ve, 
ChAT/VIP-ve, VIP-ve, and SP-ve). The largest neuronal population identified in the 
myenteric plexus of UC patients is ChAT immunoreactive and hence of cholinergic nature. 
VIP formed 9% of the total neuronal population. Most of the SP+ve neurons co-localize with 
ChAT. In UC patients, there is a threefold increase in the proportion of myenteric neurons 
immunoreactive for SP, compared to control subjects, whereas the proportion of ChAT+ve 
and VIP+ve neurons was not affected. The increase in SP observed in the inflamed gut of 
UC patients is a hallmark of the disease pathology. Moreover, an increase in the density of 
SP immunoreactive fibres and SP content in UC patients, especially in the lamina propria 
has been reported (Goldin et al., 1989; Keranen et al., 1995; Vento et al., 2001). At present, no 
data are available to address the questions of whether the changes in SP observed in 
myenteric neurons of UC patients are the result of transductional, post-transductional, or 
even alterations in peptide transport. In this context, changes in mRNA levels for SP 
receptors are observed in UC patients (Goede et al., 2000) but it is not known whether SP 
mRNA is increased in myenteric neurons or whether degradation of SP is altered in this 
inflammatory disease. The increase in SP+ve neurons observed in UC patients occurs 
primarily in the population of ChAT-ve neurons detected in control subjects. In fact, the 
total proportion of ChAT+ve neurons is not modified in UC patients compared with control 
subjects, and the increase in the proportion of ChAT/SP-ve neurons is equivalent to the 
decrease in the proportion of the ChAT-ve population observed in UC patients. What might 
be the clinical relevance of the SP increase in UC? Firstly, SP may play an important role in 
the pathophysiology of UC (Holzer, 1998). In fact, there is increased expression of SP 
binding sites in UC as well as an increase in neurokinin 1 (NK-1) receptor mRNA (Goede et 
al., 2000; Mantyh et al., 1995). Confirming the involvement of NK-1 in the modulation of gut 
inflammation, in an animal model of colitis, the administration of NK-1 antagonist reduced 
colonic inflammation (Stucchi et al., 2000). In the same animal model, inflammation induced 
an increase in SP synthesis in myenteric neurons. Moreover, a decrease in neutral 
endopeptidase activity (the enzyme which degrades SP) was observed in T. spiralis-infected 
intestine in conjunction with increased SP levels (Hwang et al., 1993). These combined 
effects result in an increased SP levels and down-regulation of endopeptidase activity, 
which could significantly increase SP that might contribute to uncontrolled intestinal 
inflammation in UC. A surprising finding is that alterations in the neurochemical code of 
myenteric neurons occur in similar proportions in inflamed and non-inflamed areas of UC 
patients, as mentioned above. SP induction during UC in non-inflamed and inflamed areas 
could be due to an increase in inflammatory cytokines such as interleukin-1beta, which have 
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been observed during UC in the intestine (Fiocchi, 1998). In fact, interleukin-1beta induces 
increased SP expression in rat myenteric fibres (Hurst et al., 1993). In summary, marked 
changes in the neurochemical coding of myenteric neurons characterize UC. ChAT-ve 
neurons can be considered as the putative neuronal population exhibiting neural plasticity 
by expressing different levels of SP. Therefore, this remodelling in UC occurs as a shift from 
mainly cholinergic to more peptidergic innervation. Similar changes in neurochemical 
coding were also observed in the least affected sites of inflammation. This effect may 
constitute part of the neuronal basis for the altered motility observed during UC.  
Another important neuropeptide, calcitonin gene-related peptide (CGRP), is involved in 
inflammatory processes and is regulated by nerve growth factor (NGF) (Linsday & Harmar, 
1989). In inflammatory bowel disease, NGF and its high affinity receptor (trkA) are highly 
over-expressed in the inflamed tissues (Di Mola et al., 2000). Studies have shown that 
neuropeptides, like CGRP (Reinshagen et al., 1998), are protective in acute (Reinshagen et 
al., 1994) and chronic (Reinshagen et al., 1996) models of experimental colitis. As a result, the 
protective effect of neurotrophic factors can partly be explained by a specific modulation of 
neuropeptide expression during inflammation. Therefore, in an experimental model of 
inflammation of the rat gut, NGF and neurotrophin-3 seem to have a protective effect. When 
these neurotrophic factors are experimentally and selectively blocked during colitis, this 
leads to a significant increase in inflammation (Reinshagen et al., 2000).  

3.2 Functional changes  
Abnormalities of the enteric neurons during the course of inflammation leads to altered 
intestinal functions. Three major groups of functional neuronal changes are observed in UC 
patients: 1) defects in the neuronal control of epithelial secretion, 2) increased excitability of 
enteric neurons and 3) alteration in synaptic transmission (Lomax et al., 2005). Due to their 
localization within the intestine, changes in enteric neurons reflect in the alterations of a 
broad range of functions that are orchestrated by the other cell types (epithelial, immune, 
endocrine cells) residing the gut wall. Specifically, the five primary targets of the enteric 
neurons are 1) smooth muscle cells responsible for motility; 2) mucosal secretory cells; 3) 
endocrine cells; 4) the microvasculature that maintains mucosal blood flow during intestinal 
secretion and 5) the immunomodulatory and inflammatory cells that are involved in 
mucosal immunologic, allergic and inflammatory responses (Goyal & Hirano, 1996).  
A number of electrophysiological studies have been performed in animal models of colitis in 
order to elucidate the mechanisms underlying inflammation-induced changes in enteric 
neuronal functions in UC patients (Lakhan & Kirchgessner, 2010). Independent of the 
method used to induce colitis, the type of enteric neurons most dramatically affected by 
inflammation is the after-hyperpolarizing (AH) neurons. The AH neurons physiologically 
work as intrinsic primary afferent neurons in the myenteric plexus and control intestinal 
peristalsis, mucosal secretion and vasodilatation. While in normal conditions these neurons 
very rarely receive fast synaptic inputs, in course of inflammation more AH neurons receive 
fast synaptic inputs, exhibit increased excitability, depolarized membrane potential, reduced 
AH potential amplitude and duration along with increased input resistance (Lennon et al., 
1991; Yoshida et al., 1988). AH neurons characteristically receive slow excitatory 
postsynaptic potentials in the normal non inflamed intestine, but increased excitation (long-
term hyperexcitability) occurs in AH neurons during the course of inflammation (Qualman 
et al., 1984). This pathological phenomenon indicates that a brief synaptic activation can 
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inflammatory reaction in UC patients. It appears, thus, that UC is characterized by two 
types of structural neuronal abnormalities: damage and hyperplasia of neurons in all parts 
of the ENS, related to inflammation. 
Changes in the chemical coding of myenteric neurons are described in UC patients (Neunlist 
et al., 2003). Immunohistochemical characterization of neurons in the myenteric plexus 
revealed that alterations occur in the proportion of choline acetyltransferase 
(ChAT)/negative (-ve), ChAT/SP-ve, and SP-ve populations in UC patients compared to the 
intestinal tissues from control subjects. These changes have similar features in inflamed and 
non-inflamed areas of the gut in UC patients. The use of a combination of antibodies against 
ChAT, VIP and SP enabled the identification of transmitter co-localisation in colonic 
myenteric neurons, showing five distinct subpopulations (ChAT-ve, ChAT/SP-ve, 
ChAT/VIP-ve, VIP-ve, and SP-ve). The largest neuronal population identified in the 
myenteric plexus of UC patients is ChAT immunoreactive and hence of cholinergic nature. 
VIP formed 9% of the total neuronal population. Most of the SP+ve neurons co-localize with 
ChAT. In UC patients, there is a threefold increase in the proportion of myenteric neurons 
immunoreactive for SP, compared to control subjects, whereas the proportion of ChAT+ve 
and VIP+ve neurons was not affected. The increase in SP observed in the inflamed gut of 
UC patients is a hallmark of the disease pathology. Moreover, an increase in the density of 
SP immunoreactive fibres and SP content in UC patients, especially in the lamina propria 
has been reported (Goldin et al., 1989; Keranen et al., 1995; Vento et al., 2001). At present, no 
data are available to address the questions of whether the changes in SP observed in 
myenteric neurons of UC patients are the result of transductional, post-transductional, or 
even alterations in peptide transport. In this context, changes in mRNA levels for SP 
receptors are observed in UC patients (Goede et al., 2000) but it is not known whether SP 
mRNA is increased in myenteric neurons or whether degradation of SP is altered in this 
inflammatory disease. The increase in SP+ve neurons observed in UC patients occurs 
primarily in the population of ChAT-ve neurons detected in control subjects. In fact, the 
total proportion of ChAT+ve neurons is not modified in UC patients compared with control 
subjects, and the increase in the proportion of ChAT/SP-ve neurons is equivalent to the 
decrease in the proportion of the ChAT-ve population observed in UC patients. What might 
be the clinical relevance of the SP increase in UC? Firstly, SP may play an important role in 
the pathophysiology of UC (Holzer, 1998). In fact, there is increased expression of SP 
binding sites in UC as well as an increase in neurokinin 1 (NK-1) receptor mRNA (Goede et 
al., 2000; Mantyh et al., 1995). Confirming the involvement of NK-1 in the modulation of gut 
inflammation, in an animal model of colitis, the administration of NK-1 antagonist reduced 
colonic inflammation (Stucchi et al., 2000). In the same animal model, inflammation induced 
an increase in SP synthesis in myenteric neurons. Moreover, a decrease in neutral 
endopeptidase activity (the enzyme which degrades SP) was observed in T. spiralis-infected 
intestine in conjunction with increased SP levels (Hwang et al., 1993). These combined 
effects result in an increased SP levels and down-regulation of endopeptidase activity, 
which could significantly increase SP that might contribute to uncontrolled intestinal 
inflammation in UC. A surprising finding is that alterations in the neurochemical code of 
myenteric neurons occur in similar proportions in inflamed and non-inflamed areas of UC 
patients, as mentioned above. SP induction during UC in non-inflamed and inflamed areas 
could be due to an increase in inflammatory cytokines such as interleukin-1beta, which have 
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been observed during UC in the intestine (Fiocchi, 1998). In fact, interleukin-1beta induces 
increased SP expression in rat myenteric fibres (Hurst et al., 1993). In summary, marked 
changes in the neurochemical coding of myenteric neurons characterize UC. ChAT-ve 
neurons can be considered as the putative neuronal population exhibiting neural plasticity 
by expressing different levels of SP. Therefore, this remodelling in UC occurs as a shift from 
mainly cholinergic to more peptidergic innervation. Similar changes in neurochemical 
coding were also observed in the least affected sites of inflammation. This effect may 
constitute part of the neuronal basis for the altered motility observed during UC.  
Another important neuropeptide, calcitonin gene-related peptide (CGRP), is involved in 
inflammatory processes and is regulated by nerve growth factor (NGF) (Linsday & Harmar, 
1989). In inflammatory bowel disease, NGF and its high affinity receptor (trkA) are highly 
over-expressed in the inflamed tissues (Di Mola et al., 2000). Studies have shown that 
neuropeptides, like CGRP (Reinshagen et al., 1998), are protective in acute (Reinshagen et 
al., 1994) and chronic (Reinshagen et al., 1996) models of experimental colitis. As a result, the 
protective effect of neurotrophic factors can partly be explained by a specific modulation of 
neuropeptide expression during inflammation. Therefore, in an experimental model of 
inflammation of the rat gut, NGF and neurotrophin-3 seem to have a protective effect. When 
these neurotrophic factors are experimentally and selectively blocked during colitis, this 
leads to a significant increase in inflammation (Reinshagen et al., 2000).  

3.2 Functional changes  
Abnormalities of the enteric neurons during the course of inflammation leads to altered 
intestinal functions. Three major groups of functional neuronal changes are observed in UC 
patients: 1) defects in the neuronal control of epithelial secretion, 2) increased excitability of 
enteric neurons and 3) alteration in synaptic transmission (Lomax et al., 2005). Due to their 
localization within the intestine, changes in enteric neurons reflect in the alterations of a 
broad range of functions that are orchestrated by the other cell types (epithelial, immune, 
endocrine cells) residing the gut wall. Specifically, the five primary targets of the enteric 
neurons are 1) smooth muscle cells responsible for motility; 2) mucosal secretory cells; 3) 
endocrine cells; 4) the microvasculature that maintains mucosal blood flow during intestinal 
secretion and 5) the immunomodulatory and inflammatory cells that are involved in 
mucosal immunologic, allergic and inflammatory responses (Goyal & Hirano, 1996).  
A number of electrophysiological studies have been performed in animal models of colitis in 
order to elucidate the mechanisms underlying inflammation-induced changes in enteric 
neuronal functions in UC patients (Lakhan & Kirchgessner, 2010). Independent of the 
method used to induce colitis, the type of enteric neurons most dramatically affected by 
inflammation is the after-hyperpolarizing (AH) neurons. The AH neurons physiologically 
work as intrinsic primary afferent neurons in the myenteric plexus and control intestinal 
peristalsis, mucosal secretion and vasodilatation. While in normal conditions these neurons 
very rarely receive fast synaptic inputs, in course of inflammation more AH neurons receive 
fast synaptic inputs, exhibit increased excitability, depolarized membrane potential, reduced 
AH potential amplitude and duration along with increased input resistance (Lennon et al., 
1991; Yoshida et al., 1988). AH neurons characteristically receive slow excitatory 
postsynaptic potentials in the normal non inflamed intestine, but increased excitation (long-
term hyperexcitability) occurs in AH neurons during the course of inflammation (Qualman 
et al., 1984). This pathological phenomenon indicates that a brief synaptic activation can 
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trigger a long period of hyperexcitability in AH neurons after they have been exposed to an 
inflamed environment, thus suggesting that perturbation of the sensory component of 
intrinsic motor reflexes may occur during inflammation and that increased neuronal 
excitation may contribute to the altered motility, pain and discomfort associated with 
intestinal inflammation in UC patients. The mechanisms responsible for the changes in 
excitability are not yet understood, but it is postulated that they involve a persistent 
alteration in channel expression and/or a continuous release of inflammatory mediators in 
the intestinal milieu.  
Together with neuronal hyperexcitability, alterations in sympathetic neural activity, with 
consequent impact on the functions of the ENS, are reported in UC patients (May & Goyal, 
1994). In animal models of colitis, the decrease in the release of noradrenaline from 
sympathetic varicosities due to inhibition of N-type voltage-gated Ca2+ current in 
postganglionic sympathetic neurons, has been reported in both inflamed and un-inflamed 
regions of the gut (Ikeda et al., 1982). However, at present, how an alteration of sympathetic 
function contributes to the pathogenesis of UC has not yet been fully understood. 
As described above, UC is also characterized by nerve fibre hypertrophy and hyperplasia, 
but it is not clear whether these alterations have functional consequences or which 
functional changes they might induce in the inflamed gut of UC patients. Some of the fibres 
with a prominent appearance on routinely stained slides may indeed not be functional. The 
swollen aspect of the axons observed with ultra structural studies might correspond with 
the thickened appearance of the fibres reported in some immunohistochemical studies while 
in fact these fibres are damaged and hence not functional. 

4. Role of Enteric Glial Cells in UC 
It is widely known that EGC display many morphological and functional similarities with 
astrocytes in the brain, which are essential to maintain homeostasis in the central nervous 
system. Emerging reports indicate a regulatory role of EGC in the gut (Bassotti et al., 2007; 
Neunlist et al., 2008; Van Landeghem et al., 2009). From in vivo studies, we now know that 
the selective ablation of the glial network, carried out by using chemical methods, leading to 
intestinal inflammation that is associated with the alteration of mucosal barrier integrity 
(Bush et al., 1998; Savidge et al., 2007). Moreover, animal models in which the ablation of 
EGCs was auto-immune mediated, demonstrated that these cells are also capable of immune 
functions in vivo (Cornet et al., 2001). Additional studies have demonstrated that EGC 
directly affect intestinal epithelial barrier integrity via the release of factors such as 
transforming growth factor-beta, S-nitrosogluthatione and glial-derived neurotrophic factor 
(GDNF) (Neunlist et al., 2007; Savidge et al., 2007; von Boyen et al., 2011), thus confirming 
the crucial role played by EGC in the regulation of gut homeostasis. Given the ability of 
EGC to modulate the intestinal barrier functions and to mediate immune responses in vivo, it 
has also been claimed that these cells are involved in inflammatory bowel disease (Cirillo et 
al., 2009b; Cornet et al., 2001; Neunlist et al., 2007; Neunlist et al., 2008). Several studies have 
underlined the involvement of EGC in intestinal inflammation during which both mucosal 
and motor functions are altered (Cirillo et al., 2009b; Cornet et al., 2001; Sethi & Sarna, 1991). 
Indeed, changes in EGC architecture, together with impaired expression of EGC-derived 
factors, are reported in UC patients. Among the glial-derived mediators, GFAP, S100B 
protein and GDNF are up-regulated in UC patients (Cirillo et al., 2009; Cornet et al., 2001; 
Steinkamp et al., 2003; von Boyen et al., 2011). 
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Confirming the involvement of EGC in the intestinal inflammatory scenario, 
immunohistochemical studies also revealed an increase in MHC class II membranous 
expression on EGC and glial sheaths of nerve fibres in the mucosa and submucosa of UC 
patients. This increased and aberrant expression is present in both macroscopically involved 
and uninvolved areas, in the colon and ileum, and correlates with the increased MHC class 
II expression on epithelial cells. The enhanced MHC class II expression on the EGC is 
positively correlated with the local intensity of the cellular inflammatory infiltrate, 
especially with the increased infiltration of T lymphocytes. 

4.1 Neuro-glial crosstalk in UC 
Morpho-functional changes in EGC observed in UC patients could also be a major link 
between the alterations in neuronal functions described above. Indeed, EGC have been 
shown to control neuronal functions which alter the course of gut inflammation.  
Various observations indicate that EGC may promote neuronal survival by directly 
regulating substrate supply (Cabarrocas et al., 2003; Nagahama et al., 2001). They also 
appear to regulate perineuronal homeostasis (Cabarrocas et al., 2004). For example, EGC are 
the only cell type in the ENS that express glutamine synthetase, which might be involved in 
the detoxification of glutamate and γ-aminobutyric acid. Selective ablation of cycling EGC is 
also associated with a moderate degeneration of myenteric neurons but not in neuronal 
content of SP. Changes in enteric neuron phenotype and intestinal functions are described in 
a transgenic mouse model of EGC disruption. In this experimental model, in which immune 
alteration of EGC was induced in adult animals, EGC abnormalities induce changes in both  
the neurochemical coding of enteric neurons and in intestinal motor and mucosal functions. 
In this adoptive transfer model, however no overt clinical signs were observed. This minor 
disruption of EGC is characterized by a decrease in GFAP expression both at the protein and 
mRNA level. Alteration of GFAP expression is not associated with intestinal inflammation, 
as detected by histological assessment. While it has been reported that acute intestinal 
inflammation is usually associated with an increase in GFAP expression, as well as 
proliferation of EGC (Bradley et al., 1997, von Boyen et al., 2004), the absence of intestinal 
inflammation reported in the mentioned study could be due to the fact that EGC disruption 
was not profound enough to cause severe inflammation as the number of GFAP structures 
was not affected. In addition, in this mouse model of EGC disruption, the number of enteric 
neurons per ganglion from the submucosal and myenteric layers is not modified compared 
to the control animals, suggesting that neuronal cell loss did not occur at this stage. In 
contrast, the neurochemical coding in both enteric layers is altered and these changes in the 
phenotype affect different cell populations of the ENS. The mechanism responsible for these 
modifications however remains to be explored. Similar to the central nervous system, 
astrocytes are well known synthesizers of various neurotrophic factors (NT-3, GDNF, NGF) 
that are involved in the regulation of enteric neuromediator expression (De Giorgio et al., 
2000; Saffrey et al., 2000). In the same way, enteric neurons have also been shown to express 
neurotrophin receptors (De Giorgio et al., 2000). Therefore, alterations in EGC could result 
from altered neurotrophic factor synthesis.  
Apart from the involvement of other neurotrophic factors, alterations in EGC induce motor 
changes both in vivo and in vitro, with a corresponding decrease in intestinal motility. These 
changes in motility could be correlated with the decrease in NOS immunoreactivity in 
myenteric neurons, which are notoriously recognized to be inhibitory motor neurons 
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trigger a long period of hyperexcitability in AH neurons after they have been exposed to an 
inflamed environment, thus suggesting that perturbation of the sensory component of 
intrinsic motor reflexes may occur during inflammation and that increased neuronal 
excitation may contribute to the altered motility, pain and discomfort associated with 
intestinal inflammation in UC patients. The mechanisms responsible for the changes in 
excitability are not yet understood, but it is postulated that they involve a persistent 
alteration in channel expression and/or a continuous release of inflammatory mediators in 
the intestinal milieu.  
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but it is not clear whether these alterations have functional consequences or which 
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4. Role of Enteric Glial Cells in UC 
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the selective ablation of the glial network, carried out by using chemical methods, leading to 
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transforming growth factor-beta, S-nitrosogluthatione and glial-derived neurotrophic factor 
(GDNF) (Neunlist et al., 2007; Savidge et al., 2007; von Boyen et al., 2011), thus confirming 
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EGC to modulate the intestinal barrier functions and to mediate immune responses in vivo, it 
has also been claimed that these cells are involved in inflammatory bowel disease (Cirillo et 
al., 2009b; Cornet et al., 2001; Neunlist et al., 2007; Neunlist et al., 2008). Several studies have 
underlined the involvement of EGC in intestinal inflammation during which both mucosal 
and motor functions are altered (Cirillo et al., 2009b; Cornet et al., 2001; Sethi & Sarna, 1991). 
Indeed, changes in EGC architecture, together with impaired expression of EGC-derived 
factors, are reported in UC patients. Among the glial-derived mediators, GFAP, S100B 
protein and GDNF are up-regulated in UC patients (Cirillo et al., 2009; Cornet et al., 2001; 
Steinkamp et al., 2003; von Boyen et al., 2011). 
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(Kunze & Furness, 1999). Together with changes in NO expression, the delayed transit 
observed in transgenic mice may be the result of the alterations in neurotrophic factors, such 
as neurotrophins or from modifications in EGC of the spinal cord as extrinsic neuronal 
pathways can modulate GI functions (Cabarrocas et al., 2003; Coulie et al., 2000; Parkman et 
al., 2003). As mentioned above, EGC are also involved in the regulation of intestinal 
paracellular permeability. It is conceivable that the decrease in VIPergic submucosal 
neurons observed when EGC are ablated could be partly responsible for the increased 
permeability, since the activation of VIPergic neurons decreases paracellular permeability 
(Neunlist et al., 2003). In summary, EGC are involved in the regulation of GI functions, such 
as intestinal motility and permeability, and participate in the control of the neurochemical 
phenotype of enteric neurons. 

4.2 S100B expression in UC  
It is clear that EGC directly participate in the chronic mucosal inflammation in UC. EGC 
perform this role via the release of several mediators. Among these, S100B protein plays a 
crucial role in UC (Cirillo et al., 2009b). More specifically, a study performed in both UC 
patients and control subjects demonstrates that in the rectal mucosa of UC patients there is 
an increased S100B immunoreactivity, together with a significant increase in S100B mRNA, 
protein expression and secretion. This up-regulation is associated with enhanced NO 
production through the specific induction of iNOS protein. This correlation is very 
interesting, since a growing body of evidence indicates that UC is characterized by 
abnormal mucosal NO production in response to iNOS induction by pro-inflammatory 
cytokines (Linehan et al., 2005; Menchen et al., 2004). Within the human gut, the ability of 
EGC to specifically modulate NO production through S100B protein seems to play a pivotal 
role. In fact, it is described that the application of exogenous S100B, in micromolar 
concentrations, induces a significant and concentration-dependent increase in NO 
production, through the induction of iNOS expression, in the human non-inflamed rectal 
mucosa of control subjects. It’s interesting that micromolar concentrations of S100B mediate 
a significant NO increase in UC patients, as well as in the rectal mucosa of control subjects. 
This finding suggests that EGC are able to mediate mucosal NO-dependent inflammatory 
responses by increasing S100B protein level within the intestinal milieu. Once released, 
S100B acts as extracellular ligand for cell surface receptor RAGE (receptor for advanced 
glycation endproducts) on targeted cells, by triggering pro-inflammatory signals that lead to 
NO production. It has been previously demonstrated that other members of S100 proteins 
family (i.e. S100A12) play a role during intestinal inflammation via RAGE interaction (Foell 
et al., 2003). More specifically, the S100A12/RAGE-mediated pathway affect immune cell-
derived NO production. The specificity of EGC activation induced by inflammation is 
confirmed by the fact that, in an in vitro model of gut inflammation, S100B mRNA, protein 
expression and release are significantly increased, simultaneously with an enhanced NO 
production. These findings indicate that EGC are able to recognize inflammatory stimuli 
and that, once activated, they produce and release S100B contributing to the induction of 
iNOS. In addition, EGC activation observed in the inflamed gut mucosa of UC patients is 
not reduced by the administration of cortisone suggesting that this phenomenon occurs via 
a steroid-insensitive mechanism and that it is not secondary to immune system activation. 
These findings, together with the recent demonstration that EGC express MHC class II 
molecule when stimulated (Cirillo et al., 2009) pave the way to look at this cell population as 
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primary effectors and not as secondary targets during inflammatory responses within the 
gut.  

5. ENS-immune system cross-talk in UC 
The gut is also home to the largest component of the immune system. The interaction 
between ENS and immune system remains an important topic and considerable progress 
has been achieved to shed some light on the neuro-immune axis in the human gut. 
Although the immunomodulatory role of the ENS remains to be clarified, it is conceivable 
that chronic gut inflammation is characterized by altered ENS-immune system cross-talk. It 
has been known for some time that the ENS and mucosal immune systems have the ability 
to regulate one another's functions. For example, in experimental animal models of colitis it 
has been reported that the vagal anti-inflammatory pathway plays a crucial role in the 
control of gut inflammation and that the ENS is probably involved in this phenomenon as a 
player in the ‘final step’ (Ghia et al., 2006; Tracey, 2007). 
Neurons in the ENS are found in close proximity to immune cells in the mucosa. The two 
systems even share several chemical mediators, such as SP. Neuronal activation can lead to 
degranulation of mast cells and influx of neutrophils, thereby recruiting elements of innate 
immunity to the area. Lymphocytes express receptors for neuropeptides released by enteric 
nerves, and stimulation of these cells with SP or VIP can induce their differentiation and 
alter their production of immunoglobulins. SP receptor antagonists therefore reduce 
inflammation and gut infiltration with neutrophils. As enteric neurons are closely co-
localized to macrophages, as well as B- and T-lymphocytes in the gut wall, these neurons 
seem to exacerbate inflammation by stimulating the release of cytokines in the latter directly 
by releasing VIP (Goyal & Hirano, 1996) from their terminals. Similarly, VIP secretion of 
neurons can influence IgA synthesis, by stimulating B-lymphocytes, and increase secretion 
in enterocytes directly by releasing VIP from varicosities close to epithelial crypt cells 
(Pascual et al., 1994). After stimulation, primary afferent neurons, originating from the 
dorsal root ganglia, cause submucosal vasodilatation by releasing CGRP (Holzer et al., 
1995). The vasodilatation enhances the recruitment of neutrophils from blood into the gut 
tissue. Additionally, the ENS modulates vasodilatation indirectly by degranulation of mast 
cells, whose mediators contribute to vasodilatation. As several non-neuronal cells, including 
epithelial and immune cells, express neurotrophin high and low affinity receptors (Levi 
Montalcini et al., 1996), there must be additional pathways for neurotrophic factors to 
modulate gut inflammation.  
Signalling between immune cells and enteric neurons can also evoke alterations in gut 
functions. Linden et al. indicated that the hyperexcitability of intrinsic primary afferent 
neurons of inflamed guinea pig colon may be secondary to the activation of cyclooxygenase-
2 and also for the production of prostaglandins (Linden et al., 2004). This increase in 
prostaglandins may be underlying factor responsible for some of the changes in neuronal 
properties observed at sites of gut inflammation. These changes can occur in non-involved 
regions during episodes of intestinal inflammation. Several studies indicate that the loss of 
neurons is associated with the appearance of eosinophilic and neutrophilic infiltrates into 
myenteric ganglia, suggesting that it might be mediated by interactions with the mucosal 
immune system (Sanovic et al., 199). Myenteric ganglionitis, associated with infiltrates of 
lymphocytes, such as plasma cells and mast cells, is frequently observed in UC patients and 
in experimental models of colitis (De Giorgio & Camilleri 2004; Tornblom et al., 2002). 
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Following TNBS colitis, eosinophils and T cells are commonly found adjacent to myenteric 
ganglia. This indicates a specific targeting of enteric ganglia by immune components 
(Pontell et al., 2009). Eosinophils are first observed adjacent to myenteric ganglia at six 
hours, and T cells are observed at twenty-four hours. Interestingly, no eosinophils and T 
lymphocytes are associated with myenteric ganglia in normal intestine. Thus, their presence 
in elevated numbers is an indication of ganglionitis and suggestive of neuropathology.  
Recently, it has been demonstrated that NPY, which is produced by enteric neurons, plays 
an important role in initiating and modulating gut inflammation and in regulating immune 
system functions (Chandrasekharan et al., 2008; Hassani et al., 2005; Wheway et al., 2007). 
NPY has been shown to have the capacity to activate macrophages, stimulate the production 
of various cytokines such as tumor necrosis factor-α, and affect T-helper1 function 
(Chandrasekharan et al., 2008; Dimitrijevic et al., 2005; Sung et al., 1991; Wheway et al., 
2007). Confirming the role played by NPY, a marked increase in both the mucosal NPY 
expression in experimental colitis and plasma levels of NPY in UC patients has been 
observed (Chandrasekharan et al., 2008). These results indicate that NPY can promote 
inflammation and is related to the pathogenesis of UC. Therefore, it has been postulated 
that, targeting or blocking NPY may be beneficial for the treatment of UC. In this context, 
recently, it has been demonstrated that the administration of NPY antisense 
oligodeoxynucleotides ameliorates the significantly established experimental colitis, 
suggesting that antisense oligodeoxynucleotides may be a useful therapeutic approach for 
the treatment of UC. 

6. Conclusion 
In the recent years, there is increasing evidence highlighting the crucial role played by ENS 
in intestinal inflammation, as demonstrated by the growing numbers of studies looking at 
both morphological and functional alterations in the ENS and its cellular elements, neurons 
and glial cells. These observations are the results of investigations carried out in both 
experimental animal models and in intestinal tissues of patients with inflammatory bowel 
disease. Although morpho-functional abnormalities of the ENS of UC patients have been 
consistently reported, additional studies are necessary to better understand the changes in 
the enteric cells, including neurons (of both submucosal and myenteric layers) and glial 
cells, which control gut functions, such as colonic motility and secretion, in the inflamed gut. 
This approach will help to prevent enteric neuropathies associated with inflammation and 
pave the way to future therapeutic options. Targeting neuronal and/or glial alterations 
during the course of inflammation may represent a novel approach to diminish the entity of 
tissue damage as well as the lack of long-term effectiveness of classical immunosuppressant 
agents used in the treatment of UC. Moreover, additional studies investigating the 
relationship between ENS and immune cells are warranted in order to carry out an in-depth 
assessment of the role of neurons, glial cells and their derived factors in the modulation of 
immune/inflammatory responses in the human gut, in light of establishment of new 
therapeutic approaches towards the treatment of gut inflammatory diseases.  
One of the main questions that still need to be addressed to is whether the alterations of the 
ENS precede or are secondary to the inflammatory process within the gut. This will 
hopefully help to predict the disease outcome in UC, that until now remains a challenge, 
and for better understanding of the pathogenesis of this disease. 
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In conclusion, the complex interactions of the ENS and the other systems during gut 
inflammation require a broad perspective from neurophysiology, biochemistry and 
immunology to completely understand the regulation of inflammatory processes involved 
in UC. Therefore, important progress in this field can only be achieved by interdisciplinary 
approaches. Further research in this direction needs to be done for the discovery of long-
lasting, effective treatment for inflammatory diseases of the gut. 
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Following TNBS colitis, eosinophils and T cells are commonly found adjacent to myenteric 
ganglia. This indicates a specific targeting of enteric ganglia by immune components 
(Pontell et al., 2009). Eosinophils are first observed adjacent to myenteric ganglia at six 
hours, and T cells are observed at twenty-four hours. Interestingly, no eosinophils and T 
lymphocytes are associated with myenteric ganglia in normal intestine. Thus, their presence 
in elevated numbers is an indication of ganglionitis and suggestive of neuropathology.  
Recently, it has been demonstrated that NPY, which is produced by enteric neurons, plays 
an important role in initiating and modulating gut inflammation and in regulating immune 
system functions (Chandrasekharan et al., 2008; Hassani et al., 2005; Wheway et al., 2007). 
NPY has been shown to have the capacity to activate macrophages, stimulate the production 
of various cytokines such as tumor necrosis factor-α, and affect T-helper1 function 
(Chandrasekharan et al., 2008; Dimitrijevic et al., 2005; Sung et al., 1991; Wheway et al., 
2007). Confirming the role played by NPY, a marked increase in both the mucosal NPY 
expression in experimental colitis and plasma levels of NPY in UC patients has been 
observed (Chandrasekharan et al., 2008). These results indicate that NPY can promote 
inflammation and is related to the pathogenesis of UC. Therefore, it has been postulated 
that, targeting or blocking NPY may be beneficial for the treatment of UC. In this context, 
recently, it has been demonstrated that the administration of NPY antisense 
oligodeoxynucleotides ameliorates the significantly established experimental colitis, 
suggesting that antisense oligodeoxynucleotides may be a useful therapeutic approach for 
the treatment of UC. 

6. Conclusion 
In the recent years, there is increasing evidence highlighting the crucial role played by ENS 
in intestinal inflammation, as demonstrated by the growing numbers of studies looking at 
both morphological and functional alterations in the ENS and its cellular elements, neurons 
and glial cells. These observations are the results of investigations carried out in both 
experimental animal models and in intestinal tissues of patients with inflammatory bowel 
disease. Although morpho-functional abnormalities of the ENS of UC patients have been 
consistently reported, additional studies are necessary to better understand the changes in 
the enteric cells, including neurons (of both submucosal and myenteric layers) and glial 
cells, which control gut functions, such as colonic motility and secretion, in the inflamed gut. 
This approach will help to prevent enteric neuropathies associated with inflammation and 
pave the way to future therapeutic options. Targeting neuronal and/or glial alterations 
during the course of inflammation may represent a novel approach to diminish the entity of 
tissue damage as well as the lack of long-term effectiveness of classical immunosuppressant 
agents used in the treatment of UC. Moreover, additional studies investigating the 
relationship between ENS and immune cells are warranted in order to carry out an in-depth 
assessment of the role of neurons, glial cells and their derived factors in the modulation of 
immune/inflammatory responses in the human gut, in light of establishment of new 
therapeutic approaches towards the treatment of gut inflammatory diseases.  
One of the main questions that still need to be addressed to is whether the alterations of the 
ENS precede or are secondary to the inflammatory process within the gut. This will 
hopefully help to predict the disease outcome in UC, that until now remains a challenge, 
and for better understanding of the pathogenesis of this disease. 
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In conclusion, the complex interactions of the ENS and the other systems during gut 
inflammation require a broad perspective from neurophysiology, biochemistry and 
immunology to completely understand the regulation of inflammatory processes involved 
in UC. Therefore, important progress in this field can only be achieved by interdisciplinary 
approaches. Further research in this direction needs to be done for the discovery of long-
lasting, effective treatment for inflammatory diseases of the gut. 
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1. Introduction 
Ulcerative colitis (UC), together with Crohn’s disease (CD), collectively called inflammatory 
bowel disease (IBD), is a chronic, spontaneously remitting, and relapsing disorder of large 
intestine, characterized by abdominal pain and diarrhea. UC differs dramatically from CD 
with the respects of disease distribution, morphology, and histopathology; meantime, they 
share a lot of inflammatory similarities, such as epithelial barrier dysfunction. UC may 
result in significant morbidity and mortality, with compromised quality of life and life 
expectancy. While there is no cure for UC, the last two decades have seen tremendous 
advances in our understanding of the pathophysiology of this intestinal inflammation. Even 
though the precise etiology of IBD remains elusive, it is accepted that UC arises from 
abnormal host–microbe interactions, including qualitative and quantitative changes in the 
composition of the microbiota, host genetic susceptibility, barrier function, as well as innate 
and adaptive immunity.  
Intracellular signaling cascades mediated by protein kinases are the main route of 
communication between the plasma membrane and regulatory targets in various 
intracellular compartments. The signaling pathway mediated by protein kinase plays an 
important role in transducing signals from diverse extra-cellular stimuli (including growth 
factors, cytokines and environmental stresses) to the nucleus in order to affect a wide range 
of cellular processes, such as proliferation, differentiation, development and apoptosis, and 
more importantly, also involved in intestinal inflammation.  
In this chapter, we are going to focus on the involvement protein kinases in the pathogenesis 
of UC, try to shed some light on the clues of intervention of UC. 

2. Genetic factor  
Population-based studies provided compelling evidence that genetic susceptibility plays an 
essential role in the pathogenesis of UC, evidence including an 8- to 10-fold greater risk 
among relatives of UC and greater rates of concordance between twins in UC patients 
(15.4% in monozygotic vs 3.9% in dizygotic twins) (Cho & Brant, 2011). Some of genes 
encoding protein kinase like ERK1 (Hugot et al. 1996) and p38α (Hampe et al. 1999) are 
located in major IBD susceptibility regions on chromosome 16 and 6. Recently, substantial 
advances have been achieved in defining the genetic architecture of UC since the genome-
wide association study (GWAS) analysis heralded a new era of complex disease gene 
discovery with notable success in CD initially and latterly also in UC. To date, over 60 
published IBD susceptibility loci have been discovered and replicated, of which 
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Intracellular signaling cascades mediated by protein kinases are the main route of 
communication between the plasma membrane and regulatory targets in various 
intracellular compartments. The signaling pathway mediated by protein kinase plays an 
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factors, cytokines and environmental stresses) to the nucleus in order to affect a wide range 
of cellular processes, such as proliferation, differentiation, development and apoptosis, and 
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In this chapter, we are going to focus on the involvement protein kinases in the pathogenesis 
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2. Genetic factor  
Population-based studies provided compelling evidence that genetic susceptibility plays an 
essential role in the pathogenesis of UC, evidence including an 8- to 10-fold greater risk 
among relatives of UC and greater rates of concordance between twins in UC patients 
(15.4% in monozygotic vs 3.9% in dizygotic twins) (Cho & Brant, 2011). Some of genes 
encoding protein kinase like ERK1 (Hugot et al. 1996) and p38α (Hampe et al. 1999) are 
located in major IBD susceptibility regions on chromosome 16 and 6. Recently, substantial 
advances have been achieved in defining the genetic architecture of UC since the genome-
wide association study (GWAS) analysis heralded a new era of complex disease gene 
discovery with notable success in CD initially and latterly also in UC. To date, over 60 
published IBD susceptibility loci have been discovered and replicated, of which 
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Fig. 1. Pathogenesis of UC. Many different factors, such as genetic factors, environmental 
factors, and intestinal non-pathogenic or pathogenic bacteria can damage the mucus, 
epithelium, or the tight junction, to initiate the inappropriate regulation or deregulation of 
the immune response, leading to the secretion of pro-inflammatory cytokines, decrease in 
epithelial barrier function and initiation of the inflammation-related signaling pathways. 
IEC: Intestinal epithelial cell; APC: Antigen presenting cell; TJ: Tightjunction. This model 
adapted from the model presented previously (Yan 2008) 

approximately one third are associated with both UC and CD, although 21 are specific to UC 
and 23 to CD (Thompson & Lees, 2011). Importantly, most of the genes have been linked to 
defects in innate and adaptive immunity and epithelial barrier function. Notably, 
extracellular matrix gene 1 (ECM1) (Festen et al. 2010), E-cadherin gene (CDH1), Hepatocyte 
nuclear factor 4 alpha gene (HNF4a), and laminin B1 (Barrett et al. 2009) are genes 
implicated in mucosal barrier function, conferring risk of UC; ECM1 interacts with the 
basement membrane, inhibits matrix metalloproteinase 9 (MMP9), and strongly activate 
NFκB (Chan et al. 2007; Matsuda et al. 2003). The Wnt/beta-catenin signal transduction 
pathway has been shown to influence ECM1 expression (Kenny et al. 2005). E-cadherin is 
the first genetic correlation between colorectal cancer and UC, Chimeric mice with impaired 
E-cadherin function due to expression of dominant–negative N-cadherin developed colitis 
despite possessing an intact immune system (Hermiston & Gordon 1995a, 1995b). Notably, 
all of these 4 genes are regulated or related to protein kinases, for example, HNF4alpha-
DNA binding activity is dependent on its phosphorylation by protein kinase A (PKA) 
(Viollet  et al. 1997), while its transcription activity was dependent on AMP-activated 
protein kinase(AMPK) (Hong et al. 2003).  
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Fig. 2. Susceptible loci for UC. This model is adapted from the model presented previously 
(Thompson & Lees 2001) 

3. Microbiota and immune responses 
The human gastrointestinal (GI) tract contains as many as 1014 individual bacteria, 
comprising over 500 different species. These commensal bacteria serves as a primary barrier 
between the intestinal epithelial cells and the external environment, which is critical to the 
healthy host, as it modulates intestinal development, maintains a healthy intestinal pH, 
promotes immune homeostasis, and enhances metabolism of drugs, hormones and 
carcinogens. Evidence from immunologic, microbiologic, and genetic studies implicates 
abnormal host-microbial interactions in the pathogenesis of UC. But the mechanisms 
underlying the involvement of microbiota are elusive, and the effects of microbiota are due 
to their interaction with other factors, such as immunologic factors, genetic factor or 
epithelial junction proteins. The postulated mechanisms (Packey & Sartor, 2008) are as 
followed with little modification: (a) Pathogenic bacteria. A traditional pathogen or 
functional alterations in commensal bacteria, including enhanced epithelial adherence, 
invasion, and resistance to killing by phagocytes or acquisition of virulence factors, can 
result in increased stimulation of innate and adaptive immune responses. (b) Abnormal 
microbial composition. Decreased concentrations of bacteria that produce butyrate and 
other short-chain fatty acids (SCFA) compromise epithelial barrier integrity. (c) Defective 
host containment of commensal bacteria. Increased mucosal permeability can result in 
overwhelming exposure of bacterial toll like receptor (TLR) ligands and antigens that 
activate pathogenic innate and T cell immune responses. (d) Defective host 
immunoregulation. Antigen-presenting cells and epithelial cells overproduce cytokines due 
to ineffective downregulation, which results in TH1 and TH17 differentiation and 
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promotes immune homeostasis, and enhances metabolism of drugs, hormones and 
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underlying the involvement of microbiota are elusive, and the effects of microbiota are due 
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epithelial junction proteins. The postulated mechanisms (Packey & Sartor, 2008) are as 
followed with little modification: (a) Pathogenic bacteria. A traditional pathogen or 
functional alterations in commensal bacteria, including enhanced epithelial adherence, 
invasion, and resistance to killing by phagocytes or acquisition of virulence factors, can 
result in increased stimulation of innate and adaptive immune responses. (b) Abnormal 
microbial composition. Decreased concentrations of bacteria that produce butyrate and 
other short-chain fatty acids (SCFA) compromise epithelial barrier integrity. (c) Defective 
host containment of commensal bacteria. Increased mucosal permeability can result in 
overwhelming exposure of bacterial toll like receptor (TLR) ligands and antigens that 
activate pathogenic innate and T cell immune responses. (d) Defective host 
immunoregulation. Antigen-presenting cells and epithelial cells overproduce cytokines due 
to ineffective downregulation, which results in TH1 and TH17 differentiation and 
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inflammation. Dysfunction of regulatory T cells (T-reg) leads to decreased secretion of IL-10 
and TGF-β, and loss of immunological tolerance to microbial antigens (an overly aggressive 
T cell response).  
UC is commonly regarded as the consequences of an enhanced inflammatory response or 
the lack of a down regulatory response to bacteria abnormality. The dysregulated immune 
response involving the innate (for example, TLR, DC, etc) and the adaptive immune system 
(e.g. effector T-cells, regulatory T-cells, eosinophils, neutrophils, etc) may follow or precede 
the macroscopic lesions. Crohn’s disease is a predominantly TH1- and TH17-mediated 
process, while the immunopathogenesis of UC has been a more difficult disease to ascertain, 
neither IFN-γ (a major Th1 cytokine) nor IL-4 (the major Th2 cytokines) was increased (Fuss 
et al, 2008). In fact, IL-4 production was found to be decreased in cells extracted from UC 
tissue and only the fact that an additional Th2 cytokine IL-5 secretion by these cells was 
somewhat increased hinted that the disease may have a Th2 character. Further, enhanced 
level of IL-13 was noticed in lamina propria from UC specimens, whereas those from 
Crohn’s disease specimens were producing IFN-γ (Fuss et al, 1996). Fuss (Fuss et al, 2004) 
found that antigen-presenting cells bearing a CD1d construct (and thus expressing CD1d on 
its surface, which presents lipid rather than protein antigens to T cells.) could only induce 
lamina propria mononuclear cells from UC patients but not that of Crohn’s disease to 
produce IL-13. Thereby, the cytokine secretion profile seen in UC was produced from a non-
classical CD1 dependent NK T cell whereas the cytokines produced in Crohn’s disease were 
from that of an activated classical Th1 CD4 + T cell. In addition, Lamina propria cells 
enriched for NK T cells from the patients could be shown to be cytotoxic for epithelial cells 
and such cytotoxicity was further enhanced by IL-13. Antigens in the mucosal microflora 
activate NK T cells because of barrier dysfunction that, in turn, cause cytolysis of epithelial 
cells and the characteristic ulcerations associated with the disease. As suggested, 
enhancement of cytolytic activity was observed in vitro in the presence of IL-13. Further, IL-
13 was shown to have direct effects on activation of cytokine transcription. These studies 
demonstrated that TGF-β transcription was dependent upon IL-13. In short, UC is 
associated with an atypical TH2 response mediated by a distinct subset of NK T cells that 
produce IL-13 and are cytotoxic for epithelial cells (Fuss et al. 2008). Further, UC is 
characterized by the presence of various types of autoantibodies against goblet cells and the 
isoforms 1 and 5 of human tropomyosin.  
The intestinal mucosa must rapidly recognize detrimental pathogenic threats to the lumen 
to initiate controlled immune responses but maintain hyporesponsiveness to omnipresent 
harmless commensals. Pattern recognition receptors (PRRs) may play an essential role in 
allowing innate immune cells to discriminate between ‘‘self’’ and microbial ‘‘non-self’’ based 
on the recognition of broadly conserved molecular patterns. Toll-like receptors (TLRs), a 
class of transmembrane PRRs, play a key role in microbial recognition, induction of 
antimicrobial genes, and the control of adaptive immune responses. Individual TLRs 
differentially activate distinct signaling events via diverse cofactors and adaptors. To date, 
at least five different adaptor proteins have been identified in humans: MyD88, Mal/TIRAP, 
TRIF/TICAM-1, TRAM/Tirp/TICAM-2, and SARM (O’Neill et al. 2003). The first identified 
so-called ‘‘classical’’ pathway (Cario 2005) involves recruitment of the adaptor molecule 
MyD88, activation of the serine/threonine kinases of the interleukin 1 receptor associated 
kinase (IRAK) family, subsequently leading to degradation of inhibitor kB (IkB) and 
translocation of nuclear factor kB (NFkB) to the nucleus, then result in activation of specific 
transcription factors, including NFkB, AP-1, Elk-1, CREB, STATs, and the subsequent 
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transcriptional activation of genes encoding pro- and anti-inflammatory cytokines and 
chemokines as well as induction of costimulatory molecules. All of these various 
downstream effects are critically involved in the control of pathogen elimination, 
commensal homeostasis, and linkage to the adaptive immunity. Signaling through different 
TLRs can result in considerable qualitative differences in TH dependent immune responses 
by differential modulation of MAPKs and the transcription factor c-FOS (Agrawal et al. 
2003). So TLR signalling protects intestinal epithelial barrier and maintains tolerance, but 
aberrant TLR signalling may stimulate diverse inflammatory responses leading to UC.  
 

 
Fig. 3. Proposed mechanisms by which bacteria and fungi induce chronic immune-mediated 
inflammation and injury of the intestines. This model adapted from the model presented in 
the work by Dr Sartor (Packey & Sartor 2008) (a) Pathogenic bacteria. (b) Abnormal 
microbial composition. (c) Defective host containment of commensal bacteria. (d) Defective 
host immunoregulation 
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inflammation. Dysfunction of regulatory T cells (T-reg) leads to decreased secretion of IL-10 
and TGF-β, and loss of immunological tolerance to microbial antigens (an overly aggressive 
T cell response).  
UC is commonly regarded as the consequences of an enhanced inflammatory response or 
the lack of a down regulatory response to bacteria abnormality. The dysregulated immune 
response involving the innate (for example, TLR, DC, etc) and the adaptive immune system 
(e.g. effector T-cells, regulatory T-cells, eosinophils, neutrophils, etc) may follow or precede 
the macroscopic lesions. Crohn’s disease is a predominantly TH1- and TH17-mediated 
process, while the immunopathogenesis of UC has been a more difficult disease to ascertain, 
neither IFN-γ (a major Th1 cytokine) nor IL-4 (the major Th2 cytokines) was increased (Fuss 
et al, 2008). In fact, IL-4 production was found to be decreased in cells extracted from UC 
tissue and only the fact that an additional Th2 cytokine IL-5 secretion by these cells was 
somewhat increased hinted that the disease may have a Th2 character. Further, enhanced 
level of IL-13 was noticed in lamina propria from UC specimens, whereas those from 
Crohn’s disease specimens were producing IFN-γ (Fuss et al, 1996). Fuss (Fuss et al, 2004) 
found that antigen-presenting cells bearing a CD1d construct (and thus expressing CD1d on 
its surface, which presents lipid rather than protein antigens to T cells.) could only induce 
lamina propria mononuclear cells from UC patients but not that of Crohn’s disease to 
produce IL-13. Thereby, the cytokine secretion profile seen in UC was produced from a non-
classical CD1 dependent NK T cell whereas the cytokines produced in Crohn’s disease were 
from that of an activated classical Th1 CD4 + T cell. In addition, Lamina propria cells 
enriched for NK T cells from the patients could be shown to be cytotoxic for epithelial cells 
and such cytotoxicity was further enhanced by IL-13. Antigens in the mucosal microflora 
activate NK T cells because of barrier dysfunction that, in turn, cause cytolysis of epithelial 
cells and the characteristic ulcerations associated with the disease. As suggested, 
enhancement of cytolytic activity was observed in vitro in the presence of IL-13. Further, IL-
13 was shown to have direct effects on activation of cytokine transcription. These studies 
demonstrated that TGF-β transcription was dependent upon IL-13. In short, UC is 
associated with an atypical TH2 response mediated by a distinct subset of NK T cells that 
produce IL-13 and are cytotoxic for epithelial cells (Fuss et al. 2008). Further, UC is 
characterized by the presence of various types of autoantibodies against goblet cells and the 
isoforms 1 and 5 of human tropomyosin.  
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harmless commensals. Pattern recognition receptors (PRRs) may play an essential role in 
allowing innate immune cells to discriminate between ‘‘self’’ and microbial ‘‘non-self’’ based 
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class of transmembrane PRRs, play a key role in microbial recognition, induction of 
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transcriptional activation of genes encoding pro- and anti-inflammatory cytokines and 
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TLR comprise a family of (so far) 11 type-I transmembrane receptors. Different pathogen 
associated molecular patterns selectively activate different TLRs: (Lipoptroteins) TLR1, 2 
and 6; (dsRNA) TLR3; (LPS) TLR4; (Flagellin) TLR5; (ssRNA) TLR7 and 8; (CpG DNA) 
TLR9. These signals all converge on a single pathway via myeloid differentiation primary 
response protein MyD88, which activates NFκB. the NFκB pathway was thought to have 
predominantly pro inflammatory activities and NFκB is activated in the tissues of UC 
patients and its inhibition can attenuate experimental colitis (Neurath et al 1996).  
In intestine, tolerance is an essential mucosal defence mechanism maintaining 
hyporesponsiveness to harmless lumenal commensals and their products. Several molecular 
immune mechanisms that ensure tolerance via TLRs in intestinal epithelial cells (IEC) have 
recently been described, for example, low expression of TLRs at resting conditions in IEC 
can maintain hyporesponsiveness to microbiota; high expression levels of the downstream 
signaling suppressor Tollip which inhibits IRAK activation (Otte et al. 2004), ligand induced 
activation of peroxisome proliferator activated receptor c (PPARc) which uncouples NFkB 
dependent target genes in a negative feedback loop (Dubuquoy et al. 2003. Kelly et al. 2004), 
and external regulators which may suppress TLR mediated signalling pathways. 
Commensal bacteria may assist the host in maintaining mucosal homeostasis by 
suppressing inflammatory responses and inhibiting specific intracellular signal transduction 
pathways (Neish et al. 2000), uncoupling NFkB dependent target genes in a negative 
feedback loop (Dubuquoy et al. 2003) which may lead to attenuation of colonic 
inflammation (Kelly et al. 2004). 
In addition, NF-κB is normally grouped into one of the pro-inflammatory mediators, a 
protective role for epithelial NF-κB signaling by either bacteria, IL-1, or TNF stimulation of 
TLRs, or cytokine receptors is demonstrated by conditional ablation of NEMO (IκB kinase) 
in intestinal epithelial cells causing spontaneous severe colitis (Nenci et al. 2007). Blockade 
of epithelial NF-κB signaling led to increased bacterial translocation across the injured 
epithelium, similar to toll like receptor (TLR)4-deficient mice treated with dextran sulphate 
sodium (DSS) (Fukata et al. 2006). 

4. Barrier dysfunction 
Generally, intestinal barrier function consists of different level of defense lines, the mucus 
layer, commensal microbiota, epithelial cells themselves, the junction between lateral 
epithelial cells, innate and adaptive immune systems and enteric nerve system. Any stresses 
which interfere with any level of this defense lines could potentially lead to intestinal barrier 
dysfunction and result in intestinal inflammation.  
Epithelial cells form a continuous, polarized monolayer that is linked together by a series of 
dynamic junctional complexes. Except function as a physical barrier, epithelial cells 
maintain a mucosal defense system through the expression of a wide range of PRRs, such as 
TLRs. These PRRs form the backbone of the innate immune system through the rapid 
response and recognition of the unique and conserved microbial components, (Medzhitov & 
Janeway. 2002; Akira et al. 2006). Tight junctions are composed of transmembrane proteins 
(claudins, occludins, and junctional adhesion molecule [JAM]), peripheral membrane or 
scaffolding proteins (zonula occludens [ZO]), and intracellular regulatory molecules that 
include kinases and actin. An anatomically and immunologically compromised intestinal 
epithelial barrier allows direct contact of the intestinal mucosa with the luminal bacteria and 
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plays a crucial role in the development and maintenance of UC by initiating chronic 
inflammatory responses, although it is unclear whether this is a primary pathogenic process 
or secondary to inflammation. Since the contribution of genetic factors, microbiota and 
immune responses to the pathogenesis to UC, we high light the involvement of mucus layer, 
tight junction itself in the pathogenesis of UC. 
 

 
Fig. 4. Merged figure (A) of Muc2immunostaining (green, B) and FISH analysis using the 
general bacterial probe EUB338-Alexa Fluor 555 (red, C) of distal colon, it was shown muc2-
positive goblet cells and the outer mucus layer (Arrow) and inner mucus layer (Star) on the 
epithelium. The inner layer (Star) is devoid of bacteria, which can only be detected in the 
outer mucus layer. The inner mucus generates a spatial separation between the cells and 
microflora. (Scale bar: 20 µm). (D) FISH using the EUB338-Alexa Fluor 555 probe staining 
bacteria and DAPIDNA staining in colon show a clear separation of the bacterial DNA and 
epithelial surface in WT mice, but not in Muc2-/- mice. This separation corresponds to the 
inner mucus layer (s). (Scale bar: 100m). These models adapted from the models presented 
previously (Johansson et al. 2008) 

4.1 Mucus layer 
As mentioned in previous part of this chapter, the digestive tract is home to 1014 bacteria 
and bacteria genome is as many 10 times as human genome, which has evolved to ensure 
homeostasis. How to manage this enormous bacterial load without overt immune responses 
from the adaptive and innate systems is not well understood. When the equilibrium is 
altered, as in the disease ulcerative colitis, inflammatory responses are initiated against the 
commensal bacteria. An important component, often neglected due to lack of 
understanding, is the mucus layer that overlies the entire intestinal epithelium as a 
protective gel-like layer (Johansson et al. 2008). This thick and hyperviscous mucus layer 
secreted by goblet cells overlies the entire intestinal epithelium as a protective gel-like layer 
that can extend up to as much as 150 µm thick in mouse colon (and 800 µm thick in rat 
colon). There exist two different kinds of mucus layer-out layer and inner layer. The 
majority of microorganisms in the lumen can be found in the outer mucus layer, there is an 
inner, protected, and unstirred layer that is directly adjacent to the epithelial surface and is 
relatively sterile. The sterility of this layer contributes to the retention of a high 
concentration of antimicrobial proteins (such as cathelicidiens, defensins, and cryptidens) 
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that can extend up to as much as 150 µm thick in mouse colon (and 800 µm thick in rat 
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produced by various intestinal epithelial lineages, including enterocytes and Paneth cells. 
The inner firmly attached mucus layer forms a specialized physical barrier that excludes the 
resident bacteria from a direct contact with the underlining epithelium. This organization of 
the colon mucus, as based on the properties of the Muc2 mucin, should be ideal for 
excluding bacteria from contacting the epithelial cells and thus also the immune system. 
Alterations or the absence of these protective layers, as in the Muc2-/- mouse colon, allow 
bacteria to have a direct contact with epithelial cells, to penetrate lower into the crypts and 
also translocate into epithelial cells. That such a close contact between bacteria and epithelia 
can trigger an inflammatory response (Johansson et al. 2008; Shen et al. 2009). The surface 
mucus layer also impacts mucosal permeability, as demonstrated by spontaneous colitis in 
Muc-2- deficient mice (Bergstrom et al. 2010), and increased DSS-induced colitis in intestinal 
trefoil factor deficient mice (Mashimo et al. 1996) and in human UC. The importance of the 
Muc2 mucin in organizing the colon mucus protection is further strengthen by the report 
that two mouse strains with diarrhea and colon inflammation were shown to have two 
separate spontaneous mutations in the Muc2 mucin (Heazlewood et al. 2008). Importantly, 
the production of mucin is regulated by protein kinases, for example, resistin and resistin-
like molecule (RELM) beta upregulated mucin expression which dependent on the kinase 
activities of protein kinase C (PKC), tyrosine kinases, and extracellular-regulated protein 
kinase (Krimi et al. 2008); Cathelicidin stimulates colonic mucus synthesis by up-regulating 
MUC1 and MUC2 expression through a mitogen-activated protein kinase pathway (Tai et 
al. 2008). 

4.2 Epithelial cell and its tight junction 
The cellular components of the intestinal barrier consist of the complete array of columnar 
epithelial cell types (enterocyte, paneth cells, enteroendorine cells, and goblet cells) present 
within the intestine. These cells are polarized with an apical membrane and a basolateral 
membrane, and apical membrane composition is distinct from the basolateral membrane, for 
example, the nutrient transporters are located on the apical membrane; they use Na+ ions 
cotransport to provide the energy and directionality of transport. In contrast, the Na+K+-
ATPase, which establishes the Na+ electrochemical gradient, is present on basolateral, but 
not apical membranes. In addition, the lipid composition of the membrane differs; the apical 
membrane is enriched in sphingolipids and cholesterol relative to the basolateral membrane. 
One result of this cellular polarization is that the apical membranes of intestinal epithelial 
cells are generally impermeable to hydrophilic solutes in the absence of specific 
transporters. Thus, the presence of epithelial cells, particularly the apical membranes, 
contributes significantly to the mucosal barrier (Shen et al. 2009). Among the most important 
structures of the intestinal barrier are the epithelial tight junctions (TJs) that connect adjacent 
enterocytes together to determine paracellular permeability. The tight junction is composed 
of multiple proteins including transmembrane proteins such as occludin, tricellulin, 
claudins and junctional adhesion molecule (JAM). The intracellular portions of these 
transmembrane proteins interact with cytoplasmic peripheral membrane proteins, including 
zona occludens (ZO)-1,-2,-3 and cingulin (Mitic & Anderson. 1998). These tight junction and 
cytoplasmic proteins then interact with F-actin and myosin II, thereby anchoring the tight 
junction complex to the cytoskeleton. Once thought to be static, the association of these 
proteins with the tight junction is highly dynamic (Shen et al. 2009) and may play a role in 
epithelial barrier regulation. Occludin was the first tight junction-associated integral 
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membrane protein identified (Furuse et al. 1993). Although occludin knockout mice exhibit 
intact intestinal epithelial tight junctions and display no observable barrier defect (Schulzke 
et al. 2005, Saitou et al. 2000). But in vitro studies demonstrate crucial roles in tight junction 
assembly and maintenance (Yu et al. 2005; Suzuki et al. 2009; Elias et al. 2009). This suggests 
that further analysis of occludin knockout mice under stressed condition may reveal in vivo 
functions of occludin and provide new insight into mechanisms of tight regulation (Turner 
2006). Given the phylogenetic and structural similarities between occludin and tricellulin 
(Ikenouchi et al. 2005), it may be that the tricellulin accounts for normal intestinal barrier 
function in occludin knockout mice. This hypothesis could also be applied to inflammatory 
bowel disease, where intestinal epithelial occludin expression is reduced (Heller et al. 2005). 
The fact that occludin knockout mice exhibit intact intestinal epithelial barrier function led 
to the search for additional tight junctional components and ultimately to the discovery of 
the claudins (Furuse et al. 1998). The claudins are a large family of proteins that also interact 
with partners on neighboring cells to affect junctional adhesions via extracellular loops. At 
least 24 different claudin proteins are present in mammals (Van Itallie et al. 2003, 2004, 
2006), and these proteins are the primary component of tight junction strands (Furuse et al. 
2006). Claudins are expressed in a tissue-specific manner, studies on human intestine 
confirm the expression of claudins-1, -2, -3, -4, -5, -7, and -8 in the colon, expression of 
claudins-1, -2, -3, and -4 in the duodenum, and expression of claudins-2 and -4 in the 
jejunum (Burgel et al 2002;  Escaffit et al 2005, Szakal et al. 2010; Wang et al. 2010; Zeissing et 
al. 2007).  
The molecular anatomy of transport through tight junction is not yet clear, at least two 
routes allow transport across the tight junction, and the relative contributions of different 
paracellular transport are regulated independently (Fihn et al. 2000; Van Itallie 2008; Watson  
et al. 2005). One route, the size-dependent pathway, allows paracellular transport of large 
solutes, including limited flux of proteins and bacterial lipopolysaccharides (Van Itallie 
2008; Watson et al. 2005). Although at what size particles are excluded from the leak 
pathway has not been precisely defined, it is clear that materials as large as whole bacteria 
cannot pass. Flux across the leak pathway may be increased by cytokines and protein 
kinases, including IFNγ, TNF (Watson et al. 2005; Wang et al. 2005; Clayburgh et al. 2006), 
MAPKs, myosin II light chain kinase (MLCK) (Turner 2006) and SPAK (Yan 2011). A second 
pathway is charge-dependent pathway, characterized by small pores that are defined by 
tight junction-associated pore-forming claudin proteins (Amasheh et al. 2002; Colegio et al. 
2003; Simon et al. 1999). These pores have a radius that excludes molecules larger than 4 A 
(Van Itallie 2008; Watson et al.2005). Thus, tight junctions show both size selectivity and 
charge selectivity, and these properties may be regulated individually or jointly by 
physiological or pathophysiological stimuli. It need to point out that barrier dysfunction 
may be caused by increased paracellular permeability, but mainly by epithelial damage, 
including erosion, and ulceration (Zeissig et al. 2004; Schulzke et al.2006). In addition, in 
epithelial cells, the site of claudin protein polymerization to form strands depends on ZO 
family protein expression (Furuse & Tsukita 2006), and cells lacking ZO-1 and ZO-2 fail to 
form tight junctions at all.  
Generally, TJ proteins can be subdivided into ‘‘tightening’’ TJ proteins that strengthen 
epithelial barrier properties (such as occluding and claudin-1 and -4 etc) and ‘‘leaky’’ TJ 
proteins (like claudin-2) that selectively mediate paracellular permeability. Dysfunctional 
intestinal barrier is a feature of gut inflammation in humans and has been implicated as a 
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membrane protein identified (Furuse et al. 1993). Although occludin knockout mice exhibit 
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epithelial cells, the site of claudin protein polymerization to form strands depends on ZO 
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pathogenic factor in IBD for the last 30 years. The factors responsible for barrier dysfunction 
in UC are similar to those in CD, including an increase in epithelial antigen transcytosis and 
a change in TJ structure with a reduction in TJ strand count and in the depth of the TJ main 
meshwork; although, in contrast to CD, strand breaks are not as frequent as in UC (Schmitz 
et al. 1999; Schurmann et al. 1999). Again, the downregulation of occludin and 
downregulation of several ‘‘tightening’’ TJ proteins like claudin-1 and -4, together with an 
upregulation of the pore-forming TJ protein claudin-2 contribute to the barrier defect 
observed in UC (Heller et al.2005; Oshima et al. 2008). These disruptions of tight junction 
proteins could lead to a breakdown in the protective barrier and can be used as a portal of 
entry by the luminal bacteria. This breach in intestinal barrier can result in inflammatory 
infiltrate and enhanced production of cytokines and other mediators (such as neutrophil) 
that can further contribute to the altered barrier function.  
 

 
Fig. 5. Molecular composition of tight junctions. This model adapted from the model 
presented previously: 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2413111/?tool=pubmed 

Mucosal permeability is influenced by several factors. The surface mucus layer also impacts 
mucosal permeability, as demonstrated by spontaneous colitis in Muc-2- deficient mice (Van 
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der Sluis et al. 2006), and increased DSS-induced colitis in intestinal trefoil factordeficient 
mice (Mashimo et al. 1996). Luminal microbiota can also compromise the intestinal barrier 
function (Packey & Sartor, 2008). The third is the integrity of the epithelial cell layer and the 
basement membrane. Molecularly this can be compromised by downregulating tight 
junction components Claudins 5 and 6, upregulating pore-forming Claudin 2 (Zessig et al. 
2007 ), which can be accomplished by TNF and IL-13, or increasing epithelial apoptosis, 
which has been achieved in mice by blocking nuclear factor kappa-B (NFκB) signalling. 
Genetic factors are involved in the loss of intestinal barrier function (Cho & Brant 2011). 
Dysregulated innate and adaptive immune system can lead to the enhanced epithelial 
permeability (Fuss 2008). Finally, autonomic nerve system function affects epithelial 
permeability, as demonstrated by mice that develop fulminant jejunoileitis following 
ablation of enteric glial cells (Bush et al. 1998). 
 

 
Fig. 6. Binding of microbial adjuvants to extracellular and intracellular pattern-recognition 
receptors and initiate their function by activating protein kinases. Toll-like receptors on the 
cell membrane selectively bind to various bacterial, viral or fungal components. This ligation 
activates conserved signaling pathways that activate NFĸB and mitogen-activated protein 
kinases. These transcription factors stimulate the expression of a number of 
proinflammatory and antiinflammatory genes. This model adapted and modified from the 
model presented previously. 
http://www.nature.com/nrgastro/journal/v3/n7/full/ncpgasthep0528.html 

The increased uptake of antigens and macromolecules from the intestinal lumen mediated 
through this epithelial barrier dysfunction can further exacerbate the inflammatory process, 
ending up in a vicious circle. In this manner, barrier dysfunction is a perpetuating principle 
during gastrointestinal inflammation. Since epithelial TJs are important in the maintenance 
of barrier function, regulatory changes in their function that are commonly found during 
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intestinal inflammation can have severe consequences. For example, the resulting passive 
loss of solutes into the intestinal lumen and the subsequent osmotically driven water flow 
results in ‘‘leak flux diarrhea’’, one of the main consequences of UC. The tight junction is, 
therefore, the rate-limiting step in transepithelial transport and the principal determinant of 
mucosal permeability. But it has to be pointed out that barrier dysfunction itself is not 
sufficient to cause intestinal diseases, such as in MLCK (Turner 2006) and SPAK (Yan 2011) 
transgenic mice, these two different transgenic mice revealed increased transepithelial 
permeability, but neither of them demonstrated any UC characterization, for example, these 
mice develop normal, no significant weight loss, histologically normal crypts were found, 
no abscesses was noticed.  
Recent molecular advances as well as studies of cellular physiology in model epithelia have 
instead revealed that both the permeability and selectivity of tight junctions can be 
modulated dynamically by a variety of signals (Mitic et al., 2000). Much of the progress in 
this field has rested on a significantly enhanced understanding of the proteins that make up 
the junction itself, as well as those components of the junction on its cytoplasmic face that 
link the junctional region both to the cellular cytoskeleton and to signal transduction 
modules (González-Mariscal et al. 2003).  

5. Protein kinase and pathogenesis of UC 
5.1 Mitogen activated protein kinases (MAPK) 
Interestingly, protein kinases are associated with all different level of aspects, demonstrated 
promising potential as intervention targets against UC. Intracellular signaling cascades are 
the main route of communication between the plasma membrane and regulatory targets in 
various intracellular compartments. The evolutionarily conserved mitogen activated protein 
kinases (MAPK) signaling pathway plays an important role in transducing signals from 
diverse extra-cellular stimuli (including growth factors, cytokines and environmental 
stresses) to the nucleus in order to affect a wide range of cellular processes, such as 
proliferation, differentiation, development, stress responses and apoptosis. MAPK (Coskun 
et al,2011) signaling cascades, which comprise up to seven levels of protein kinases, are 
sequentially activated by phosphorylation and also involved in intestinal inflammation. 
These families can be divided into two groups: the classical MAPKs, consisting of ERK1/2, 
p38, JNK and ERK5, and the atypical MAPKs, consisting of ERK3, ERK4, ERK7 and NLK 
(Coulombe & Meloche, 2007). The signalling pathways which the members of these families 
influence can be independent of each other or overlapping. The classical pathway leading to 
activation of ERK1/2 is through the upstream activation of the Raf MAPKKKs, which 
activate sequentially the MAPKKs, MEK1/2, which can specifically bind and phosphorylate 
ERK1/2. At this stage, and depending upon the signal being propagated, the ERK1/2 
proteins commonly then phosphorylate the downstream MAPK activated proteins 
(MAPKAP) 1/2. However, other proinflammatory proteins such as cytosolic phospholipase 
A2 can be activated, as well as several transcription factors including Ets-1, Elk and c-myc. 
These transcription factors aid the inflammatory process by inducing other related cellular 
processes such as cell migration and proliferation. Interestingly, a role for ERK1/2, using an 
ERK1/2 inhibitor, was found in cells of the immune system and colonocytes in the 
development and progression of IBD, through its mediation in the signalling pathways 
induced by various cytokines, for example IL-21, and IL-1 (Caruso et al.2007; Kwon et 
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al.2007). Indeed, several studies, cell line cultures and isolated crypts from human biopsies, 
have shown that it is not only over-expressed in IBD tissue (both colonocytes and cells in the 
underlying lamina propria), but that its phosphorylation state and therefore activation state 
is increased significantly during the active stages of IBD (Waetzig et al.2002; Dahan et 
al.2008). Study also found that Erk activation is involved in claudin-4 protein expression and 
claudin-4 is involved in the maintenance of the intestinal epithelial cell barrier function 
(Pinton et al. 2010) as a “tightening” junction protein. Activation of p38/MAPK and Akt 
signal transduction pathways in the epithelial cells have also been implicated as key 
mediators of these protective effects (Resta-Lenert and Barrett. 2006). For example, 
Lactobacillus GG (LGG) prevents cytokine-induced apoptosis in both human and mouse 
intestinal epithelial cells through activating antiapoptotic Akt in a phosphatidylinositol-3-
kinase (PI3K)-dependent manner and inhibiting proapoptotic p38/MAPK activation (Yan 
and Polk. 2002). The p38 family is composed of four members: α, β, γ and δ. Expression of 
the isoforms varies between tissues. Different ligands, via their respective receptors, are able 
to activate one or several of p38 targets TAK1, ASK1, MLK3, MEKK1-4 and TAO1-3 
(Thalhamer et al.2008). Several studies using the p38 inhibitor, SB203580, have indicated that 
p38 phosphorylation is increased significantly in IBD tissue (Waetzig et al.2002; Dahan et 
al.2008). This finding is substantiated further by an in vitro study, indicating that inhibition 
of p38 using the natural IL-1 receptor antagonist, in a colonocyte cell line, leads to reduced 
IL-6 and -8 production, and an in vivo study using a murine model of IBD, where inhibition 
of p38 reduced significantly cytokine mRNA and NFκB activation (Garat et al.2003; 
Hollenbach et al.2004). However, Heat-killed L. brevis SBC8803 induced Hsps, 
phosphorylated p38 MAPK, regulated the expression of tumor necrosis factor alpha (TNF-
α), interleukin (IL)-1β and IL-12, and improved the barrier function of intestinal epithelia 
under oxidant stress (Ueno et al. 2011). 
There are three JNK isoforms, JNK1, 2 and 3, of which there are 10 splice forms in total. 
Studies using a specific inhibitor against JNK1/2 in induced IBD in rodent models or with 
isolated colonic tissue found that proinflammatory cytokine production was reduced in 
conjunction with reduced inflammatory cell infiltration. Similarly, increased 
phosphorylation of JNK1/2 was seen in inflamed tissue from IBD patients (Dahan et al.2008; 
Assi K et al.2006; Mitsuyama et al.2008). RDP58 (Loftberg et al.2002) is a peptide consisting 
of 9 D-amino acids blocking p38 and JNK, further attenuate UC. 

5.2 Serine and threonine kinase 
5.2.1 Ste20 related proline/alanine rich kinase (SPAK) 
SPAK is defined as a ste20-like proline-/alanine rich kinase that contains an N-terminal 
series of proline and alanine repeats (PAPA box) followed by a kinase domain, a nuclear 
localization signal, a consensus caspase cleavage motif, and a C-terminal regulatory region 
(Johnston et al.2000). Colonic SPAK exists as a unique isoform that lacks the PAPA box and 
F-α helix loop in the N-terminus (Yan et al.2007). The diversity of domains present in SPAK 
protein might be associated with a variety of biological roles. For example, SPAK has been 
shown to play roles in cell differentiation, cell transformation and proliferation, and 
regulation of chloride transport (Piechotta et al.2002; Gagnon et al.2006). More importantly, 
a linkage has been established between SPAK and inflammation, SPAK, as an upstream 
kinase to Na+-K+-2Cl− co-transporter 1 (NKCC1), can phosphorylate Thr203, Thr207, and 
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link the junctional region both to the cellular cytoskeleton and to signal transduction 
modules (González-Mariscal et al. 2003).  
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5.1 Mitogen activated protein kinases (MAPK) 
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diverse extra-cellular stimuli (including growth factors, cytokines and environmental 
stresses) to the nucleus in order to affect a wide range of cellular processes, such as 
proliferation, differentiation, development, stress responses and apoptosis. MAPK (Coskun 
et al,2011) signaling cascades, which comprise up to seven levels of protein kinases, are 
sequentially activated by phosphorylation and also involved in intestinal inflammation. 
These families can be divided into two groups: the classical MAPKs, consisting of ERK1/2, 
p38, JNK and ERK5, and the atypical MAPKs, consisting of ERK3, ERK4, ERK7 and NLK 
(Coulombe & Meloche, 2007). The signalling pathways which the members of these families 
influence can be independent of each other or overlapping. The classical pathway leading to 
activation of ERK1/2 is through the upstream activation of the Raf MAPKKKs, which 
activate sequentially the MAPKKs, MEK1/2, which can specifically bind and phosphorylate 
ERK1/2. At this stage, and depending upon the signal being propagated, the ERK1/2 
proteins commonly then phosphorylate the downstream MAPK activated proteins 
(MAPKAP) 1/2. However, other proinflammatory proteins such as cytosolic phospholipase 
A2 can be activated, as well as several transcription factors including Ets-1, Elk and c-myc. 
These transcription factors aid the inflammatory process by inducing other related cellular 
processes such as cell migration and proliferation. Interestingly, a role for ERK1/2, using an 
ERK1/2 inhibitor, was found in cells of the immune system and colonocytes in the 
development and progression of IBD, through its mediation in the signalling pathways 
induced by various cytokines, for example IL-21, and IL-1 (Caruso et al.2007; Kwon et 
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al.2007). Indeed, several studies, cell line cultures and isolated crypts from human biopsies, 
have shown that it is not only over-expressed in IBD tissue (both colonocytes and cells in the 
underlying lamina propria), but that its phosphorylation state and therefore activation state 
is increased significantly during the active stages of IBD (Waetzig et al.2002; Dahan et 
al.2008). Study also found that Erk activation is involved in claudin-4 protein expression and 
claudin-4 is involved in the maintenance of the intestinal epithelial cell barrier function 
(Pinton et al. 2010) as a “tightening” junction protein. Activation of p38/MAPK and Akt 
signal transduction pathways in the epithelial cells have also been implicated as key 
mediators of these protective effects (Resta-Lenert and Barrett. 2006). For example, 
Lactobacillus GG (LGG) prevents cytokine-induced apoptosis in both human and mouse 
intestinal epithelial cells through activating antiapoptotic Akt in a phosphatidylinositol-3-
kinase (PI3K)-dependent manner and inhibiting proapoptotic p38/MAPK activation (Yan 
and Polk. 2002). The p38 family is composed of four members: α, β, γ and δ. Expression of 
the isoforms varies between tissues. Different ligands, via their respective receptors, are able 
to activate one or several of p38 targets TAK1, ASK1, MLK3, MEKK1-4 and TAO1-3 
(Thalhamer et al.2008). Several studies using the p38 inhibitor, SB203580, have indicated that 
p38 phosphorylation is increased significantly in IBD tissue (Waetzig et al.2002; Dahan et 
al.2008). This finding is substantiated further by an in vitro study, indicating that inhibition 
of p38 using the natural IL-1 receptor antagonist, in a colonocyte cell line, leads to reduced 
IL-6 and -8 production, and an in vivo study using a murine model of IBD, where inhibition 
of p38 reduced significantly cytokine mRNA and NFκB activation (Garat et al.2003; 
Hollenbach et al.2004). However, Heat-killed L. brevis SBC8803 induced Hsps, 
phosphorylated p38 MAPK, regulated the expression of tumor necrosis factor alpha (TNF-
α), interleukin (IL)-1β and IL-12, and improved the barrier function of intestinal epithelia 
under oxidant stress (Ueno et al. 2011). 
There are three JNK isoforms, JNK1, 2 and 3, of which there are 10 splice forms in total. 
Studies using a specific inhibitor against JNK1/2 in induced IBD in rodent models or with 
isolated colonic tissue found that proinflammatory cytokine production was reduced in 
conjunction with reduced inflammatory cell infiltration. Similarly, increased 
phosphorylation of JNK1/2 was seen in inflamed tissue from IBD patients (Dahan et al.2008; 
Assi K et al.2006; Mitsuyama et al.2008). RDP58 (Loftberg et al.2002) is a peptide consisting 
of 9 D-amino acids blocking p38 and JNK, further attenuate UC. 

5.2 Serine and threonine kinase 
5.2.1 Ste20 related proline/alanine rich kinase (SPAK) 
SPAK is defined as a ste20-like proline-/alanine rich kinase that contains an N-terminal 
series of proline and alanine repeats (PAPA box) followed by a kinase domain, a nuclear 
localization signal, a consensus caspase cleavage motif, and a C-terminal regulatory region 
(Johnston et al.2000). Colonic SPAK exists as a unique isoform that lacks the PAPA box and 
F-α helix loop in the N-terminus (Yan et al.2007). The diversity of domains present in SPAK 
protein might be associated with a variety of biological roles. For example, SPAK has been 
shown to play roles in cell differentiation, cell transformation and proliferation, and 
regulation of chloride transport (Piechotta et al.2002; Gagnon et al.2006). More importantly, 
a linkage has been established between SPAK and inflammation, SPAK, as an upstream 
kinase to Na+-K+-2Cl− co-transporter 1 (NKCC1), can phosphorylate Thr203, Thr207, and 
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Thr212 amino acids on NKCC1, which play an important role in inflammation (Topper et 
al.1997). Furthermore, we have demonstrated that SPAK can activate p38 pathway (Yan et 
al. 2007) that is well known involving inflammation. SPAK caused an increase in intestinal 
permeability, and SPAK transgenic (TG) mice were more susceptible to experimental colitis. 
Additionally, increased cytokine production and bacterial translocation were associated 
with the increased colitis susceptibility (Yan Y et al 2011). 

5.2.2 Myosin II light chain kinase (MLCK) 
MLCK is a specific Serine and threonine kinase which can phosphorylate MLC. It has been 
found that MLCK activity is required for TNF-induced acute diarrhea. Further, TNF 
treatment resulted in increased myosin light chain kinase expression (Wang et al. 2005), as a 
result of transcriptional activation (Graham et al. 2006) in vitro and in vivo. Constitutive 
MLCK activation accelerates onset and increases severity of experimental UC. MLCK 
inhibition, either pharmacologically or by genetic knockout, prevented both intestinal 
epithelial MLC phosphorylation and barrier dysfunction. More remarkably, MLCK 
inhibition also restored net water absorption, and therefore corrected the TNF-dependent 
diarrhea (Clayburgh DR). 

6. Conclusions 
Protein kinase have been implicated in the pathogenesis of a variety of human disorders 
including UC, continuing progress in the understanding of the roles of protein kinases in 
intestinal barrier dysfunction, further in IBD pathogeneses offers hope for a new 
generation of therapeutic strategies targeted at the modulation of protein kinase activity. 
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1. Introduction 
Regulated immune responses are essential to maintain intestinal homeostasis and require 
direct or indirect communication among cells. Communication that occurs among cells in 
the absence of direct contact is often through the use of cytokines and chemokines. 
Ulcerative colitis (UC) and Crohn's disease (CD) are chronic intestinal inflammatory bowel 
diseases (IBD). IBD is characterized by increased influx of immune cells to the mucosa of 
genetically susceptible hosts. The characteristic increase of inflammatory infiltrate is mainly 
of T cells recruited to the lamina propria (LP) by a multistep process that involves the 
integrated interactions and effects of adhesion molecules and chemokines (1). Numerous 
studies in IBD patients and in animal models of colitis have demonstrated that both 
inflammatory chemokines and their receptors are up-regulated in settings of active 
inflammation (2). More importantly, blockade or absence of various chemokine receptors 
attenuates disease in murine models of IBD. Thus, identifying chemokines and their 
receptors that are involved in intestinal inflammation provide promising targets for new 
drug development in the treatment of IBD. 

2. What is Chemokines?-Role in the pathogenesis of IBD- 
Chemokines have been implicated in many fundamental immune processes, including 
lymphoid organogenesis, immune cell differentiation, development and positioning (3) 
Chemokines are small 8-12kDa cytokines that can direct the recruitment and migration of 
circulating leukocytes and play a critical role in the differentiation of secondary lymphoid 
organs. There are approximately 50 known chemokines and 20 known receptors. 
Chemokines are classified in 4 separate families based on the pattern of their cysteine 
residues(C, CC, CXC and CX3C). The CC family of chemokines contains two adjacent 
cysteine residues. The CXC family has two cysteine residues separated by a non-cystein 
amino acid, whereas the CX3C family has two cysteine residues separated by three non-
cysteine amino acids. The C family has only one cysteine residue. Several reports on the 
relationship between IBD and chemokine have been reported. Here we will review several 



 
Ulcerative Colitis – Epidemiology, Pathogenesis and Complications 

 

70

Zeissig, S., Bojarski, C., & Buergel, N. (2004). Downregulation of epithelial apoptosis and 
barrier repair in active Crohn’s disease by tumour necrosis factor alpha antibody 
treatment. Gut. 53:1295-1302. 

Zeissig, S., Burgel, N., & Gunzel, D.(2007). Changes in expression and distribution of claudin 
2, 5 and 8 lead to discontinuous tight junctions and barrier dysfunction in active 
Crohn’s disease. Gut. 56: 61–72. 

5 

CXCL12-CXCR4 Axis 
 in Ulcerative Colitis 

Hiroshi Nakase, Minoru Matsuura,  
Sakae Mikami and Tsutomu Chiba 

Department of Gastroenterology and Hepatology,  
Graduate School of Medicine,  

Kyoto University 
Japan 

1. Introduction 
Regulated immune responses are essential to maintain intestinal homeostasis and require 
direct or indirect communication among cells. Communication that occurs among cells in 
the absence of direct contact is often through the use of cytokines and chemokines. 
Ulcerative colitis (UC) and Crohn's disease (CD) are chronic intestinal inflammatory bowel 
diseases (IBD). IBD is characterized by increased influx of immune cells to the mucosa of 
genetically susceptible hosts. The characteristic increase of inflammatory infiltrate is mainly 
of T cells recruited to the lamina propria (LP) by a multistep process that involves the 
integrated interactions and effects of adhesion molecules and chemokines (1). Numerous 
studies in IBD patients and in animal models of colitis have demonstrated that both 
inflammatory chemokines and their receptors are up-regulated in settings of active 
inflammation (2). More importantly, blockade or absence of various chemokine receptors 
attenuates disease in murine models of IBD. Thus, identifying chemokines and their 
receptors that are involved in intestinal inflammation provide promising targets for new 
drug development in the treatment of IBD. 

2. What is Chemokines?-Role in the pathogenesis of IBD- 
Chemokines have been implicated in many fundamental immune processes, including 
lymphoid organogenesis, immune cell differentiation, development and positioning (3) 
Chemokines are small 8-12kDa cytokines that can direct the recruitment and migration of 
circulating leukocytes and play a critical role in the differentiation of secondary lymphoid 
organs. There are approximately 50 known chemokines and 20 known receptors. 
Chemokines are classified in 4 separate families based on the pattern of their cysteine 
residues(C, CC, CXC and CX3C). The CC family of chemokines contains two adjacent 
cysteine residues. The CXC family has two cysteine residues separated by a non-cystein 
amino acid, whereas the CX3C family has two cysteine residues separated by three non-
cysteine amino acids. The C family has only one cysteine residue. Several reports on the 
relationship between IBD and chemokine have been reported. Here we will review several 



 
Ulcerative Colitis – Epidemiology, Pathogenesis and Complications 

 

72

chemokines that have been investigated in the context of IBD and finally described CXCL12-
CXCR4 axis including our data. 

3. CC family of chemokines 
3.1 CCL2 (MCP-1) and CCR2 
CCR2 and its ligands MCP-1,-2,-3 and -4 are involved in the recruitment of monocytes, 
dendritic cells, and memory T cells. In the intestine, MCP-1 is produced by intestinal 
epithelial cells. Mice deficient in MCP-1 are protected from hapten-induced colitis, as 
demonstrated by reduced hitological scores of colitis and lower IL-1β, IL-12p40, and IFN-γ 
(4). Furthermore, CCR2-deficient mice with dextran sulfate sodium (DSS)-induced colitis 
had lower histological scores than wild type mice (5). The chemokine receptor antagonist 
TAK-779, which blocks CCR2, CCR5, and CXCR3 could reduce colonic inflammation of 
DSS-induced colitis (6). These data suggested that CCR2 and its ligands seemed to play a 
crucial role in intestinal inflammation.  

3.2 CCL3 (MIP-1α), CCL4 (MIP-1β), CCL5 (RANTES) and CCR5 
Expression of CCL3 is up-regulated in the colon of rats exposed to TNBS  
and Administration of neutralizing antibodites to CCL3 blocked massive neutrophil 
influx (7). Expression of RANTES is induced by TNF-α and IFN-γ and, together with its 
receptors CCR1 and CCR5, is up-regulated in the chronic phase of TNBS-induced colitis 
in rats (8).   
Interestingly, RANTES was specifically expressed in non-caseating granulomas of CD 
patients by in situ hybridization with surrounding CD4+ T cells expressing the CCR5 ad 
CXCR3 receptors. CCR5 and its ligands are involved in the migration of T cells and 
monocytes (9). CCL5-deficient mice are less susceptible to DSS-induced colitis and the 
inflammation that appears in CCR5-deficient mice is characterized by increased CD4+T cell 
and NK1.1+ cell influx together with an up-regulation of the Th2 cytokines IL-4, IL-5 and IL-
10 (4).  

3.3 CCL20 and CCR6 
CCL20 mediates chemotaxis of T cells, B cells and DCs (3). In the intestine, CCL20 is 
produced from IECs. In human IBD, CCL20 protien and RNA expression was increased in 
intestinal tissues of patients with CD but not those with UC. CCR6 deficient mice leads to 
decreased susceptibility to DSS (10) and intravital microscopic analyses showed that CCR6 
blockade on T and B cells reduced their adherence to mucosal and submucosal 
microvessels in the course of DSS colitis. Recently, CCR6 has been identified as a key 
modulator of Th17 cell recruitment to the intestine (11). Taken together, these data may 
suggest that CCL20 and CCR6 have a chemotactic effect on T and B cells under 
inflammatory conditions in the colon.  

3.4 CCL25 (thymus-expressed chemokine, TECK) and CCR9 
CCL25 is constitutively expressed by thymic epithelial cells and IECs in the small 
intestine but not in the colon (12). CCL25 binds to the CCR9 expressed on T cells and 
IgA+ plasma cells. In the intestine, CCR9 is expressed by both αβ and γδ CD8αα+ 
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intraepithelial lymphocytes (IELs) and these cells migrate towards CCL25. CCR9-
deficient mice have a remarkable reduction of γδ IELs and administration of neutralizing 
antibody against CCL25 to young mice leads to decreased αβ and γδ CD8αα+ IELs, 
suggesting that CCL25-CCR9 pathway might be involved in the early stages of intestinal 
inflammation.  

4. CX3CL1 (fractalkine) and CX3CR1 
CX3CL1/fractalkine is a member of the CX3C chemokine family, which is expressed by 
epithelial cells and IECs (13). CX3CL1 can be up-regulated by TNF-α, IL-1β, LPS and IFN-γ. 
CX3CL1 can function as an endothelial adhesive determinant to recruit a sub-population of 
dendritic cells and macrophages that have high CX3CR1 expression. The association 
between CX3CL1 and pathogenesis of IBD remains controversial. However, Sans, et al. 
reported that circulating T cells and lamina propria T cells from active CD patients 
contained a higher proportion of CX3CR1+ cells than CD patients with inactive disease or 
healthy subjects (14).  

5. The CXC family of Chemokines  
5.1 CXCL5 (ENA-78) and CXCR2  
Epithelial cell-derived neutrophil-activating peptide(ENA)-78 is a potent neutrophil 
chemoattractant, which is produced from IECs and LPS, TNF-α and IL-1β stimulate its 
production. ENA-78 shares sequence homology with CXCL-8 (IL-8). Expression of ENA-78 
is induced in the colonic tissues of both patients with UC and CD (15, 16).  

5.2 CXCL8 (IL-8) 
IL-8 is also a neutrophil chemoattractant that is produced by macrophages, fibroblasts, 
epithelial cells, hepatocytes and endothelial cells (17). Up-regulation of IL-8 in the gut of 
both UC and CD was observed and IL-8 production appears to correlate with histological 
severity of disease (18). As well as ENA-78, IL-8 can bind CXCR2, although its affinity for 
the receptor is lower.  

6. CXCL12 (SDF-1) and CXCR4 
Among chemokines, CXC chemokine ligand (CXCL)12 (stromal cell-derived factor (SDF)-
1/pre-B-cell-growth-stimulating factor (PBSF)) is particularly intriguing because it has been 
shown definitively to be involved in various developmental processes including 
hematopoiesis (19,20). CXCL12 was first characterized as a pre-B-cell growth-stimulating 
factor and  and the primary physiologic receptor for CXCL12 is CXCR4, which also 
functions as an entry receptor for strains of HIV-1(21), The studies using mutant mice 
with targeted gene disruption have revealed that CXCL12 and CXCR4 are essential for B 
cell development and colonization of bone marrow by hematopoietic stem cells (HSCs) 
and myeloid lineage cells during ontogeny as well as blood vessel formation in 
gastrointestinal tract, cardiac ventricular septum formation, and cerebellar development 
(22, 23,24). Recently, it was reported that CXCL12-CXCR4 chemokine signaling is essential 
for the development of plasmacytoid dendritic cells (pDC), which could rapidly produces 
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chemokines that have been investigated in the context of IBD and finally described CXCL12-
CXCR4 axis including our data. 
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with targeted gene disruption have revealed that CXCL12 and CXCR4 are essential for B 
cell development and colonization of bone marrow by hematopoietic stem cells (HSCs) 
and myeloid lineage cells during ontogeny as well as blood vessel formation in 
gastrointestinal tract, cardiac ventricular septum formation, and cerebellar development 
(22, 23,24). Recently, it was reported that CXCL12-CXCR4 chemokine signaling is essential 
for the development of plasmacytoid dendritic cells (pDC), which could rapidly produces 



 
Ulcerative Colitis – Epidemiology, Pathogenesis and Complications 

 

74

a huge amount of type I IFN (α, β) following microbial stimulation (25), This axis also 
play a crucial role in the development of natural killer (NK) cells, which are generated 
from hematopoietic stem cells and play vital roles in the innate immune response against 
viral infection (26). Thus, CXCL12-CXCR4 axis is widely involved in the development of 
immune cell. The concept of CXCL12 as being solely a constitutive chemokine was 
recently challenged by data from other groups that investigated immune-mediated 
inflammatory disorders and demonstrated its role in joint, lung, and liver inflammation 
(27, 28).  
Nanki et al. showed that CXCL12 is highly expressed in the synovium of RA patients in 
contrast to patients with OA, and that anti-CD40 stimulation enhanced CXCL12 production 
by cultured synoviocytes from RA patients (29). Those authors hypothesized that the CD40 
ligand (CD154) expressed on activated memory T cells may stimulate the production of 
CXCL12 by synoviocytes and increase the migration of T cells.  
Thus, CXCR4/SDF-1α and its ligand CXCL12 is an important chemokine/receptor pair in 
various diseases, but have received very little attention in IBD.  

7. How is CXCL12/CXCR4 axis involved in the pathophysiology of IBD? 
Mikami, et al. investigated the role of CXCL12/CXCR4 axis in patents with IBD by analysis 
of CXCR4 expression on peripheral T cells (30). They demonstrated that CXCR4 expression 
on peripheral T cells in patients with active UC was significantly higher than that in inactive 
UC and controls. Moreover, a significant correlation between CXCR4 expressions and 
disease activity in patients with UC was observed. Hosomi, et al focused on the role of 
immature plasma cells in the pathophysiology of IBD (31). They demonstrated that the 
proportion of immature plasma cells was correlated positively with clinical activities of UC 
and CD and expression of CXCR3 and CXCR4 of immature plasma cells in UC patients was 
significantly higher than in controls. In addition, Dotan, et al. reported that CXCR4 was 
expressed by intestinal epithelial cells (IECs) and lamima propria cells and CXCR4 positive 
cells are significantly increased in lamina propria of IBD (32). Moreover, recent report 
indicated that evaluation of CXCR4 expression on CD4 T cells by FACS analysis could be a 
biomarker of Leukocytapheresis with a leukocyte removal filter (Cellsoba; Asahi Medical, 
Tokyo, Japan) (33). These data strongly suggested that CXCR4 positive cells could be 
involved in the pathophysiology of IBD.  
As for expression of CXCL12 expressing cells in patients with IBD, Dotan et al. reported as 
follows: CXCL12 expression of normal intestinal mucosa was more limited to the surface 
epithelium, while the expression was enhanced and more diffuse in IBD mucosa (32). This 
up-regulation was specific to IBD mucosa, and did not occur in non-IBD inflammatory 
conditions. Moreover, in IBD, CXCL12 was significantly up-regulated in the inflamed 
compared to the non-inflamed epithelium and stronger expression of CXCL12 in intestinal 
tissues was observed in patients with UC than in those with CD. Thus, this expression was 
likely to be more specific in active UC patients than in CD patients,  
However, using CXCL12/GFP knock-in approach, Mikami, et al. revealed that CXCL12-
expressing cells were mainly observed in the perivascular sites of the normal colonic 
mucosa, suggesting that the CXCL12-expressing cells were morphologically considered to 
be pericytes (adjacent to the endothelial cell) but not epithelial cells (30). After DSS 
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administration, gene expression of CXCL12 was strongly induced in mice with DSS-
colitis, which was compatible to human IBD data reported by Dotan. In this regard, more 
investigation should be required to identify CXCL12 expressing cells in normal and 
pathogenic conditions of intestinal mucosa. However, the exact reason why  
CXCL12-CXCR4 signaling was specifically involved in the pathophysiology of UC 
remains unclear. 

8. Blockade of CXCL12-CXCR4 signaling as therapeutic target of IBD 
As mentioned above, this axis can be strongly involved in the pathophysiology of IBD, 
particularly, UC. Next question is whether or not blocking of CXCL12-CXCR4 axis can be a 
new therapy for IBD. Mikami, et al showed that the effect of CXCR4 antagonist (TF14016) 
on colitis in dextran sodium sulfate (DSS) and interleukin (IL)-10 knockout (KO) models 
(30). 
Firstly, they examined CXCR4 expression on peripheral blood cells and CXCL12 expression 
of colonic tissue in mice with DSS-induced colitis. As expected, CXCR4 expression of CD4 
positive cells was significantly increased after the start of DSS administration, compared 
with normal mice and gene expression of CXCL12 was also significantly higher in the 
colonic tissue of mice with DSS-induced colitis than that of normal mice. Next, they 
evaluated the effect of CXCR4 antagonist (TF14016) on DSS-induced colitis. TF14016 
clinically and histologically attenuated intestinal inflammation of DSS-induced colitis. 
Interestingly, immunohistochemical analysis revealed not only the improvement of colonic 
inflammation but also reduction of lymphoid aggregations. They also investigated the effect 
of TF 14016 on cytokine production from mesenteric lymph node cells. Surprisingly, TF 
14016 treatment reduced pro-inflammatory cytokine production such as TNF-α and IFN-γ 
but did not alter IL-10 production.  
Why did not TF 14016 treatment affect IL-10 production? It should be noted that TF 14016 
administration did not alter the percentage of FOXP3+CD25+T cell. This data suggested that 
ameliorating action of TF 14016 on DSS-induced colitis is mainly due to its inhibitory effect 
of CD4+CD25- T cells with increased CXCR4 expression. TF 14016 treatment also 
ameliorated colonic inflammation of IL-10 KO mice.  

9. Conclusion 
CXCL12 and CXCR4 have a constitutive and inflammatory role in the intestinal mucosa. 
Several human and mouse data strongly suggested that CXCL12-CXCR4 axis play a crucial 
role in the pathophysiology of IBD, especially UC. Therefore, we hope that therapeutic 
manipulation of this signaling is considered in IBD therapy. 
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involved in the pathophysiology of IBD.  
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1. Introduction 
Defensins and cathelicidins are the two major endogenous antimicrobial peptide families in 
mammals, which are abundant components of phagocytic leukocytes and are released by 
epithelial cells at mucosal surfaces. Defensins are antimicrobial peptides produced at a 
variety of epithelial surfaces. In the small intestine Paneth cells secrete α-defensins and 
additional antimicrobial peptides at high levels in response to cholinergic stimulation and 
when exposed to bacterial antigens. In the intestinal tract α- and β-defensins contribute to 
host immunity and assist in maintaining the balance between protection from pathogens 
and tolerance to normal flora. However, attenuated expression of these defensins 
compromises host immunity and hence may alter the balance toward inflammation. Altered 
defensins production is suggested to be an integral element in the pathogenesis of ulcerative 
colitis (UC). Recent years, the defensins have attracted great attention because of their roles 
in the organism defense system. This review highlights the current knowledge of defensins, 
distribution, structures, the diverse functions in the immune response and the changes of 
defensins expression in UC and the potential role in the pathogenesis of UC. 

2. Structures of defensins 
Antimicrobial peptides are gene-encoded natural antibiotics produced by virtually every life 
form studied (Boman, 1995; Zasloff, 2002). In mammals, defensins are a major (if not 
predominant) group of antimicrobial peptides. In the 1980s, Lehrer et al. first found a series 
of small molecules cationic peptides with similar structures to rabbit and human neutrophil 
cytoplasmic granules, which were first named “defensins” (Lehrer et al., 1980). A 
fundamental characteristic of defensins peptides is the presence of three intramolecular 
disulfide bonds (Ganz, 2003). The defensins are thus subdivided into three subgroups 
(designated α-, β-, and θ-defensins). The subgroups are based largely on the connectivity of 
three cystine linkages (Table 1), but structural features of the gene and precursor are also 
further distinguishing characteristics. 
The three-dimensional structures of several α- and β-defensins have been determined by 
both nuclear magnetic resonance (NMR) and X-ray crystallography techniques (Hill et al., 
1991; Zhang et al., 1992; Pardi et al., 1992; Skalicky et al., 1994; Zimmermann et al., 1995; 
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Sawai et al., 2001). Although crystal structures of some defensins are made up of dimers or 
multimers, it has not been yet clear whether these multimers are the biologically relevant to 
different forms of defensins. 
 

Defensins Peptide size Cysteine 
Linkages

Size Expression 
Sites 

Expression 
Patterns 

Species 
Distribution 

α-defensins 30~34 aa 1-6, 2-4, 3-
5 

90-105 
aa 

Neutrophils, 
Macrophage, 
Paneth cells, 
Reproductive 
epithelia 

Mostly 
constitutive

Primates 
Rodents 
Rabbits 

β-defensins 36~44 aa 1-5, 2-4, 3-
6 

60-70 
aa 

Mucosal 
epithelia and 
Skin, 
Ruminant, 
Heterophils, 
Epididymis 

Mostly 
inducible 

Primates 
Rodents 
Ruminants 
Birds 
Crustaceans 

θ-defensins 18 aa (two 
connected 
hemi-peptides 
of 9 aa each) 

1-1′, 2-3, 
2′-3′ 

90 aa  Neutrophils Constitutive Non-human 
primates 

Table 1. Comparison of α-defensins, β-defensins and θ-defensins 

The 3D structures of α- and β-defensins contain a canonical triple-stranded antiparallel β-
sheet motif. Solution and crystallographic analyses of β-defensins have revealed that the α- 
and β-defensins folds are similar as the amphipathicity is produced by the distribution of 
polar and hydrophobic side chains on the peptide surfaces. However, both β-defensins 
possess short α-helical segments that α-defensins lack. There is no evident relationship 
between β-sheet content and antimicrobial activity, and knowledge of the general structural 
factors that modulate the antimicrobial spectrum and activity of defensins is for the most 
part lacking. 
The solution structures of closed circular rhesus θ-defensin-1 (RTD-1) and its open chain 
analog (oRTD-1) have been determined by two-dimensional NMR. RTD-1 and oRTD-1 
adopt very similar structures in water, containing an extended β-hairpin, structure with 
turns at one end in oRTD-1 or in both ends in circular RTD-1. The double stranded β-sheet 
region of the two molecules is exible, and, because the structures and exibilities of RTD-1 
and oRTD-1 are similar, the reduced antimicrobial activity of oRTD-1 relative to circular 
RTD-1 is attributable to the charged N- and C-termini of the oRTD-1 molecule (Trabi et al., 
2001; Ouellette, 2006). In contrast to many antimicrobial peptides, RTD-1 has no amphiphilic 
character, even though surface models of RTD-1 exhibit a certain clustering of positive 
charges. 

3. Characteristics of defensins distribution 
Defensins are abundant in cells and tissues that are involved in host defense against 
microbial infections. Notably, the specific tissue distribution of defensins diverged rapidly 
during vertebrate evolution (Table 2). To date, 12 different human α-defensins and 48 
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human β-defensins, 22 mouse α-defensins and 26 mouse β-defensins have been identified 
and isolated (http://defensins.bii.a-star.edu.sg). In the alimentary tract of mammals, α-
defensins are highly expressed and largely confined to the small intestine, whereas β-
defensins are found to be inducible expression at sites of infection or inflammation. 
 

Species Neutrophil defensins Paneth cell defensins Epithelial cell defensins 
Human α  α α and β 
Rhesus 
monkey 

α and θ Not determined β 

Mouse none α α and β 
Rat α α β 
Pig Not detected in granule 

extracts 
Not determined β 

Cow β none β 
Chicken β Not determined β 

Table 2. Diverse patterns of defensins expression in vertebrates 

In human, α-defensins are expressed primarily in neutrophils, NK cells, certain T cell 
subsets, and in Paneth cells of the small intestine, where they may regulate and maintain 
microbial balance in the intestinal lumen. Moreover, low levels of α-defensins expression 
have been observed in epithelial cells of digestive tract, urogenital tract of mammalian and 
the kidney of rabbit. Human α-defensin-1, -2, -3, and -4, also known as neutrophil 
polypeptide (HNP), are located primarily in neutrophils, while human α-defensin-5 and -6 
(HD-5, HD-6) are secreted by the small intestinal Paneth cells. Mature α-defensins consist of 
29-36 amino acids including six conserved cysteine residues. 
β-defensins are the most widely distributed, being secreted by leukocytes and epithelial cells 
of many kinds. For example, they can be found on the tongue, skin, cornea, salivary glands, 
kidneys, esophagus, and respiratory tract. It has been suggested that some of the pathology 
of cystic fibrosis arises from the inhibition of β-defensins activity on the epithelial surfaces of 
the lungs and trachea due to higher salt content. β-defensins were first found from tracheal 
epithelium cells of cattle and in granulocytes of cattle (Diamond et al., 1991). The first 
human β-defensin (HBD-1) was discovered in 1995, which is mainly expressed in kidney, 
urogenital tract and other epithelial cells (Bensch et al., 1995). In 1997 Harder et al. first isolated 
and purified HBD-2 from the skin of psoriasis patients (Harder et al., 1997), and it is mainly 
expressed in damaged skin, oral mucosa and epithelium of infected lungs. HBD-3 is observed 
to be mainly expressed in human keratinocytes and airway epithelial cells. HBD-4 is mainly 
expressed in testis, uterus, neutrophils, thyroid, lung and kidney. In addition, HBD-5 and 
HBD-6 are only present in testicular cells (Harder et al., 2001; Garcia et al., 2001). β-defensins 
are composed of 36-42 amino acid residues, containing 6 conserved cysteine residues. 
θ-defensins are rare and thus far have been found only in the leukocytes of the rhesus 
macaque (Tran et al., 2008), and the olive baboon, Papio anubis, being vestigial in humans 
and other primates (Angie & Michael 2008; Garcia et al., 2008). Interestingly, θ-defensins are 
negative in humans and New World monkeys (Garcia et al., 2008; Nguyen et al., 2003). θ-
defensins are macrocyclic octadecapeptides expressed only in old world monkeys and 
orangutans, and produced by the pair-wise, head-to-tail splicing of nonapeptides derived 
from their respective precursors. Rhesus θ-defensin-1 (RTD-1) is a unique cyclic 
antimicrobial peptide first identified in rhesus macaque leukocytes (Tang et al., 1999), and 
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produced by a novel post-translational processing pathway involving the excision of two 9-
amino-acid oligopeptides from a pair of propeptides that is further stabilized by three 
disulfide bonds. θ-defensins possess broad antimicrobial properties in vitro against bacteria, 
fungi, and viruses (Owen et al., 2004; Tran et al., 2008; Wang et al., 2004). Nevertheless, they 
exhibit very low levels of toxicity in vitro (Tran et al., 2008) and in vivo, indicating that they 
may have utilities as therapeutic agents. 

4. Biosynthesis of defensins 
4.1 Regulation of α-defensins biosynthesis 
α-defensins genes map to 8p21–8pter through 8p23 in human and are syntenic in mice 
(Ouellette, 2006; Ouellette et al., 1989b; Patil et al., 2004; Sparkes et al., 1989), which are 
expressed predominantly in myeloid cells or in Paneth cells (Selsted & Ouellette, 1995). 

4.1.1 Transcriptional regulation 
Myeloid α-defensins mRNA are expressed almost exclusively in the bone marrow, where 
they are found at the highest levels in promyelocytes and at lower levels in myeloblasts and 
myelocytes (Yount et al., 1995). Enteric α-defensins occur exclusively in Paneth cells in 
normal small bowel (Cunliffe et al., 2001; Ouellette et al., 1999; Ouellette et al., 2000; Porter 
et al., 1997b; Selsted et al., 1992 ). Myeloid and Paneth cell α-defensins genes differ in that 
genes expressed in cells of myeloid origin consist of three exons, whereas those expressed in 
Paneth cells have only two exons (Bevins et al., 1996; Huttner et al., 1994; Jones & Bevins, 
1992; Jones & Bevins, 1993; Lala et al., 2003). In Paneth cell α-defensins genes, the 5’-
untranslated region and the preprosegment are coded by exon 1, but an additional intron 
interrupts the 5’-untranslated region of myeloid α-defensins gene transcripts (Ouellette & 
Selsted, 1996). 
The differentiation of Paneth cells is determined by continuous Wnt signaling via the 
frizzled-5 receptor, and transcription of α-defensins genes in Paneth cell is mediated by β-
catenin/TCF-4 recognition sites in the 5’-upstream regions of the gene transcription start 
sites as well as upstream of the gene coding for matrix metalloproteinase-7 (MMP-7), the 
mouse α-defensins convertase (Andreu et al., 2005; He et al., 2004; Pinto & Clevers, 2005; 
Van et al., 2005). Monocytes and NK cells also contain α-defensins mRNAs and peptides, 
but regulatory elements equivalent to β-catenin/TCF-4 sites in Paneth cell α-defensins genes 
remain to be found in myeloid α-defensins gene promoters. 

4.1.2 Posttranslational activation of α-defensins 
Both α- and β-defensins are initially synthesized as preprodefensins, consisting of a 
characteristic amino terminal signal sequence, a propiece, and the mature peptide at the 
carboxy terminal end of the prepropeptide. The processing and release of α-defensins seem 
to be peptide- and host species-specic. α-defensins have been isolated from primate 
leukocytes and neutrophils of several rodents including rats, rabbits, guinea pigs, and 
hamsters. Myeloid α-defensins RNAs are expressed almost exclusively in the bone marrow, 
where they occur at the highest levels in promyelocytes and at lower levels in myeloblasts 
and myelocytes. Although neutrophils contain high levels of α-defensins peptides, defensins 
mRNAs are degraded during neutrophil differentiation. In contrast, circulating monocytes 
contain both α-defensins mRNAs and peptides. The proteolytic pathway required to 
produce mature HNPs from their proforms is active only in myeloid cells (Valore & Ganz, 
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1992). Newly synthesized proHNPs are processed to mature defensins and then the mature 
peptides are stored in cytoplasmic granules. The propiece of proHNPs is important for the 
normal cellular trafcking during defensins biosynthesis and functions as an intramolecular 
inhibitor of defensins cytotoxicity (Liu & Ganz, et al., 1995; Valore et al., 1996). 
Unlike human neutrophil defensins, Paneth cell defensins HD-5 and HD-6 are stored as 
precursor in the secretory granules of Paneth cells (Ghosh et al., 2002). The biosynthesis of 
Paneth cell pro-α-defensins involves post-translational proteolytic activation. Although the 
enzymes that mediate pro-α-defensins processing in myeloid and epithelial cells are likely 
to differ, the overall processing schemes are similar in that all are processed from precursor 
by specific proteolytic cleavage steps. 
Evidences have been shown that α-defensins are present in murine Paneth cells under germ-
free conditions (Salzman et al., 2007; Ouellette & Lualdi, 1990; Putsep et al., 2000), and in 
human Paneth cells prenatally (Mallow et al., 1996). These findings indicate that α-defensins 
expression is independent on bacterial stimulation. In contrast, expression of Reg3γ and 
angiogenin in Paneth cells is closely associated with the presence of microbes in the 
intestinal lumen. 
Transcription levels of α-defensins in Paneth cells are directed, in part, through factors 
intimately linked to cellular differentiation (Batlle et al., 2002). Clevers and colleagues have 
shown that Tcf7-L2 (also known as Tcf-4) is a key transcription factor for α-defensins 
expression in Paneth cells. Activity of this transcription factor is linked to Wnt/β-Catenin 
signaling gradients in the crypt and appears to represent a master regulator for Paneth cell 
differentiation (Van et al., 2005). Defensins expression is found to be low in human neonates 
(Mallow et al., 1996), unweaned mice (Ouellette & Cordell, 1988; Ouellette et al., 1989a) and 
rats, but increases dramatically with maturation. Aside from this developmental pattern, α-
defensin expression is relatively constitutive under most conditions. However, levels vary 
significantly in association with some disease states (Kelly et al., 2004; Wehkamp et al., 2004, 
2005). 
Additional regulatory mechanisms of α-defensins activity are granule secretion and 
proteolytic processing of precursor peptides (Bevins, 2004). Paneth cells secrete their dense 
secretory granules into the crypt lumen in response to bacterial products (including 
muramyl dipeptide, a component of bacterial peptidoglycan), but not to fungal or protozoal 
stimuli (Qu et al., 1996; Ayabe et al., 2000). These findings suggest that in vivo control of α-
defensins secretion in Paneth cells may be linked to microbial sensors. Interestingly, recent 
studies have identified that Paneth cells could express nucleotide oligomerization domain 
(NOD)2 (a critical intracellular pattern recognition receptor for muramyl dipeptide), whose 
precise functions in Paneth cells are yet to be clearly determined (Lala et al., 2003; Rumio et 
al., 2004; Kobayashi et al., 2005). Cholinergic agonists can also stimulate α-defensins 
secretion by a mechanism that appears to involve both increased cytosolic Ca2+ and mIKCa1 
potassium channels (Satoh et al., 1995; Ayabe et al., 2002). 
Proteolytic processing is an important step in regulating expression of active Paneth cell-
derived defensins. Paneth cell-derived α-defensins, like myeloid-derived α-defensins, are 
initially expressed as amino acid prepropeptides. After removal of the N-terminal signal 
sequence, the Paneth cell-derived α-defensins propeptides require processing by an 
endopeptidase to produce a mature active peptide. However, there are differences in this 
general theme when comparing with rodents and primates. MMP-7 (also known as 
matrilysin), an endoprotease expressed in mouse Paneth cells, is essential for processing of 
the α-defensins propeptide to active mature peptides in mice (Wilson et al., 1999; Ouellette, 
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produced by a novel post-translational processing pathway involving the excision of two 9-
amino-acid oligopeptides from a pair of propeptides that is further stabilized by three 
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mouse α-defensins convertase (Andreu et al., 2005; He et al., 2004; Pinto & Clevers, 2005; 
Van et al., 2005). Monocytes and NK cells also contain α-defensins mRNAs and peptides, 
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contain both α-defensins mRNAs and peptides. The proteolytic pathway required to 
produce mature HNPs from their proforms is active only in myeloid cells (Valore & Ganz, 

 
Defensins in Ulcerative Colitis 

 

83 

1992). Newly synthesized proHNPs are processed to mature defensins and then the mature 
peptides are stored in cytoplasmic granules. The propiece of proHNPs is important for the 
normal cellular trafcking during defensins biosynthesis and functions as an intramolecular 
inhibitor of defensins cytotoxicity (Liu & Ganz, et al., 1995; Valore et al., 1996). 
Unlike human neutrophil defensins, Paneth cell defensins HD-5 and HD-6 are stored as 
precursor in the secretory granules of Paneth cells (Ghosh et al., 2002). The biosynthesis of 
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enzymes that mediate pro-α-defensins processing in myeloid and epithelial cells are likely 
to differ, the overall processing schemes are similar in that all are processed from precursor 
by specific proteolytic cleavage steps. 
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human Paneth cells prenatally (Mallow et al., 1996). These findings indicate that α-defensins 
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expression in Paneth cells. Activity of this transcription factor is linked to Wnt/β-Catenin 
signaling gradients in the crypt and appears to represent a master regulator for Paneth cell 
differentiation (Van et al., 2005). Defensins expression is found to be low in human neonates 
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defensin expression is relatively constitutive under most conditions. However, levels vary 
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proteolytic processing of precursor peptides (Bevins, 2004). Paneth cells secrete their dense 
secretory granules into the crypt lumen in response to bacterial products (including 
muramyl dipeptide, a component of bacterial peptidoglycan), but not to fungal or protozoal 
stimuli (Qu et al., 1996; Ayabe et al., 2000). These findings suggest that in vivo control of α-
defensins secretion in Paneth cells may be linked to microbial sensors. Interestingly, recent 
studies have identified that Paneth cells could express nucleotide oligomerization domain 
(NOD)2 (a critical intracellular pattern recognition receptor for muramyl dipeptide), whose 
precise functions in Paneth cells are yet to be clearly determined (Lala et al., 2003; Rumio et 
al., 2004; Kobayashi et al., 2005). Cholinergic agonists can also stimulate α-defensins 
secretion by a mechanism that appears to involve both increased cytosolic Ca2+ and mIKCa1 
potassium channels (Satoh et al., 1995; Ayabe et al., 2002). 
Proteolytic processing is an important step in regulating expression of active Paneth cell-
derived defensins. Paneth cell-derived α-defensins, like myeloid-derived α-defensins, are 
initially expressed as amino acid prepropeptides. After removal of the N-terminal signal 
sequence, the Paneth cell-derived α-defensins propeptides require processing by an 
endopeptidase to produce a mature active peptide. However, there are differences in this 
general theme when comparing with rodents and primates. MMP-7 (also known as 
matrilysin), an endoprotease expressed in mouse Paneth cells, is essential for processing of 
the α-defensins propeptide to active mature peptides in mice (Wilson et al., 1999; Ouellette, 
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2005; Selsted & Ouellette, 2005). MMP-7 processes the α-defensins propeptides to their 
active mature peptide counterparts at precisely the same cleavage site in vitro as identified in 
vivo (Selsted et al., 1992; Shirafuji et al., 2003). Polymorphic isoforms of α-defensins 
containing mutations at MMP-7 cleavage site exist in some mouse strains, which influence 
post-translational processing and yield differences in mature peptides. Characterization of 
Paneth cell-derived α-defensins suggests that MMP-7 is also the endoprotease responsible 
for processing in rats (Qu et al., 1996). In rhesus macaques, characterization of Paneth cell-
derived α-defensins indicates that trypsin is likely the endoprotease responsible for 
processing in these primates as well (Tanabe et al., 2004a, 2004b). In contrast, MMP-7 is not 
detected in human Paneth cells, and trypsin is the endoprotease expressed in Paneth cells, 
which is responsible for processing of α-defensins propeptides (Ghosh et al., 2002). 
In humans Paneth cell-derived α-defensins are stored in secretory granules as propeptides 
(Ghosh et al., 2002; Cunliffe, et al., 2001). The propeptide trypsinogen is also stored in these 
same Paneth cell granules. Current hypotheses point that trypsinogen is activated to trypsin 
after secretion, which then converts proHD5 into mature HD5 in either the crypt or 
intestinal lumen. In contrast, some of the α-defensins pool in mouse Paneth cells is 
processed intracellularly and stored as mature MMP-7-cleaved peptides (Ouellette, 2005; 
Selsted & Ouellette, 2005). Since proteolytic processing is central to the biology of Paneth 
cell α-defensins, it will be interesting to determine how and why rodents and primates 
diverged in their mechanisms for achieving this important post-translational modification. 
Evidence for the key role of Paneth cell α-defensins in host defense against orally ingested 
pathogens comes from murine models. Targeted disruption of the MMP-7 gene, which 
encodes the processing endoprotease of murine Paneth cell α-defensins precursors, has 
shown to impair the ability of mice to produce active cryptdin. Compared to their wild-type 
littermates, the MMP-7 null mice cannot effectively clear orally administered noninvasive 
Escherichia coli, and they succumb more rapidly to lower doses of virulent Salmonella 
enterica serovar Typhimurium. However, MMP-7 may have other biological functions that 
could have altered the susceptibility to these bacterial challenges. Therefore, Salzman et al. 
utilized a complementary approach to analyze Paneth cell α-defensins function (Salzman et 
al., 2003). Mice were genetically engineered to express the human Paneth cell α-defensins 
HD5. Under transcriptional control of HD5’s own endogenous promoter, these transgenic 
mice expressed HD5 in Paneth cells. Expression levels of the transgene were similar to those 
of the endogenous α-defensins (cryptdins), pointing that this murine model can assess the 
biological effects of physiologically relevant levels of HD5. The transgenic mice were more 
resistant to orally administered Salmonella. Thus, these two models point to a central role 
for Paneth cell α-defensins in innate immunity of the small intestine against orally ingested 
pathogens. 

4.2 Regulation of β-defensins biosynthesis 
It is likely that β-defensins gene products are produced and stored as mature peptides 
because pro-β-defensins have not been recovered from natural producing cells and insect 
cells, in which transfected with β-defensins cDNA always release bioactive mature β-
defensins (Aono et al., 2006; Shi, 2007). HBD-1 is constitutively expressed in the epithelial 
cells in the small intestine and colon and its expression is not influenced by inammation or 
bacterial infection. Despite normally absent, HBD-2 and HBD-3 can be induced in normal 
colon epithelial cells (O'Neil et al., 1999; Fahlgren et al., 2004). Induction of HBD-2 is an NF-
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κB-dependent process in the intestinal epithelium because blocking NF-κB activation could 
inhibit the upregulation of HBD-2 in response to IL-1 stimulation or bacterial infection 
(O'Neil et al., 1999; Voss et al., 2006). Unlike professional phagocytes and Paneth cells, 
epithelial cells expressing β-defensins do not have visible granules. How β-defensins are 
stored and released from intestinal epithelial cells remains obscure. 

4.3 Regulation of θ-defensins biosynthesis 
Rhesus θ-defensins peptides assemble from two distinct precursor molecules with each 
hemi-precursor contributing a nine-amino acid moiety to the final RTD-1 peptide, although 
the molecular mechanisms that catalyze or facilitate θ-defensins assembly in primates are 
not understood (Tang et al., 1999). Rhesus pro-RTDs are products of different genes that 
resemble the three-exon myeloid α-defensins genes, except that they are truncated by stop 
codons in exon 3. In addition to heterodimeric RTD-1, homodimeric θ-defensins RTD-2 and -
3 have also been isolated from monkey neutrophils (Tran et al., 2002; Leonova et al., 2001). 
α-defensins gene mutations that give rise to the θ-defensins genes (DEFT) apparently arise 
in Old World monkeys, because rhesus DEFT homologs have not been found in prosimians 
or in New World monkeys (Lehrer, 2004). Humans, chimpanzees, and gorillas lack θ-
defensins, because the DEFT genes of those species harbor mutations that create premature 
stop codons in the prepro regions of the precursors. However, at least one mutant human 
DEFT gene still is actively transcribed, and its nonfunctional mRNA accumulates to high 
abundance at several sites of expression (Cole et al., 2002). 

5. Role of defensins in immune response 
In the gastrointestinal tract, these peptides have bactericidal activity by forming micropores 
in the phospholipid bilayer of bacterial membranes, causing loss of structural integrity and 
collapse of the bacterial cells. This antimicrobial quality allows defensins to protect the host 
epithelium and stem cells from virulent pathogens and also help to regulate the number and 
composition of commensal microbiota (Ramasundara et al., 2009). 

5.1 Defensins in innate immunity 
The innate immunity is the most primitive defense system against pathogens, which has not 
only the generalized mechanical barriers and antibacterial action, but also includes 
functional defense barrier built by phagocytosis and inflammatory response. 

5.1.1 Antibacterial activity 
Defensins have a broad antibacterial spectrum, which can effectively kill Gram-negative and 
-positive bacteria, fungi, spirochetes, and some parasites. Importantly, α-defensins have 
stronger activity against Gram-positive bacteria, while the β-defensins have stronger activity 
against Gram-negative and -positive bacteria. HBD-3 has stronger bactericidal activity 
against Staphylococcus aureus, Streptococcus pyogenes, Pseudomonas aeruginosa, Escherichia coli 
and Actinomycetes in vitro (Maisetta et al., 2005). 
The α- and β-defensins expressed in the alimentary tract of human and mice have activity 
profiles and expression patterns that overlap with other mammalian peptides (Table 3). 
Intestinal α-defensins have microbicidal activities against many Gram-positive (L. 
monocytogenes, S. aureus) and Gram-negative bacteria (E. coli, S. typhimurium). Similarly, HD5 
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active mature peptide counterparts at precisely the same cleavage site in vitro as identified in 
vivo (Selsted et al., 1992; Shirafuji et al., 2003). Polymorphic isoforms of α-defensins 
containing mutations at MMP-7 cleavage site exist in some mouse strains, which influence 
post-translational processing and yield differences in mature peptides. Characterization of 
Paneth cell-derived α-defensins suggests that MMP-7 is also the endoprotease responsible 
for processing in rats (Qu et al., 1996). In rhesus macaques, characterization of Paneth cell-
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which is responsible for processing of α-defensins propeptides (Ghosh et al., 2002). 
In humans Paneth cell-derived α-defensins are stored in secretory granules as propeptides 
(Ghosh et al., 2002; Cunliffe, et al., 2001). The propeptide trypsinogen is also stored in these 
same Paneth cell granules. Current hypotheses point that trypsinogen is activated to trypsin 
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pathogens comes from murine models. Targeted disruption of the MMP-7 gene, which 
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shown to impair the ability of mice to produce active cryptdin. Compared to their wild-type 
littermates, the MMP-7 null mice cannot effectively clear orally administered noninvasive 
Escherichia coli, and they succumb more rapidly to lower doses of virulent Salmonella 
enterica serovar Typhimurium. However, MMP-7 may have other biological functions that 
could have altered the susceptibility to these bacterial challenges. Therefore, Salzman et al. 
utilized a complementary approach to analyze Paneth cell α-defensins function (Salzman et 
al., 2003). Mice were genetically engineered to express the human Paneth cell α-defensins 
HD5. Under transcriptional control of HD5’s own endogenous promoter, these transgenic 
mice expressed HD5 in Paneth cells. Expression levels of the transgene were similar to those 
of the endogenous α-defensins (cryptdins), pointing that this murine model can assess the 
biological effects of physiologically relevant levels of HD5. The transgenic mice were more 
resistant to orally administered Salmonella. Thus, these two models point to a central role 
for Paneth cell α-defensins in innate immunity of the small intestine against orally ingested 
pathogens. 
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It is likely that β-defensins gene products are produced and stored as mature peptides 
because pro-β-defensins have not been recovered from natural producing cells and insect 
cells, in which transfected with β-defensins cDNA always release bioactive mature β-
defensins (Aono et al., 2006; Shi, 2007). HBD-1 is constitutively expressed in the epithelial 
cells in the small intestine and colon and its expression is not influenced by inammation or 
bacterial infection. Despite normally absent, HBD-2 and HBD-3 can be induced in normal 
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κB-dependent process in the intestinal epithelium because blocking NF-κB activation could 
inhibit the upregulation of HBD-2 in response to IL-1 stimulation or bacterial infection 
(O'Neil et al., 1999; Voss et al., 2006). Unlike professional phagocytes and Paneth cells, 
epithelial cells expressing β-defensins do not have visible granules. How β-defensins are 
stored and released from intestinal epithelial cells remains obscure. 

4.3 Regulation of θ-defensins biosynthesis 
Rhesus θ-defensins peptides assemble from two distinct precursor molecules with each 
hemi-precursor contributing a nine-amino acid moiety to the final RTD-1 peptide, although 
the molecular mechanisms that catalyze or facilitate θ-defensins assembly in primates are 
not understood (Tang et al., 1999). Rhesus pro-RTDs are products of different genes that 
resemble the three-exon myeloid α-defensins genes, except that they are truncated by stop 
codons in exon 3. In addition to heterodimeric RTD-1, homodimeric θ-defensins RTD-2 and -
3 have also been isolated from monkey neutrophils (Tran et al., 2002; Leonova et al., 2001). 
α-defensins gene mutations that give rise to the θ-defensins genes (DEFT) apparently arise 
in Old World monkeys, because rhesus DEFT homologs have not been found in prosimians 
or in New World monkeys (Lehrer, 2004). Humans, chimpanzees, and gorillas lack θ-
defensins, because the DEFT genes of those species harbor mutations that create premature 
stop codons in the prepro regions of the precursors. However, at least one mutant human 
DEFT gene still is actively transcribed, and its nonfunctional mRNA accumulates to high 
abundance at several sites of expression (Cole et al., 2002). 

5. Role of defensins in immune response 
In the gastrointestinal tract, these peptides have bactericidal activity by forming micropores 
in the phospholipid bilayer of bacterial membranes, causing loss of structural integrity and 
collapse of the bacterial cells. This antimicrobial quality allows defensins to protect the host 
epithelium and stem cells from virulent pathogens and also help to regulate the number and 
composition of commensal microbiota (Ramasundara et al., 2009). 

5.1 Defensins in innate immunity 
The innate immunity is the most primitive defense system against pathogens, which has not 
only the generalized mechanical barriers and antibacterial action, but also includes 
functional defense barrier built by phagocytosis and inflammatory response. 

5.1.1 Antibacterial activity 
Defensins have a broad antibacterial spectrum, which can effectively kill Gram-negative and 
-positive bacteria, fungi, spirochetes, and some parasites. Importantly, α-defensins have 
stronger activity against Gram-positive bacteria, while the β-defensins have stronger activity 
against Gram-negative and -positive bacteria. HBD-3 has stronger bactericidal activity 
against Staphylococcus aureus, Streptococcus pyogenes, Pseudomonas aeruginosa, Escherichia coli 
and Actinomycetes in vitro (Maisetta et al., 2005). 
The α- and β-defensins expressed in the alimentary tract of human and mice have activity 
profiles and expression patterns that overlap with other mammalian peptides (Table 3). 
Intestinal α-defensins have microbicidal activities against many Gram-positive (L. 
monocytogenes, S. aureus) and Gram-negative bacteria (E. coli, S. typhimurium). Similarly, HD5 
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is active against many bacterial species and the fungus C. albicans (Porter et al., 1997a; Ghosh 
et al., 2002; Ericksen et al., 2005). Surprisingly, initial reports indicate that HD6 has very 
poor antibacterial activity in vitro, despite similar ionic charge properties as HD5 (Ericksen 
et al., 2005). The most abundant β-defensins, expressed chiefly in the stomach and colon, 
also have bactericidal activity in vitro. HBD-2 is microbicidal against P. aeruginosa, E. coli and 
C. albicans, but less activity against Gram-positive S. aureus (Harder et al., 1997). In contrast, 
the more cationic HBD-3 has activity against S. aureus (Harder et al., 2001) and is less 
sensitive to the ionic composition of the assay medium. HBD-1 has antibacterial activity 
(Valore et al., 1998), but it is not potent in vitro like HD6. 
 

Defensins Mr (kDa) Tissue distribution Stimuli 

HNP 1-4 3.5-4.5 Sparse lamina propria 
neutrophils in active 
inflammation seen in scattered 
intestinal epithelial cells 

Increased in active 
inflammation but possibly 
a result of increased 
neutrophilic influx 

HD-5, HD-6 3.5-4.5 Paneth cells and some villous 
epithelial cells in normal 
duodenum, jejunum and ileum 
Paneth cell metaplasia 

Constitutively expressed, 
however processing is 
required for biological 
activity 

HBD-1 3.5-4.5 Colonic epithelia (and some 
other mucosal epithelia) 

Constitutively expressed 

HBD-2, -3, -4 3.5-4.5 Colonic epithelia (and some 
other mucosal epithelia) 
Colonic plasma cells 

IL-1α and entero-invasive 
bacteria 

Cryp-4 5.1 Paneth cells Uncertain 

Table 3. Defensins in the gut of human and mouse 

5.1.2 Chemotactic activity 
Various defensins have been reported to have chemotactic activity for monocytes, T cells 
and dendritic cells. In the case of HBD-1 and HBD-2, which attract memory T cells and 
immature dendritic cells, the chemoattractant activity might be due to defensins binding to 
the chemokine receptor CCR6. Although the physiological importance of this interaction has 
not yet been shown, the high concentrations of HBD-2 in inflamed skin make it probable 
that this defensins could compete effectively with the natural CCL20, despite the higher 
affinity of the latter for the CCR6. Recent structural analysis of CCL20 has indicated marked 
similarities to HBD-2 in the putative receptor binding region of CCL20. The role of this 
region in the chemotactic activity of HBD-2 needs to be confirmed by mutating the amino-
acid residues that are suspected to be involved in its interaction with CCR6. Human 
neutrophil defensins HNP1-3 have been reported to be chemotactic for monocytes, naive T 
cells and immature dendritic cells (Territo et al., 1989; Chertov et al., 1996; Yang et al., 1999; 
2000), but a specific receptor has not yet been identified. Mouse β-defensin-2 acted as a 
peptide adjuvant when it was linked to a non-immunogenic tumour antigen (Biragyn et al., 
2002). This immunostimulatory activity was shown to depend on TLR-4 and its ability to 
induce dendritic-cell maturation. It is not yet certain how this receptor can bind with 
mouse β-defensin-2 as well as the many other ligands attributed to it, or whether some of 
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these molecules function as efficient carriers for lipopolysaccharide, the main ligand of 
TLR-4. 

5.1.3 Paneth cell defensins regulate innate immune responses by NOD2 or TLRs 
TLRs which are the major pattern recognition receptors of innate immunity, by recognizing 
pathogen associated molecular patterns, activating the innate immune system to produce 
proinflammatory cytokines and defensins resist damage caused by pathogens (Elphick & 
Mahida, 2005). NOD2 is a new pattern recognition molecule, participating in the anti-
bacterial and anti-invasion effect of host cell by the identification of intracellular bacterial 
components. The absence of NOD2 leads to the disorder of NF-κB, resulting in imbalance of 
cytokine production and defensins secretion disorders. Kobayashi et al. found that the levels 
of two cryptdins expression were significantly reduced when NOD2 gene mutated in mice 
(Kobayashi et al., 2005). NOD2 mutations have impact on Paneth cell α-defensins 
expression, whereas α-defensins are the main effector molecule which Paneth cells play a 
major role in innate immunity. Therefore, intestinal epithelium could regulate the 
expression of defensins secretion to activate and regulate innate immune responses by NOD 
or TLRs through pattern recognition receptors. 

5.1.4 Blocking ACTH activity 
Evidences have demonstrated that some defensins have a role in inhibiting the effects of 
adrenocorticotropic hormone (ACTH) by binding to ACTH receptor (Zhu et al., 1987, 1989; 
Solomon et al., 1991; Tominaga et al., 1990). Although such activity could inhibit the 
production of the immunosuppressive hormone cortisol, and could therefore be useful in 
responding to infections, the physiological role of this in vitro interaction has not yet been 
shown. 

5.1.5 Other activities of defensins 
It has been reported that defensins have the ability to activate nifedipine-sensitive calcium 
channels in mammalian cells (MacLeod et al., 1991; Bateman et al., 1996). The structural 
basis of this effect is not understood. Certain mouse Paneth cell defensins could promote 
chloride secretion, probably by forming channels in the apical membrane of epithelial cells 
(Lencer, et al., 1997; Merlin et al., 2001). This activity is limited to a subset of mouse Paneth 
cell defensins, and its structural basis is not yet known. 

5.2 Defensins in acquired Immunity 
Evidences have demonstrated that α- and β-defensins have chemotactic activities, indicating 
that defensins are involved in attracting T cells recycling and promoting immature dendritic 
cells and monocytes homing to the site of infection. HNP-1 and HNP-2 could enhance 
severe immune deficiency (SCID) mice T cell recycling (Lillard et al., 1999). 
Intraperitoneal administration of human neutrophil peptide (HNP) significantly increased 
the production of keyhole limpet henocyanin (KLH)-specific IgG1, IgG2a and IgG2b 
antibodies 14 days after immunization. These results indicate that defensins function as 
potent immune adjuvants by inducing the production of lymphokines, which promote T 
cell-dependent cellular immunity and antigen-specific Ig production, and that defensins 
appear to act as neutrophil-derived signals that promote adaptive immune responses 
(Tani et al., 2000). 
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is active against many bacterial species and the fungus C. albicans (Porter et al., 1997a; Ghosh 
et al., 2002; Ericksen et al., 2005). Surprisingly, initial reports indicate that HD6 has very 
poor antibacterial activity in vitro, despite similar ionic charge properties as HD5 (Ericksen 
et al., 2005). The most abundant β-defensins, expressed chiefly in the stomach and colon, 
also have bactericidal activity in vitro. HBD-2 is microbicidal against P. aeruginosa, E. coli and 
C. albicans, but less activity against Gram-positive S. aureus (Harder et al., 1997). In contrast, 
the more cationic HBD-3 has activity against S. aureus (Harder et al., 2001) and is less 
sensitive to the ionic composition of the assay medium. HBD-1 has antibacterial activity 
(Valore et al., 1998), but it is not potent in vitro like HD6. 
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inflammation seen in scattered 
intestinal epithelial cells 

Increased in active 
inflammation but possibly 
a result of increased 
neutrophilic influx 

HD-5, HD-6 3.5-4.5 Paneth cells and some villous 
epithelial cells in normal 
duodenum, jejunum and ileum 
Paneth cell metaplasia 

Constitutively expressed, 
however processing is 
required for biological 
activity 

HBD-1 3.5-4.5 Colonic epithelia (and some 
other mucosal epithelia) 

Constitutively expressed 

HBD-2, -3, -4 3.5-4.5 Colonic epithelia (and some 
other mucosal epithelia) 
Colonic plasma cells 

IL-1α and entero-invasive 
bacteria 

Cryp-4 5.1 Paneth cells Uncertain 

Table 3. Defensins in the gut of human and mouse 

5.1.2 Chemotactic activity 
Various defensins have been reported to have chemotactic activity for monocytes, T cells 
and dendritic cells. In the case of HBD-1 and HBD-2, which attract memory T cells and 
immature dendritic cells, the chemoattractant activity might be due to defensins binding to 
the chemokine receptor CCR6. Although the physiological importance of this interaction has 
not yet been shown, the high concentrations of HBD-2 in inflamed skin make it probable 
that this defensins could compete effectively with the natural CCL20, despite the higher 
affinity of the latter for the CCR6. Recent structural analysis of CCL20 has indicated marked 
similarities to HBD-2 in the putative receptor binding region of CCL20. The role of this 
region in the chemotactic activity of HBD-2 needs to be confirmed by mutating the amino-
acid residues that are suspected to be involved in its interaction with CCR6. Human 
neutrophil defensins HNP1-3 have been reported to be chemotactic for monocytes, naive T 
cells and immature dendritic cells (Territo et al., 1989; Chertov et al., 1996; Yang et al., 1999; 
2000), but a specific receptor has not yet been identified. Mouse β-defensin-2 acted as a 
peptide adjuvant when it was linked to a non-immunogenic tumour antigen (Biragyn et al., 
2002). This immunostimulatory activity was shown to depend on TLR-4 and its ability to 
induce dendritic-cell maturation. It is not yet certain how this receptor can bind with 
mouse β-defensin-2 as well as the many other ligands attributed to it, or whether some of 
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these molecules function as efficient carriers for lipopolysaccharide, the main ligand of 
TLR-4. 

5.1.3 Paneth cell defensins regulate innate immune responses by NOD2 or TLRs 
TLRs which are the major pattern recognition receptors of innate immunity, by recognizing 
pathogen associated molecular patterns, activating the innate immune system to produce 
proinflammatory cytokines and defensins resist damage caused by pathogens (Elphick & 
Mahida, 2005). NOD2 is a new pattern recognition molecule, participating in the anti-
bacterial and anti-invasion effect of host cell by the identification of intracellular bacterial 
components. The absence of NOD2 leads to the disorder of NF-κB, resulting in imbalance of 
cytokine production and defensins secretion disorders. Kobayashi et al. found that the levels 
of two cryptdins expression were significantly reduced when NOD2 gene mutated in mice 
(Kobayashi et al., 2005). NOD2 mutations have impact on Paneth cell α-defensins 
expression, whereas α-defensins are the main effector molecule which Paneth cells play a 
major role in innate immunity. Therefore, intestinal epithelium could regulate the 
expression of defensins secretion to activate and regulate innate immune responses by NOD 
or TLRs through pattern recognition receptors. 

5.1.4 Blocking ACTH activity 
Evidences have demonstrated that some defensins have a role in inhibiting the effects of 
adrenocorticotropic hormone (ACTH) by binding to ACTH receptor (Zhu et al., 1987, 1989; 
Solomon et al., 1991; Tominaga et al., 1990). Although such activity could inhibit the 
production of the immunosuppressive hormone cortisol, and could therefore be useful in 
responding to infections, the physiological role of this in vitro interaction has not yet been 
shown. 

5.1.5 Other activities of defensins 
It has been reported that defensins have the ability to activate nifedipine-sensitive calcium 
channels in mammalian cells (MacLeod et al., 1991; Bateman et al., 1996). The structural 
basis of this effect is not understood. Certain mouse Paneth cell defensins could promote 
chloride secretion, probably by forming channels in the apical membrane of epithelial cells 
(Lencer, et al., 1997; Merlin et al., 2001). This activity is limited to a subset of mouse Paneth 
cell defensins, and its structural basis is not yet known. 

5.2 Defensins in acquired Immunity 
Evidences have demonstrated that α- and β-defensins have chemotactic activities, indicating 
that defensins are involved in attracting T cells recycling and promoting immature dendritic 
cells and monocytes homing to the site of infection. HNP-1 and HNP-2 could enhance 
severe immune deficiency (SCID) mice T cell recycling (Lillard et al., 1999). 
Intraperitoneal administration of human neutrophil peptide (HNP) significantly increased 
the production of keyhole limpet henocyanin (KLH)-specific IgG1, IgG2a and IgG2b 
antibodies 14 days after immunization. These results indicate that defensins function as 
potent immune adjuvants by inducing the production of lymphokines, which promote T 
cell-dependent cellular immunity and antigen-specific Ig production, and that defensins 
appear to act as neutrophil-derived signals that promote adaptive immune responses 
(Tani et al., 2000). 
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Increasing data have shown that β-defensins participate in acquired immunization mainly 
by chemotactic induction or direct activation of antigen presenting cells, such as dendritic 
cells, to activate the T cells, resulting in enhanced specific immune response (O'Neil et al., 
1999). Previous study has confirmed that defensins contribute to host defense by disrupting 
the cytoplasmic membrane of microorganisms (Yang et al., 1999, 2000). Human α-defensins 
are also chemotactic for immature dendritic cells and memory T cells. Human α-defensins 
was selectively chemotactic for cells stably transfected to express human CCR6, a chemokine 
receptor preferentially expressed by immature dendritic cells and memory T cells. The α-
defensin-induced chemotaxis is sensitive to pertussis toxin and inhibited by antibodies to 
CCR6. The binding of iodinated LARC, the chemokine ligand for CCR6, to CCR6-
transfected cells was competitively displaced by α-defensins. Thus, α-defensins may 
promote adaptive immune responses by recruiting dendritic and T cells to the site of 
microbial invasion through interaction with CCR6. In addition, defensins are also able to 
activate macrophages via TLR signaling and trigger acquired immune system. Evidence has 
shown that in cooperation with the IL-1 related protein kinase (IRAK), β-defensin-2 as TLR-
4 endogenous ligand could combine with TLR4, leading to NK-κB activation and migration 
to the nucleus to activate cytokine gene transcription, upregulation of costimulatory 
molecules expression and dendritic cells maturation, thereby activate T cells, trigger a 
strong specific immune response (Biragyn et a1., 2002; Means et a1., 2000). 

6. Role of defenins in the pathogenesis of UC 
Inammatory bowel disease (IBD) is chronic, relapsing and debilitating conditions that have 
signicant impact on quality of life. IBD includes two main conditions, UC and Crohn’s 
disease (CD), which are dened based on characteristic endoscopic and histological 
ndings. UC is characterised by supercial inammation limited to the mucosa of the colon. 
In contrast, CD is characterised by discontinuous skip lesions that can occur anywhere in the 
gastro-intestinal tract with transmural inammation and non-caseating granulomas. 
The pathogenesis of IBD is not clearly understood, and its presentation regarding disease 
localization, progression and response to therapies is unpredictable. In the intestinal tract, 
defensins contribute to host immunity and assist in maintaining the balance between 
protection from pathogens and tolerance to normal ora. However, attenuated expression of 
defensins compromises host immunity and hence may alter the balance toward 
inammation. Altered defensins production is suggested to be an integral element in the 
pathogenesis of IBD (Table 4). 
 
Defensins Ulcerative colitis Ileal Crohn’s disease Colonic Crohn’s disease 
HNP 1-4 upregulate (infection) Unknown Unknown 
HD-5, HD-6 Upregulate, Paneth cell 

metaplasia 
Downregulate, especially 
NOD2 mutation paitent 

Upregulate, Paneth cell 
metaplasia 

HBD-1 Downregulate Downregulate Downregulate 
HBD-2, -3 Upregulate (infection) No obvious change No obvious change 
HBD-4 Upregulate No obvious change No obvious change 
Cryp-2 Upregulate Unknown Unknown 
Cryp-4 Unknown Unknown Downregulate 

Table 4. Defensins expression in ulcerative colitis, and colonic and ileal Crohn’s disease 
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6.1 α-defensins in UC 
6.1.1 Paneth cell-derived α-defensins in UC 
α-defensins are highly expressed by Paneth cells (Fig. 1). These cells are located at the 
base of the crypts of Lieberkühn and are distributed from the duodenum to the ileum. 
Their location in the crypts suggests an essential role of protecting the epithelial stem 
cells, located in close proximity. Paneth cells are filled with large apically located granules 
(Fig. 1A) and have ultrastructural hallmarks (an extensive endoplasmic reticulum  
and well-developed Golgi) of prototypical secretory cells. The development of small 
intestine gland is imperfect in newborn BALB/c mice, and no Paneth cells were seen 4 
days before. However, Paneth cells could be detected in small intestine gland 6 days after 
birth (Fig. 1C). In addition to α-defensins, human Paneth cells also secrete lysozyme, Reg 
3γ, and phospholipase A2 (Ouellette & Bevins, 2001). Of these antimicrobials, the α-
defensins are the most abundant. In addition, mouse Paneth cells also express numerous 
cryptdin-related peptides (Fig. 1B) and angiogenin (Ouellette & Bevins, 2001; Hornef et 
al., 2004). 
Numerous data have proven that intestinal luminal microbes play an important role in 
the pathogenesis of IBD (Janowitz et al., 1998; Sartor, 2001; Marteau et al., 2004; Strober et 
al., 2007). NOD2, the aforementioned intracellular peptidoglycan receptor for muramyl 
dipeptide is the first susceptibility gene identified for IBD (Hugot et al., 2001; Ogura et al., 
2001). Mutations in NOD2 are likely responsible for the genetic predisposition to disease 
in approximate one third of patients with CD, especially for ileal disease (Bonen & Cho, 
2003; Hugot 2004). NOD2 is expressed in macrophages and Paneth cells. Since Paneth cell 
antimicrobials may affect the microbial composition of the small intestine, deleterious 
changes in the bacterial microbiota that result from altered Paneth cell function  
might contribute to the pathogenesis of IBD (Ouellette & Bevins, 2001; Fellermann et al., 
2003). 
Wehkamp et al. have reported that low levels of Paneth cell α-defensins mRNA and protein 
are present in inflamed ileum of CD patients as compared to non-IBD controls (Wehkamp et 
al., 2004, 2005). Interestingly, the specific decrease in α-defensins is more pronounced in CD 
patients with NOD2 gene mutation. Consistent with this, Kobayashi et al. reported a 
decrease expression of Paneth cell α-defensins (cryptdin) and cryptdin related sequences in 
NOD2-knockout mice (Kobayashi et al., 2005). As compared to wild-type controls, the 
NOD2-knockout mice are more susceptible to gastric, but not systemic, challenges with the 
Gram-positive bacterium Listeria monocytogenes. The decreased expression of Paneth cell 
antimicrobials in the NOD2-knockout mice is proposed to underlie the increased 
susceptibility. 

6.1.2 α-defensins by colonic Paneth cells 
Evidences have shown that HD-5 and HD-6 are not present in normal colonic mucosa. 
However, Cunliffe et al. detected HD5 in the colonic crypt region of IBD samples (Cunliffe 
et al., 2001). The appearance of these defensins is due to the phenomenon of Paneth cell 
metaplasia during colonic inflammation. HD-5 mRNA expression is enhanced in both 
idiopathic and nonidiopathic inammatory states of the large bowel, whereas HD-6 is 
specically related to CD and UC. Immunohistochemical staining has confirmed that the 
presence of HD-5 in colonic epithelium may be of importance in maintaining the mucosal 
barrier and controlling microbial invasion in IBD (Yamaguchi et al., 2009). 
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Increasing data have shown that β-defensins participate in acquired immunization mainly 
by chemotactic induction or direct activation of antigen presenting cells, such as dendritic 
cells, to activate the T cells, resulting in enhanced specific immune response (O'Neil et al., 
1999). Previous study has confirmed that defensins contribute to host defense by disrupting 
the cytoplasmic membrane of microorganisms (Yang et al., 1999, 2000). Human α-defensins 
are also chemotactic for immature dendritic cells and memory T cells. Human α-defensins 
was selectively chemotactic for cells stably transfected to express human CCR6, a chemokine 
receptor preferentially expressed by immature dendritic cells and memory T cells. The α-
defensin-induced chemotaxis is sensitive to pertussis toxin and inhibited by antibodies to 
CCR6. The binding of iodinated LARC, the chemokine ligand for CCR6, to CCR6-
transfected cells was competitively displaced by α-defensins. Thus, α-defensins may 
promote adaptive immune responses by recruiting dendritic and T cells to the site of 
microbial invasion through interaction with CCR6. In addition, defensins are also able to 
activate macrophages via TLR signaling and trigger acquired immune system. Evidence has 
shown that in cooperation with the IL-1 related protein kinase (IRAK), β-defensin-2 as TLR-
4 endogenous ligand could combine with TLR4, leading to NK-κB activation and migration 
to the nucleus to activate cytokine gene transcription, upregulation of costimulatory 
molecules expression and dendritic cells maturation, thereby activate T cells, trigger a 
strong specific immune response (Biragyn et a1., 2002; Means et a1., 2000). 

6. Role of defenins in the pathogenesis of UC 
Inammatory bowel disease (IBD) is chronic, relapsing and debilitating conditions that have 
signicant impact on quality of life. IBD includes two main conditions, UC and Crohn’s 
disease (CD), which are dened based on characteristic endoscopic and histological 
ndings. UC is characterised by supercial inammation limited to the mucosa of the colon. 
In contrast, CD is characterised by discontinuous skip lesions that can occur anywhere in the 
gastro-intestinal tract with transmural inammation and non-caseating granulomas. 
The pathogenesis of IBD is not clearly understood, and its presentation regarding disease 
localization, progression and response to therapies is unpredictable. In the intestinal tract, 
defensins contribute to host immunity and assist in maintaining the balance between 
protection from pathogens and tolerance to normal ora. However, attenuated expression of 
defensins compromises host immunity and hence may alter the balance toward 
inammation. Altered defensins production is suggested to be an integral element in the 
pathogenesis of IBD (Table 4). 
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6.1 α-defensins in UC 
6.1.1 Paneth cell-derived α-defensins in UC 
α-defensins are highly expressed by Paneth cells (Fig. 1). These cells are located at the 
base of the crypts of Lieberkühn and are distributed from the duodenum to the ileum. 
Their location in the crypts suggests an essential role of protecting the epithelial stem 
cells, located in close proximity. Paneth cells are filled with large apically located granules 
(Fig. 1A) and have ultrastructural hallmarks (an extensive endoplasmic reticulum  
and well-developed Golgi) of prototypical secretory cells. The development of small 
intestine gland is imperfect in newborn BALB/c mice, and no Paneth cells were seen 4 
days before. However, Paneth cells could be detected in small intestine gland 6 days after 
birth (Fig. 1C). In addition to α-defensins, human Paneth cells also secrete lysozyme, Reg 
3γ, and phospholipase A2 (Ouellette & Bevins, 2001). Of these antimicrobials, the α-
defensins are the most abundant. In addition, mouse Paneth cells also express numerous 
cryptdin-related peptides (Fig. 1B) and angiogenin (Ouellette & Bevins, 2001; Hornef et 
al., 2004). 
Numerous data have proven that intestinal luminal microbes play an important role in 
the pathogenesis of IBD (Janowitz et al., 1998; Sartor, 2001; Marteau et al., 2004; Strober et 
al., 2007). NOD2, the aforementioned intracellular peptidoglycan receptor for muramyl 
dipeptide is the first susceptibility gene identified for IBD (Hugot et al., 2001; Ogura et al., 
2001). Mutations in NOD2 are likely responsible for the genetic predisposition to disease 
in approximate one third of patients with CD, especially for ileal disease (Bonen & Cho, 
2003; Hugot 2004). NOD2 is expressed in macrophages and Paneth cells. Since Paneth cell 
antimicrobials may affect the microbial composition of the small intestine, deleterious 
changes in the bacterial microbiota that result from altered Paneth cell function  
might contribute to the pathogenesis of IBD (Ouellette & Bevins, 2001; Fellermann et al., 
2003). 
Wehkamp et al. have reported that low levels of Paneth cell α-defensins mRNA and protein 
are present in inflamed ileum of CD patients as compared to non-IBD controls (Wehkamp et 
al., 2004, 2005). Interestingly, the specific decrease in α-defensins is more pronounced in CD 
patients with NOD2 gene mutation. Consistent with this, Kobayashi et al. reported a 
decrease expression of Paneth cell α-defensins (cryptdin) and cryptdin related sequences in 
NOD2-knockout mice (Kobayashi et al., 2005). As compared to wild-type controls, the 
NOD2-knockout mice are more susceptible to gastric, but not systemic, challenges with the 
Gram-positive bacterium Listeria monocytogenes. The decreased expression of Paneth cell 
antimicrobials in the NOD2-knockout mice is proposed to underlie the increased 
susceptibility. 

6.1.2 α-defensins by colonic Paneth cells 
Evidences have shown that HD-5 and HD-6 are not present in normal colonic mucosa. 
However, Cunliffe et al. detected HD5 in the colonic crypt region of IBD samples (Cunliffe 
et al., 2001). The appearance of these defensins is due to the phenomenon of Paneth cell 
metaplasia during colonic inflammation. HD-5 mRNA expression is enhanced in both 
idiopathic and nonidiopathic inammatory states of the large bowel, whereas HD-6 is 
specically related to CD and UC. Immunohistochemical staining has confirmed that the 
presence of HD-5 in colonic epithelium may be of importance in maintaining the mucosal 
barrier and controlling microbial invasion in IBD (Yamaguchi et al., 2009). 
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Fig. 1. Paneth cell granules contain α-defensins 
A: Hematoxylin-eosin stain of small intestinal crypt shows Paneth cell granules (Bright Red) 
containing α-defensins in ileum of BALB/c mice. Abundant large secretory vesicles of 
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Paneth cells are adjacent to the crypt lumen. Scale bar = 20 μm. 
B: Immunohistochemical staining demonstrates Cryptdins-4 in the granules of Paneth cell in 
the ileum crypts of BALB/c mice. Scale bar = 10 μm. 
C: The Paneth cells in intestine of newborn BALB/c mice. The development of small 
intestine gland is imperfect in newborn BALB/c mice, and no Paneth cells were seen 4 days 
before. However, Paneth cells could be detected in small intestine gland 6 days after birth. 
a: duodenum, 4 days; b: jejunum, 4 days; c: ileum, 4 days; d: duodenum,10 days; e: jejunum, 
10 days; f: ileum, 10 days. Scale bar = 20 μm 
D: Real-time PCR analysis of mRNA encoding Paneth cell α-defensins (HD-5 and HD-6) 
antimicrobial peptides in human ileum. 
E: Immunogold electron microscopy localizes HD5 to Paneth cell secretory granules. 
Transmission electron micrograph of human ileum crypt with immunogold staining for 
HD5. Defensin-rich granules were found exclusively in Paneth cells 

6.1.3 Other α-defensins in the gut 
Human HNP-1, -2, -3, and -4 have been found to be present in the granules of 
polymorphonuclear cells and intestinal epithelial cells, where they participate in systemic 
innate immunity (Cunliffe, 2003). Cunliffe and colleagues have observed that the mRNA 
levels of HNP-1, -2, and -3 are significantly increased in inflamed mucosa of IBD patients 
compared with controls (Cunliffe, 2003), indicating that a-defensins are also involved in the 
pathogenesis of IBD. 
Evidences have shown that expression of HNP-1, -2 and -3 mRNA is highly increased in 
inflamed colon of UC patients than in healthy controls. Further research also proved that the 
expression levels of HNP1-3 mRNA, NO and MDA is significantly higher in colonic mucosa 
of UC patients than in that of normal controls. The expression of HNP-1, -2, and -3 mRNA is 
correlated with the levels of NO and MDA in the inflamed mucosa in UC patients, the 
induction of HNP-1, -2, and -3 is involved in the process of inflammation and damage of 
UC. HNP-1, -2, and -3, NO and MDA might have synergistic effects on colonic inflammation 
(Cunliffe et al., 2002, 2003). These HNPs are also significantly increased in sera of IBD 
patients compared with controls, and being significantly correlated with CD activity index, 
peripheral white blood cell counts, serum CRP values and TNF-α levels (Yamaguchi et al., 
2009). 

6.2 β-defensins in UC 
6.2.1 Inducible β-defensins in UC 
Evidences have shown that expression of the inducible β-defensins is significantly increased 
in inflamed mucosal of UC patients compared with controls. Moreover, HBD-2 expression 
has also been found to be significantly increased in inflamed colon of UC patients compared 
with that in controls and CD patients (Wehkamp et al., 2002). In mucosal biopsies, HBD-1 
expression is marginally decreased in both CD and UC patients, while HBD-2 is increased 
exclusively in UC but not in CD. Interestingly, expression of HBD-3 is found to be strongly 
correlated with HBD-2 in UC (Wehkamp et al., 2003). 

6.2.2 Colonic β-defensins 
It has been reported that epithelial cells and plasma cells in the lamina propria of colon 
express HBD. Importantly, expression of HBD-1 is constitutively, while expression of HBD-
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(Cunliffe et al., 2002, 2003). These HNPs are also significantly increased in sera of IBD 
patients compared with controls, and being significantly correlated with CD activity index, 
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in inflamed mucosal of UC patients compared with controls. Moreover, HBD-2 expression 
has also been found to be significantly increased in inflamed colon of UC patients compared 
with that in controls and CD patients (Wehkamp et al., 2002). In mucosal biopsies, HBD-1 
expression is marginally decreased in both CD and UC patients, while HBD-2 is increased 
exclusively in UC but not in CD. Interestingly, expression of HBD-3 is found to be strongly 
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2, -3, and -4 is induced by various inflammatory and bacterial stimuli. The pathway 
responsible for induction of HBD is not completely understood, however it has been 
presumed that NOD2 signaling is involving in triggering transcription expression of HBD 
genes (Voss et al., 2006). Colonic plasma cells also express HBD-2, -3 and -4, but it is unclear 
whether this expression is constitutive or inducible (Rahman et al., 2007). 
Previous studies have found that colonic mucosa HBD-1 expression is decreased in UC, and 
this reduction may result in the decrease of antibacterial activity of mucosal immune 
system, leading to bacterial invasion secondary inflammatory response. Further studies 
suggest that defensins deficiency is due to mucosal surface destruction as a result of 
inflammatory changes, indicating that reduced defensins expression is a symptom of the 
disease and not the cause (Ramasundara et al., 2009). 
Relative low level of HBD-2 expression is found in epithelial cells of normal colon, but 
significantly increased in inflamed colon (O’Neil et al., 1999). In feces from healthy control 
individuals, low levels of HBD-2 were detectable, which are also markedly increased under 
inflammatory conditions (Kapel et al., 2009). In a study by Wehkamp and associates, HBD-2 
mRNA was detectable in only 18% of control biopsies compared to 34% in CD and 53% in 
UC (Wehkamp et al., 2002). In addition, there was increased HBD-2 expression in inflamed 
compared to non-inflamed areas of CD patients and similarly in UC (Wehkamp et al., 2003). 
O’Neil and colleagues also demonstrated that HBD-2 mRNA was expressed by colonic 
epithelial cells in response to stimulation by proinflammatory mediators IL-1α and entero-
invasive bacteria (O’Neil et al, 1999; Fahlgren et al, 2003). In addition, HBD-3 and HBD-4 are 
expressed minimally in normal intestinal epithelium, and that there was no difference in 
expression for patients with colonic CD. In contrast, there was a significant increase of HBD-
3 and HBD-4 in UC (Fellermann et al., 2006; 2007). 
Overall, HBD-1 is constitutively expressed in normal intestinal epithelial cells and play 
foundational defense roles in the mucosal immune, while HBD-2, -3 and -4 could be 
inducted to express in inflamed mucosa of UC patients and play a defense role in 
inflammation response. 

7. Defensins therapy in UC 
Imbalance of intestinal mucosal immunity is an important condition for the pathogenesis of 
UC, and the defensins is an important factor to maintain the immune response in intestinal 
mucosa. Defensins play an important role in the prevention and treatment of mucosal 
inflammation. Consistent with this, evidences have proven that defensins could inhibit the 
development of neonatal colitis in mice caused by Escherichia coli (Sherman et al., 2005). 
Moreover, defensins also have certain effects on the inhibition of bacterial translocation and 
control of intestinal infection, which may substitute for antibiotics in the prevention of 
bacterial infection and some inflammatory diseases. Therefore, monitoring of defensins will 
help us to evaluate the severity of inflammation (Hiratsuka et al., 1998). A new approach 
using defensins therapy may shed some light on management of infectious and 
inflammatory conditions such as UC. HBD-1-expressing Escherichia coli clone has been 
generated, and defensins protein with biological activity is purified (Cipakova et al., 2004, 
2005). HBD-2 gene was also cloned from the lesions of human condyloma acuminatum, 
and an expression vector was constructed and transformed into Escherichia coli (Fang et 
al., 2002). These approaches may allow us to have a clinical trial in the treatment of UC in 
the future. 
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8. Outlook 
Since innate immune responses in the gut are directed against luminal bacteria, a defect in 
the expression and/or function of defensins could give rise to an increase in frequency and 
severity of intestinal infections. Such a deficiency could lead to gradual bacterial invasion, 
inflammation and a loss of tolerance to gut bacteria. Although this presumes that a 
defensins deficiency is a primary event in the pathogenesis of IBD, it also possible that the 
deficiency is a secondary event, occurring as a consequence of the disease. The pathogenesis 
of UC is not clear, but increasing data have suggested that the abnormalities of intestinal 
mucosal immune system play a decisive role in the occurrence and development, while the 
intestinal defenses play an important role in maintaining the balance of mucosal immune. 
Defensins function as the effective and regulatory molecules of the immune system in the 
gut. Further study on relationship between defenses and UC will be conducive to 
understand the pathogenesis of UC, but also provide new approaches for the treatment. 
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and an expression vector was constructed and transformed into Escherichia coli (Fang et 
al., 2002). These approaches may allow us to have a clinical trial in the treatment of UC in 
the future. 
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1. Introduction 
Ulcerative colitis (UC) is a chronic, relapsing inflammatory bowel disease (IBD) affecting the 
colonic mucosa; it is of unknown etiology (Baumgart & Carding, 2007). UC clinically displays 
bloody diarrhea, abdominal pain and weight loss, and often leads to a severe outcome since 
the therapeutic approaches, including corticosteroid and 5-aminosalicylic acid, are not always 
successful in inducing long-term remission (Baumgart & Sandborn, 2007). Although the 
incidence of UC varies from 1 to 15 per 100,000 population in different locations, it increases 
year by year. Moreover, UC generally acts upon young people, and approximately 30% of 
patients with UC will undergo colectomy in the course of their life-times (Stewenius et al., 
1996). Thus, UC is a serious disease affecting the quality of life for a long period.  
It is now considered that IBD is not a simple inflammatory disease but a rather complicated 
disorder of intestinal components including epithelial cells, immune cells, neural cells, and 
extracellular matrix. Particular types of microbes, environmental factors including sanitary 
conditions and food, and genetic factors are also suggested to be involved (Xavier & Podolsky, 
2007; Kaser et al., 2010;Asakura & Suzuki, 2010). Global approaches are therefore needed to 
reveal the pathogenesis of IBD, and to develop new therapeutic approaches for IBD as well.  
Chemokines have taken great attention since their discovery, because this family of 
chemotactic cytokines is intimately involved in the pathogenesis of many important human 
diseases. Developing new therapeutic approaches targeting several chemokines have been 
tried (Viola & Luster, 2008).  
In this chapter, we will review the role of interferon-γ-inducible protein (IP)-10 (IP-
10/CXCL10) in the colon of normal condition and UC, introducing our recent findings 
about the effect of neutralization of IP-10 on animal models of UC. We also discuss about 
the possibility of clinical application of antagonist therapies targeting IP-10.   

2. Chemokines and chemokine receptors 
Chemokines are small 8-12 kDa proteins with 20 to 70 percent homology in amino acid 
sequence, are relatively resistant to inactivation, and have a long half-life in vivo (Rossi & 
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1. Introduction 
Ulcerative colitis (UC) is a chronic, relapsing inflammatory bowel disease (IBD) affecting the 
colonic mucosa; it is of unknown etiology (Baumgart & Carding, 2007). UC clinically displays 
bloody diarrhea, abdominal pain and weight loss, and often leads to a severe outcome since 
the therapeutic approaches, including corticosteroid and 5-aminosalicylic acid, are not always 
successful in inducing long-term remission (Baumgart & Sandborn, 2007). Although the 
incidence of UC varies from 1 to 15 per 100,000 population in different locations, it increases 
year by year. Moreover, UC generally acts upon young people, and approximately 30% of 
patients with UC will undergo colectomy in the course of their life-times (Stewenius et al., 
1996). Thus, UC is a serious disease affecting the quality of life for a long period.  
It is now considered that IBD is not a simple inflammatory disease but a rather complicated 
disorder of intestinal components including epithelial cells, immune cells, neural cells, and 
extracellular matrix. Particular types of microbes, environmental factors including sanitary 
conditions and food, and genetic factors are also suggested to be involved (Xavier & Podolsky, 
2007; Kaser et al., 2010;Asakura & Suzuki, 2010). Global approaches are therefore needed to 
reveal the pathogenesis of IBD, and to develop new therapeutic approaches for IBD as well.  
Chemokines have taken great attention since their discovery, because this family of 
chemotactic cytokines is intimately involved in the pathogenesis of many important human 
diseases. Developing new therapeutic approaches targeting several chemokines have been 
tried (Viola & Luster, 2008).  
In this chapter, we will review the role of interferon-γ-inducible protein (IP)-10 (IP-
10/CXCL10) in the colon of normal condition and UC, introducing our recent findings 
about the effect of neutralization of IP-10 on animal models of UC. We also discuss about 
the possibility of clinical application of antagonist therapies targeting IP-10.   

2. Chemokines and chemokine receptors 
Chemokines are small 8-12 kDa proteins with 20 to 70 percent homology in amino acid 
sequence, are relatively resistant to inactivation, and have a long half-life in vivo (Rossi & 
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Zlotnik, 2000). They can direct the recruitment and migration of circulating leukocytes and 
play a critical role in the differentiation of secondary lymphoid organs. At present 
approximately 50 chemokines and 20 chemokine receptors are known. The chemokine 
system is characterized by redundancy (Mantovani,1999). A single chemokine can interact 
with several different chemokine receptors and a single chemokine receptor can respond to 
multiple chemokines. No chemokine is uniquely active on one leukocyte population, and 
usually a given leukocyte population has receptors for and responds to different molecules.   
 

 
Fig. 1. Chemokines and chemokine receptors 

Chemokines are classified into four families on the basis of the pattern of the first two of 
four cysteine residues of the ligands (Rossi & Zlotnik, 2000). The CXC family (α chemokine) 
has two cysteine residues separated by a non-cysteine amino acid. The CC family (β 
chemokine) contains two adjacent cysteine residues. The CX3C family (γ chemokine) has 
two cysteine residues separated by three non-cysteine amino acids, whereas the C family (δ 
chemokine) has only one cysteine residue. 
Chemokine receptors are G-protein-coupled receptors possessing a seven transmembrane 
domain that upon binding to calcium influx and activation of several downstream targets 
including the PI3 kinase pathway (Rossi & Zlotnik, 2000). Based on the chemokine class they 
bind, the receptors have been named CXCR1, 2, 3, 4 and 5 (bind CXC chemokines); CCR1 
through CCR10 (bind CC chemokines); XCR1 (binds the C chemokine, Lymphotactin); and 
CX3CR1 (binds the CX3C chemokine, fractalkine or neurotactin). 
Schematically, CXC chemokines are active on polymorphonuclear neutrophis (PMNs) and T 
and B cells. IL-8 is a typical CXC chemokine that acts on PMNs.  An essential structural 
element of CXC chemokine for neutrophil activation is a Glu-Leu-Arg (ELR) motif in the 5’-
structure of the protein. Thus CXC chemokines are divided into two groups; ELR motif 
chemokine and non-ELR motif chemokine.  In contrast, CC chemokines exert their action on 
multiple leukocyte subtypes, including monocytes, basophils, eosinophils, T cells, dendritic 
cells and natural killer (NK) cells, but they are generally inactive on PMNs. The 
representative CC chemokines, eotaxins, are active selectively on eosinophils and basophils. 
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Lymphotactin is a C chemokine, and fractalkine is a CX3C chemokine. They both act on T 
cells and NK cells, and fractalkine is also active on monocytes. 
Thus chemokines facilitate leukocyte migration and positioning to sites of tissue damage as 
well as other process such as angiogenesis and leukocyte degradation (Mackay, 2001). 
Chemokines and their receptors also important in dendritic cell maturation, B and T cell 
development, Th1 and Th2 responses, infections, angiogenesis, wound healing  and tumor 
growth as well as metastasis (Rossi & Zlotnik, 2000).  
Chemokines can be divided into two categories: inducible inflammatory chemokines are 
produced by activated cells and recruit leukocytes in response to physiological stress, 
whereas homeostatic chemokines are constitutively produced and involved in maintaining 
basal leukocyte trafficking as well as the architecture of secondary lymphoid organs (Gerard 
& Rollins, 2001). 
Recent advance of clinical and basic research have revealed that several diseases are 
associated with inappropriate activation of the chemokine-chemokine receptor network, and 
they include cardiovascular disease, allergic inflammatory disease, transplantation, 
neuroinflammation, cancer and HIV-associated disease (Gerard, & Rollins, 2001). 
Unlike cytokines, which have pleiotropic effects, chemokines target specific leukocyte 
subsets and, in some settings, may only attract these cells without activating them. 
Antagonism of a single chemokine ligand or receptor would be expected to have a relatively 
circumscribed effect, thereby endowing the antagonism with a limited side effect profile 
(Gerard & Rollins, 2001; Viola & Luster, 2008; Nishimura et al., 2009). 
 

 
* modified from Viola & Luster, 2008 
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Zlotnik, 2000). They can direct the recruitment and migration of circulating leukocytes and 
play a critical role in the differentiation of secondary lymphoid organs. At present 
approximately 50 chemokines and 20 chemokine receptors are known. The chemokine 
system is characterized by redundancy (Mantovani,1999). A single chemokine can interact 
with several different chemokine receptors and a single chemokine receptor can respond to 
multiple chemokines. No chemokine is uniquely active on one leukocyte population, and 
usually a given leukocyte population has receptors for and responds to different molecules.   
 

 
Fig. 1. Chemokines and chemokine receptors 

Chemokines are classified into four families on the basis of the pattern of the first two of 
four cysteine residues of the ligands (Rossi & Zlotnik, 2000). The CXC family (α chemokine) 
has two cysteine residues separated by a non-cysteine amino acid. The CC family (β 
chemokine) contains two adjacent cysteine residues. The CX3C family (γ chemokine) has 
two cysteine residues separated by three non-cysteine amino acids, whereas the C family (δ 
chemokine) has only one cysteine residue. 
Chemokine receptors are G-protein-coupled receptors possessing a seven transmembrane 
domain that upon binding to calcium influx and activation of several downstream targets 
including the PI3 kinase pathway (Rossi & Zlotnik, 2000). Based on the chemokine class they 
bind, the receptors have been named CXCR1, 2, 3, 4 and 5 (bind CXC chemokines); CCR1 
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and B cells. IL-8 is a typical CXC chemokine that acts on PMNs.  An essential structural 
element of CXC chemokine for neutrophil activation is a Glu-Leu-Arg (ELR) motif in the 5’-
structure of the protein. Thus CXC chemokines are divided into two groups; ELR motif 
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Lymphotactin is a C chemokine, and fractalkine is a CX3C chemokine. They both act on T 
cells and NK cells, and fractalkine is also active on monocytes. 
Thus chemokines facilitate leukocyte migration and positioning to sites of tissue damage as 
well as other process such as angiogenesis and leukocyte degradation (Mackay, 2001). 
Chemokines and their receptors also important in dendritic cell maturation, B and T cell 
development, Th1 and Th2 responses, infections, angiogenesis, wound healing  and tumor 
growth as well as metastasis (Rossi & Zlotnik, 2000).  
Chemokines can be divided into two categories: inducible inflammatory chemokines are 
produced by activated cells and recruit leukocytes in response to physiological stress, 
whereas homeostatic chemokines are constitutively produced and involved in maintaining 
basal leukocyte trafficking as well as the architecture of secondary lymphoid organs (Gerard 
& Rollins, 2001). 
Recent advance of clinical and basic research have revealed that several diseases are 
associated with inappropriate activation of the chemokine-chemokine receptor network, and 
they include cardiovascular disease, allergic inflammatory disease, transplantation, 
neuroinflammation, cancer and HIV-associated disease (Gerard, & Rollins, 2001). 
Unlike cytokines, which have pleiotropic effects, chemokines target specific leukocyte 
subsets and, in some settings, may only attract these cells without activating them. 
Antagonism of a single chemokine ligand or receptor would be expected to have a relatively 
circumscribed effect, thereby endowing the antagonism with a limited side effect profile 
(Gerard & Rollins, 2001; Viola & Luster, 2008; Nishimura et al., 2009). 
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IFN-β, IFN-γ, or LPS and in T cells by antigen activation.  
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Dufour et al. have generated mice deficient in IP-10 by targeted gene deletion mutagenesis 
(Dufour et al., 2002). IP-10-/- mice showed no overt developmental or morphological 
abnormalities, and fertile. Immunophenotyping of leukocyte subsets were similar between 
wild-type and IP-10-/- mice. In contrast, immunological analysis revealed a role for IP-10 in 
both the generation of effector T cells and their delivery to sites of tissue inflammation. 
Although described above chemokines and chemokine receptors are redundant in their 
action on target cells (Mantovani, 1999), IP-10 is somewhat atypical, in that it specifically 
activates a single receptor, CXCR3 (Loetscher et al., 1996).  While CXCR3 binds two other 
interferon-γ-induced, angiostatic CXC chemokines: monokine induced by interferon-γ 
(Mig:CXCL9) and interferon-inducible T cell α chemoattractant (I-TAC; CXCL11) (Loetscher 
et al, 1996; Cole et al.,1998), it is becoming clear that they exhibit unique expression patterns 
in vivo, and several data support the concept that these three chemokines may have 
nonredundant function in vivo (Dufour et al., 2002; Khan et al, 2000).  Crystal structures of 
IP-10 revealed that IP-10 ‘s action may involve oligomerization of the protein, and that IP-10 
shares the ability to bind to cell surface glycosaminoglycan (GAGs) with most, if not all, 
chemokines (Swaminathan et al.,2003; Luster et al., 1995). Chemokine-GAG interactions can 
promote chemokine oligomerization (Hoogewerf et al., 1997)), and the formation of 
immobilized chemokine gradients (Tanaka et al.,1993) , which are likely to be important for 
chemokine action. 
It has been reported that the expression of IP-10 was elevated in several diseases such as UC 
(Uguccioni et al., 1999), hepatitis (Narumi et al, 1998), multiple slcerosis (Sorensen et al., 
2002), and Sjoegren’s syndrome (Ogawa et al., 2002), suggesting the involvement of IP-10 in 
the development of these diseases. 

4. IP-10 and other chemokines in ulcerative colitis 
UC is a chronic relapsing disease of unknown etiology with a prominent leukocyte infiltrate, 
which is confined to the mucosa and submucosa of the colon and contributes largely to the 
tissue damage (Baumgart & Carding, 2007; Xavier & Podolsky, 2007). The disease usually 
involves the rectum and extends proximally to involve all or part of the colon (Baumgart & 
Sandborn, 2007). Proximal spread occurs in continuity without areas of uninvolved mucosa. 
The affected regions exhibit a mixture of acute and chronic inflammatory aspects 
accompanied by massive infiltration of macrophages, neutrophils, eosinophils, T cells, and 
plasma cells. The neutrophils invade the epithelium, usually in the crypts, giving rise to 
cryptitis and, ultimately, to crypt abscess. The following two major histological findings 
suggest chronicity of UC (Friedman & Blumberg, 2010). The first is basal plasma cytosis; 
multiple basal lymphoid aggregates are observed in some patients. The second is the 
distorted crypt architecture of the colon; crypts may be bifid and reduced in number, often 
with a gap between the crypt bases and the muscularis mucosae. The immune system seems 
to be shifted to atypical Th2 dominance, with coexistence of Th1 response. 
The recruitment and activation of leukocytes in inflamed tissues is a complex process driven 
by chemokines and possibly other attractants that induces cell adhesion and locomotion 
(Luster, 1998). Chemokines may play a central role in UC because chemokines are relatively 
resitant to inactivation in vivo, compared with other chemoattractants such as leukotriene 
B4, N-formyl-methionyl-leucyl-phenylalanin, and peptide activating factor, which have 
shorter half-lives (MacDermott et al., 1998). Furthermore, chemokines are produced by a 
wide variety of different cell types after stimulation by proinflammatory cytokines. The 
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ability of chemokines to activate cells to produce destructive molecules also makes them 
excellent candidates to be involved in the perpetuation of UC (MacDermott et al., 1998). 
 

 
Fig. 2. Histological features and endoscopic findings of ulcerative colitis 

Studies have demonstrated that IL-8, MCP-1, and ENA-78 are highly expressed in the 
intestinal mucosa in areas of UC as well as Crohn disease. Neutrophils and macrophages in 
the inflamed intestine synthesize and secrete large amounts of chemokines in patients with 
UC. Increased chemokine expression has also been observed in colonic epithelial cells, 
endothelial cells and smooth muscle cells (MacDermott, 1999). 
Several studies have reported increased expression of IP-10 in the mucosa of patients with 
UC and pouchitis (Uguccioni, 1999; Helwig, 2004; Autschbach, 2002; Grimm & Doe, 1996). 
However, there is a controversy about the source of IP-10 in the colonic mucosa; whether 
epithelial cells or immune cells. Generally, IP-10 is secreted by neutrophils, monocytes, 
fibroblasts, keratinocytes, dendritic cells, and epithelial cells. Dwinell et al. and Shibahara et 
al. have reported that human intestinal epithelial cell lines produce chemoattractants 
including IP-10 for IEL, and such chemokine production is regulated by proinflammatory 
cytokines such as IFN-γ (Dwinell et al., 2001, Shibahara et al., 2001). Intestinal subepithelial 
myofibroblasts have been also reported to produce IP-10 (Inatomi et al., 2005). 

5. IP-10 in animal models of IBD 
Mechanistic studies of IBD are difficult to perform in humans, hence animal models have 
been developed to analyse and develop new therapeutic approaches. 
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Dufour et al. have generated mice deficient in IP-10 by targeted gene deletion mutagenesis 
(Dufour et al., 2002). IP-10-/- mice showed no overt developmental or morphological 
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ability of chemokines to activate cells to produce destructive molecules also makes them 
excellent candidates to be involved in the perpetuation of UC (MacDermott et al., 1998). 
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IL-10-/- mice spontaneously develop colitis at ~ 3 months of age (Kuhn et al., 1993). This 
murine disease is similar to that seen in human Crohn disease with small intestine and colon 
disease localization, chronic mucosal inflammation, alterations in mucosal architecture, 
bowel-wall thickening, and a chronic progressive disease course. However, this murine 
model differs from human Crohn disease, because colitis in IL-10-/- mice does not yield focal 
granulomatous, or transmural inflammation. 
Singh et al. administered rabbit anti-IP-10 polyclonal IgG antibody to IL-10-/- mice by i.p. 
injection every 3 days at the onset of asymptomatic colitis (Singh, U.P. et al., 2003). They 
monitored serum amyloid A protein and IL-6 levels every other week, and determined the 
onset.  mRNA expression analysis shows upregulated IP-10 and CXCR3 in the inflamed colon 
of IL-10-/- mouse, while IP-10 is predominantly expressed in the mesenteric lymph nodes 
(MLNs). Neutralization of IP-10 ameliorated the severity of colitis along with decrease of SAA 
and several inflammatory cytokines. In their additional report, they showed that IP-10 is 
largely produced by CD4+ T cells in the mesenteric lymph nodes and lamina propria during 
colitis, and that IP-10 blockade decreased the number of CD4+ CXCL10+ cells in MLNs and 
lamina propria of IL10-/- mice (Singh et al., 2007).  These results suggest intestinal 
inflammation is driven by the presence of CD4+ CXCR3+ T cells and cells that produce IP-10. 
In confirmation, Hyun et al. have shown that anti-IP-10 antibody treatment can mitigate 
colitis in IL-10-/- mice through decreased trafficking of Th1 cells (Hyun et al, 2007) , with 
administration of  hamster antimurine CXCL10 monoclonal antibody (1F11).  They also 
revealed that CXCL10 blockade specifically decreased recruitment of transferred Th1 cells 
into MLNs and colon of IL-10-/- mice.  These data suggest that IP-10/CXCL10 plays a dual 
role in colitis development by enhancing Th1 cell generation in inductive sites (MLNs) and 
promoting effector cell recruitment to inflamed tissue (effector sites; colon).  

6. Our recent findings about IP-10 
IBD consists of two major forms: UC and Crohn disease. Crohn disease is suggested to be 
mediated by Th1/Th17-associated cytokines such as IL-23, IL-12, IL-17, and IFN-γ that are 
overproduced by macrophages and Th1/Th17 cells of the intestine (Strober & Fuss, 2011). 
Th17 cells are important in host defense against bacterial and fungal infections, in particular 
at mucosal surfaces (Ouyang, W. et al., 2008). Among many IBD animal models, colitis 
observed in both IL-10-/- mice and Rag2-/- mice reconstituted with CD4+CD45RBhighT cells 
has been characterized as a Th1/Th17-dependent disease, mimicking Crohn disease. 
In contrast, Th2-cytokines have been linked to UC, and UC is regarded as an atypical Th2 
disease with coexistence of Th1 type (Strober & Fuss, 2011). Okayasu et al. have reported a 
murine colitis model induced by administration of dextran sulphate sodium (DSS) as a 
model for UC (Okayasu et al., 1990). Additionally, we have esatablished a new chronic 
colitis using murine AIDS virus, which we termed MAIDS colitis, as a UC model (Suzuki et 
al.,1997).                      
Thus, to reveal the involvement of IP-10 in pathophysiology of UC, these two animal 
models; DSS colitis and MAIDS colitis, are ideal for mechanistic study using neutralizing 
anti-IP-10 antibody. 

6.1 Blockade of IP-10 ameliorated acute colitis and enhances crypt cell survival 
We have revealed that the endogenously produced chemokine IP-10 regulates crypt cell 
proliferation (Sasaki et al., 2002). IP-10 was constitutively expressed by basal crypts in 
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normal mouse colon, but the expression of IP-10 as well as CXCR3 was enhanced in the 
proliferative zone during acute phase of the colitis after oral administration of DSS. 
Neutralization of IP-10 with mouse monoclonal anti-IP-10 antibody protected mice from 
epithelial ulceration by promoting crypt cell survival without evidence of altered immune 
cell infiltration. Furthermore, recombinant IP-10 administration into normal mice inhibited 
intestinal epithelial cell proliferation. These findings suggest that IP-10 negatively regulates 
crypt cell growth to maintain intestinal homeostasis in an acute DSS colitis by enhancing 
crypt cell survival. 
Besides colonic crypt epithelial cells, IP-10 is also active on non-leukocytes/T cells such as 
endothelial cells and fibroblasts. Campanella et al. have recently reported that IP-10 can 
inhibit endothelial proliferation through a CXCR3-independent mechanism (Campanella et 
al., 2010). They speculate that the ability of IP-10 to inhibit endothelial  cell proliferation is 
more associated with its binding to glycosaminoglycans than its binding to CXCR3. 
We should further reveal the exact molecular mechanism how IP-10 could down regulate 
crypt cell proliferation. 

6.2 Blockade of IP-10 ameliorated pancreatitis-like injury of mice with MAIDS   
The LP-BM5 murine leukemia virus (MuLV) is a retrovirus that is known to induce 
profound immunodeficiency with splenomegaly and generalized lymphadenopathy in 
susceptible strains of mice, and occasionally brings about lymphoid malignancy (Mosier et 
al., 1985). Resembling the severe immunodeficiency with human acquired 
immunodeficiency syndrome (AIDS), the virus-infected mice have been studied as a mouse 
model of AIDS, termed murine AIDS (MAIDS) (Jolicoeur 1991). Based on the findings that 
systemic exocrinopathy resembling Sjoegren’s syndrome was induced in salivary glands 
and lacrimal glands as well as in the pancreas, we proposed that MAIDS mice could be an 
animal model for Sjoegren’s syndrome as well as AIDS (Suzuki et al., 1993). The pancreas-
infiltrating cells comprise both Th1 and Th2 type CD4+ T cells, although with a 
predominance of Th2 over Th1. Thus, the pancreatic lesions of MAIDS mice have some 
similarities to autoimmune-related chronic pancreatitis, especially the lesions associated 
with Sjoegren’s syndrome (Watanabe et al., 2003). 
We administered anti-IP-10 monoclonal antibody to MAIDS mice, and showed that anti-IP-
10 administration ameliorated the pancreatic lesions  by blocking the cellular infiltration of 
CD4+ T cells and IFN-γ+ Mac-1+ cells into the pancreas (Kawauchi et al., 2006).  

6.3 Blockade of IP-10 ameliorated MAIDS colitis 
Systemic exocrinopathy resembling Sjoegren’s syndrome and autoimmune pancreatitis-like 
pancreatic lesions were induced in mice with MAIDS, but colitis was not observed in 
MAIDS mice (Suzuki et al., 1993). In contrast, nude mice inoculated with lymph node cells 
from mice with MAIDS developed chronic inflammatory bowel disease-like colitis, which 
we termed MAIDS colitis (Suzuki et al., 1997). The precise mechanism of pathogenesis of the 
colitis remains largely unknown, however, regulatory T cells (Treg) deficiency might play a 
role in its development because there are some reports of colitis modulated by Treg (Izcue et 
al., 2006). We demonstrated that the pathological lesions of MAIDS colitis resembled 
ulcerative colitis and that the major populations of colon-infiltrating cells in MAIDS colitis 
were Mac1+ macrophages and CD4+ T cells with polarized immune responses toward Th2 
(Suriki et al., 2000). Thus, MAIDS colitis could serve as an animal model for UC. 
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normal mouse colon, but the expression of IP-10 as well as CXCR3 was enhanced in the 
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animal model for Sjoegren’s syndrome as well as AIDS (Suzuki et al., 1993). The pancreas-
infiltrating cells comprise both Th1 and Th2 type CD4+ T cells, although with a 
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Using our MAIDS colitis, we examined the effect of IP-10 blockade (Suzuki et al., 2007). 
Anti-IP-10 antibody treatment reduced the number of colon infiltrating cells when 
compared to those mice given a control antibody. The treatment made the length of the 
crypt of the colon greater than control antibody. The number of Ki67+ proliferating epithelial 
cells was increased by the anti-IP-10 antibody treatment. Terminal deoxynucleotidyl 
transferase-mediated dUTP nick-end labelling (TUNEL)+ apoptotic cells were observed in 
the epithelial cells of the luminal tops of crypts in control MAIDS colitis, whereas TUNEL+ 
apoptotic epithelial cells were rarely observed with anti-IP-10 antibody treatment. In 
summary, blockade of IP-10 attenuated MAIDS colitis through blocking cellular trafficking 
and protecting intestinal epithelial cells, suggesting that IP-10 plays a key role in the 
development of UC as well as in chronic MAIDS colitis. 

6.4 Our hypothesis of the role of IP-10 in UC, and theoretical therapeutic approach 
From our research findings about blockade of IP-10 for UC animal models, we propose the 
hypothesis of the role of IP-10 in UC as follows (Fig. 3.). 
In normal condition, naive T cells are activated by dendritic cells through IP-10 in 
mesenteric lymph nodes (inductive site) where they immediately express CXCR3 and 
differentiate into Th1 effector cells. IP-10 is constitutively expressed in normal colon, and 
promotes colonic recruitment of Th1 cells from blood vessels (Fig. 3a). Colonic epithelial cell 
regeneration and proliferation are regulated by a net balance between positive regulating 
factors and negative regulating factors (Podolsky, 1999). Several growth factors such as 
epidermal growth factor (EGF), keratinocyte growth factor (KGF), and hepatocyte growth 
factor (HGF) are typical positive regulating factors for intestinal epithelial proliferation and 
regeneration. They are secreted from both the local epithelial cells and the mesenchymal 
cells. In contrast, TGF-β is a typical negative regulator which inhibit proliferation of 
intestinal epithelial cells.  Additionally, as we described above, we found that IP-10 is 
another negative regulator of crypt epithelial proliferation (Sasaki et al., 2002). In normal 
intestine, the net balance between these two factors is well balanced, and normal intestinal 
epithelial renewing is maintained (Fig. 3a). 
In UC, IP-10 production is increased in both the mesenteric lymph nodes and the diseased 
colon, and more Th1 cells are differentiated and recruited into the effector site of colon (Fig. 
3b). In the colon of patients with UC, IP-10, a negative regulator for epithelial proliferation, 
is relatively over produced against positive regulators such as HGF (Fig. 3b). We have 
reported previously that intrinsic HGF is over produced in the colon of mice with DSS colitis 
(Hanawa, et al., 2006). In UC, net balance between positive and negative regulators are 
shifted toward negative ones, and colonic epithelial proliferation and regeneration are 
inhibited (Fig. 3b). 
Thus IP-10 plays two roles in the pathophysiology of UC: First, IP-10 is a chemokine 
which differentiates naive T cells into Th1 cells, and recruits them into the inflamed colon. 
Second, it is a negative regulator for intestinal epithelial proliferation and regeneration 
(Fig. 3b). 
Therefore, theoretically, blocking IP-10 is an ideal therapeutic approach for UC as we 
reported using two mouse models (Sasaki et al., 2002; Suzuki et al., 2007). 
We think that blockade of IP-10 promotes crypt epithelial cell proliferation and regeneration 
as well as inhibiting differentiation of Th1 cells and their trafficking into the diseased colon 
(Fig. 3c). 
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Fig. 3. Our hypothesis of the role of IP-10 in UC, and IP-10 blockade for UC therapy 

CXCR3 is a receptor for IP-10, and IP-10/CXCR3 axis plays a critical role in pathophysiology 
in several diseases including IBD (Singh et al., 2007; Groom & Luster, 2011). 
Several clinical trials using CXCR 3 antagonists are now under investigation for psoriasis, 
rheumatoid arthritis, and nephritis (Singh et al., 2007).  
CXCR3 respond not only for IP-10, but also for Mig and I-TAC. In addition, IP-10 exerts its 
effects through at least two systems such as CXCR3 and CXCR3-independent mechanism 
(Campanella et al., 2010).  
Therefore, we think that blockade of IP-10 using anti-human-IP-10 monoclonal antibody is a 
realistic strategy for the development of a new therapy targeting IP-10 for UC.    

7. Application of antagonist therapies targeting IP-10 for UC  
Chemokine and chemokine receptors are central to the inflammatory process and are 
attractive therapeutic targets. Several approaches are being pursued simultaneously, 
including antibodies to chemokines or their receptors, small molecule inhibitors of 
chemokine receptors modified chemokine antagonists, and inhibitors of chemokine 
presentation or higher-order structure (Viola & Luster, 2008). Schall and Proudfoot propose 
that inappropriate target selection and ineffective dosing, not the ‘redundancy’ of the 
chemokine system, are the main barriers to the use of chemokine receptor antagonists as 
anti-inflammatory therapies (Schall & Proudfoot, 2011).  
Recently, Phase 2, multi-dose, double-blind, placebo-controlled, randomized, multicenter 
study of MDX-1100 (anti-CXCL10 human monoclonal antibody) has been completed for 
patients with moderately-to-severely active UC (ClinicalTrials.gov  Web;  
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We are looking forward to seeing all the data about this proof-of-concept study. 

8. Conclusion 
As shown in this review, several important clinical and experimental data suggest that IP-10 
plays a critical role in the pathophysiology in UC, and it is an attractive therapeutic target. 
IP-10 is unique not only for its chemoattractant feature for activated Th1 cells, but also for its 
negative regulator activity for crypt epithelial cell cycle. Regulation of IP-10 could become a 
novel therapeutic approach for UC, which has both anti-inflammatory feature and 
facilitating ability of crypt epithelial cell regeneration. 
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1. Introduction 
Ulcerative colitis (UC) is a chronic relapsing disease which runs a rather unpredictable 
clinical course. It usually starts in the 2nd or 3rd decade of life and is associated with an 
increased risk of bowel cancer. Unlike Crohn’s disease, there is a relative paucity of basic 
science research as to the molecular determinants that govern mucosal inflammation and 
subsequent risk of developing colon cancer.  Genetic linkage studies in inflammatory bowel 
disease (IBD) traditionally have focussed on candidate genes and haplotypes in at risk 
individuals but emerging evidence would also suggest the importance of epigenetics. 
Epigenetics is the heritable alteration in gene expression but without alteration in DNA 
sequence. Consequently the human epigenomic project has now been established. In this 
chapter we will discuss emerging epigenetic changes in UC and also newer molecular 
targets that have come to the fore such as telomere dysfunction which, may be used as 
putative biomarkers. 
One of the more common epigenetic alterations includes DNA methylation of the gene 
promoter. Much work has focussed on colon cancer but our group and others have 
identified gene promoter DNA hypermethylation in individuals with UC. Critically these 
epigenetic markings affect key tumour suppressor genes which, are then silenced as a result 
of hypermethylation. This therefore may be a potential pathway by which those with UC 
develop colon cancer and will be explored in further detail in this chapter.  
Similarly telomere dysfunction has been well studied in colon cancer and the ageing 
population but lacking in those with UC. Telomeres are the end of chromosomes and are 
long at birth but get shorter with age. At a critical length the telomere signals the end of a 
cell’s life (apoptosis) but some cells can escape death and instead become neoplastic. There 
is reduction in telomerase enzyme (key regulator in telomere length) in UC as well as 
alteration in key telomere binding proteins (TBP). One such protein is TRF2 which is a 
protein that helps protect telomeres from degrading with age and inflammation thus 
delaying the inevitable changes described earlier. Patients with ulcerative colitis appear to 
have a shortage of this protein and the longer the duration of the disease the less the protein. 
There is also a suggestion that it may also be altered with therapy (immune-modulating) drugs 
used to treat UC. TRF2 may yet provide a candidate protein for a biomarker which we will 
discuss together with the role of other TBPs and its relationship with UC disease activity.  
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This chapter will cover in detail a literature review and summary of current and developing 
work in our lab and others using the headings outlined below: 

2. Epigenetics 
Epigenetic alterations are heritable alterations in gene expression not mediated by alteration 
in DNA sequence i.e. the message is altered but not the gene itself [Jaenisch et al 2003]. Such 
changes include DNA methylation and are among the most common molecular alterations 
in human cancers including colorectal cancer. Other epigenetic changes include histone 
acytelation and protein ubuiquitination. For the purpose of this chapter we will concentrate 
on DNA methylation as it is the most common epigenetic marking and has demonstrable 
changes in UC. 
DNA methylation involves the addition of a methyl group to the carbon-5 position of 
cytosine residues and is the only common covalent modification of human DNA. It occurs 
almost exclusively at cytosines that are followed immediately by guanine (CpG 
dinucleotides). The majority of the genome displays a depletion of CpG dinucleotides and 
those that are present are nearly always methylated. Conversely, small stretches of DNA 
known as CpG islands (usually located within the promoter regions of human genes), whilst 
rich in CpG dinucleotides, are nearly always free of methylation. Methylation of CpGs 
within these islands are associated with transcriptional inactivation of the corresponding 
gene, which, appears to be tissue specific. In colon cancer (CRC) for example, aberrant 
methylation resulting in gene silencing can occur in important tumour suppressor genes 
such as p16INK4a [Merlo et al 1995]. Both genomic DNA hypomethylation as well as gene 
specific (promoter) hypermethylation have been observed in CRC. DNA methylation is vital 
in controlling gene transcription through histone modification. Such conformational 
changes can induce either activation through acetylation for example or repression due to 
methylation of a histone residue – Figure 1. 
Although the methylation profile within the human genome is as yet undetermined, it is 
estimated that 70% of CpG dinucleotides are methylated in mammals. Hypermethylation in 
gene promoter regions are associated with transcriptional silencing which is at least as 
common as inactivation of tumour suppressor genes through DNA mutations [Jones et al 
2002]. Aberrant hypermethylation is thought to be an early event in CRC as it is detectable 
in early precursor lesions e.g. Aberrant Crypt Foci (ACF). Such aberrant changes can occur 
in chronically inflamed tissue which, if involves key tumour suppressor genes may have 
deleterious effects.  

2.1 Age related DNA methylation   
Genomic loss of methylation has been known to occur with ageing. This phenomenon has 
yet to be shown in the normal ageing colon until recently [Arasaradnam 2007]. Most of the 
attention surrounding DNA methylation has been centred on gene specific methylation. In 
the colon, age related methylation accounts for 70% of aberrant gene specific methylation 
events. This process is thought to be a non-stochastic i.e. predictable event and is tissue 
specific. For example, methylation of the ESR1 (tumour suppressor gene) promoter has been 
shown to increase with age in normal human colon and is present also in adenomas thus 
supporting the idea that epigenetic gene silencing is an early event [Issa et al 1994]. Thus it is 
apparent that methylation homeostasis is perturbed with ageing but it is not known if 
ageing is accelerated as a result of if there are consequential effects on other factors such as 
telomere attrition for example (discussed later).  
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Fig. 1. A stretch of genomic DNA in normal and malignant cell. The white pins denote 
unmethylated CpG sites within the promoter region of normal cells which become 
methylated (red pins) during malignant transformation. Conversely, globally the remaining 
CpG dinucleotides are methylated in the normal cell (red pins) and unmethylated in 
malignancy (white pin). The nucleosome (DNA and histones) shown as grey ovals depicts 
the open and closed formation which affects gene transcription either through acetylation 
(green dots) which results in activation or repression due to methylation of certain histone 
residues (pink dots) 

In the aged, as with chronic inflammation (e.g. ulcerative colitis), a critical threshold of 
random accumulation of somatic mutations is thought to be reached leading to the 
development of cancer. However it is more likely due to a combination of effects such as 
cumulative mutational load, epigenetic gene silencing, telomere dysfunction and even 
altered stromal environment [dePinho, 2000]. The perceived key genes regulating this 
process have been studied but with inconsistent results.  

2.2 Influence of dietary factors on DNA methylation 
Epigenetic changes such as DNA methylation are potentially reversible and gene expression 
can be re-established. The active ingredient in Green Tea (EGCG) provides a good example 
of reversal of aberrant methylation with a dietary food component reaffirming the role of 
diet in cancer prevention. The concept of dietary intervention gained further momentum 
following evidence in animal models and epidemiological studies in humans showing that 
folate status can modulate risk of development of colorectal adenoma and cancer. The role 
of folate in UC is discussed further in section 2.3.1. For detailed review on mechanisms of 
diet influencing epigenetics specifically colorectal carcinogenesis please see reference 
[Arasaradnam et al 2008].  
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2.3 DNA methylation in UC 
Altered DNA methyl transferase (DNMT) activity, histone modification and exogenous 
insults such as diet have been postulated to result in genomic DNA methylation but their 
relative importance in human colonic disease is not well understood (Wilson et al. 2007). 
Apart from folate, little is known if environmental factors or lifestyle factors for example 
smoking patterns, alcohol consumption and diet could influence genomic DNA 
methylation. Furthermore, it would also be important to determine genomic DNA 
methylation in other colonic disease groups – chronic mucosal inflammation, including 
those which predispose to increased risk of CRC e.g. ulcerative colitis. 

2.3.1 DNA global methylation 
UC is a chronic inflammatory condition with an increased risk of developing CRC (Crohn, 
Ginzburg et al. 1984; Ransohoff 1988) especially in those diagnosed at a younger age and 
with greater extent of disease (Ekbom et al. 1990). Genomic instability has been proposed as 
a likely explanation for the observed UC associated CRC risk. Examples of molecular 
determinants used to assess risk in UC include cellular proliferation, genomic DNA 
methylation (Gloria et al. 1996, Arasaradnam et al 2010) and microsatellite instability 
(Tahara, Inoue et al. 2005) amongst others.   
We have shown that using tritium labelled experiments, 3[H] dCTP incorporation into DNA 
was lower in UC patients compared to age and sex matched controls (Arasaradnam et al 
2010). In other words, there was relative genomic hypermethylation in UC subjects 
compared with healthy controls. This finding is in contrast with the only other report a 
decade ago of genomic hypomethylation in UC patients (Gloria et al. 1996). Here the authors 
report genomic hypomethylation in 26 patients with UC compared to 11 controls using the 
methyl acceptance assay. This assay has several limitations (indirect, semi-quantitative and 
prone to false positives due to damaged DNA templates) (Pufulete et al. 2005). They also 
speculate that low levels of S-Adenosyl Methionine (SAM); universal methyl donor in active 
UC coupled by increased cell proliferation may impair DNA methylation status. Conversely 
we have shown that although folate status was lower in UC subjects, it was still within the 
normal reference range. Apart from the different methods employed to quantify genomic 
DNA methylation, the other significant difference was in the proportion of UC patients with 
active disease. The SCAI is a validated scoring system used to identify patients that have 
relapsed after being in remission (Walmsley et al. 1998) . Of note in our study, 5 patients 
(20%) had active disease as opposed to 12 (50%) in the study by Gloria et al - this is likely to 
be an important contributory factor especially as rectal mucosal cells have been shown to 
undergo increased cellular proliferation (Gloria et al. 1996) when disease is active and hence 
incur greater DNA damage. Interestingly, no association was seen with age at diagnosis, 
duration of disease and number of flares with genomic DNA methylation.  
Although red cell folate levels of UC patients in our study were lower than controls, it was 
within normal limits. Previous work (Spiers A et al unpublished) has shown good 
correlation between red cell folate status and mucosal folate levels. Lower levels of folate 
have been attributed to variation in dietary intake, interaction with certain medications 
(sulphapyridines) and increased cell proliferation (Biasco 2005). The normal folate level and 
relative hypermethylation profile in UC patients (mainly quiescent/ mild disease and with 
significantly lower total leucocyte count than controls) may be a consequence of lower rectal 
cell proliferation and increased cell renewal hence altering the genomic DNA methylation 
profile favourably. A further novel finding is that almost 16% of variability in genomic DNA 
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methylation between UC subjects and controls could be explained by BMI alone 
(Arasaradnam 2007). Thus lower BMI is associated with genomic hypermethylation which 
provides support for existing evidence of increasing body fatness being associated with 
increased colon cancer risk (Friedenreich et al. 2006). 
The lower folate status and relative genomic hypermethylation observed in UC subjects 
corroborate a recent report showing a protective effect of low folate status on risk of CRC 
(Van Guelpen et al. 2006). The biological role of folate and DNA methylation in UC is not as 
clear as initially thought and the question of its protective role against CRC, if any, remains 
unclear (Arasaradnam 2010).  

2.3.2 Gene specific methylation in UC 
Epigenetic studies especially in colon carcinogenesis have focussed mainly on gene specific 
methylation. This is not remarkable as gene specific hypermethylation can result in reduced 
gene expression/ silencing with consequent detriment to the colonocyte, particularly, if key 
genes such as tumour suppressor genes (APC, p53, p16INK4a, p14ARF and ESR-1) are involved 
(Issa et al. 1994; Merlo et al. 1995; Esteller 2002). Indeed, most genes hypermethylated in 
tumours originate from the gastrointestinal tract – oesophagus, stomach and colon with 
significantly less reported in other tumour types e.g. ovarian (Esteller et al. 2001). CpG island 
methylation affects several genes including tumour suppressor genes (p16INK4a, p14ARF, APC, 
p53), silencing of DNA mismatch repair genes (hMLH1, O6-MGMT), possible loss of function of 
apoptosis genes (DAPK, APAF-1) and altered carcinogen metabolism (GSTP1) (Esteller 2002).  
Most studies in UC have considered DNA hypermethylation of two genes – Oestrogen 
receptor gene (ESR-1) and Tumour suppressor gene candidate 3 (N-33) – both putative 
tumour suppressor genes. ESR-1 which is located on chromosome 6 has been shown to be 
hypermethylated in the colonic mucosa of those with CRC and to a lesser extent in normal 
individuals (Ahuja et al. 1998). In cell culture, de-methylation of ESR-1 has been shown to 
suppress growth and hence has been proposed to be putative tumour suppressor gene (Issa 
et al. 1994). N-33, also a putative tumour suppressor gene is located on chromosome 8 and 
has been shown in vitro to result in growth suppression of cancer cells. One small study has 
shown hypermethylation of N-33 in both tumour tissue as well as in the normal colon 
(Ahuja et al. 1998). Moreover promoter hypermethylation of both these genes have been 
shown to be age related. 
Little is known about the mucosal inflammatory effect of UC on gene specific methylation. 
Using the COBRA assay, Issa and colleagues found higher methylation of ESR-1 in 12 UC 
subjects with high grade dysplasia or cancer compared with 6 UC patients without 
dysplasia. In that study, methylation levels were comparable for UC patients without 
dysplasia and healthy controls (n = 5). A later study by Tominaga et al (2005), also using the 
COBRA method, reported higher levels of ESR-1 methylation in the neoplastic epithelium of 
UC patients compared with non-neoplastic tissue (25% vs 4% respectively). There were also 
higher levels of methylation in the distal colon compared with the proximal colon but only 
in UC patients with neoplasia. No healthy controls were used. Table 1 summarises the 
studies on gene specific methylation in UC.  
Specifically promoter gene methylation for both ESR-1 and N-33 were significantly higher in 
the macroscopically normal epithelium of UC subjects compared with age and sex matched 
controls (Arasaradnam et al 2010). There was no evidence of dysplasia (confirmed 
histologically) and importantly on subsequent follow up at three years, no cancers were 
identified. A smaller study by Issa et al. showed no difference in ESR-1 methylation between 
controls (n = 5) and UC subjects without dysplasia (n = 6). This lack of a difference may be 
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2.3 DNA methylation in UC 
Altered DNA methyl transferase (DNMT) activity, histone modification and exogenous 
insults such as diet have been postulated to result in genomic DNA methylation but their 
relative importance in human colonic disease is not well understood (Wilson et al. 2007). 
Apart from folate, little is known if environmental factors or lifestyle factors for example 
smoking patterns, alcohol consumption and diet could influence genomic DNA 
methylation. Furthermore, it would also be important to determine genomic DNA 
methylation in other colonic disease groups – chronic mucosal inflammation, including 
those which predispose to increased risk of CRC e.g. ulcerative colitis. 
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incur greater DNA damage. Interestingly, no association was seen with age at diagnosis, 
duration of disease and number of flares with genomic DNA methylation.  
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methylation between UC subjects and controls could be explained by BMI alone 
(Arasaradnam 2007). Thus lower BMI is associated with genomic hypermethylation which 
provides support for existing evidence of increasing body fatness being associated with 
increased colon cancer risk (Friedenreich et al. 2006). 
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Most studies in UC have considered DNA hypermethylation of two genes – Oestrogen 
receptor gene (ESR-1) and Tumour suppressor gene candidate 3 (N-33) – both putative 
tumour suppressor genes. ESR-1 which is located on chromosome 6 has been shown to be 
hypermethylated in the colonic mucosa of those with CRC and to a lesser extent in normal 
individuals (Ahuja et al. 1998). In cell culture, de-methylation of ESR-1 has been shown to 
suppress growth and hence has been proposed to be putative tumour suppressor gene (Issa 
et al. 1994). N-33, also a putative tumour suppressor gene is located on chromosome 8 and 
has been shown in vitro to result in growth suppression of cancer cells. One small study has 
shown hypermethylation of N-33 in both tumour tissue as well as in the normal colon 
(Ahuja et al. 1998). Moreover promoter hypermethylation of both these genes have been 
shown to be age related. 
Little is known about the mucosal inflammatory effect of UC on gene specific methylation. 
Using the COBRA assay, Issa and colleagues found higher methylation of ESR-1 in 12 UC 
subjects with high grade dysplasia or cancer compared with 6 UC patients without 
dysplasia. In that study, methylation levels were comparable for UC patients without 
dysplasia and healthy controls (n = 5). A later study by Tominaga et al (2005), also using the 
COBRA method, reported higher levels of ESR-1 methylation in the neoplastic epithelium of 
UC patients compared with non-neoplastic tissue (25% vs 4% respectively). There were also 
higher levels of methylation in the distal colon compared with the proximal colon but only 
in UC patients with neoplasia. No healthy controls were used. Table 1 summarises the 
studies on gene specific methylation in UC.  
Specifically promoter gene methylation for both ESR-1 and N-33 were significantly higher in 
the macroscopically normal epithelium of UC subjects compared with age and sex matched 
controls (Arasaradnam et al 2010). There was no evidence of dysplasia (confirmed 
histologically) and importantly on subsequent follow up at three years, no cancers were 
identified. A smaller study by Issa et al. showed no difference in ESR-1 methylation between 
controls (n = 5) and UC subjects without dysplasia (n = 6). This lack of a difference may be 
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explained by the relatively small sample size (only 6 UC patients without dysplasia and 5 
controls) compared with the study by Arasaradnam et al. which recruited 68 patients (24 UC 
subjects and 44 age and sex matched controls). Furthermore, the clinical characteristics of 
the UC subjects in the study by Issa et al. were not described in detail. For example, it is not 
known whether the UC subjects without dysplasia had less active, less extensive disease and 
shorter duration of disease compared with those with dysplasia. Importantly no relationship 
between age at diagnosis, disease duration, number of flare-ups, SCCAI score or disease 
extent with promoter methylation of ESR-1 or N-33 was identified (Arasaradnam et al 2010). 
 

Study  
Characteristics 

(Issa, Ahuja et al. 
2001) 

(Fujii, Tominaga 
et al. 2005) 

(Tominaga, Fujii 
et al. 2005) 

(Arasaradnam et 
al. 2010) 

Gene ESR-1, p16, 
hMLH, CSPG2 

ESR-1 ESR-1 ESR-1, MYOD-1, 
N-33 

Sample size 21 30 18 68 
Patient 
Characteristics 

12-HGD/cancer 
6– No Dysplasia 
5 - controls 

13 with cancer 
17 without 
cancer 

8 with cancer 
10 without 
cancer 

24 UC 
44 age & sex 
matched controls 

Assay Method COBRA MSP COBRA COBRA 
Findings Higher 

methylation of 
ESR-1 ,P16 & 
CSPG2 in UC with 
HGD/cancer. 
Controls had 
similar levels to 
UC with dysplasia

Higher ESR-1 
methylation in 
UC with cancer 
compared to 
without. 
 

Higher ESR-1 
methylation in 
UC with cancer 
compared to 
without. 
Methylation 
gradient in colon 
only for those 
with cancer 

Higher ESR-1, N33 
methylation 
compared to 
controls. Lower 
methylation for 
MYOD-1. 
Less smokers 
among UC  

Relationship to 
UC disease 
characteristics 

- No relationship 
between ESR-1 
and 
inflammatory 
activity 

No relationship 
between ESR-1 
and 
inflammatory 
activity 

No relationship 
btw ESR-1, MYOD-
1, N-33 and disease 
activity, duration, 
SCAI score, no. of 
flares or site. 

HGD = High Grade Dysplasia; MSP = Methylation Sensitive PCR (MSP is a sensitive method to detect 
methylation but is not quantitative) 

Table 1. Summary of studies on gene specific methylation in UC.  

The findings of CpG hypermethylation of the putative tumour suppressor genes N-33 and 
ESR-1 in normal tissue suggests that inactivation through methylation of these specific 
putative tumour suppressor genes may not be associated with development of CRC in UC 
patients. The functional role of N-33 in UC remains unknown as yet. 

2.3.3 DNA methylation in UC and colon cancer 
The central pathway (normal epithelium→adenoma→carcinoma) are a result of linear 
accumulation of genetic mutations and/or chromosomal instability in the wnt signalling 
pathway. Mutation of the APC gene and resultant truncated APC products are unable to 
bind to β-catenin resulting in Wnt signalling dysfunction – the latter involved in progression 
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of most sporadic and certain hereditary CRC. It should be noted however that APC 
inactivation is not always the first genetic event and that k-Ras mutations which have been 
observed in normal colonic mucosa as well as in aberrant crypt foci may precede this (Jan 
Willem 2000). CpG methylation is thought to be an early event and may even initiate 
tumourogenesis since it is detected in precursor lesions such as Aberrant Crypt Foci (ACF) and 
adenomatous polyps (Goelz et al. 1985). Consequently Esteller et al (2000) has proposed the 
role of tumour suppressor gene silencing through hypermethylation early in the pathway.  
 

 
APC = Adenomatous Polyposis Coli; CIMP = CpG island methylator phenotype; CIN = Chromosomal 
Instability; DCC = Deleted in Colon cancer; Smad = mothers against decapentaplegic homolog 2,4; 
MMR = Mismatch Repair; TGF = Tumour Growth Factor; BRAF = (v-raf) oncogene homolog B1;  
TSG = Tumour Suppressor Gene; UC = Ulcerative colitis; TRF2 = Telomere Repeat Binding Factor 

Fig. 2. Schematic model for genetic alterations in the development of CRC – modified from 
Fearnhead et al 2001. Incorporates updates of the model to demonstrate possible roles for 
methylation/ telomere dysfunction in the UC - CRC pathway 

Although not well understood, certain genes appear susceptible to silencing through 
hypermethylation. A subset of genes which have particularly high methylation levels have 
been identified in sporadic colon cancers and hence the term CpG island methylator 
phenotype (CIMP) has been coined. Certain subsets of hyperplastic polyps (although the 
precise genetic alterations are unknown) appear to have potential for malignant 
transformation through the hyperplastic polyp→serrated adenoma→adenocarcinoma 
sequence. This has been coined the ‘methylator pathway’ (Jass 2004). Similarly, the genetic 
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explained by the relatively small sample size (only 6 UC patients without dysplasia and 5 
controls) compared with the study by Arasaradnam et al. which recruited 68 patients (24 UC 
subjects and 44 age and sex matched controls). Furthermore, the clinical characteristics of 
the UC subjects in the study by Issa et al. were not described in detail. For example, it is not 
known whether the UC subjects without dysplasia had less active, less extensive disease and 
shorter duration of disease compared with those with dysplasia. Importantly no relationship 
between age at diagnosis, disease duration, number of flare-ups, SCCAI score or disease 
extent with promoter methylation of ESR-1 or N-33 was identified (Arasaradnam et al 2010). 
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Table 1. Summary of studies on gene specific methylation in UC.  

The findings of CpG hypermethylation of the putative tumour suppressor genes N-33 and 
ESR-1 in normal tissue suggests that inactivation through methylation of these specific 
putative tumour suppressor genes may not be associated with development of CRC in UC 
patients. The functional role of N-33 in UC remains unknown as yet. 

2.3.3 DNA methylation in UC and colon cancer 
The central pathway (normal epithelium→adenoma→carcinoma) are a result of linear 
accumulation of genetic mutations and/or chromosomal instability in the wnt signalling 
pathway. Mutation of the APC gene and resultant truncated APC products are unable to 
bind to β-catenin resulting in Wnt signalling dysfunction – the latter involved in progression 
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of most sporadic and certain hereditary CRC. It should be noted however that APC 
inactivation is not always the first genetic event and that k-Ras mutations which have been 
observed in normal colonic mucosa as well as in aberrant crypt foci may precede this (Jan 
Willem 2000). CpG methylation is thought to be an early event and may even initiate 
tumourogenesis since it is detected in precursor lesions such as Aberrant Crypt Foci (ACF) and 
adenomatous polyps (Goelz et al. 1985). Consequently Esteller et al (2000) has proposed the 
role of tumour suppressor gene silencing through hypermethylation early in the pathway.  
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alterations in the progression of flat adenomas (Paris type 0/11 clinical classification) to 
cancer remain elusive. In ulcerative colitis associated cancers unlike sporadic cancers, p53 
mutations appear to be an early event. It is not clear what triggers the progression from high 
grade dysplasia to cancer but it is possible that aberrant methylation of tumour suppressor 
genes or telomere dysfunction could initiate this – see proposed pathway in Figure 2. 

3. Telomere and telomere binding proteins 
Chromosome instability in colon epithelial cells and peripheral blood lymphocytes (PBLs) 
has been described in ulcerative colitis (Loeb et al 1999). Telomeres are specialized 
structures that cap and protect chromosome ends.  They are made up of a specific sequence 
of DNA repeats and form a T-loop structure which is stabilized by telomere associated 
proteins. Disruption of the T-loop structure causes the telomere to be recognised as a DNA 
double strand break, activates the DNA repair mechanism leading to telomere fusions and 
chromosome instability usually followed by apoptosis or senescence (Karlseder 2003). 
Telomere shortening occurs with each cell division and as a result of cellular stress.  This 
causes depletion of telomeric repeats and telomere binding proteins threatening the stability 
of the T-loop structure.  Telomere dysfunction also follows decreased expression of the 
telomere proteins which bind double stranded DNA. This causes disruption of the T-loop 
structure without significant telomere shortening and is known as telomere uncapping (Ben-
Porath et al 2004). Dysfunction can also occur with loss of the 3’ overhang, a single stranded 
stretch of DNA at the very end of the telomere protected by proteins known as telomere 
binding proteins such as TRF1, TRF2, TPP1, TIN2, RAP1 like POT-1 (15)(4,16). These 
proteins have been described to influence telomere maintenance (de Lange 2005) – Figure 3. 
 

 
Fig. 3. Telomere caps at the end of chromosomes. Magnified view showing ‘T’ loop structure 
of ‘Shelterin complex comprising the Telomere binding proteins 

3.1 Telomere dysfunction in UC 
The two main forms of inflammatory bowel disease (IBD), ulcerative colitis (UC) and Crohn’s 
disease (CD), are characterised by chronic intestinal inflammation and risk of progression to 
colon cancer (Ransohoff 1988). One proposed cause of the latter characteristic is chromosome 
instability, since the rearrangement of genetic material can lead to activation of oncogenes, loss 
of tumour suppressor genes and other changes that lead to uncontrolled cell growth.  
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Since genomic instability in peripheral blood mononuclear cells (PBMCs) has been used as a 
biomarker for global cancer risk in a number of diseases (Cottliar et al 2000), the latter 
observation suggests the possibility of a chromosome instability syndrome in UC that could 
affect all tissues.  One possible cause of chromosome instability aside from genomic DNA 
methylation is telomere dysfunction. In eukaryotic cells, telomeres are maintained by 
telomerase and the sub complex of telomere binding proteins. The chromosome instability 
observed in UC PBMC includes telomere fusions, suggesting the involvement of these 
structures in its generation.  Other observations linking telomeres and UC include 
decreased telomerase in the colitic colonic mucosa (Ussleman et al 2001), colitis-like 
ulcerations of the bowel in the telomerase knockout mouse (Lee et al 1998) and shortened 
telomeres in UC patients showing evidence of dysplasia (Arasaradnam et al 2009).  
Furthermore telomere shortening is not accelerated in peripheral blood mononuclear cells 
of UC patients compared with controls and therefore cannot be the mechanism by which 
chromosome instability arises in these cells (Getliffe et al 2005). Of particular note is the 
observation in rectal fibroblasts of UC patients showing slower telomere shortening 
particularly in those with late onset UC. This suggests those who develop UC later in life 
perhaps have more efficient anti-oxidant systems that protect against telomere damage. 
(Getliffe et al 2006) 

3.2 Role of telomere binding proteins (TBPs) in UC 
The telosome/shelterin complex consists of important regulatory telomere binding proteins 
to include TPP1 (tripeptidyl peptidase1 - formerly PTOP/PIP1/TINT1), POT1 (protection of 
telomere 1), TIN2 (TRF1 interacting nuclear factor 2), RAP1 (repressor activator protein), 
TRF1 (telomere repeat binding factor 1) and TRF2 (de Lange 2005).Telomere repeat binding 
factor 2 (TRF2) is a double stranded DNA binding protein which stabilizes the telomere T-
loop.  Cells lacking functional TRF2 have an extremely striking chromosome instability 
phenotype including frequent telomere fusions and erosion of the 3’ overhang, but no 
significant telomere shortening (de Lange 2002). Therefore decreased expression of TRF2 in 
UC peripheral mononuclear cells, might explain the chromosome instability observed in 
these cells.  More recent data also suggests that aside from maintaining telomeres, TRF2 may 
also be involved in the repair of DNA damage, including that which occurs at dysfunctional 
telomeres (Bradshaw et al 2005).  

3.2.1 Telomere Repeat Binding Factor 2 (TRF2) 
TRF2 mRNA expression is significantly decreased in activated T lymphocytes in both UC 
and CD, suggesting possible telomeric deficiency of this protein which could lead to 
destabilisation of the T-loop structure in these cells (da Silva et al  2010).  This telomere 
dysfunction could then cause activation of DNA damage response to repair what is 
perceived as a double strand break resulting in the telomere fusions previously observed in 
UC PBMCs. Thus decreased TRF2 mRNA levels in circulating T lymphocytes in IBD could 
be a putative bio-marker for potential active or refractory disease. It is uncertain if similar 
changes are present in the cells of the colonic mucosa in IBD where chromosomal 
abnormalities are thought to precede dysplasia and malignant change.  
The finding of low levels of TRF2 in IBD T lymphocytes makes it unlikely that this protein 
has a significant role in DNA repair mechanisms in this disease. An alternative explanation 
is that the cells have entered a phase of early senescence hence there is down regulation of 
telomere binding proteins (Risqué et al 2011). Telomere attrition has been demonstrated in 



 
Ulcerative Colitis – Epidemiology, Pathogenesis and Complications 

 

124 

alterations in the progression of flat adenomas (Paris type 0/11 clinical classification) to 
cancer remain elusive. In ulcerative colitis associated cancers unlike sporadic cancers, p53 
mutations appear to be an early event. It is not clear what triggers the progression from high 
grade dysplasia to cancer but it is possible that aberrant methylation of tumour suppressor 
genes or telomere dysfunction could initiate this – see proposed pathway in Figure 2. 
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of DNA repeats and form a T-loop structure which is stabilized by telomere associated 
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double strand break, activates the DNA repair mechanism leading to telomere fusions and 
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proteins have been described to influence telomere maintenance (de Lange 2005) – Figure 3. 
 

 
Fig. 3. Telomere caps at the end of chromosomes. Magnified view showing ‘T’ loop structure 
of ‘Shelterin complex comprising the Telomere binding proteins 

3.1 Telomere dysfunction in UC 
The two main forms of inflammatory bowel disease (IBD), ulcerative colitis (UC) and Crohn’s 
disease (CD), are characterised by chronic intestinal inflammation and risk of progression to 
colon cancer (Ransohoff 1988). One proposed cause of the latter characteristic is chromosome 
instability, since the rearrangement of genetic material can lead to activation of oncogenes, loss 
of tumour suppressor genes and other changes that lead to uncontrolled cell growth.  

 
Molecular Determinants in Ulcerative Colitis – Epigenetics and Telomere Dysfunction 

 

125 

Since genomic instability in peripheral blood mononuclear cells (PBMCs) has been used as a 
biomarker for global cancer risk in a number of diseases (Cottliar et al 2000), the latter 
observation suggests the possibility of a chromosome instability syndrome in UC that could 
affect all tissues.  One possible cause of chromosome instability aside from genomic DNA 
methylation is telomere dysfunction. In eukaryotic cells, telomeres are maintained by 
telomerase and the sub complex of telomere binding proteins. The chromosome instability 
observed in UC PBMC includes telomere fusions, suggesting the involvement of these 
structures in its generation.  Other observations linking telomeres and UC include 
decreased telomerase in the colitic colonic mucosa (Ussleman et al 2001), colitis-like 
ulcerations of the bowel in the telomerase knockout mouse (Lee et al 1998) and shortened 
telomeres in UC patients showing evidence of dysplasia (Arasaradnam et al 2009).  
Furthermore telomere shortening is not accelerated in peripheral blood mononuclear cells 
of UC patients compared with controls and therefore cannot be the mechanism by which 
chromosome instability arises in these cells (Getliffe et al 2005). Of particular note is the 
observation in rectal fibroblasts of UC patients showing slower telomere shortening 
particularly in those with late onset UC. This suggests those who develop UC later in life 
perhaps have more efficient anti-oxidant systems that protect against telomere damage. 
(Getliffe et al 2006) 

3.2 Role of telomere binding proteins (TBPs) in UC 
The telosome/shelterin complex consists of important regulatory telomere binding proteins 
to include TPP1 (tripeptidyl peptidase1 - formerly PTOP/PIP1/TINT1), POT1 (protection of 
telomere 1), TIN2 (TRF1 interacting nuclear factor 2), RAP1 (repressor activator protein), 
TRF1 (telomere repeat binding factor 1) and TRF2 (de Lange 2005).Telomere repeat binding 
factor 2 (TRF2) is a double stranded DNA binding protein which stabilizes the telomere T-
loop.  Cells lacking functional TRF2 have an extremely striking chromosome instability 
phenotype including frequent telomere fusions and erosion of the 3’ overhang, but no 
significant telomere shortening (de Lange 2002). Therefore decreased expression of TRF2 in 
UC peripheral mononuclear cells, might explain the chromosome instability observed in 
these cells.  More recent data also suggests that aside from maintaining telomeres, TRF2 may 
also be involved in the repair of DNA damage, including that which occurs at dysfunctional 
telomeres (Bradshaw et al 2005).  

3.2.1 Telomere Repeat Binding Factor 2 (TRF2) 
TRF2 mRNA expression is significantly decreased in activated T lymphocytes in both UC 
and CD, suggesting possible telomeric deficiency of this protein which could lead to 
destabilisation of the T-loop structure in these cells (da Silva et al  2010).  This telomere 
dysfunction could then cause activation of DNA damage response to repair what is 
perceived as a double strand break resulting in the telomere fusions previously observed in 
UC PBMCs. Thus decreased TRF2 mRNA levels in circulating T lymphocytes in IBD could 
be a putative bio-marker for potential active or refractory disease. It is uncertain if similar 
changes are present in the cells of the colonic mucosa in IBD where chromosomal 
abnormalities are thought to precede dysplasia and malignant change.  
The finding of low levels of TRF2 in IBD T lymphocytes makes it unlikely that this protein 
has a significant role in DNA repair mechanisms in this disease. An alternative explanation 
is that the cells have entered a phase of early senescence hence there is down regulation of 
telomere binding proteins (Risqué et al 2011). Telomere attrition has been demonstrated in 



 
Ulcerative Colitis – Epidemiology, Pathogenesis and Complications 

 

126 

colonic epithelium of patients with ulcerative colitis which, could potentially initiate 
senescence (Risque et al 2008).  
Senescence is thought to act as a tumour suppressor forcing cells to undergo apoptosis 
rather than uncontrolled cellular proliferation which leads to cancer. mRNA expression 
levels of RAP1 for example is lower in activated T lymphocytes in UC (da silva et al 2010). 
RAP1 is closely regulated by TRF2 which in turn is stabilised by TIN2 to form a bridge 
across telomeric DNA. The reduced RAP1 expression in activated T lymphocytes hints at 
premature cellular senescence in circulating activated lymphocytes. It is yet unknown if 
these findings are replicated at mucosal level. Of interest is the observation of a positive 
association between RAP1 gene expression with 5 – aminosalicylate therapy (da silva et al 
2010). It is possible that 5 - aminosalicylate therapy may help stabilise the RAP1/ TRF2/ TIN2 
sub complex by increasing its expression thus providing better telomere dynamics in UC. This 
in turn may explain the clinical observation of the protective effect of 5 - aminosalicylate 
therapy in UC associated cancer providing further support for its chemo-prophylactic use 
(Rubin et al 2006). It is evident that the telomeric milieu at the chromosome end zone is 
intricately balanced with telomerase and telomere binding factors being the key players. The 
precise role and function of individual telomere binding proteins are largely unknown but it is 
clear that its coordinated interaction with telomere DNA is vital to maintaining telomere 
stability. Perturbance, as a result of local (mucosal) inflammation within this delicate sub 
complex of telomere proteins will, not surprisingly cause telomere dysfunction.  

4. Conclusion 
Further evaluation to measure N-33 expression (at mRNA and protein level) as well as to 
evaluate further epigenetic marking of tumour suppressor genes in larger UC cohorts 
including those with dysplasia and UC associated cancer are required. This will help 
elucidate further the role of DNA methylation in particular within the UC-CRC pathway. 
Additionally, studies to determine associations with habitual dietary intake are required – 
the latter being an important variable given the modifiable effect of diet on DNA 
methylation. Finally the role of TBPs in particular mucosal TRF2 in UC patients in the 
clinical setting of progressive dysplasia and colon cancer will be vital to elucidate its role as 
a putative biomarker of cancer risk. 
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1. Introduction  
Inflammatory bowel disease (IBD) consists predominantly of ulcerative colitis (UC) and 
Crohn’s disease (CD), which are clinically distinguished by intestinal localization, local 
features of inflammation, a profile of complications, and familial aggregation. UC is 
characterized by recurring episodes of continuous inflammation limited to the mucosal 
layer of the colon and rectum, and approximately 42% of UC patients have extraintestinal 
complications (Ozdil et al., 2004). This chapter highlights key features of each involved 
organ system including association, diagnosis, and treatment options. 

2. Extraintestinal manifestations of Ulcerative Colitis 
The extraintestinal manifestations (EIMs) of UC can affect any organ system ranging from 
more common ones including the skin and hepatobiliary systems, to less common ones 
including the cardiovascular and renal systems (Das, 1999). Studies have shown that the 
development of one EIM can increase the risk of developing additional complications 
(Monsen et al., 1990). 

2.1 Skin and mucocutaneous complications 
The skin is one of the most commonly affected organ systems in IBD patients. The two most 
common skin disorders associated with UC, erythema nodosum (EN) and pyoderma 
gangrenosum (PG), are reactive due to an immunologic response to UC. Non immunologic 
causes can also occur secondary to nutritional deficiencies and medication side effects. (Das, 
1999; Timani & Mutasim, 2008).  Skin disorders seen in UC caused by malnutrition include 
diseases such as pellagra and cheilitis.  Aphthae are the most common complication of the 
oral mucosa, while fissures and fistulae are most common in the perianal mucosa. 
[FIGURES 1 AND 2] (Areias & Garcia E Silva, 1987). Standard medications used to treat UC 
include steroids and immunosuppressants which can cause skin disorders such as 
cushingoid features and drug eruptions (Timani & Mutasim, 2008). Other disorders, such as 
Sweet’s syndrome and psoriasis have been associated with UC (Timani & Mutasim, 2008).  

2.1.1 Erythema Nodosum 
EN affects about 3% of patients with UC (Areias & Garcia E Silva, 1987; Evans & Pardi, 2007; 
Mir-Madjlessi et al., 1985; Timani & Mutasim, 2008). Lesions affect females with UC more 
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1999; Timani & Mutasim, 2008).  Skin disorders seen in UC caused by malnutrition include 
diseases such as pellagra and cheilitis.  Aphthae are the most common complication of the 
oral mucosa, while fissures and fistulae are most common in the perianal mucosa. 
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EN affects about 3% of patients with UC (Areias & Garcia E Silva, 1987; Evans & Pardi, 2007; 
Mir-Madjlessi et al., 1985; Timani & Mutasim, 2008). Lesions affect females with UC more 
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Fig. 1. Fistula with a seton 
 

 
Fig. 2. UC patient with peri-anal fistula (left). Endoscopic view of fistula (right) 

frequently than men and EN rarely precedes the initial diagnosis of UC (Trost & Mcdonnell, 
2005; Weinstein et al., 2005). Typical EN lesions present as painful, raised subcutaneous 
lesions located on extensor surfaces of the extremities (Evans & Pardi, 2007; Timani & 
Mutasim, 2008). However, UC patients almost always have EN lesions on the anterior 
surface of the legs [FIGURE 3] (Mir-Madjlessi, Taylor et al., 1985). The skin nodules are non-
ulcerating and resemble a bruise on the skin (Timani & Mutasim, 2008). Unlike PG, EN 
lesions mirror UC disease activity and worsen with colonic flares (Timani & Mutasim, 2008). 
The average lag time between initial UC diagnosis and appearance of EN is 5 years (Mir-
Madjlessi, Taylor et al., 1985).  
 

 
Fig. 3. EN affecting the lower extremities in a UC patient 
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As EN lesions and UC disease activity usually parallel each other, treatment of the 
underlying UC usually controls the EN lesions. Most lesions are self-limiting, thus a 
conservative approach to therapy is often practiced, such as leg elevation, rest, non-steroidal 
anti-inflammatory drugs (NSAIDs), and potassium iodide (Horio et al., 1981; Marshall & 
Irvine, 1997; Schulz & Whiting, 1976). In situations where lesions occur during quiescent 
phases of UC, treatment with oral steroids is effective. Studies have shown that time to 
remission in patients with EN is approximately 5 weeks which is significantly shorter than 
that seen in PG (Timani & Mutasim, 2008; Tromm et al., 2001). 

2.1.2 Pyoderma Gangrenosum 
The incidence of PG in patients with UC varies between 1.4 and 5% (Areias & Garcia E Silva, 
1987; Mccallum & Kinmont, 1968). PG is more commonly seen in patients with UC as 
opposed to CD, and as with EN, there is a slight female predilection (Bernstein et al., 2001b; 
Greenstein et al., 1976). PG was initially described in 1930 as necrotic ulcers with expanding 
borders of erythema (Newell & Malkinson, 1982). The onset of  noninfectious pustules and 
nodules eventually expand outwards to develop painful shallow and deep ulcers (Callen, 
1998; Farhi & Wallach, 2008). PG usually occurs on the legs, but can also appear anywhere 
on the skin [FIGURE 4]. Pathergy, a phenomenon in which skin lesions develop secondary 
to local trauma, has been reported in approximately 30% of cases of PG (Blitz & Rudikoff, 
2001; Callen, 1998). The average lag time between initial UC diagnosis and appearance of PG 
is 10 years (Mir-Madjlessi, Taylor et al., 1985). Diagnosis of PG is usually clinical, but skin 
biopsy may be necessary for confirmation. PG is classified as a type of neutrophilic 
dermatosis in which the inflammatory infiltrate seen on microscopic examination shows 
dense dermal neutrophilic infiltrates without any evidence of infection (Cohen, 2009; Timani 
& Mutasim, 2008).  Unlike EN, there is no temporal relationship between onset of UC flares 
and the course of PG lesions (Thornton et al., 1980).  
 

 
Fig. 4. PG affecting the lower extremity (left) and face (right) 

In general, the PG lesions are more severe and refractory to therapy than EN. Treatment of 
the underlying UC activity does not always resolve the PG lesions and about 30% of patients 
require additional treatment (Mir-Madjlessi, Taylor et al., 1985).  The mainstay of treating 
PG has been a combination of topical, intralesional, and systemic medications, but no 
specific therapy has proven to be universally effective (Cohen, 2009; Timani & Mutasim, 
2008). Treatments with the best clinical evidence include systemic corticosteroids and 
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cyclosporine as maintenance therapy (Wollina, 2002), assuming there is no concurrent 
infection. Initial doses of oral prednisone have ranged from 0.5 to 2 mg/kg/day and initial 
cyclosporine doses have ranged from 2 to 5 mg/kg/day (Timani & Mutasim, 2008; Wollina, 
2002). Maintaining target trough serum levels of 150-350 ng/ml for cyclosporine has shown 
to be effective in improving PG lesions (Cohen, 2009; Curley et al., 1985; Matis et al., 1992; 
Turner et al., 2010). In small lesions, intralesional steroid injections can be considered 
(Timani & Mutasim, 2008). Other agents including azathioprine, cyclophosphamide, 
methotrexate, high dose intravenous immunoglobulin, mycophenolate mofetil, minocycline, 
plasmapheresis, and hyperbaric oxygen treatment have been employed with variable 
efficacy (Cohen, 2009; Timani & Mutasim, 2008; Tutrone et al., 2007; Wasserteil et al., 1992). 
Biologics including infliximab and adalimumab have also been reported to improve PG 
lesions (Alkhouri et al., 2009; Brooklyn et al., 2006). Additionally, optical treatments such as 
steroids, tacrolimus, benzoyl peroxide, and hydrogen peroxide have shown positive results 
(Callen & Jackson, 2007). To avoid pathergy, unnecessary surgical interventions should be 
avoided. However, surgery can be considered if medical therapies are not successful. Proper 
timing of the surgery with immunosuppressants is essential for optimal long term wound 
stabilization (Rozen et al., 2001; Wittekindt et al., 2007; Wollina, 2002). 

2.1.3 Sweet’s syndrome 
Sweet’s syndrome (SS), also known as acute febrile neutrophilic dermatosis, has a female 
predilection and classically affects women between the ages of 30 and 50 years (Timani & 
Mutasim, 2008). Although the pathogenesis is unclear, Sweet’s syndrome usually develops 
as a response to some type of underlying systemic disease, such as infection, malignancy, 
medications, or IBD (Vij et al., 2010) In fact, studies have shown that patients with SS have 
underlying disease in 50% of cases and an underlying malignancy in 20% of cases (Kemmett 
& Hunter, 1990; Souissi et al., 2007). UC and CD are the most common systemic diseases 
associated with SS (Timani & Mutasim, 2008). SS is characterized by an acute onset of fever, 
leukocytosis, and tender, erythematous plaques that can occur on the extremities, face, neck, 
and trunk (Burrall, 1999; Kemmett & Hunter, 1990; Souissi, Benmously et al., 2007). When 
these lesions occur on the lower extremities, they often resemble EN and skin biopsy may be 
necessary to differentiate the two disease processes (Guhl & Garcia-Diez, 2008). These 
lesions are burning-like and non-pruritic in quality. Other associated symptoms include, but 
are not limited to arthralgia, headache, fatigue, and other constitutional symptoms. Other 
organ systems such as the eye, kidney, liver, and pancreas can be involved as well (Cohen et 
al., 1988). As is also seen with PG, skin biopsy reveals neutrophilic infiltrates in the reticular 
dermis upon histopathological examination (Kemmett & Hunter, 1990; Timani & Mutasim, 
2008). The onset of symptoms from SS usually occur after the initial diagnosis of UC 
(Darvay, 1996). 
The mainstay of treatment for SS is steroids and multiple studies have shown dramatic 
improvement with a 6 week course of systemic corticosteroid therapy (Cohen, Talpaz et al., 
1988; Souissi, Benmously et al., 2007). Topical or intralesional steroids are effective for 
localized disease (Timani & Mutasim, 2008). Recurrence is common and has been reported 
to affect approximately 1/3 of patients (Kemmett & Hunter, 1990). Untreated lesions have 
been reported to heal after variable periods of time, but can be associated with scarring 
(Kemmett & Hunter, 1990; Timani & Mutasim, 2008). Other alternative first line treatments 
include potassium iodide and colchicine. Second line agents including indomethacin and 
clofazimine have been used with successful results, but are not as effective as 
corticosteroids, potassium iodide, and colchicine (Cohen, 2009; Cohen & Kurzrock, 2002). 
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2.1.4 Mucocutaneous manifestations 
Aphthous Stomatitis. About 4.3% of UC patients experience recurrent aphthous stomatitis 
and symptom onset often parallels UC disease activity (Areias & Garcia E Silva, 1987; 
Timani & Mutasim, 2008). Minor aphthous ulcers are small, round, painful, and heal within 
2 weeks without scarring, while major recurrent ulcers are larger, can last for 6 weeks, and 
frequently scar [FIGURE 5] (Ship, 1996; Timani & Mutasim, 2008). A study showed that a 
majority of patients with multiple aphthous ulcers had underlying IBD (Letsinger et al., 
2005). The pathogenesis of aphthous stomatitis and UC is still unclear; studies have not been 
successful in proving that these ulcers are secondary to vitamin deficiencies as the lesions 
did not improve with vitamin therapy (Basu & Asquith, 1980). Treatment options include 
treating the underlying UC, symptomatic relief with steroid elixirs, and systemic treatment 
with steroids and immunosuppressants (Basu & Asquith, 1980; Timani & Mutasim, 2008). 
 

 
Fig. 5. Aphthous stomatitis in a UC patient 

Pyostomatitis Vegetans. Pyostomatitis vegetans, a rare disorder of the oral mucosa, has 
been shown to be a specific marker for IBD, especially UC (Storwick et al., 1994; Timani & 
Mutasim, 2008). Lesions are hyperplastic folds of the mucosa with small abscesses and 
erosions and often manifest before the diagnosis of UC (Hansen et al., 1983). 
Pyostomatitis vegetans is usually resistant to treatments such as topical steroids, antibiotic 
mouthwashes, or hydrogen peroxide. Systemic steroids and immunosuppressants have 
been employed with variable success, but were not always successful in maintaining 
remission (Timani & Mutasim, 2008). In one case report, topical fluocinonide gel resulted in 
temporary state of remission, but total colectomy was necessary to achieve complete 
remission (Calobrisi et al., 1995). 

2.1.5 Miscellaneous skin disorders 
Studies report an increased risk of psoriasis with UC. In one study, of 88 patients with UC, 
5.7% had psoriasis, compared to 1.5% in the control group, suggesting some type of genetic 
relationship between the two (Yates et al., 1982). Another study found an association 
between UC and hidradenitis suppurativa [FIGURE 6]. 
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Fig. 6. UC patient with hidradenitis suppurativa 

2.2 Hepatopancreatobiliary complications 
There are multiple types of hepatic, biliary, and pancreatic complications associated with 
UC. Pancreatic complications are less common than hepatobiliary complications, but will be 
discussed in this section as well given its anatomic location. 

2.2.1 Primary Sclerosing Cholangitis (PSC) 
PSC is a chronic cholestatic liver disease that is caused by progressive inflammatory 
destruction of intra- and extra-hepatic bile ducts, which leads to multifocal biliary strictures, 
resulting in liver cirrhosis and failure. PSC is believed to be the result of a combination of 
genetic and immunological factors, resulting in immune dysfunction and improper 
targeting of the biliary system by lymphocytes and autoantibodies (Bergquist et al., 2008; 
Karlsen et al., 2007; Saarinen et al., 2000). Multiple autoantibodies including ANA, RF and 
atypical p-ANCA have been described in UC and PSC patients (Chapman et al., 2010; 
Terjung & Spengler, 2009). Atypical p-ANCA is detected by indirect immunofluorescence 
staining on ethanol fixed neutrophils in a perinuclear or nuclear pattern whereas classical 
ANCA targets myeloperoxidase and proteinase 3 in a perinuclear pattern (Terjung et al., 
1998). Atypical p-ANCA is detectable in approximately 70% of PSC patients with or without 
UC and is also described in autoimmune hepatitis in patients with IBD (Duerr et al., 1991; 
Saxon et al., 1990; Terjung & Spengler, 2009). Atypical p-ANCA recognizes both beta 
isoform 5 in human neutrophils and bacterial cell division protein FtsZ, which is highly 
conserved across bacterial microflora in the gut (Terjung et al., 2010). This evidence supports 
the theory of a combined pathogenesis of PSC or autoimmune hepatitis in UC.  It is 
proposed that an altered immune response to bacterial antigen in the gut lumen results in a 
"leaky gut” and stimulation of pattern recognition receptors (cross-recognition between 
bacterial antigen in the gut and host components, such as beta isoform 5 in neutrophils) 
which gives rise to autoimmunity phenomenon. (Terjung & Spengler, 2009).  
PSC typically affects young to middle aged males (male to female ratio of 2:1) and while 
only 5% of patients with UC will develop PSC, about 70% to 80% of cases of PSC occur in 
patients with UC (Charatcharoenwitthaya & Lindor, 2006; Lundqvist & Broome, 1997). The 
onset of PSC can precede or follow the onset of UC, and may not be related to UC disease 
activity (Larsen et al., 2010). An isolated alkaline phosphatase level may be the only finding 
during the early stages of the disease, but PSC usually manifests with chronic intermittent 
obstructive jaundice. As the disease progresses, serum bilirubin will rise (Lee & Kaplan, 
1995). In the latter course of the disease, the prothrombin time will be prolonged and serum 
albumin level will decrease, signaling progression to hepatic failure. Other symptoms such 
as right upper quadrant abdominal pain, pruritus, fatigue, fever, and weight loss are 
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variably present. However, PSC should be suspected in asymptomatic patients with an 
isolated elevation of serum alkaline phosphatase (Larsen, Bendtzen et al., 2010).  
Symptomatic patients manifest with icterus, jaundice, hepatomegaly and splenomegaly 
(Chapman, Fevery et al., 2010; Farrant et al., 1991; Wiesner et al., 1989). 
Pericholangitis, described by studies as PSC of the small bile ducts, is another complication 
of UC. A study of 107 patients with UC showed that 35% patients had “small duct” PSC 
compared to 17% with “large duct” PSC, but histologic examinations were indistinguishable 
from each other (Wee & Ludwig, 1985). These findings imply that rather than being separate 
disorders, PSC and pericholangitis merely affect different areas of the same disease process. 
Pericholangitis (or small-duct PSC) is now referred to patients with biochemical and 
histologic characteristics of PSC, but with normal appearing cholangiograms (Wee & 
Ludwig, 1985). Small-duct PSC is more often associated with Crohn's disease whereas large-
duct PSC (classical PSC) is more often associated with UC (Bjornsson et al., 2008; Loftus, 
1997; Rasmussen et al., 1997). Compared to large-duct PSC, small-duct PSC has a relatively 
favorable prognosis with longer transplant-free survival. Approximately 25% of patients 
with small-duct PSC progress to large-duct PSC, but usually does not develop into 
cholangiocarcinoma unless it progresses to large-duct PSC (Bjornsson, Olsson et al., 2008). 
The gold standard for diagnosis is endoscopic retrograde cholangiopancreatography (ERCP) 
and typical radiographic findings include multifocal strictures and dilatation of the intra- 
and/or extra-hepatic biliary tracts, producing a "beaded pattern" (Lee & Kaplan, 1995; 
Maccarty et al., 1983). Recently, magnetic resonance cholangiopancreatography (MRCP) has 
emerged as a non-invasive alternative in diagnosing suspected PSC (Chapman, Fevery et al., 
2010). ERCP may be more preferable over MRCP in diagnosing early stage PSC having a 
specificity and sensitivity near 100% (Angulo et al., 2000; Berstad et al., 2006; Moff et al., 
2006).  However, ERCP does carry potential for significant risks and complications (Larsen, 
Bendtzen et al., 2010). Hence, there has been an increased use of MRCP as an initial 
diagnostic tool, followed by ERCP as needed. If the diagnosis is in doubt, liver biopsy can 
assist in the confirmation of diagnosis as well as staging of disease (Charatcharoenwitthaya 
& Lindor, 2006). However, the classic pathognomonic finding of "onion-skin lesions" or 
periductal concentric fibrosis is rarely seen (Chapman, Fevery et al., 2010). Liver biopsy can 
be essential in the diagnosis of small-duct PSC, but is not required for the diagnosis of large-
duct PSC (Burak et al., 2003; Chapman, Fevery et al., 2010). 
Multiple studies show that using ursodeoxycholic acid (UDCA) at moderate to high dosages 
has been shown to improve liver histology and liver biochemistry (Smith & Befeler, 2007). 
Even though UDCA has not been demonstrated to improve either symptoms or mortality, it 
has been shown to reduce the incidence of colonic dysplasia, colorectal carcinoma and 
cholangiocarcinoma (Pardi et al., 2003). Focus should be on starting these patients early 
enough to delay progression to cirrhosis, cholangiocarcinoma, and death. This is especially 
important as UDCA is not as effective in patients with end stage PSC. During treatment 
with UDCA, stenosis of bile ducts may occur and endoscopic intervention with dilatation 
has been showed to be effective (Stiehl, 2004). At the present time, liver transplantation is 
the only effective treatment especially for end-stage PSC or PSC with cholangiocarcinoma 
(Chapman, Fevery et al., 2010; Navaneethan & Shen, 2010). Orthotopic liver transplantation 
is the established treatment in PSC with 85% to 90% of 5-year survival rate (Gow & 
Chapman, 2000). However, 20 to 25% of transplanted patients develop recurrent PSC 5 to 10 
years after transplant (Alabraba et al., 2009; Campsen et al., 2008; Graziadei et al., 1999; 
Navaneethan & Shen, 2010). 



 
Ulcerative Colitis – Epidemiology, Pathogenesis and Complications 

 

136 

 
Fig. 6. UC patient with hidradenitis suppurativa 

2.2 Hepatopancreatobiliary complications 
There are multiple types of hepatic, biliary, and pancreatic complications associated with 
UC. Pancreatic complications are less common than hepatobiliary complications, but will be 
discussed in this section as well given its anatomic location. 

2.2.1 Primary Sclerosing Cholangitis (PSC) 
PSC is a chronic cholestatic liver disease that is caused by progressive inflammatory 
destruction of intra- and extra-hepatic bile ducts, which leads to multifocal biliary strictures, 
resulting in liver cirrhosis and failure. PSC is believed to be the result of a combination of 
genetic and immunological factors, resulting in immune dysfunction and improper 
targeting of the biliary system by lymphocytes and autoantibodies (Bergquist et al., 2008; 
Karlsen et al., 2007; Saarinen et al., 2000). Multiple autoantibodies including ANA, RF and 
atypical p-ANCA have been described in UC and PSC patients (Chapman et al., 2010; 
Terjung & Spengler, 2009). Atypical p-ANCA is detected by indirect immunofluorescence 
staining on ethanol fixed neutrophils in a perinuclear or nuclear pattern whereas classical 
ANCA targets myeloperoxidase and proteinase 3 in a perinuclear pattern (Terjung et al., 
1998). Atypical p-ANCA is detectable in approximately 70% of PSC patients with or without 
UC and is also described in autoimmune hepatitis in patients with IBD (Duerr et al., 1991; 
Saxon et al., 1990; Terjung & Spengler, 2009). Atypical p-ANCA recognizes both beta 
isoform 5 in human neutrophils and bacterial cell division protein FtsZ, which is highly 
conserved across bacterial microflora in the gut (Terjung et al., 2010). This evidence supports 
the theory of a combined pathogenesis of PSC or autoimmune hepatitis in UC.  It is 
proposed that an altered immune response to bacterial antigen in the gut lumen results in a 
"leaky gut” and stimulation of pattern recognition receptors (cross-recognition between 
bacterial antigen in the gut and host components, such as beta isoform 5 in neutrophils) 
which gives rise to autoimmunity phenomenon. (Terjung & Spengler, 2009).  
PSC typically affects young to middle aged males (male to female ratio of 2:1) and while 
only 5% of patients with UC will develop PSC, about 70% to 80% of cases of PSC occur in 
patients with UC (Charatcharoenwitthaya & Lindor, 2006; Lundqvist & Broome, 1997). The 
onset of PSC can precede or follow the onset of UC, and may not be related to UC disease 
activity (Larsen et al., 2010). An isolated alkaline phosphatase level may be the only finding 
during the early stages of the disease, but PSC usually manifests with chronic intermittent 
obstructive jaundice. As the disease progresses, serum bilirubin will rise (Lee & Kaplan, 
1995). In the latter course of the disease, the prothrombin time will be prolonged and serum 
albumin level will decrease, signaling progression to hepatic failure. Other symptoms such 
as right upper quadrant abdominal pain, pruritus, fatigue, fever, and weight loss are 

 
Extraintestinal Manifestations of Ulcerative Colitis 

 

137 

variably present. However, PSC should be suspected in asymptomatic patients with an 
isolated elevation of serum alkaline phosphatase (Larsen, Bendtzen et al., 2010).  
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cholangiocarcinoma unless it progresses to large-duct PSC (Bjornsson, Olsson et al., 2008). 
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2006).  However, ERCP does carry potential for significant risks and complications (Larsen, 
Bendtzen et al., 2010). Hence, there has been an increased use of MRCP as an initial 
diagnostic tool, followed by ERCP as needed. If the diagnosis is in doubt, liver biopsy can 
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with UDCA, stenosis of bile ducts may occur and endoscopic intervention with dilatation 
has been showed to be effective (Stiehl, 2004). At the present time, liver transplantation is 
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(Chapman, Fevery et al., 2010; Navaneethan & Shen, 2010). Orthotopic liver transplantation 
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Navaneethan & Shen, 2010). 
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2.2.2 Malignancies 
PSC has been shown to be complicated by malignancies including cholangiocarcinoma (CCA), 
bile duct carcinoma, gall bladder carcinoma, and hepatocellular carcinoma.  Studies have 
shown that patients with UC and PSC are more prone to develop cholangiocarcinoma, 
colorectal cancer, gallbladder cancer and hepatocellular carcinoma (Broome et al., 1995; Florin 
et al., 2004; Kitiyakara & Chapman, 2008). Typically CCA presents as an intraductal tumor, 
and at times can be quite difficult to differentiate from a benign PSC stricture [FIGURE 7]. 
Evidence supporting diagnosis of CCA include high levels of CA 19-9, cross sectional liver 
imaging with long, confluent strictures and ERCP with brush biopsy of strictures, in addition 
to overall clinical presentation (Chapman, Fevery et al., 2010; Charatcharoenwitthaya et al., 
2008; Levy et al., 2005). The relative risk of bile duct carcinoma in UC patients is 31.3 compared 
to the general population and the prognosis is quite poor with a mean survival of less than one 
year.  PSC and pericholangitis are common pre-existing lesions in UC patients with bile duct 
carcinoma (Mir-Madjlessi et al., 1987).  A case report recommended that in patients with UC 
and PSC with abnormal gallbladders, liver biopsy and cholecystectomy should be performed 
(Dorudi et al., 1991). Another case report documented an association between fibrolamellar 
hepatocellular carcinoma and UC complicated by PSC (Snook et al., 1989). 
 

 
Fig. 7. ERCP of a UC patient with PSC showing high grade strictures within the right and 
left hepatic ducts with secondary pronounced intrahepatic ductal dilatation 

2.2.3 Primary Biliary Cirrhosis (PBC) 
PBC is autoimmune in nature with the unique presence of anti-mitochondrial antibodies 
(AMA) on laboratory testing. Studies have reported that in patients with UC, there is a 30 
fold risk of primary biliary cirrhosis compared to the general population (Koulentaki et al., 
1999). UC patients with PBC, as compared to patients without UC, are younger and more 
likely to be male. The mainstay treatment of PBC includes cholestyramine to relieve itching 
by reducing the amount of bile acid in the blood, UDCA to increase bile flow to reduce 
inflammation in bile ducts, fat soluble vitamins for nutritional supplementation, and ERCP 
for bile drainage. Ultimately, advanced PBC with liver failure and portal hypertension 
requires liver transplantation. 
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2.2.4 Autoimmune Hepatitis (AIH) 
Autoimmune chronic active hepatitis (CAH) has been observed in UC patients with and 
without PSC (Rabinovitz et al., 1992; Snook, Kelly et al., 1989). In addition to laboratory tests 
showing the presence of autoantibodies, such ANA and anti-smooth muscle muscle 
antibody (ASMA) and abnormal liver function tests, liver biopsy may be necessary to 
confirm the diagnosis (Alvarez et al., 1999). In patients with both UC and autoimmune 
hepatitis, up to 42% have abnormal cholangiographic findings indicating the coexistence or 
overlap of PSC (Perdigoto et al., 1992). UC patients with both AIH and PSC respond 
relatively poorly to immunosuppression and progress more rapidly to cirrhosis. 
Autoimmune CAH responds to steroids, but in the presence of PSC, dual therapy with 
steroids and azathioprine is indicated (Perdigoto, Carpenter et al., 1992; Rabinovitz, 
Demetris et al., 1992). Thus, in patients with UC complicated by autoimmune CAH, 
cholangiography is necessary to rule out PSC to dictate further therapy. 

2.2.5 Other hepatic complications 
Fatty liver or hepatic steatosis can be observed in UC patients and appears to correlate with 
disease severity or duration and may contribute to abnormal liver function tests (Riegler et 
al., 1998). The ultrasound findings of fatty liver show hepatomegaly and a dysechogenic 
pattern (De Fazio et al., 1992). Causes of fatty liver include malnutrition, protein loss, and 
steroid use. Patients are usually asymptomatic and treatment is geared towards treatment of 
the underlying UC and improving nutritional status (Navaneethan & Shen, 2010). 
Hepatic amyloidosis is an extremely rare complication of UC (0.07% vs. 0.9% in CD) and 
control of gut inflammation can reduce amyloid deposition severity (Greenstein et al., 1992; 
Navaneethan & Shen, 2010; Wester et al., 2001). Because of the rarity and asymptomatic 
nature of this complication, the need for liver biopsy remains unclear and should be made 
on a case-by-case basis. 
Hepatic and/or splenic abscesses are rare complications of IBD and even more rare in UC. 
They are diagnosed by ultrasound or CT scan showing non-enhancing hypodense lesions in 
the liver and/or spleen. Clinical suspicion of hepatosplenic abscesses should be considered 
in febrile patients with IBD whose presentations are inconsistent with IBD exacerbation. The 
treatments of hepatosplenic abscesses include drainage, broad-spectrum antibiotics, and 
treatment of underlying IBD with sulfasalazine and/or steroids. The pathogenesis of 
hepatosplenic abscess in UC is unclear at this time with possible mechanisms including 
infectious and immunologic etiologies (Navaneethan & Shen, 2010). 

2.2.6 Portal vein thrombosis 
Portal vein thrombosis is considered an EIM of UC and is thought to be secondary to 
coagulation abnormalities caused by chronic bowel inflammation. Ulceration of the mucosa 
barrier can increase the chance of gut microbial translocation and thus portal vein 
thrombosis (Navaneethan & Shen, 2010). Portal vein thrombosis has also been observed in 
UC patients who were status post proctocolectomy (Navaneethan & Shen, 2010). 

2.2.7 Pancreatic complications 
Patients with UC have increased chances of developing both acute and chronic pancreatitis 
(Keljo & Sugerman, 1997). Causes include idiopathic, gallstones, PSC, and medication side 
effects from drugs such as 5-ASA, mesalamine, corticosteroids, azathioprine, and 6-
mercaptopurine. Medication induced pancreatitis does not lead to chronic pancreatitis and 
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treatment involves cessation of the insulting drug (Bank & Wright, 1984). On the other hand, 
the etiology of chronic pancreatitis is unknown. Chronic pancreatitis with UC is usually 
painless, but is associated with pancreatic duct strictures and severe pancreatic exocrine 
insufficiency (Pena et al., 2000). 
Autoimmune pancreatitis (AIP) is a less common complication of UC compared to drug-
induced or gallstone pancreatitis (Navaneethan & Shen, 2010). It affects elderly individuals 
and can present with obstructive jaundice. Steroids have become the standard treatment of 
AIP for obstructive jaundice, abdominal pain, and prevention of future episodes of 
pancreatitis (Finkelberg et al., 2006; Kamisawa et al., 2009). Failure to respond to steroids 
raises the possibility of pancreatic cancer and warrants further work up for malignancy. 

2.3 Musculoskeletal complications 
Musculoskeletal complications are quite common and affect approximately 25% of all IBD 
patients (Bourikas & Papadakis, 2009; Danese et al., 2005). The musculoskeletal involvement 
of UC patients can be divided into the following categories: 
1. Arthritis: peripheral arthritis, axial arthritis including ankylosing spondylitis (AS) and 

sacroiliitis  
2. Periarticular inflammation: enthesitis, tendonitis, dactylitis, clubbing, periostitis, 

myositis, fibromyalgia, and granulomatous lesions of the joint and bone 
3. Metabolic bone disorders: osteoporosis, osteopenia, osteonecrosis 
4. Localized myopathy: orbital myositis, gastrocnemius myalgia syndrome, polymyositis, 

dermatomyositis 
5. Impaired growth: seen in children and adolescents 

2.3.1 Arthritis 
Peripheral Arthritis: Arthritis, located peripherally or axially, can precede, occur 
concurrently, or follow the diagnosis of UC (Bourikas & Papadakis, 2009). The type of 
articular involvement in UC is inflammatory and is associated with pain, heat, swelling, and 
decreased joint mobility. Similar to rheumatoid arthritis (RA), the pain and stiffness of 
arthritis in UC is worse in the morning and improves with physical activity. However, unlike 
RA arthritis, UC arthritis is typically seronegative, non-deforming, and non-erosive. The 
peripheral arthropathy seen with UC can be classified into two types: Type 1 and Type 2 
(Atzeni et al., 2009; Bourikas & Papadakis, 2009; Brakenhoff et al., 2010; Jose & Heyman, 2008). 
Type 1 is pauci-articular, asymmetrical in distribution, and typically affects less than 5 large 
joints, such as the knees, elbows, and ankles. The risk of developing peripheral arthritis is 
higher in UC patients and increases with colonic involvement (Bourikas & Papadakis, 2009; 
Jose & Heyman, 2008). The risk of developing type 1 peripheral arthritis is also increased 
with the presence of other EIMs, such as EN, PG, abscesses, stomatitis, and uveitis (Jose & 
Heyman, 2008). With the exception of small joints or type 2 polyarticular arthritis, the 
arthritis usually correlates with UC disease activity (Atzeni, Ardizzone et al., 2009). This type 
of arthritis is sometimes referred to as colitic arthritis, affects up to 20% of UC patients, and 
usually presents as an acute self-limiting episode that lasts less than 10 weeks with a median of 
5 weeks (Bourikas & Papadakis, 2009; Das, 1999; Jose & Heyman, 2008). However, about 20% 
to 40% will experience recurrent episodes of arthritis.  
Type 2 arthropathy is typically polyarticular, involving 5 or more joints including the small 
joints of the hands, and most commonly affects the MCP joints of the hands. This type of 
polyarticular arthritis with IBD is associated with uveitis, but not with other EIMs of IBD. 
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Unlike type 1 arthritis, symptoms of type 2 arthritis are independent of bowel disease 
activity and can persist for months to years with a median of 3 years (Bourikas & Papadakis, 
2009; Jose & Heyman, 2008). Genetic factors implicated in the association between 
peripheral arthritis and UC include: HLA-B27, HLA-B35, HLA-DR, and HLA-B44 
(Brakenhoff, Van Der Heijde et al., 2010). 
Axial Arthritis: Axial arthritis, referred as type 3 arthritis, includes both AS and isolated 
sacroiliitis. This axial type of arthropathy occurs less frequently than peripheral arthritis, 
and as with type 2 arthropathy, does not parallel the underlying IBD in clinical course 
(Bourikas & Papadakis, 2009; Brakenhoff, Van Der Heijde et al., 2010; Jose & Heyman, 2008). 
In fact, studies have shown that axial arthropathy often precedes UC diagnosis by several 
years (Bourikas & Papadakis, 2009). In fact, studies have shown that AS occurs in 
approximately 5% to 10% of patients with IBD and patients are typically young and HLA-
B27 positive [FIGURES 8 AND 9]. Presentation involves a severe onset of back pain with 
morning stiffness that is exacerbated by activity. Spondyloarthritis commonly coincides 
with periarticular involvement including synovitis, dactylitis, enthesitis, plantar fasciitis, 
and chest wall pain (Bourikas & Papadakis, 2009). Sacroiliitis seen with UC is often 
asymptomatic, but can manifest as pelvic pain that improves with movement and sacroiliac 
joint pain worsened with pelvic brim pressure [FIGURE 10] (Atzeni, Ardizzone et al., 2009). 
 

 
Fig. 8. X-Rays of a UC patient with AS 
 

 
Fig. 9. MRI images (Sagittal, left and coronal, right) showing AS in a young patient with UC 
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Fig. 10. MRI showing right sided SI and fused left sided joint space 

Treatment: The treatment of UC-associated arthropathies is extrapolated from other forms 
of arthritis (Atzeni, Ardizzone et al., 2009). As with other types of UC EIMs, treatment of the 
underlying disorder with medical and/or surgical interventions can improve the peripheral 
arthritis seen with UC (Danese, Semeraro et al., 2005; Jose & Heyman, 2008). Symptomatic 
treatments include rest, physical therapy, and intra-articular steroid treatments. A short 
course of celecoxib (COX-2 inhibitor) for 2 weeks has been safely used to treat arthritis in 
UC (Sandborn et al., 2006). Patients failing to improve should be considered for second-line 
therapy, including sulfasalazine and immunomodulators (Danese, Semeraro et al., 2005). In 
patients with active colonic inflammation and peripheral arthritis, biologic agents such as 
infliximab should be considered (Atzeni, Ardizzone et al., 2009). 
In contrast to peripheral arthritis which generally responds to treatment of the colitis, 
medical and surgical therapy of the underlying bowel disease does not affect the disease 
course of axial arthropathy. Traditionally, mainstay treatments of AS included intensive 
physical therapy plus disease-modifying drugs such as sulfasalazine and methotrexate 
(Atzeni, Ardizzone et al., 2009). However, recent studies have shown that TNF-alpha 
inhibitor agents such as infliximab are effective in treating AS, IBD, and IBD-associated 
peripheral and axial arthritis (Atzeni, Ardizzone et al., 2009; Bourikas & Papadakis, 2009; 
Danese, Semeraro et al., 2005).  

2.3.2 Periarticular Inflammation 
Periarticular inflammation including enthesitis, tendonitis, clubbing, dactylitis, periostitis, 
fibromyalgia, and granulomatous lesions of the joints and bones, have been described in UC 
patients in the presence and absence of arthritis (Bourikas & Papadakis, 2009; Salvarani et 
al., 2000). These types of periarticular involvement usually do not alter inflammatory 
markers, but can severely compromise quality of life. 

2.3.3 Metabolic bone disorders 
Bone disorders such as osteoporosis, osteopenia, and osteonecrosis are associated with UC 
and this relationship is intensified with concomitant steroid use (Jose & Heyman, 2008). 
Some studies have shown that in IBD patients, the prevalence rate of osteoporosis can range 
from 2% to 30% and as high as 40% to 50% for osteopenia (Danese, Semeraro et al., 2005). 
However, there is still controversy on the exact relationship between UC and osteoporosis. 

 
Extraintestinal Manifestations of Ulcerative Colitis 

 

143 

While one study found approximately 25% of UC patients to have decreased bone mineral 
density (BMD), another group in Norway found that unlike CD patients, UC patients had 
relatively normal body compositions without significantly decreased body mass index 
(BMI) or BMD (Jahnsen et al., 1997; Jahnsen et al., 2003; Vestergaard, 2004).  
The exact pathogenesis between UC and metabolic bone disorders is not entirely clear, but 
suggested causes include nutritional deficiency, malabsorption of calcium and vitamin D, 
steroid use, immobility, and elevated inflammatory cytokines (Danese, Semeraro et al., 
2005). Consequently, calcium and vitamin D levels should be checked in UC patients taking 
steroids. Attempts to minimize steroid dosage and/or duration, substituting steroids with 
steroid-sparing immunomodulators, or supplementation with bisphosphonates or calcitonin 
can prevent bone loss and reduce morbidity in these patients (Jose & Heyman, 2008). 
Osteonecrosis, also known as aseptic or avascular necrosis, is characterized by bone tissue 
death secondary to poor vascular supply. Believed to be the result of ischemia of the juxta-
articular bone, osteonecrosis has been described in both children and adults with IBD with a 
prevalence of <1% of all IBD patients and up to 4% of patients taking steroids (Jose & 
Heyman, 2008; Madsen & Andersen, 1994). Osteonecrosis is a serious complication of UC 
that should be diagnosed early by magnetic resonance imaging and/or bone scan to prevent 
serious complications (Madsen & Andersen, 1994). Treatment includes medical 
management with calcium, vitamin D, bisphosphonates, hydrochlorothiazide, or anti-
hypertensive to reduce bone edema. Surgical options include core-decompression biopsy, 
arthroplasty, or joint replacement (Jose & Heyman, 2008).  

2.3.4 Localized myopathy 
Muscle involvement is a rare EIM and UC patients are less affected than CD (Bourikas & 
Papadakis, 2009). The myopathy seen in UC patients can be a direct result of the underlying 
autoimmune disorder or a side effect of the IBD therapy. In most patients, diagnosis of IBD 
usually precedes the development of myopathy symptoms. Myopathy disorders that have 
been associated with UC include orbital myositis, gastrocnemius myalgia syndrome, 
polymyositis, and dermatomyositis (Bourikas & Papadakis, 2009). Orbital myositis in UC 
patients is rare and only a handful of cases have been reported (Macarez et al., 2005). It 
presents as acute orbital pain, diplopia, eyelid swelling, exophthalmos, and conjunctival 
injection. Diagnosis is made by CT or MRI that can show proptosis and extra-ocular muscle 
swelling. A case report documented successful results with a short course of systemic 
steroids and long-term mesalamine therapy (Macarez, Bazin et al., 2005). Gastrocnemius 
myalgia syndrome usually presents as calf tenderness and is less commonly reported in UC 
compared to CD. Polymyositis and dermatomyositis in UC patients usually present with 
proximal muscle weakness (Bourikas & Papadakis, 2009). Diagnostic work up should 
include CPK, ESR, muscle/skin biopsy, and EMG. Mainstay treatment of the various types 
of myositis should always include glucocorticoids. TNF-alpha blockers may be required for 
orbital myositis and azathioprine for polymyositis and dermatomyositis (Bourikas & 
Papadakis, 2009). A case report of an elderly woman with UC and polymyositis who was 
treated with corticosteroids and 5-ASA had marked improvement of her muscle weakness 
(Chugh et al., 1993).  

2.3.5 Impaired growth 
About 33% of patients with IBD develop symptoms during childhood and adolescence 
(Ballinger et al., 2001). Of this young population, approximately 28% of UC patients have 
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Fig. 10. MRI showing right sided SI and fused left sided joint space 
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al., 2000). These types of periarticular involvement usually do not alter inflammatory 
markers, but can severely compromise quality of life. 

2.3.3 Metabolic bone disorders 
Bone disorders such as osteoporosis, osteopenia, and osteonecrosis are associated with UC 
and this relationship is intensified with concomitant steroid use (Jose & Heyman, 2008). 
Some studies have shown that in IBD patients, the prevalence rate of osteoporosis can range 
from 2% to 30% and as high as 40% to 50% for osteopenia (Danese, Semeraro et al., 2005). 
However, there is still controversy on the exact relationship between UC and osteoporosis. 
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Muscle involvement is a rare EIM and UC patients are less affected than CD (Bourikas & 
Papadakis, 2009). The myopathy seen in UC patients can be a direct result of the underlying 
autoimmune disorder or a side effect of the IBD therapy. In most patients, diagnosis of IBD 
usually precedes the development of myopathy symptoms. Myopathy disorders that have 
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patients is rare and only a handful of cases have been reported (Macarez et al., 2005). It 
presents as acute orbital pain, diplopia, eyelid swelling, exophthalmos, and conjunctival 
injection. Diagnosis is made by CT or MRI that can show proptosis and extra-ocular muscle 
swelling. A case report documented successful results with a short course of systemic 
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myalgia syndrome usually presents as calf tenderness and is less commonly reported in UC 
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(Chugh et al., 1993).  
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About 33% of patients with IBD develop symptoms during childhood and adolescence 
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evidence of growth impairment and delay with onset of bowel symptoms (Berger et al., 
1975; Stawarski et al., 2006). The underlying UC causes of this chronic under-nutrition 
include poor oral intake from fear of colitis exacerbation, malabsorption from inflammation, 
and hypoalbuminemia secondary to protein-losing enteropathies (Jose & Heyman, 2008). 
There is evidence that inflammatory cytokines such as IL-6 and TNF-alpha account for the 
chronic inflammation that impairs linear growth and thus development (Ballinger, 
Camacho-Hubner et al., 2001). Studies have also shown that high dose daily steroid therapy 
is associated with diminished type 1 collagen production, which is also important for linear 
growth. Interestingly, low dose and alternate-day steroid regimens have less dramatic 
impacts on growth velocity and should be considered as treatment regimens for UC (Berger, 
Gribetz et al., 1975). Height, weight, puberty staging, and bone age should be regularly 
checked in young UC patients to prevent poor development. Optimal management of these 
young patients involves a balance between selecting an appropriate regimen that adequately 
treats the UC while minimally compromising normal growth and development. Ideally, 
keeping the underlying bowel disease in remission, especially during puberty, can improve 
the chance of reaching full growth potential. Calorie supplementation and enteral nutrition 
should be utilized to meet individualized nutritional goals. (Ballinger, Camacho-Hubner et 
al., 2001). Surgical interventions eradicating medically refractory disease activity have had 
more success in reversing growth retardation than high dose steroids, assuming that there 
was not a significant preexisting delay (Berger, Gribetz et al., 1975). 

2.4 Ocular complications 
Ocular complications associated with UC were first described in 1925 in two patients with 
corneal inflammation and conjunctivitis (Crohn, 1925). A large study of 465 UC patients 
showed that 17 patients (3.6%) had ocular involvement. Of these 17 patients, 7 patients had 
episcleritis and 5 had iritis or anterior uveitis (Billson et al., 1967). Two patients had 
blepharo-keratitis and there were single cases of interstitial keratitis, choroiditis, and 
dacryocystitis reported in this study.  Episcleritis, uveitis and conjunctivitis are the most 
frequent eye manifestations of IBD. Females are affected more frequently than males and 
eye manifestations were found to be well correlated with UC flares (Billson, De Dombal et 
al., 1967). Another study reported a higher incidence with 10 out of 78 UC patients (12.8%) 
having ocular complications (Ozdemir et al., 2000). 

2.4.1 Episcleritis 
The episclera is the connective tissue between the conjunctiva and sclera. Episcleritis is thus 
defined as an inflammation of the episclera and its adjacent tissues. The inflammation is 
usually segmental and bilateral in distribution and associated with eye discomfort, 
irritation, redness, and tearing [FIGURE 11]. However, there is usually no visual impairment 
or purulent discharge. Episcleritis responds well to topical steroids (Billson, De Dombal et 
al., 1967). 

2.4.2 Uveitis 
The uvea is the middle layer of the eye and is situated between the retina and sclera. It 
includes the iris, ciliary body, and the choroid of the eye. Uveitis refers to an inflammation 
of the uvea. Multiple studies and case reports have demonstrated that UC can be associated 
not only with anterior uveitis, but also posterior, peripheral, or even pan-uveitis (Ozdemir et 
al., 2000). Symptoms of uveitis include photophobia, blurred vision, pain, and conjunctival 
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injection. Anterior uveitis or iritis is distinguished from other causes of red eye by slit lamp 
examination and leukocytes seen in the anterior chamber is diagnostic of anterior uveitis. 
Posterior uveitis can be diagnosed by one of two ways: either by direct visualization of the 
active chorioretinal inflammation and/or by detecting leukocytes in the vitreous humor by 
slit lamp or indirect ophthalmoscope. Uveitis usually responds to topical steroid treatment. 
Severe cases of iritis should be treated with mydriatics to dilate pupils to prevent synechia, 
in which there is adhesion of the iris to the cornea or lens. It has been speculated that 
primary treatment of the UC with systemic steroids could account for the relatively low 
incidence of uveitis in patients with UC (Billson, De Dombal et al., 1967). 
 

 
Fig. 11. UC Patient with episcleritis 

2.4.3 Scleritis 
UC has been associated with different types of anterior scleritis: diffuse, nodular, and 
posterior scleritis (Ozdemir et al., 2000). Symptoms of scleritis include deep eye pain with 
radiation to eyebrows, cheeks and temples, eye redness, tearing, photophobia and blurred 
vision. Severe cases can ultimately lead to blindness. Initial treatments include NSAIDs; oral 
steroids or immunosuppressants may be necessary for advanced disease. Necrotizing 
scleritis, the most severe form of scleritis, causes severe inflammation and pain in part of or 
the entire sclera. This serious disorder is associated with RA, but has also been reported in 
UC (Lyne & Pitkeathley, 1968). A case report documented a case of severe necrotizing 
scleritis in a patient with UC that was surgically treated with an amniotic membrane graft 
and successfully preserved the patient’s vision (Lazzaro, 2010). 

2.4.4 Optic neuritis 
Optic neuritis is inflammation of optic nerve and studies have shown that optic neuritis can 
be the sole ocular manifestation of UC (Sedwick et al., 1984). Patients with UC who develop 
rapid and progressive reduction in vision should be suspected to have optic neuritis. 
Untreated optic neuritis can lead to permanent loss of vision and treatment of optic neuritis 
typically includes systemic steroid (Nakamura et al., 2005). 
One of the key inflammatory mediators of UC includes the cytokine tumor necrosis-alpha 
(TNF-α). As such, anti-TNF-α therapies are often used to treat patients with UC and are 
generally well tolerated (Rutgeerts et al., 2005). However, there have been reports of the 
development of demyelinating disease such as optic neuritis in patients receiving anti-TNF-
α therapy (Nash & Florin, 2005). A study of 15 patients who presented with optic neuritis 
following TNF-α antagonist therapy showed that 9 of these patients experienced full 
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evidence of growth impairment and delay with onset of bowel symptoms (Berger et al., 
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having ocular complications (Ozdemir et al., 2000). 
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injection. Anterior uveitis or iritis is distinguished from other causes of red eye by slit lamp 
examination and leukocytes seen in the anterior chamber is diagnostic of anterior uveitis. 
Posterior uveitis can be diagnosed by one of two ways: either by direct visualization of the 
active chorioretinal inflammation and/or by detecting leukocytes in the vitreous humor by 
slit lamp or indirect ophthalmoscope. Uveitis usually responds to topical steroid treatment. 
Severe cases of iritis should be treated with mydriatics to dilate pupils to prevent synechia, 
in which there is adhesion of the iris to the cornea or lens. It has been speculated that 
primary treatment of the UC with systemic steroids could account for the relatively low 
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UC has been associated with different types of anterior scleritis: diffuse, nodular, and 
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be the sole ocular manifestation of UC (Sedwick et al., 1984). Patients with UC who develop 
rapid and progressive reduction in vision should be suspected to have optic neuritis. 
Untreated optic neuritis can lead to permanent loss of vision and treatment of optic neuritis 
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recovery, 2 had partial resolution, and 4 patients continued to be symptomatic (Simsek et al., 
2007). It is recommended that patients on anti-TNF-α therapy should be monitored for signs 
and symptoms of optic neuritis and if symptomatic, should have the medication discontinued.  

2.4.5 Other ocular complications 
Other ocular complications include marginal keratitis and corneal ulcers, cataracts, recurrent 
conjunctivitis, blepharitis, retinal vasculitis, retinal vein occlusion, and neuroretinitis 
(Billson, De Dombal et al., 1967). 
In summary, routine eye examinations are recommended for UC patients. Early diagnosis 
and treatment of ocular involvement can prevent serious and potentially irreversible 
complications of UC.  

2.5 Hematologic and vascular complications 
Hematological complications that are associated with UC include (Gomollon & Gisbert, 
2009; Imagawa, 1999; Wilson et al., 2004): 
1. Anemia of various causes: iron deficiency anemia (IDA), anemia of chronic disease 

(ACD), folic acid or B12 deficiency, megaloblastic anemia, autoimmune hemolytic 
anemia, or anemia secondary to marrow-suppressing medications. 

2. Granulocytopenia, thrombocytopenia 
3. Idiopathic thrombocytopenic purpura 
4. Neoplastic (rare): myelodysplastic syndrome, acute or chronic leukemia 
In IBD, the prevalence of anemia ranges from 8.8% to 73.7% and the major types of anemia 
are IDA and ACD (Giannini & Martes, 2006).  

2.5.1 Iron deficiency anemia 
In addition to biochemical values (serum iron, total iron binding capacity, transferrin, 
ferritin), new indices of iron metabolism (for example soluble transferrin receptors or sTfR, 
sTfR-ferritin index, hepcidin, ferritin: transferrin receptor ratio, reticulocyte hemoglobin 
content or percentage of hypochromic red blood cells) may help with the assessment of IDA 
and ACD in IBD (Stein et al., 2010; Zhu et al., 2010). Traditionally, IDA is treated with oral 
iron supplementation. However in patients with UC, not only can oral iron cause more GI 
side effects, but it is also poorly absorbed in the gut secondary to mucosal inflammation and 
altered distribution. As a result, the strong oxidizing properties of the unabsorbed iron 
inside the gut lumen can exacerbate the UC (Zhu, Kaneshiro et al., 2010). Hence, parenteral 
iron therapy and erythropoietin have been advocated in the treatment of IDA in UC patients 
(Gomollon & Gisbert, 2009; Stein, Hartmann et al., 2010; Wilson, Reyes et al., 2004; Zhu, 
Kaneshiro et al., 2010). 

2.5.2 Anemia of Chronic Disease 
ACD, seen in patients with acute or chronic inflammation, is the second most common anemia 
in both the general and IBD population (Weiss & Goodnough, 2005). The pathogenesis of ACD 
is immune driven by cytokines and cells of the reticuloendothelial system. Erythropoiesis is 
decreased secondary to the chronic inflammation and corresponding anti-inflammatory 
treatments for IBD (Zhu, Kaneshiro et al., 2010). In UC, recombinant human erythropoietin is 
recommended for ACD and IDA if parenteral iron therapy is ineffective (Stein, Hartmann et 
al., 2010; Weiss & Goodnough, 2005; Zhu, Kaneshiro et al., 2010). 
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2.5.3 Autoimmune Hemolytic Anemia 
The association of autoimmune hemolytic anemia (AIHA) with UC is rare, occurring in less 
than 1% of cases. However, AIHA should be suspected in patients with anemia, painless 
jaundice, and unconjugated hyperbilirubinemia (Gumaste et al., 1989; Valderrama Rojas et 
al., 2003). The diagnosis of AIHA includes a positive direct Coombs test that detects IgG or 
complement absorbed onto red blood cells. However, studies have shown that 
approximately 1.82% of UC patients without signs of hemolysis can have a positive direct 
Coombs test (Valderrama Rojas, Rodriguez Gorostiza et al., 2003). Systemic steroids are the 
first line of therapy, produce remission in 21% to 50% of cases, and should be continued for 
3 weeks before being considered ineffective (Gumaste, Greenstein et al., 1989; Veloso et al., 
1991). For cases unresponsive to steroids, immunosuppressive therapy with agents such as 
cyclophosphamide or azathioprine and surgical intervention including splenectomy should be 
considered. A case report describes a patient with UC and AIHA in which 
immunosuppression with steroids and azathioprine was not successful in achieving remission. 
Ultimately, splenectomy was performed and the patient went into remission allowing her 
immunosuppressants to be discontinued (Wodzinski & Lawrence, 1985).  If the hemolysis is 
not responding to the aforementioned treatments, colectomy or total proctocolectomy are 
advisable and effective (Gumaste, Greenstein et al., 1989)(Sharma 2002). Thrombocytopenia 
with AIHA is known as Evan’s syndrome. A case report describes an association of Evan's 
syndrome with UC that responded to immunosuppressive therapy (Ucci et al., 2003). 

2.5.4 Other hematologic complications 
Agranulocytosis and thrombocytopenia have been reported to be associated with UC. This 
can be secondary to medication side effects: for example, sulfasalazine has been shown to 
cause agranulocytosis and mesalamine has been showed to cause thrombocytopenia (Farrell 
et al., 1999; Roddie et al., 1995). Immune-mediated neutropenia and thrombocytopenia have 
also been reported in UC (Kim et al., 1995). Idiopathic thrombocytopenic purpura (ITP), 
documented by various case reports to occur in patients with UC, is autoimmune in nature 
and treatment is similar to that of AIHA with steroids, splenectomy, and if necessary, 
colectomy (Mizuta et al., 2003; Yoshida et al., 1996). 
Various hematologic malignancies have been reported as UC complications and include: acute 
promyelocytic leukemia, acute myelogenous leukemia, chronic granulocytic leukemia, and 
myelodysplastic syndrome (Braverman & Bogoch, 1978; Fabry et al., 1980; Hebbar et al., 1997; 
Rosen & Teplitz, 1965). However, the pathogenesis of the association remains unclear (Fabry, 
Sachar et al., 1980; Hebbar, Kozlowski et al., 1997; Rosen & Teplitz, 1965; Suzuki et al., 1995). 

2.5.5 Vascular complications 
Venous thromboembolism (VTE) such as deep vein thrombosis (DVT) and pulmonary 
embolism (PE) are known complications of UC (Braverman & Bogoch, 1978). This is 
attributable to the hypercoagulable state associated with UC with patients often having 
active disease at time of VTE (Koutroubakis, 2005). Treatment is similar to that of patients 
without IBD. Arterial thrombosis is a rare complication of UC and sites of thrombosis 
involving radial, brachial and common carotid arterial thrombosis have been reported 
(Braverman & Bogoch, 1978; Mikroulis et al., 1999; Nogami et al., 2007). The pathogenesis of 
arterial thrombosis is related to increased fibrinogen levels, increased platelet counts, and 
decreased anti-thrombin III levels (Mikroulis, Antypas et al., 1999). Treatment with 
antithrombotic therapy can often worsen the UC and in patients who fail antithrombotic or 
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recovery, 2 had partial resolution, and 4 patients continued to be symptomatic (Simsek et al., 
2007). It is recommended that patients on anti-TNF-α therapy should be monitored for signs 
and symptoms of optic neuritis and if symptomatic, should have the medication discontinued.  

2.4.5 Other ocular complications 
Other ocular complications include marginal keratitis and corneal ulcers, cataracts, recurrent 
conjunctivitis, blepharitis, retinal vasculitis, retinal vein occlusion, and neuroretinitis 
(Billson, De Dombal et al., 1967). 
In summary, routine eye examinations are recommended for UC patients. Early diagnosis 
and treatment of ocular involvement can prevent serious and potentially irreversible 
complications of UC.  
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Hematological complications that are associated with UC include (Gomollon & Gisbert, 
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1. Anemia of various causes: iron deficiency anemia (IDA), anemia of chronic disease 

(ACD), folic acid or B12 deficiency, megaloblastic anemia, autoimmune hemolytic 
anemia, or anemia secondary to marrow-suppressing medications. 
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In IBD, the prevalence of anemia ranges from 8.8% to 73.7% and the major types of anemia 
are IDA and ACD (Giannini & Martes, 2006).  

2.5.1 Iron deficiency anemia 
In addition to biochemical values (serum iron, total iron binding capacity, transferrin, 
ferritin), new indices of iron metabolism (for example soluble transferrin receptors or sTfR, 
sTfR-ferritin index, hepcidin, ferritin: transferrin receptor ratio, reticulocyte hemoglobin 
content or percentage of hypochromic red blood cells) may help with the assessment of IDA 
and ACD in IBD (Stein et al., 2010; Zhu et al., 2010). Traditionally, IDA is treated with oral 
iron supplementation. However in patients with UC, not only can oral iron cause more GI 
side effects, but it is also poorly absorbed in the gut secondary to mucosal inflammation and 
altered distribution. As a result, the strong oxidizing properties of the unabsorbed iron 
inside the gut lumen can exacerbate the UC (Zhu, Kaneshiro et al., 2010). Hence, parenteral 
iron therapy and erythropoietin have been advocated in the treatment of IDA in UC patients 
(Gomollon & Gisbert, 2009; Stein, Hartmann et al., 2010; Wilson, Reyes et al., 2004; Zhu, 
Kaneshiro et al., 2010). 

2.5.2 Anemia of Chronic Disease 
ACD, seen in patients with acute or chronic inflammation, is the second most common anemia 
in both the general and IBD population (Weiss & Goodnough, 2005). The pathogenesis of ACD 
is immune driven by cytokines and cells of the reticuloendothelial system. Erythropoiesis is 
decreased secondary to the chronic inflammation and corresponding anti-inflammatory 
treatments for IBD (Zhu, Kaneshiro et al., 2010). In UC, recombinant human erythropoietin is 
recommended for ACD and IDA if parenteral iron therapy is ineffective (Stein, Hartmann et 
al., 2010; Weiss & Goodnough, 2005; Zhu, Kaneshiro et al., 2010). 
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2.5.3 Autoimmune Hemolytic Anemia 
The association of autoimmune hemolytic anemia (AIHA) with UC is rare, occurring in less 
than 1% of cases. However, AIHA should be suspected in patients with anemia, painless 
jaundice, and unconjugated hyperbilirubinemia (Gumaste et al., 1989; Valderrama Rojas et 
al., 2003). The diagnosis of AIHA includes a positive direct Coombs test that detects IgG or 
complement absorbed onto red blood cells. However, studies have shown that 
approximately 1.82% of UC patients without signs of hemolysis can have a positive direct 
Coombs test (Valderrama Rojas, Rodriguez Gorostiza et al., 2003). Systemic steroids are the 
first line of therapy, produce remission in 21% to 50% of cases, and should be continued for 
3 weeks before being considered ineffective (Gumaste, Greenstein et al., 1989; Veloso et al., 
1991). For cases unresponsive to steroids, immunosuppressive therapy with agents such as 
cyclophosphamide or azathioprine and surgical intervention including splenectomy should be 
considered. A case report describes a patient with UC and AIHA in which 
immunosuppression with steroids and azathioprine was not successful in achieving remission. 
Ultimately, splenectomy was performed and the patient went into remission allowing her 
immunosuppressants to be discontinued (Wodzinski & Lawrence, 1985).  If the hemolysis is 
not responding to the aforementioned treatments, colectomy or total proctocolectomy are 
advisable and effective (Gumaste, Greenstein et al., 1989)(Sharma 2002). Thrombocytopenia 
with AIHA is known as Evan’s syndrome. A case report describes an association of Evan's 
syndrome with UC that responded to immunosuppressive therapy (Ucci et al., 2003). 

2.5.4 Other hematologic complications 
Agranulocytosis and thrombocytopenia have been reported to be associated with UC. This 
can be secondary to medication side effects: for example, sulfasalazine has been shown to 
cause agranulocytosis and mesalamine has been showed to cause thrombocytopenia (Farrell 
et al., 1999; Roddie et al., 1995). Immune-mediated neutropenia and thrombocytopenia have 
also been reported in UC (Kim et al., 1995). Idiopathic thrombocytopenic purpura (ITP), 
documented by various case reports to occur in patients with UC, is autoimmune in nature 
and treatment is similar to that of AIHA with steroids, splenectomy, and if necessary, 
colectomy (Mizuta et al., 2003; Yoshida et al., 1996). 
Various hematologic malignancies have been reported as UC complications and include: acute 
promyelocytic leukemia, acute myelogenous leukemia, chronic granulocytic leukemia, and 
myelodysplastic syndrome (Braverman & Bogoch, 1978; Fabry et al., 1980; Hebbar et al., 1997; 
Rosen & Teplitz, 1965). However, the pathogenesis of the association remains unclear (Fabry, 
Sachar et al., 1980; Hebbar, Kozlowski et al., 1997; Rosen & Teplitz, 1965; Suzuki et al., 1995). 

2.5.5 Vascular complications 
Venous thromboembolism (VTE) such as deep vein thrombosis (DVT) and pulmonary 
embolism (PE) are known complications of UC (Braverman & Bogoch, 1978). This is 
attributable to the hypercoagulable state associated with UC with patients often having 
active disease at time of VTE (Koutroubakis, 2005). Treatment is similar to that of patients 
without IBD. Arterial thrombosis is a rare complication of UC and sites of thrombosis 
involving radial, brachial and common carotid arterial thrombosis have been reported 
(Braverman & Bogoch, 1978; Mikroulis et al., 1999; Nogami et al., 2007). The pathogenesis of 
arterial thrombosis is related to increased fibrinogen levels, increased platelet counts, and 
decreased anti-thrombin III levels (Mikroulis, Antypas et al., 1999). Treatment with 
antithrombotic therapy can often worsen the UC and in patients who fail antithrombotic or 
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anticoagulation therapies, colectomy is often necessary (Mikroulis, Antypas et al., 1999; 
Nogami, Iiai et al., 2007). 
UC has been reported to be associated with several vasculitides including: Takayasu's 
arteritis and giant cell arteritis (Jacob et al., 1990; Kawashima et al., 1999; Shibata et al., 2002). 
Takayasu's arteritis is a granulomatous arteritis involving the aorta and its branches. 
Involvement of the common carotid artery will show typical tenderness of carotid artery, an 
early but pathognomonic symptom of Takayasu’s arteritis. MRI is helpful for the early 
diagnosis of Takayasu's arteritis (Kawashima, Koike et al., 1999). Giant cell arteritis is 
granulomatous arteritis involving medium and large-sized arteries. Giant cell arteritis, also 
known as temporal arteritis and cranial arteritis, usually presents with headache, blurred 
vision, and sometimes sensorineural deafness (Jacob, Ledingham et al., 1990). Biopsy of 
temporal artery is needed for definitive diagnosis of temporal arteritis. Both Takayasu's 
arteritis and Giant cell arteritis respond to steroids (Jacob, Ledingham et al., 1990; 
Kawashima, Koike et al., 1999; Shibata, Funayama et al., 2002). Early diagnosis is important 
as delayed treatment can lead to permanent loss of vision. 

2.6 Renal and genitourinary tract complications 
A significant number of UC patients can develop complications involving the kidney and 
genitourinary tract. These complications include urolithiasis, chronic renal disease, ureteral 
obstruction, fistulas, and renal cell carcinoma. 

2.6.1 Urolithiasis 
Kidney stones, usually composed of either calcium oxalate or uric acid, are more prevalent 
in UC patients than in the general population (Caudarella et al., 1993). UC patients, 
especially those who have undergone surgery, have been shown to have decreased urinary 
volume, pH, magnesium, and excretion of citrate, all of which are significant risk factors for 
renal stone formation. Dehydration from diarrhea during UC flares further increases one’s 
chance of developing nephrolithiasis. 

2.6.2 Chronic renal disease 
A statistically significant increased risk for renal disease is found in UC but not in CD 
patients (Bernstein et al., 2005). Reported chronic renal diseases associated with UC include: 
glomerulonephritis, immunoglobulin A nephropathy, nephrotic syndrome, idiopathic 
interstitial nephritis, drug-induced nephritis by mesalamine, NSAID induced nephropathy, 
type AA renal amyloidosis, or secondary amyloidosis (Basili et al., 2002; Skhiri et al., 1998; 
rStokke et al., 1976; Tokuyama et al., 2010). Kidney biopsy is indicated in order to confirm 
the diagnosis. 
Nephrotic syndrome as a complication of UC has been reported to be related to an 
underlying complement and immune disorder and usually responds favorably to steroid 
treatment. A case report documents rapid improvement in renal function after colectomy 
(Stokke, Teisberg et al., 1976). UC patients found to have micro- or macro-hematuria should 
receive a renal biopsy for possible immunoglobulin A nephropathy (Trimarchi et al., 2001). 
Many of these diagnoses can end in renal failure and may ultimately require hemodialysis. 

2.6.3 Ureteral obstruction 
Ureteral involvement has been reported to occur in 3-6% of IBD cases (Ruffolo et al., 2004). 
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Ureteral obstruction in UC can be caused by kidney stone or retroperitoneal inflammation 
and fibrosis. Intravenous pyelography (IVP) is used to diagnose non-calculous ureteral 
obstruction and is found in 14% of UC patients (Fleckenstein et al., 1977). These patients are 
initially asymptomatic, but chronic obstruction and lead to pyelonephritis, hydronephrosis, 
hypertension, and eventual loss of kidney function. Because occult ureteral stenosis without 
gastrointestinal symptoms may be present, the possibility of IBD should be raised in 
patients who present with isolated ureteral stenosis (Kruglik et al., 1977). Initial 
management focuses on medical treatment of UC, but nephrostomy tubes or ureteral stents 
are indicated to relieve any obstructions.  

2.6.4 Renal Cell Carcinoma 
Renal cell carcinoma (RCC), although relatively uncommon, has been documented to occur 
in UC patients. While the association is unclear, possible etiologies include genetic 
predisposition or immunosuppression from medications. Treatment usually requires 
surgical intervention including nephrectomy (Satsangi et al., 1996). 

2.7 Neurological complications 
Both central and peripheral neurological disorders have been reported to occur in patients 
with UC. These include strokes, cerebral sinus thrombosis, cerebral vasculitis, acute 
disseminated encephalomyelitis, multiple sclerosis, peripheral neuropathies, and many 
other disorders (Jose & Heyman, 2008). Neurological complications of UC can be 
differentiated into three major categories: cerebrovascular disease, cerebral vasculitis, and 
immune mediated neuropathy. (Pandian et al., 2004) 

2.7.1 Cerebrovascular disease 
Compared to venous thrombotic events such as DVT and pulmonary emboli, thrombotic 
events occurring in the CNS are relatively rare occurring in up to 7.5% of cases 
(Nudelman et al., 2010). Cerebral sinus thrombosis typically presents with headache, 
convulsions, hemiparesis, and/or other neurologic signs and diagnosis is made by MRI 
angiogram (Tsujikawa et al., 2000). Because untreated cerebral sinus thrombosis can result 
in fatal cerebral edema and herniation, rapid diagnosis and treatment aimed to reduce 
intracranial pressure with a combination of steroids, diuretics, anticoagulants, and 
antithrombotic therapy is essential (Nudelman, Rosen et al., 2010; Tsujikawa, Urabe et al., 
2000).  
Cerebral arterial thrombosis is also a rare complication of UC, but has been described in 
young patients without any other significant risk factors of cerebral vascular accidents 
such as hyperlipidemia, cardiac arrhythmia, or carotid artery disease (Katsanos & 
Tsianos, 2002). Unfortunately, due to the rarity of cases, there are no official guidelines on 
the treatment of strokes in patients with IBD. Case reports have documented that arterial 
thrombotic events in UC patients is often associated with severe pan-colonic disease and 
generally carries a poor prognosis (Novotny et al., 1992). Colectomy may be necessary in 
these patients. 

2.7.2 Cerebral vasculitis 
Cerebral vasculitis is another complication of UC and can manifest as seizures and severe 
headaches (Masaki et al., 1997; Nomoto et al., 2006). Diagnosis is typically made with MRI 
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anticoagulation therapies, colectomy is often necessary (Mikroulis, Antypas et al., 1999; 
Nogami, Iiai et al., 2007). 
UC has been reported to be associated with several vasculitides including: Takayasu's 
arteritis and giant cell arteritis (Jacob et al., 1990; Kawashima et al., 1999; Shibata et al., 2002). 
Takayasu's arteritis is a granulomatous arteritis involving the aorta and its branches. 
Involvement of the common carotid artery will show typical tenderness of carotid artery, an 
early but pathognomonic symptom of Takayasu’s arteritis. MRI is helpful for the early 
diagnosis of Takayasu's arteritis (Kawashima, Koike et al., 1999). Giant cell arteritis is 
granulomatous arteritis involving medium and large-sized arteries. Giant cell arteritis, also 
known as temporal arteritis and cranial arteritis, usually presents with headache, blurred 
vision, and sometimes sensorineural deafness (Jacob, Ledingham et al., 1990). Biopsy of 
temporal artery is needed for definitive diagnosis of temporal arteritis. Both Takayasu's 
arteritis and Giant cell arteritis respond to steroids (Jacob, Ledingham et al., 1990; 
Kawashima, Koike et al., 1999; Shibata, Funayama et al., 2002). Early diagnosis is important 
as delayed treatment can lead to permanent loss of vision. 

2.6 Renal and genitourinary tract complications 
A significant number of UC patients can develop complications involving the kidney and 
genitourinary tract. These complications include urolithiasis, chronic renal disease, ureteral 
obstruction, fistulas, and renal cell carcinoma. 

2.6.1 Urolithiasis 
Kidney stones, usually composed of either calcium oxalate or uric acid, are more prevalent 
in UC patients than in the general population (Caudarella et al., 1993). UC patients, 
especially those who have undergone surgery, have been shown to have decreased urinary 
volume, pH, magnesium, and excretion of citrate, all of which are significant risk factors for 
renal stone formation. Dehydration from diarrhea during UC flares further increases one’s 
chance of developing nephrolithiasis. 

2.6.2 Chronic renal disease 
A statistically significant increased risk for renal disease is found in UC but not in CD 
patients (Bernstein et al., 2005). Reported chronic renal diseases associated with UC include: 
glomerulonephritis, immunoglobulin A nephropathy, nephrotic syndrome, idiopathic 
interstitial nephritis, drug-induced nephritis by mesalamine, NSAID induced nephropathy, 
type AA renal amyloidosis, or secondary amyloidosis (Basili et al., 2002; Skhiri et al., 1998; 
rStokke et al., 1976; Tokuyama et al., 2010). Kidney biopsy is indicated in order to confirm 
the diagnosis. 
Nephrotic syndrome as a complication of UC has been reported to be related to an 
underlying complement and immune disorder and usually responds favorably to steroid 
treatment. A case report documents rapid improvement in renal function after colectomy 
(Stokke, Teisberg et al., 1976). UC patients found to have micro- or macro-hematuria should 
receive a renal biopsy for possible immunoglobulin A nephropathy (Trimarchi et al., 2001). 
Many of these diagnoses can end in renal failure and may ultimately require hemodialysis. 

2.6.3 Ureteral obstruction 
Ureteral involvement has been reported to occur in 3-6% of IBD cases (Ruffolo et al., 2004). 
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Ureteral obstruction in UC can be caused by kidney stone or retroperitoneal inflammation 
and fibrosis. Intravenous pyelography (IVP) is used to diagnose non-calculous ureteral 
obstruction and is found in 14% of UC patients (Fleckenstein et al., 1977). These patients are 
initially asymptomatic, but chronic obstruction and lead to pyelonephritis, hydronephrosis, 
hypertension, and eventual loss of kidney function. Because occult ureteral stenosis without 
gastrointestinal symptoms may be present, the possibility of IBD should be raised in 
patients who present with isolated ureteral stenosis (Kruglik et al., 1977). Initial 
management focuses on medical treatment of UC, but nephrostomy tubes or ureteral stents 
are indicated to relieve any obstructions.  

2.6.4 Renal Cell Carcinoma 
Renal cell carcinoma (RCC), although relatively uncommon, has been documented to occur 
in UC patients. While the association is unclear, possible etiologies include genetic 
predisposition or immunosuppression from medications. Treatment usually requires 
surgical intervention including nephrectomy (Satsangi et al., 1996). 

2.7 Neurological complications 
Both central and peripheral neurological disorders have been reported to occur in patients 
with UC. These include strokes, cerebral sinus thrombosis, cerebral vasculitis, acute 
disseminated encephalomyelitis, multiple sclerosis, peripheral neuropathies, and many 
other disorders (Jose & Heyman, 2008). Neurological complications of UC can be 
differentiated into three major categories: cerebrovascular disease, cerebral vasculitis, and 
immune mediated neuropathy. (Pandian et al., 2004) 

2.7.1 Cerebrovascular disease 
Compared to venous thrombotic events such as DVT and pulmonary emboli, thrombotic 
events occurring in the CNS are relatively rare occurring in up to 7.5% of cases 
(Nudelman et al., 2010). Cerebral sinus thrombosis typically presents with headache, 
convulsions, hemiparesis, and/or other neurologic signs and diagnosis is made by MRI 
angiogram (Tsujikawa et al., 2000). Because untreated cerebral sinus thrombosis can result 
in fatal cerebral edema and herniation, rapid diagnosis and treatment aimed to reduce 
intracranial pressure with a combination of steroids, diuretics, anticoagulants, and 
antithrombotic therapy is essential (Nudelman, Rosen et al., 2010; Tsujikawa, Urabe et al., 
2000).  
Cerebral arterial thrombosis is also a rare complication of UC, but has been described in 
young patients without any other significant risk factors of cerebral vascular accidents 
such as hyperlipidemia, cardiac arrhythmia, or carotid artery disease (Katsanos & 
Tsianos, 2002). Unfortunately, due to the rarity of cases, there are no official guidelines on 
the treatment of strokes in patients with IBD. Case reports have documented that arterial 
thrombotic events in UC patients is often associated with severe pan-colonic disease and 
generally carries a poor prognosis (Novotny et al., 1992). Colectomy may be necessary in 
these patients. 

2.7.2 Cerebral vasculitis 
Cerebral vasculitis is another complication of UC and can manifest as seizures and severe 
headaches (Masaki et al., 1997; Nomoto et al., 2006). Diagnosis is typically made with MRI 
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digital subtraction angiogram that shows a “beaded” appearance with multiple areas of 
irregularities of the intracerebral arteries. Treatment is similar to that of systemic vasculitis 
and usually involves steroids and/or immunosuppressants (Nelson et al., 1986; Nomoto, 
Nagao et al., 2006).  

2.7.3 Immune mediated neuropathy 
An association between UC and multiple sclerosis (MS) has been found both within families 
and within individuals (Hoffmann & Kruis, 2004). MS affects UC more than CD patients and 
the prevalence of MS in IBD patients is about 3.7 times more than seen in the average 
(Kimura et al., 2000). There are clearly common factors between IBD and MS, but more 
research is necessary to establish specific relationships between the two disorders (Pandian, 
Pawar et al., 2004). Management of these patients including diagnosis and treatment is 
generally similar to patients without UC (Pandian, Pawar et al., 2004).  
Other rare neurological complications of UC that have been reported include: acute 
disseminated encephalomyelitis, optic neuritis, sensorineural hearing loss, myelopathy, 
peripheral polyneuropathy, Guillain-Barre syndrome, and myasthenia gravis (Gondim et 
al., 2005; Kanra et al., 2002; Krystallis et al., 2010; Lossos et al., 1995; Scheid & Teich, 2007; 
Tan, 1974; Yesilova et al., 2006). Many of these complications are autoimmune in nature and 
respond to steroids and/or immunosuppressive therapy. 

2.8 Pulmonary complications 
A variety of pulmonary complications associated with UC have been well documented and 
reported in medical and scientific literature. Virtually any part of the respiratory system can 
be involved and the pulmonary complications can be classified into airway, parenchymal, 
vascular, thromboembolic, and pleural disease. 

2.8.1 Airway disease 
Almost any part of the airway ranging from the trachea to the bronchi and bronchioles, can 
be associated with UC with the most common complications involving the bronchi 
(Higenbottam et al., 1980). Bronchial involvement may present as a chronic persistent cough 
with mucopurulent production suggesting chronic bronchitis or bronchiectasis (Gibb et al., 
1987). In general, these symptoms do not respond to antibiotics, but do respond to inhaled 
steroids (Higenbottam, Cochrane et al., 1980). Studies have shown that in UC patients, 
colonic and pulmonary flares often parallel each other, suggesting a common embryonic 
origin of the colonic and pulmonary epithelium (Higenbottam, Cochrane et al., 1980; Wilcox 
et al., 1987). Furthermore, the histopathology of sclerosing cholangitis, another EIM of UC, 
has been shown to be quite similar to that of the airway inflammation associated with UC 
(Janssen et al., 2006). 
Tracheal involvement can present as cough, hoarseness, dyspnea or even stridor due to 
inflammation and stenosis in subglottic or upper tracheal area. Depending on the severity of 
the inflammation and degree of respiratory compromise, systemic steroids and sometimes 
endotracheal intubation may be indicated (Janssen, Bierig et al., 2006; Rickli et al., 1994). 
Less frequently seen in UC patients is bronchiole and small airways inflammation 
manifested as constrictive bronchiolitis or bronchiolitis obliterans with organizing 
pneumonia (BOOP) (Ward et al., 1999). Constrictive bronchiolitis is defined as concentric 
fibrosis in the bronchiolar submucosal layer with continuous external circular scarring 
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(Epler, 2007). BOOP is an inflammatory disease involving the terminal bronchiole and 
alveoli (lung parenchyma), and has been reported to be associated with UC. Symptoms seen 
with small airway involvement include cough, sputum production, wheezing, dyspnea, 
fever, flu-like symptoms, and pleuritic chest pain. These symptoms can manifest acutely or 
in chronic fashion and systemic steroids are indicated in the treatment of small airway 
inflammation. 
Diagnosis 
1. Routine laboratory tests: Sputum culture can rule out a respiratory infection. Observing 

peripheral eosinophilia on complete blood count can help differentiate inflammation 
from infection. Chest X-ray may show diffuse narrowing of the trachea in tracheal 
stenosis, thickening of the bronchial wall in bronchiectasis, or ground glass opacities in 
BOOP (Epler, 2001; Gibb, Dhillon et al., 1987; Janssen, Bierig et al., 2006). 

2. Pulmonary function tests: An obstructive pattern is usually seen in large airway 
inflammation while a restrictive pattern is usually seen in small airway or parenchymal 
inflammation. Patients with inflammation affecting various parts of the airway and 
parenchyma can have mixed patterns on pulmonary function tests (Gibb, Dhillon et al., 
1987). In patients with upper airway obstruction, flow-volume loops will show showing 
flattening of the inspiratory and expiratory limbs (Janssen, Bierig et al., 2006). A low 
lung diffusing capacity for carbon monoxide (DLco) can help to diagnose small airway 
inflammation such as BOOP or parenchymal disease such as interstitial lung disease. 

3. CT scan: CT scans, especially High Resolution CT (HRCT) scans are more sensitive than 
plain chest films in differentiating between the pulmonary complications of UC. 
Irregular narrowing of the trachea or main bronchi can be seen in large airway 
involvement, thickened bronchial walls and dilated airways with mucoid impaction can 
be seen with bronchial involvement, and bilateral consolidation and peripheral 
(pleural-based) ground glass opacities are observed in BOOP (Epler, 2001; Garg et al., 
1993; Spira et al., 1998; Wilcox, Miller et al., 1987). 

4. Bronchoscopy: Bronchial epithelial biopsy can help diagnose tracheal stenosis with 
extensive inflammation with granulation tissue, basal reserve cell hyperplasia, 
thickening of the basement membrane, and submucosal inflammation (Gibb, Dhillon et 
al., 1987; Janssen, Bierig et al., 2006). 

5. Surgery: Open lung biopsy or video-assisted thoracoscopic (VATS) procedure with 
biopsy may be needed to establish a diagnosis of BOOP or interstitial lung disease 
(Epler, 2001). 

2.8.2 Lung parenchymal disease 
BOOP, a disorder with both airway and parenchymal involvement, has been discussed 
under the airway disease section. Interstitial lung disease as a pulmonary complication of 
UC is extremely rare and is usually steroid-responsive, but cases of mortality have been 
reported (Marten et al., 2005). In a case report, a patient with UC was described to present 
with dyspnea and fatigue, but unlike BOOP, cough or fever was absent. Physical 
examination revealed inspiratory crackles and chest x-ray revealed reticular densities in the 
mid- to lower lung field bilaterally. CT scan revealed honeycombing and ground glass 
opacification with traction bronchiectasis and bronchiolectasis in similar lung field. 
Pulmonary function test revealed restriction pattern with reduced DLco and the patient 
ultimately developed respiratory failure requiring mechanical ventilation and passed away 
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digital subtraction angiogram that shows a “beaded” appearance with multiple areas of 
irregularities of the intracerebral arteries. Treatment is similar to that of systemic vasculitis 
and usually involves steroids and/or immunosuppressants (Nelson et al., 1986; Nomoto, 
Nagao et al., 2006).  

2.7.3 Immune mediated neuropathy 
An association between UC and multiple sclerosis (MS) has been found both within families 
and within individuals (Hoffmann & Kruis, 2004). MS affects UC more than CD patients and 
the prevalence of MS in IBD patients is about 3.7 times more than seen in the average 
(Kimura et al., 2000). There are clearly common factors between IBD and MS, but more 
research is necessary to establish specific relationships between the two disorders (Pandian, 
Pawar et al., 2004). Management of these patients including diagnosis and treatment is 
generally similar to patients without UC (Pandian, Pawar et al., 2004).  
Other rare neurological complications of UC that have been reported include: acute 
disseminated encephalomyelitis, optic neuritis, sensorineural hearing loss, myelopathy, 
peripheral polyneuropathy, Guillain-Barre syndrome, and myasthenia gravis (Gondim et 
al., 2005; Kanra et al., 2002; Krystallis et al., 2010; Lossos et al., 1995; Scheid & Teich, 2007; 
Tan, 1974; Yesilova et al., 2006). Many of these complications are autoimmune in nature and 
respond to steroids and/or immunosuppressive therapy. 

2.8 Pulmonary complications 
A variety of pulmonary complications associated with UC have been well documented and 
reported in medical and scientific literature. Virtually any part of the respiratory system can 
be involved and the pulmonary complications can be classified into airway, parenchymal, 
vascular, thromboembolic, and pleural disease. 

2.8.1 Airway disease 
Almost any part of the airway ranging from the trachea to the bronchi and bronchioles, can 
be associated with UC with the most common complications involving the bronchi 
(Higenbottam et al., 1980). Bronchial involvement may present as a chronic persistent cough 
with mucopurulent production suggesting chronic bronchitis or bronchiectasis (Gibb et al., 
1987). In general, these symptoms do not respond to antibiotics, but do respond to inhaled 
steroids (Higenbottam, Cochrane et al., 1980). Studies have shown that in UC patients, 
colonic and pulmonary flares often parallel each other, suggesting a common embryonic 
origin of the colonic and pulmonary epithelium (Higenbottam, Cochrane et al., 1980; Wilcox 
et al., 1987). Furthermore, the histopathology of sclerosing cholangitis, another EIM of UC, 
has been shown to be quite similar to that of the airway inflammation associated with UC 
(Janssen et al., 2006). 
Tracheal involvement can present as cough, hoarseness, dyspnea or even stridor due to 
inflammation and stenosis in subglottic or upper tracheal area. Depending on the severity of 
the inflammation and degree of respiratory compromise, systemic steroids and sometimes 
endotracheal intubation may be indicated (Janssen, Bierig et al., 2006; Rickli et al., 1994). 
Less frequently seen in UC patients is bronchiole and small airways inflammation 
manifested as constrictive bronchiolitis or bronchiolitis obliterans with organizing 
pneumonia (BOOP) (Ward et al., 1999). Constrictive bronchiolitis is defined as concentric 
fibrosis in the bronchiolar submucosal layer with continuous external circular scarring 

 
Extraintestinal Manifestations of Ulcerative Colitis 

 

151 

(Epler, 2007). BOOP is an inflammatory disease involving the terminal bronchiole and 
alveoli (lung parenchyma), and has been reported to be associated with UC. Symptoms seen 
with small airway involvement include cough, sputum production, wheezing, dyspnea, 
fever, flu-like symptoms, and pleuritic chest pain. These symptoms can manifest acutely or 
in chronic fashion and systemic steroids are indicated in the treatment of small airway 
inflammation. 
Diagnosis 
1. Routine laboratory tests: Sputum culture can rule out a respiratory infection. Observing 

peripheral eosinophilia on complete blood count can help differentiate inflammation 
from infection. Chest X-ray may show diffuse narrowing of the trachea in tracheal 
stenosis, thickening of the bronchial wall in bronchiectasis, or ground glass opacities in 
BOOP (Epler, 2001; Gibb, Dhillon et al., 1987; Janssen, Bierig et al., 2006). 

2. Pulmonary function tests: An obstructive pattern is usually seen in large airway 
inflammation while a restrictive pattern is usually seen in small airway or parenchymal 
inflammation. Patients with inflammation affecting various parts of the airway and 
parenchyma can have mixed patterns on pulmonary function tests (Gibb, Dhillon et al., 
1987). In patients with upper airway obstruction, flow-volume loops will show showing 
flattening of the inspiratory and expiratory limbs (Janssen, Bierig et al., 2006). A low 
lung diffusing capacity for carbon monoxide (DLco) can help to diagnose small airway 
inflammation such as BOOP or parenchymal disease such as interstitial lung disease. 

3. CT scan: CT scans, especially High Resolution CT (HRCT) scans are more sensitive than 
plain chest films in differentiating between the pulmonary complications of UC. 
Irregular narrowing of the trachea or main bronchi can be seen in large airway 
involvement, thickened bronchial walls and dilated airways with mucoid impaction can 
be seen with bronchial involvement, and bilateral consolidation and peripheral 
(pleural-based) ground glass opacities are observed in BOOP (Epler, 2001; Garg et al., 
1993; Spira et al., 1998; Wilcox, Miller et al., 1987). 

4. Bronchoscopy: Bronchial epithelial biopsy can help diagnose tracheal stenosis with 
extensive inflammation with granulation tissue, basal reserve cell hyperplasia, 
thickening of the basement membrane, and submucosal inflammation (Gibb, Dhillon et 
al., 1987; Janssen, Bierig et al., 2006). 

5. Surgery: Open lung biopsy or video-assisted thoracoscopic (VATS) procedure with 
biopsy may be needed to establish a diagnosis of BOOP or interstitial lung disease 
(Epler, 2001). 

2.8.2 Lung parenchymal disease 
BOOP, a disorder with both airway and parenchymal involvement, has been discussed 
under the airway disease section. Interstitial lung disease as a pulmonary complication of 
UC is extremely rare and is usually steroid-responsive, but cases of mortality have been 
reported (Marten et al., 2005). In a case report, a patient with UC was described to present 
with dyspnea and fatigue, but unlike BOOP, cough or fever was absent. Physical 
examination revealed inspiratory crackles and chest x-ray revealed reticular densities in the 
mid- to lower lung field bilaterally. CT scan revealed honeycombing and ground glass 
opacification with traction bronchiectasis and bronchiolectasis in similar lung field. 
Pulmonary function test revealed restriction pattern with reduced DLco and the patient 
ultimately developed respiratory failure requiring mechanical ventilation and passed away 
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from acute right ventricular failure (Marten, Fend et al., 2005). Pulmonary infiltrates with 
eosinophilia (PIE syndrome) is a recognized pulmonary complication of UC and has been 
documented to occur in patients receiving and not receiving sulfasalazine/mesalamine 
therapy (Camus et al., 1993; Saltzman et al., 2001). Typical chest x-ray appearance of PIE is 
peripheral homogenous nonsegmental air-space infiltrate or a "reverse pulmonary edema" 
pattern (Saltzman, Rossoff et al., 2001). The patient presents with dry cough, wheezing, 
fever, night sweat, and malaise. Peripheral blood and bronchoalveolar lavage can 
demonstrate eosinophilia. Systemic steroid treatment causes prompt and sustained 
resolution of clinical and radiographic abnormalities (Saltzman, Rossoff et al., 2001). 
Necrobiotic nodules (sterile abscesses) are rare pulmonary complications of UC.  Patients 
usually present with high fever and constitutional symptoms. The lesions show PMNs and 
fibrin with necrosis, a similar pattern seen in PG, a dematologic complication of IBD (Camus, 
Piard et al., 1993; Warwick et al., 2009). Chest X-ray can show multiple cavitary and non-
cavitary nodules. In 2 case reports, therapy with steroids with or without cyclophosphamide 
successfully produced remission without relapse (Camus, Piard et al., 1993). 

2.8.3 Vascular disease 
Pulmonary vasculitis is a rare complication of UC (Black et al., 2007; Forrest & Shearman, 
1975; Hilling et al., 1994; Isenberg et al., 1968). Patients can present with fever, dyspnea, or 
cough with blood-tinged sputum (Forrest & Shearman, 1975; Hilling, Robertson et al., 1994). 
Other vascular diseases associated with UC include Wegener granulomatosis, Churg-
Strauss syndrome, and microscopic polyangiitis(Black, Mendoza et al., 2007). Nodular lung 
lesions can be seen in pulmonary vasculitis and Wegener's granulomatosis and are usually 
responsive to systemic steroids (Black, Mendoza et al., 2007; Forrest & Shearman, 1975; 
Hilling, Robertson et al., 1994; Isenberg, Goldstein et al., 1968; Stebbing et al., 1999). 

2.8.4 Vascular thromboembolic disease 
The incidence of VTE is about 3 to 4 times higher for patients with IBD in comparison with 
controlled age-matched groups (Bernstein et al., 2001a; Miehsler et al., 2004; Stebbing, Askin 
et al., 1999). The age-adjusted incidence ratios of UC compared to age-matched population 
was 2.8 for DVT and 3.6 for pulmonary embolism (PE) (Bernstein, Blanchard et al., 2001). 
IBD patients have increased risk factors for thromboembolism secondary to the underlying 
disease process or its associated complications including dehydration, inactivity, 
hospitalization, surgery, and central venous catheterization. However, up to 1/3 of VTE 
events occur in patients while the underlying disease process is quiescent, suggesting that 
there are additional risk factors unrelated to disease activity or accompanying therapies 
(Stebbing, Askin et al., 1999; Tsiolakidou & Koutroubakis, 2008). The following genetic 
factors have been suggested to increase the incidence of VTE in IBD patients: factor V 
Leiden, factor II (prothrombin, G20210A), methylenetetrahydrofolate reductase gene 
mutation (MTHFR, 6777T), plasminogen activator inhibitor type 1 (PAI-1) gene mutation 
and factor XIII (val34leu) (Tsiolakidou & Koutroubakis, 2008). The symptoms, diagnosis and 
treatment of DVT and PE in UC are similar to patients without IBD. 

2.8.5 Pleural disease 
Pleural and pericardial complications of IBD in the form of serositis, pleural effusions, 
pleuritis, pericarditis, pleuro-pericarditis or myo-pericarditis are uncommon (Tsiolakidou & 
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Koutroubakis, 2008). When they do occur, they are usually diagnosed in young male 
patients with UC (Camus, Piard et al., 1993; Stebbing, Askin et al., 1999). The pleural 
effusion is almost always unilateral and exudative in nature. The symptoms and diagnosis 
of serositis are similar to other patients without UC and the treatment of serositis includes 
steroid and NSAIDs such as aspirin and Indocin (Stebbing, Askin et al., 1999). 

2.9 Cardiac complications 
In general, cardiovascular involvement with UC is uncommon, but complications such as 
intracavitary thrombosis, endocarditis, myocarditis, pericarditis, coronary artery disease, 
arrhythmias, and heart failure have been described in case reports (Katsanos & Tsianos, 
2002).  

2.9.1 Thrombosis 
Intracavitary thrombosis, diagnosed by echocardiogram, has been reported to occur in the 
right atrium and left ventricle of UC patients (Saleh, 2010; Sasvary et al., 1996). Early 
diagnosis and treatment is essential as RA thrombus can lead to PE and LV thrombus can 
lead to systemic embolism. 

2.9.2 Endocarditis 
In UC patients, endocarditis can occur as a result of bacteremia, prolonged total parenteral 
nutrition (TPN) usage, or immunosuppression (Katsanos & Tsianos, 2002). Responsible 
organisms include streptococcus bovis, enterococcus faecium, and candida albicans 
(Christakis et al., 2007; Moshkowitz et al., 1992). Other complications that have been 
reported of endocarditis in UC patients include cerebral infarction and mitral valve leaflet 
aneurysm for which surgical intervention is indicated (Katsanos & Tsianos, 2002; Tomomasa 
et al., 1993). 

2.9.3 Myocardial Involvement 
Although relatively rare, myocardial involvement in UC patients compared with the general 
population has an incidence ratio of 2.6 (Sorensen & Fonager, 1997). A majority of cases in 
UC patients with myocardial involvement is complicated by pericarditis or pleural effusion. 
Prolonged corticosteroid use has been implicated in the cause of hypertrophic 
cardiomyopathy and mesalamine has been reported to cause myocarditis and 
perimyocarditis (Katsanos & Tsianos, 2002).  
Case reports of acute myocardial infarction have been documented to occur during flares 
(Efremidis et al., 1999). The pathogenesis behind this ischemia is presumed to be reversible 
vasoconstriction of varying severity decreasing blood flow to myocardial tissue (Katsanos & 
Tsianos, 2002).  

2.9.4 Pericarditis 
The most commonly reported cardiac complication of UC is pericarditis which can be 
caused by drugs (5-aminosalicylic acid, mesalamine, azathioprine), pericardio-colonic 
fistulas, or idiopathic mechanisms (Katsanos & Tsianos, 2002). Both acute and chronic 
pericarditis with and without cardiac tamponade have been reported (Cappell & Turkieh, 
2008; Dubowitz & Gorard, 2001). Drug induced pericarditis typically resolves after omission 
of the offending drug and treatment with NSAIDs is effective. Cardiac tamponade is a rare, 



 
Ulcerative Colitis – Epidemiology, Pathogenesis and Complications 

 

152 

from acute right ventricular failure (Marten, Fend et al., 2005). Pulmonary infiltrates with 
eosinophilia (PIE syndrome) is a recognized pulmonary complication of UC and has been 
documented to occur in patients receiving and not receiving sulfasalazine/mesalamine 
therapy (Camus et al., 1993; Saltzman et al., 2001). Typical chest x-ray appearance of PIE is 
peripheral homogenous nonsegmental air-space infiltrate or a "reverse pulmonary edema" 
pattern (Saltzman, Rossoff et al., 2001). The patient presents with dry cough, wheezing, 
fever, night sweat, and malaise. Peripheral blood and bronchoalveolar lavage can 
demonstrate eosinophilia. Systemic steroid treatment causes prompt and sustained 
resolution of clinical and radiographic abnormalities (Saltzman, Rossoff et al., 2001). 
Necrobiotic nodules (sterile abscesses) are rare pulmonary complications of UC.  Patients 
usually present with high fever and constitutional symptoms. The lesions show PMNs and 
fibrin with necrosis, a similar pattern seen in PG, a dematologic complication of IBD (Camus, 
Piard et al., 1993; Warwick et al., 2009). Chest X-ray can show multiple cavitary and non-
cavitary nodules. In 2 case reports, therapy with steroids with or without cyclophosphamide 
successfully produced remission without relapse (Camus, Piard et al., 1993). 

2.8.3 Vascular disease 
Pulmonary vasculitis is a rare complication of UC (Black et al., 2007; Forrest & Shearman, 
1975; Hilling et al., 1994; Isenberg et al., 1968). Patients can present with fever, dyspnea, or 
cough with blood-tinged sputum (Forrest & Shearman, 1975; Hilling, Robertson et al., 1994). 
Other vascular diseases associated with UC include Wegener granulomatosis, Churg-
Strauss syndrome, and microscopic polyangiitis(Black, Mendoza et al., 2007). Nodular lung 
lesions can be seen in pulmonary vasculitis and Wegener's granulomatosis and are usually 
responsive to systemic steroids (Black, Mendoza et al., 2007; Forrest & Shearman, 1975; 
Hilling, Robertson et al., 1994; Isenberg, Goldstein et al., 1968; Stebbing et al., 1999). 

2.8.4 Vascular thromboembolic disease 
The incidence of VTE is about 3 to 4 times higher for patients with IBD in comparison with 
controlled age-matched groups (Bernstein et al., 2001a; Miehsler et al., 2004; Stebbing, Askin 
et al., 1999). The age-adjusted incidence ratios of UC compared to age-matched population 
was 2.8 for DVT and 3.6 for pulmonary embolism (PE) (Bernstein, Blanchard et al., 2001). 
IBD patients have increased risk factors for thromboembolism secondary to the underlying 
disease process or its associated complications including dehydration, inactivity, 
hospitalization, surgery, and central venous catheterization. However, up to 1/3 of VTE 
events occur in patients while the underlying disease process is quiescent, suggesting that 
there are additional risk factors unrelated to disease activity or accompanying therapies 
(Stebbing, Askin et al., 1999; Tsiolakidou & Koutroubakis, 2008). The following genetic 
factors have been suggested to increase the incidence of VTE in IBD patients: factor V 
Leiden, factor II (prothrombin, G20210A), methylenetetrahydrofolate reductase gene 
mutation (MTHFR, 6777T), plasminogen activator inhibitor type 1 (PAI-1) gene mutation 
and factor XIII (val34leu) (Tsiolakidou & Koutroubakis, 2008). The symptoms, diagnosis and 
treatment of DVT and PE in UC are similar to patients without IBD. 

2.8.5 Pleural disease 
Pleural and pericardial complications of IBD in the form of serositis, pleural effusions, 
pleuritis, pericarditis, pleuro-pericarditis or myo-pericarditis are uncommon (Tsiolakidou & 
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Koutroubakis, 2008). When they do occur, they are usually diagnosed in young male 
patients with UC (Camus, Piard et al., 1993; Stebbing, Askin et al., 1999). The pleural 
effusion is almost always unilateral and exudative in nature. The symptoms and diagnosis 
of serositis are similar to other patients without UC and the treatment of serositis includes 
steroid and NSAIDs such as aspirin and Indocin (Stebbing, Askin et al., 1999). 

2.9 Cardiac complications 
In general, cardiovascular involvement with UC is uncommon, but complications such as 
intracavitary thrombosis, endocarditis, myocarditis, pericarditis, coronary artery disease, 
arrhythmias, and heart failure have been described in case reports (Katsanos & Tsianos, 
2002).  

2.9.1 Thrombosis 
Intracavitary thrombosis, diagnosed by echocardiogram, has been reported to occur in the 
right atrium and left ventricle of UC patients (Saleh, 2010; Sasvary et al., 1996). Early 
diagnosis and treatment is essential as RA thrombus can lead to PE and LV thrombus can 
lead to systemic embolism. 

2.9.2 Endocarditis 
In UC patients, endocarditis can occur as a result of bacteremia, prolonged total parenteral 
nutrition (TPN) usage, or immunosuppression (Katsanos & Tsianos, 2002). Responsible 
organisms include streptococcus bovis, enterococcus faecium, and candida albicans 
(Christakis et al., 2007; Moshkowitz et al., 1992). Other complications that have been 
reported of endocarditis in UC patients include cerebral infarction and mitral valve leaflet 
aneurysm for which surgical intervention is indicated (Katsanos & Tsianos, 2002; Tomomasa 
et al., 1993). 

2.9.3 Myocardial Involvement 
Although relatively rare, myocardial involvement in UC patients compared with the general 
population has an incidence ratio of 2.6 (Sorensen & Fonager, 1997). A majority of cases in 
UC patients with myocardial involvement is complicated by pericarditis or pleural effusion. 
Prolonged corticosteroid use has been implicated in the cause of hypertrophic 
cardiomyopathy and mesalamine has been reported to cause myocarditis and 
perimyocarditis (Katsanos & Tsianos, 2002).  
Case reports of acute myocardial infarction have been documented to occur during flares 
(Efremidis et al., 1999). The pathogenesis behind this ischemia is presumed to be reversible 
vasoconstriction of varying severity decreasing blood flow to myocardial tissue (Katsanos & 
Tsianos, 2002).  

2.9.4 Pericarditis 
The most commonly reported cardiac complication of UC is pericarditis which can be 
caused by drugs (5-aminosalicylic acid, mesalamine, azathioprine), pericardio-colonic 
fistulas, or idiopathic mechanisms (Katsanos & Tsianos, 2002). Both acute and chronic 
pericarditis with and without cardiac tamponade have been reported (Cappell & Turkieh, 
2008; Dubowitz & Gorard, 2001). Drug induced pericarditis typically resolves after omission 
of the offending drug and treatment with NSAIDs is effective. Cardiac tamponade is a rare, 
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but life threatening complication of UC that can be diagnosed by echocardiogram or cardiac 
catheterization. Treatment includes emergent pericardiocentesis and pericardiectomy is 
indicated for recurrent pericardial effusion and chronic constrictive pericarditis (Cappell & 
Turkieh, 2008; Rezaie et al., 2010). 

2.9.5 Valvular Involvement 
Valvular involvement in UC is relatively common and can manifest as endocardium and 
aortic root involvement. Aortic and mitral valve involvement may require surgical 
replacement, but generally carries with good outcomes and prognosis (Katsanos & Tsianos, 
2002).  

2.9.6 Arrhythmias 
Various types of cardiac arrhythmia have been reported to occur in UC, including 
Wenckebach, complete heart block, atrial fibrillation, supraventricular tachycardia, 
ventricular tachyarrhythmia, and mesalamine related sinus bradycardia (Katsanos & 
Tsianos, 2002). A permanent pacemaker is indicated for complete heart block (Maeder, 
1996). Hypomagnesemia is frequently seen in UC due to ongoing fecal losses and this can 
lead to ventricular tachycardia. Treatment with magnesium infusion is effective (Levine et 
al., 1982). Interestingly, in patients with no prior cardiac history or electrolyte balance, QT 
intervals were found to be significantly higher in UC than CD, suggesting an increased risk 
of dangerous arrhythmias (Curione et al., 2010).  

2.9.7 Heart failure 
Heart failure in UC can be acute (acute myocardial infarction, myocarditis, cardiac 
tamponade, valvular deterioration) or chronic (myocardium or valvular involvement, heart 
muscle atrophy with TPN and prolonged steroid use) (Katsanos & Tsianos, 2002). Aortic 
valve insufficiency can cause heart failure and cardiogenic shock (Lidon & Ariza, 1993). 
Sudden cardiac arrest in UC patients can be secondary to acute myocardial infarction, 
cardiogenic shock, or ventricular arrhythmias (Katsanos & Tsianos, 2002).  

3. Conclusion 
UC is a systemic disease, since its clinical manifestations can affect not only the bowel, but 
can also involve almost any organ including the skin, eyes, liver, musculoskeletal 
cardiovascular, hematologic, and renal systems (Table 1). These EIM can influence both 
morbidity and mortality. Most of the patients with IBD associated EIMs have extensive 
colitis and family history of the disease. With the exception of PSC, AS, PG, and type 2 
arthritis, extraintestinal complications tend to follow the clinical course of IBD. Awareness 
and understanding of the disease manifestations extrinsic to the gastrointestinal tract are 
essential in the management of IBD patients. 
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but life threatening complication of UC that can be diagnosed by echocardiogram or cardiac 
catheterization. Treatment includes emergent pericardiocentesis and pericardiectomy is 
indicated for recurrent pericardial effusion and chronic constrictive pericarditis (Cappell & 
Turkieh, 2008; Rezaie et al., 2010). 

2.9.5 Valvular Involvement 
Valvular involvement in UC is relatively common and can manifest as endocardium and 
aortic root involvement. Aortic and mitral valve involvement may require surgical 
replacement, but generally carries with good outcomes and prognosis (Katsanos & Tsianos, 
2002).  

2.9.6 Arrhythmias 
Various types of cardiac arrhythmia have been reported to occur in UC, including 
Wenckebach, complete heart block, atrial fibrillation, supraventricular tachycardia, 
ventricular tachyarrhythmia, and mesalamine related sinus bradycardia (Katsanos & 
Tsianos, 2002). A permanent pacemaker is indicated for complete heart block (Maeder, 
1996). Hypomagnesemia is frequently seen in UC due to ongoing fecal losses and this can 
lead to ventricular tachycardia. Treatment with magnesium infusion is effective (Levine et 
al., 1982). Interestingly, in patients with no prior cardiac history or electrolyte balance, QT 
intervals were found to be significantly higher in UC than CD, suggesting an increased risk 
of dangerous arrhythmias (Curione et al., 2010).  

2.9.7 Heart failure 
Heart failure in UC can be acute (acute myocardial infarction, myocarditis, cardiac 
tamponade, valvular deterioration) or chronic (myocardium or valvular involvement, heart 
muscle atrophy with TPN and prolonged steroid use) (Katsanos & Tsianos, 2002). Aortic 
valve insufficiency can cause heart failure and cardiogenic shock (Lidon & Ariza, 1993). 
Sudden cardiac arrest in UC patients can be secondary to acute myocardial infarction, 
cardiogenic shock, or ventricular arrhythmias (Katsanos & Tsianos, 2002).  

3. Conclusion 
UC is a systemic disease, since its clinical manifestations can affect not only the bowel, but 
can also involve almost any organ including the skin, eyes, liver, musculoskeletal 
cardiovascular, hematologic, and renal systems (Table 1). These EIM can influence both 
morbidity and mortality. Most of the patients with IBD associated EIMs have extensive 
colitis and family history of the disease. With the exception of PSC, AS, PG, and type 2 
arthritis, extraintestinal complications tend to follow the clinical course of IBD. Awareness 
and understanding of the disease manifestations extrinsic to the gastrointestinal tract are 
essential in the management of IBD patients. 
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Table 1. Extraintestinal Manifestations of IBD 
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Table 1. Extraintestinal Manifestations of IBD 
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1. Introduction 
Inflammatory bowel diseases (IBD), including Crohn’s disease and ulcerative colitis (UC), 
are complex disorders characterized by chronic, local and systemic inflammation and 
spontaneously relapsing course. The causes of these diseases are unknown, however they  
display genetic and environmental components and  appear to be immunologically 
mediated in part by enteric microbiota (Baumgart & Carding, 2007). 
There are convincing evidences that IBD are diseases of immunological 
hyperresponsiveness within the mucosa. Immunological reactions may be directed against 
luminal bacteria and their products normally present in the intestine (Sartor, 2006). 
Alternatively, mucosal inflammation in IBD might represent an immune response against 
unusual antigens such as environmental factors and/or epithelial HLA halotypes. The 
initiating events may be nonspecific and induce transient injury. The normal response is 
suppression of inflammation, but genetically susceptible host amplifies the inflammatory 
response. The activation of intestinal  T helper cells (TH1, TH2 and TH17) play a pivotal role 
in experimental and human IBD because they modulate of the response to enteric 
microbiota and autoimmunity which is probably critical to IBD chronicity. Crohn’s disease 
is TH1 and TH17 related disorder with local over-production of  interleukin – 2 (IL-2), 
interpheron γ (INFγ), IL - 12, and IL-23, whereas in UC it is apparent activation of TH2 
lymphocyte cytokine profile, mostly IL-4 and IL-10 as well as  IL-13 by natural killer T cells.  
Interaction of activated T cells with effector cells (macrophages and neutrophils) leads to 
release of cytokines, eicosanoids and activation of complement cascade and coagulation and 
kallikrein - kinin systems which cause tissue injury. Many cytokines including interleukin 1 
(IL-1), tumor necrosis factor (TNF) and IL-8 are increased in both active UC and Crohn’s 
disease. The tissue levels of arachidonic acid metabolities; prostaglandins,leukotrienes and 
thromboxanes correlate with gross and histological evidence of intestinal inflammation in 
IBD.  The activation of coagulation has been recognized as important component of the 
inflammatory response in both Crohn’s disease and UC, and also is significant in 
progression and possibly pathogenesis of these entities (Danese et al., 2007). A significance 
the kallikrein – kinin system in human IBD is still uncertain although in animal IBD  models 
kallikreins and kinins  have been documented  in part to mediate intestinal and  systemic 
inflammation. There are two types of kallikreins, plasma and tissue; both serine protease 
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1. Introduction 
Inflammatory bowel diseases (IBD), including Crohn’s disease and ulcerative colitis (UC), 
are complex disorders characterized by chronic, local and systemic inflammation and 
spontaneously relapsing course. The causes of these diseases are unknown, however they  
display genetic and environmental components and  appear to be immunologically 
mediated in part by enteric microbiota (Baumgart & Carding, 2007). 
There are convincing evidences that IBD are diseases of immunological 
hyperresponsiveness within the mucosa. Immunological reactions may be directed against 
luminal bacteria and their products normally present in the intestine (Sartor, 2006). 
Alternatively, mucosal inflammation in IBD might represent an immune response against 
unusual antigens such as environmental factors and/or epithelial HLA halotypes. The 
initiating events may be nonspecific and induce transient injury. The normal response is 
suppression of inflammation, but genetically susceptible host amplifies the inflammatory 
response. The activation of intestinal  T helper cells (TH1, TH2 and TH17) play a pivotal role 
in experimental and human IBD because they modulate of the response to enteric 
microbiota and autoimmunity which is probably critical to IBD chronicity. Crohn’s disease 
is TH1 and TH17 related disorder with local over-production of  interleukin – 2 (IL-2), 
interpheron γ (INFγ), IL - 12, and IL-23, whereas in UC it is apparent activation of TH2 
lymphocyte cytokine profile, mostly IL-4 and IL-10 as well as  IL-13 by natural killer T cells.  
Interaction of activated T cells with effector cells (macrophages and neutrophils) leads to 
release of cytokines, eicosanoids and activation of complement cascade and coagulation and 
kallikrein - kinin systems which cause tissue injury. Many cytokines including interleukin 1 
(IL-1), tumor necrosis factor (TNF) and IL-8 are increased in both active UC and Crohn’s 
disease. The tissue levels of arachidonic acid metabolities; prostaglandins,leukotrienes and 
thromboxanes correlate with gross and histological evidence of intestinal inflammation in 
IBD.  The activation of coagulation has been recognized as important component of the 
inflammatory response in both Crohn’s disease and UC, and also is significant in 
progression and possibly pathogenesis of these entities (Danese et al., 2007). A significance 
the kallikrein – kinin system in human IBD is still uncertain although in animal IBD  models 
kallikreins and kinins  have been documented  in part to mediate intestinal and  systemic 
inflammation. There are two types of kallikreins, plasma and tissue; both serine protease 
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enzymes may cleave kininogens to release kinins, a potent inflammatory mediators (Bhoola 
et al., 1992).   

2. Plasma kallikrein-kininogen system 
A single gene codes for plasma kallikrein, which is synthetized in the liver. The plasma 
kallikrein-kinin system is comprised of factor XII (Hageman factor) factor XI (initiator of 
intrinsic coagulation pathway), plasma prekallikrein, and high molecular weight kininogen 
(HK). Activation of the plasma kallikrein – kinin system (known also as the contact system) 
is initiated by autoactivation of factor XII yielding factor XIIa, which, in turn, activates 
prekallikrein to kallikrein. Kallikrein can cleave its own heavy chain (56 kDa) at Lys140- 
Ala141 to form two fragments of 28kDa and 18 kDa. Kallikrein can also react with C1-
inhibitor (C1-INH) to form an inactive complex (Mr 190 kDa) (Campbell, 2001; Colman, 2006 
c). Plasma kallikrein cleaves HK to release bradykinin, and enhances plasmin formation by 
activating prourokinase to urokinase (Ichinose et al., 1986). The major regulator of activation 
of the contact system is the plasma protease inhibitor, C1-INH, which inhibits activated 
factor XIIa, kallikrein, and factor XIa. In addition, alfa- 2 macroglobulin is an important 
inhibitor of kallikrein and a 1-antitrypsin for factor XIa. Plasma kallikrein exists as a 
zymogen, prekalliktein, 75% of which circulates in the blood in a noncovalent complex with 
HK. HK is multifunctional protein, β-globulin, with a plasma concentration about 80 µg/ml. 
HK is consisted of 6 domains divided into heavy chain (HK domains 1-3), and light chain 
(HK domains 5-6), linked by domain 4 which contains the sequence of bradykinin. Low 
molecular weight kininogen (LK) is present in plasma and various tissues. LK is β-globulin 
with a plasma concentration of 220 µg/ml, it has identical domain 1 through domain 4 of 
HK. However LK domain 5 is completely different from HK and domain 6 is lacking 
(Colman, 2006). Cleavage of HK by plasma kallikrein generates proinflammatory and 
proangiogenic bradykinin, and forming biologically active kininogen fragment HKa. 
Products of this pathway induce a variety of inflammatory events. Kallikrein is also 
implicated in neutrophil activation with release of lysosomal enzymes, such as elastase 
(Wachtfogelet al., 1983), as well as potentiation of superoxide formation (Schapira et al., 
1982). In addition, plasma kallikrein and factor XII fragments may activate the alternative 
and classical complement pathways, respectively. Recent studies shown that HKa may 
stimulate in vitro secretion of cytokines; IL-1 β, IL-6, and TNF and chemokines from 
monocytes through signaling pathways by urokinase –type plasminogen receptor, integrin 
α-1 β2 (MAC-1) receptor, and complement protein C1q receptor (Khan et al., 2006). IL1- β 
release is localized to domain – 3 and domain -5 of HK. In addition HK and HKa have an-
adhesive properties and HKa and domain 5 of HK inhibit angiogenesis (Colman 2006 b).  

3. Tissue kallikreins and kinins 
Tissue and plasma kallikreins differ in their molecular weight, isoelectric point, 
immunological properties, and substrate preference. Tissue kallikreins is a member of a 
multigene family that shows different patterns of tissue specific gene expression ((Clements 
et al., 1992). Under physiological conditions, tissue kallikrein is present in the highest 
concentration in exocrine glands, mostly in salivary glands and pancreas (Wolf et al., 1998). 
In salivary glands tissue kallikrein occurs in active form, while in pancreas is present as 
proenzym.Both active and precursor forms are present in excretory product such as urine 
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and sweat. Kallikrein purified from both rat and human colon was found to be 
biochemically similar, if not identical, to tissue kallikrein for salivary gland and pancreas 
(Chen et al., 1995). Although HK is a better substrate for plasma kallikrein to release 
bradykinin and low molecular weight kininogen (LK) is better substrate for tissue kallikrein 
liberates kallidyn (Lys – bradykin), both are substrate for both plasma and tissue kallikreins. 
Kallistatin present in tissues and plasma is a main inhibitor of tissue kallikrein (Chao et al., 
1996). Plasma kallikrein releases nonapeptide, bradykinin from HK, while tissue and 
glandular kallikreins liberates decapeptide, kallidyn (Lys–bradykinin) from LK. Kallidyn is 
rapidly converted to bradykinin by aminopeptidase. Bradykinin has short half life – 30 
second in circulation. Kinins are rapidly destroyed by kininases, which are present in blood 
and in tissues. Removal of its C-terminal arginine by kininase I (carboxypeptidase N) forms 
an active metabolite des-Arg 9 bradykinin, which has a half life approximately 2 hours. 
Kininase II, known also as angiotensin converting enzyme (ACE) to remove the COOH – 
terminal peptides metabolizes kinins to their inactive forms (Bhoola et al., 1992). The final 
metabolite of bradyninin and des-Arg9-bradykinin is bradykinin 1-5. T-kinins forming by 
 

 
Fig. 1. Potential significance of plasma kallikrein- kinin system in inflammation. 
PG-PS: peptidoglycan – polysaccharide; LPS: lipopolysaccharide; EC: endothelial cell; M: 
monocyte; N: neutrophil, HK: high molecular weight kininogen; TF: tissue factor; NO: nitric 
oxide, uPAR: urokinase plasminogen activated receptor. Solid arrows designate activation 
or cofactor amplification, dashed arrows designate conversion, and open arrows indicate 
release, expression, or synergistic properties 
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cleavage T – kininogen were exclusively identified  in rats (Okamoto et al., 1993). 
Bradykinin  and kallidin and theirs active metabolite, des-Arg9-bradykinin and Lys - des-
Arg9-bradykinin respectively bind to  two transmembran G protein - coupled receptors 
designated as bradykinin receptor - 2 (B2R) and bradykinin receptor – 1 (B1R). BR2 are 
constitutive mainly expressed in endothelial cells, stimulated by bradykinin to release nitric 
oxide and other negative regulators of  smooth muscle tone and platelet function. However 
BR2 might also be upregulated in the acute phase of inflammation (Calixto et al., 2003; 
Moreau et al., 2005). B1R are inducible following tissue injury or after treatment with 
bacterial endotoxins or inflammatory cytokines such as interleukin -1 β (IL1- β) or tumor 
necrosis factor – α (TNF- α). Cytokine-induced B1R expression is mediated by nuclear factor 
– κ β (NF- κ β) and specific MAP – kinase pathways (mainly p38 and JNK) (Ni et al., 1998).  
 

 
Fig. 2. Potential role of intestinal tissue kallikrein – kinin system in inflammatory bowel 
disease. Solid arrows designate activation, dashed arrows designate conversion, open 
arrows indicate induction, and interrupted lines indicate blockade. B2 and B1: kinin 
receptors; NO: nitric oxide; ITK: intestinal tissue kallikrein 

4. Plasma kallikrein – kinin system in IBD 
In the past two decades, the role of plasma kallikrein- kinin system in experimental and 
human sepsis (Pixley et al., 1995), and other acute inflammatory states including Rocky 
Mountains spotted fever (Rao et al., 1988), human experimental endotoxemia (DeLa Cadena 
et al., 1998), and acute pancreatitis has been well delineated . In 1990s we have developed 
experimental model of enterocolitis induced by bacterial cell wall polymer peptidoglycan – 
polysaccharide from group A streptococci (PG – APS) ( Sartor at al., 1996). Female Lewis 
rats, the highest responders injected intramurally by PG-APS developed acute intestinal 
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inflammation that peaks 1-2 days after PG – APS injection, gradually decreases over the next 
10 days and spontaneously reactivates beginning on day 14, accompanied by peripheral 
erosive arthritis, granulomatous hepatitis, normochromic anemia and leukocytosis, with 
histological findings of intestinal fibrosis and granulomas. Acute intestinal inflammation 
developed in all rat strains investigated, but chronic, transmural, granulomatous 
reactivation only in genetically susceptible Lewis rats, but not in Buffalo or Fisher rats. This 
model  has unique features resembling Crohn’s disease. Inflammation induced by APG – PS, 
similar to human IBD is mediated by large number of inflammatory cascades and liberation 
of soluble mediators including cytokines, prostanoids and activation of the kallikrein-kinin 
system. We have developed a specific plasma kallikrein inhibitor (P8720) to evaluate a direct 
relationship between the plasma kallikrien- kinin activation and inflammatory changes. 
Treatment with the specific, oral plasma kallikrein inhibitor, P8720, in the acute and chronic 
granulomatous phase of enterocolitis in Lewis rat decreased the increase of gut gross and 
histological score and systemic inflammation, and prevented the decrease of plasma FXI and 
HK. ( Stadnicki et al., 1996; Stadnicki et al., 1998 b). This activation is not specific for PG-APS 
since it has been demonstrated that it can also be induced in Lewis rats chronic enrerocolitis 
model- induced by indomethacin (Stadnicki et al., 1998 c). Looking for a functional 
mechanism involved in selective activation of the kallikrein- kinin system in genetically 
susceptible Lewis rats, we found that HK cleavage and yielding bradykinin by plasma 
kallikren was faster in Lewis rat plasma than in Buffalo rat plasma and Fisher rat plasma 
(Sartor at al., 1996). It has been found that  a single point mutation at nucleotide 1586 
translating  from Ser511 (Buffalo and Fisher) to Asn511 (Lewis) is associated with N- 
glycolization indicating that this molecular alteration may be one contributing factor 
resulting in chronic reactive colitis in Lewis rats (Isordia Salas et al., 2003). Administration of  
PG – APS causes a similar biological response as triggered by endotoxins (LPS) which is 
detectable in plasma in most IBD patients during relapse (Gardiner et al 1995) indicating 
that both bacterial products act  through similar the innate immunity activation, cytokines 
and mediators. Later it has been demonstrated that in patients with UC in active disease 
phase (but not in inactive UC) there was moderate activation of this system as significant 
decrease of plasma prekallikrein, HK and functional levels of C1 – inhibitor, and in some 
patients formation of kallikrein – inhibitor complexes on Western blot  (Stadnicki et al., 
1997). However in Crohn’s disease study it not been found these chances in plasma of 
patients probably due the high plasma levels of C1 – inhibitor (Devani et al., 2002). 

5. Intestinal tissue kallikrein – kinin system in IBD 
5.1 Intestinal tissue kallikrein 
The presence of kallikrein in gastrointestinal tract has been observed since 1960s (Schachter 
et al., 1986; Werle, 1960) but little has been done to evaluate its role in IBD. Long time ago 
only one study (Zeitlin & Smith, 1973) reported the presence of tissue kallikrein in normal 
human colon and a higher concentration in the inflamed colon of patients with UC. In rat 
model of PG – APS stimulated chronic inflammation we have shown that the normal 
location of ITK was the goblet cells and substantial amounts of ITK were present in the 
macrophages of the granulomas found in the submucosa indicating that ITK is present at 
the site of inflammation (Stadnicki et al., 1998 a). ITK concentrations were markedly reduced 
in the inflamed cecum as compared with the normal, but ITK protein concentration was 
associated with unchanged ITK mRNA levels, which indicated that its reduction was not 
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due to suppression of its gene expression. Further evidence that inflamed intestinal tissue 
cells had secreted ITK to a greater extend that normal it has got from in vitro culture study 
showing marked IIK decrease in supernatant from in vitro cultures of inflamed intestine. In 
addition a potent tissue kallikrein inhibitor, kallikrein binding protein in the rat (whose 
human homolog is kallistatin) was decreased in rat plasma during inflammation suggesting 
release ITK into plasma. In human studies we have demonstrated that ITK was in goblet 
cells in normal and inflamed human colon which was in agreement with previous findings 
in rats (Stadnicki et al., 2003). Again ITK levels were significantly decreased in inflamed 
intestinal tissue from patients with IBD compared to normal controls consistent with its 
secretion in vivo. The kallistatin, a specific inhibitor, naturally occurring serine protein 
inhibitor (serpin) of human tissue kallikrein, was localized to epithelial cells. Kallistatin 
apparently colocalizes within ITK in the macrophages within the granulomas. It has been 
shown also decreased plasma levels of kallistatin in IBD patients similarly like kallikrein 
binding protein in rat enterocolitis which indicated that the secretion of ITK results in active 
form since kallistatin only steichometrically combines with enzymatically active tissue 
kallikrein (Xiong et al., 1992). Other study indicated that the goblet cells may have a more 
active role in the regulation of intestinal homeostasis and immunologic processes by 
interaction this other cells such as macrophages and lymphocytes (Lichtenstein, 2000). The  
factors which determine ITK secretion and activation are still not defined. It is known that 
inactive tissue prokallikrein can be activated by trypsin, plasmin, or even plasma kallikrein 
(Bhoola et al., 1992). Such enzymes could enter the intestinal space through several routes: 
by transudation of plasma or release from inflammatory cells. Interestingly a 
proinflammatory effect of ITK in the intestine are due to macrophage production and 
secretion. It has been demonstrated tissue kallikrein on human blood neutrophils, but did 
not detect the enzyme in monocytes (Figueroa et al., 1989). It is possible that tissue kallikrein 
is only expressed in stimulated monocytes or macrophages, as is the case for tissue factor 
(Gregory & Edgington, 1985). However, luminal ITK may enter the inflamed mucosa due to 
enhanced permeability, where it could hydrolyze growth factors and peptides which could 
act on the epithelial mucosa cells. In fact it has been demonstrated that ITK 
immunoreactivity was significantly weaker in gobled cells in both Crohn’s disease and 
ulcerative colitis patients, but with strong reactivity in intestinal interstitium of IBD patients 
(Devani et al., 2005). ITK can cleave low kininogen which  is present in intestine as well as 
both LK and HK, which are present in plasma and likely to be present in the protein – rich 
exudates of the inflamed intestine. Apart from its kininogenase activity, tissue kallikrein has 
been implicated in the processing of grow factors and peptide hormones. Tissue kallikrein 
hydrolyze vasoactive intestinal peptide and procollagenase in vitro (Techesche et al., 1983). 
If these reactions take place in IBD, ITK may influence intestinal motility, secretion and 
connective tissue metabolism. Moreover in experimental and human IBD the number of 
mast cells and mast cells tryptase expression are increased in the colonic mucosa and 
submucosa (He, 2004). In addition, activated basophils and mast cells contain and can release 
kallikrein as an additional local intestinal source of tissue kallikrein (Min & Paul, 2008). 

5.2 Kinins and kinin receptors in IBD 
Almost fifty years ago it has been  demonstrated  that bradykinin was able to evoke cardinal 
signs of inflammation (Lewis, 1964).  In addition in chronic inflammation B1R seems to be 
important in neutrophil accumulation in inflamed tissue (McLean et al., 2000). Both B1R and 
B2R are involved in onset and maintenance of nociceptive alterations and inflammatory 
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pain perceptions (Drey, 1997; Rupniak et al., 1997). Research on involvement of B2Rs in 
inflammatory states has progressed more quickly than that on B1Rs, and it was favored by 
the systematic development of selective peptidic B2R antagonists by the pharmaceutical 
companies, at this time. Thus we described B2Rs distribution in PG – APS induced model of 
granulomatous enterocolitis in intestinal layer showing B2R in epithelial cells, smooth 
muscle cells, and in serosa (Stadnicki et al., 1998 c).  In this model a specific bradykinin BR2 
antagonist (HOE – 140) attenuated arthritis but exhibited only minimal preventive effect on 
enterocolitis suggesting that kinin stimulation via B2R was a more important in arthritis 
than of enterocolitis (Stadnicki et al., 1999).  In dextran sulfate (DDS) - induced colitis model 
in mice a selective B2R antagonist  suppressed shortening of the large intestine (Arai et al., 
1999), which was in agreement with future results indicated that intestinal contraction was 
regulated by B2R (Hara et al., 2007), however  demonstrated only limited effect in intestinal 
inflammatory lesions. Later in human studies we demonstrated the increase in the ratio of 
B1R to B2R gene expression in relation to the degree of intestinal inflammation, and 
visualized both B1R and B2R in normal as well as inflammatory human colon and ileum 
(Stadnicki et al., 2005). B2R protein was normally present in the apices of enterocytes in the 
basal area and intracellularly in inflammatory tissue.  In contrast, B1R protein was found in 
the basal area of enterocytes in normal intestine, but in the apical portion of enterocytes in 
inflamed tissue.  B1R protein was significantly increased in both active UC and Crohn’s 
disease intestines compared to controls. In addition B1R was observed in the nerve of the 
colonic submucosa. Importantly B1R but not B2 was present in macrophages inside 
granulomas of Crohn’s intestine. The total level of B1R was significantly higher in 
enterocytes of patients with active phase of UC as well as in Crohn’s disease as compared 
with controls. Recent studies have demonstrated that the B2R receptor may be recycled 
several times in the same enterocytes after internalization (Bachvarov et al., 2001; Souza et 
al., 2007).  This process was supported by the appearance of B2R intracellularly in some 
enterocytes in UC intestine. In contrast B1R normally do not internalize following agonist 
stimulation, but they seem to translocate and aggregate after agonist binding, probably to 
facilitate the amplification of B1 receptor mediated responses (Sabourin et al., 2002). Taken 
together the results strongly indicated that the B1R receptor is a major structural 
background for kinins function in human IBD. Kinins are involved in intestinal glucose and 
electrolyte transport and local blood flow under normal conditions. However in intestine, 
kinins may be more important as pathophysiological mediators. It has been shown that 
bradykinin produces 2 – 4 – fold greater concentration of prostanoids in animals with 
experimental colitis than in normal controls, which may contribute to the increased 
intestinal secretion of chloride (Zipser et al. 1985). Bradykinin – induced chloride secretion 
by the guinea pig ileum occurs by direct binding of the ligand to its receptor (Maning et al., 
1982). It has been shown that both inducible B1R and constitutive B2R mediate the ion 
transport in intestinal epithelium (Cuthbert, 2001). The secretion of chloride into the lumen 
is accompanied with natrium secretion and in turn water, thus leading to secretory diarrhea, 
and this effect of kinins is much prostaglandin-independent.  In relation to IBD kinins may 
act on endothelial cells, smooth muscle cells, epithelial cells, and fibroblasts, which stimulate 
cell response through G proteins - coupled kinin receptors. By opening the tight junctions 
between endothelial cells, kinins can increase capillary permeability (Gaginella & Kachur, 
1989). Kinins may stimulate though B2R inflammatory cell adhesion molecules, and white 
blood cells migration. Subsequently B1R stimulation promote more cell adhesion molecules, 
and cells influx mainly neutrophils into extravascular comparment(McLean et al., 2003; 
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due to suppression of its gene expression. Further evidence that inflamed intestinal tissue 
cells had secreted ITK to a greater extend that normal it has got from in vitro culture study 
showing marked IIK decrease in supernatant from in vitro cultures of inflamed intestine. In 
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between endothelial cells, kinins can increase capillary permeability (Gaginella & Kachur, 
1989). Kinins may stimulate though B2R inflammatory cell adhesion molecules, and white 
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Ulbrich et al., 2000). Kinins may act as mitogens to increase DNA synthesis, thereby 
promoting cell proliferation. The ability of kinins to stimulate fibroblast proliferation may 
contribute to fibrosis in chronic intestinal inflammation (Marceau et al., 1986). Kinins may 
stimulate macrophage release of IL-1 and TNF – α (Tiffany & Burch, 1989). This effect is 
probably mediated by stimulation of the RB1, since a specific RB1 antagonist block kinin- 
induced cytokine release. In human study it has been  demonstrated  a positive staining for 
TK, kallistatin and the B1R (but not the B2R) in macrophages forming granuloma and for 
B1R in plasmocytes in the border of granulomas which emphasizes the close relationship 
between the immune responses important in IBD and the inflammatory mediators including 
the ITK – kinins. Kinins may also evoke pain by stimulating sensory nerves to mechanical 
stimuli and other chemical mediators and, in turn, causes hyperalgesia (Drey, 1997). The 
role of B1R and its agonists in inflammatory pain has been shown in animals (Rupniak et al., 
1997). In addition, bradykinin accelerates mucin discharge from goblet cells (Stanley & 
Philips, 1994). Although it is not know if ITK is co – secreted with mucin after bradykinin 
action, it raises the possibility of positive feedback loop between local ITK release and 
bradykinin generation. In addition, it has been demonstrated a B1R polymorphism in 
human IBD, but its clinical significance remains unknown (Bachvarov at al., 1998).  The 
recent experimental study  investigated the role of BR1s in TNBS - induced mouse model of 
colitis showing that  that selective, orally active, non - peptide B1R antagonist SSR240612 
markedly reduced TNBS – induced colitis e.g. intestinal tissue damage and neutrophil influx 
(Hara et al., 2008).  Importantly this study clarified evidence  that TNF – α may upregulate 
B1R expression in TNBS colitis model suggesting that anti- TNF- α monoclonal antibodies 
may  in part  modulate IBD by regulation of BR1 expression. It should be noted that kinins 
are implicated in the regulation of blood pressure, sodium homeostasis and the 
cardioprotective effect of preconditioning (Chao et al., 2004). Angiotensin- converting 
enzyme (kininase II) inhibition increase blood levels of bradykinin and kallidin peptides 
(Colman et al., 2006 c). Thus, the potentially salutary role of kinins in the circulation not 
encourage systemic administration of B1R antagonist. In fact commonly used ACE 
inhibitors are cardioprotective in part by elevating bradykinin, and thus increasing nitric 
oxide as well as decreasing angiotensin II formation (Colman et al., 2006c). Kinins have been 
demonstrated to stimulate synthesis of eicosanoids, nitric oxide and cytokines by white 
blood cells, endothelial cells and epithelial cells, and promote adhesion molecule – 
neutrophil cascade known to be important in IBD. A selective B1R receptor antagonist may 
have potential in therapeutic trial. It has been postulated that topical drug delivery to 
intestine as for 5 – ASA compounds to avoid side effect may be appropriate for the 
management of IBD (Marceau & Regoli, 2008). In fact the levels of kinin peptides in tissue 
were higher than in blood suggesting the primary tissue localization of the kallikrein – kinin 
system (Campbell, 2001). Nevertheless it seems that the contact system plays an important 
role in many inflammatory cascades by activation of the complement system, enhances 
liberation of prostanoids and cytokines, and specifically interacts with coagulation, 
fibrinolytic components and platelets. 

6. Hemostatic alterations in IBD 
The current model of coagulation in vivo emphasizes tissue factor as initiator of coagulation 
activation, underlines main role of thrombin in amplification of coagulation, and the 
interaction of coagulation factors with blood cells and endothelial cells (Hoffman & Monroe, 
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2007). Activated cells, especially platelets are critical in amplification and propagation 
phases providing a negatively – charged phosfolipid surface on which clotting reactions 
may take place. In IBD the coagulation system may be activated following cellular injury 
mainly through the extrinsic pathway. Tissue factor, a potent trigger of coagulation, 
functions as a monocyte and endothelia cell  receptor which binds factor VII and facilitates 
activation of both factor IX and factor X. Activated factor X (FXa), Ca ++ , activated factor V 
(FVa), and platelet phospholipid form the prothrombinase complex that cleaves 
prothrombin, producing thrombin and liberating a prothrombin fragment, F1 + 2. Thrombin 
hydrolyzes fibrinogen forming fibrin, which is cross-linked by activated factor XIII. Cross-
linked fibrin is then degraded by plasmin with the liberation of D-dimer and other 
degradation products. Factor XII converts the zymogen, factor XI, to an active enzyme, 
factor XIa, which, in turn, converts factor IX to factor IXa, thereby activating the intrinsic 
pathway of coagulation. (Clolman,  2006 a).  
 

 
Fig. 3. Diagram of main pathways of coagulation. EC is endothelial cell, M is monocyte, PL 
is platelet, F1+2 is prothrombin fragment, FPA is fibrinopeptide A, βTG is β- 
thromboglobulin, TF is tissue factor. Solid arrows designate activation or cleavage, dashed 
arrows conversion, and open arrows indicate release, expression, or synergistic properties 
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6.1 Systemic coagulation changes 
Early reports have presented hemostatic changes in IBD patients; elevation of plasma factor 
V, factor VIII, fibrinogen and thrombocytosis observed in the active IBD phase (Lam et al., 
1975; Morowitz et al., 1968). Later reports have shown an acquired plasma antithrombin 
deficiency in active IBD patients, a feature which implies a real risk of thrombosis (Knot et 
al., 1985). Subsequent studies have  shown the presence of increased markers of activate 
coagulation in both active and quiescent IBD (van Bodegraven et al., 2002; Hudson  et al., 
1992; Souto et al., 1995). In contrast other investigators did not found a significant increase 
of coagulation intermediates in IBD patients with an inactive stage (Edwards et al., 1987; 
Novacek et al., 1997; Stadnicki et al., 1997). It is assumed that the reaction with thrombin 
during the clotting activation causes consumption of plasma FXIIIa and, therefore, a fall in 
FXIII may be sign of clotting activation (Ichinose, 2001). In fact it has been found a decrease 
of FXIII subunit A, but not FXIII subunit B in both active UC (Stadnicki et al., 1991) and 
Crohn’s disease (Hudson at al., 1993). Later other investigators shown reduced level of FXIII 
active subunit A (but not carries subunit B) in active IBD patients, but generally not in 
patients with quiescent disease suggesting its consumption as result of active coagulation 
and increased turnover during active inflammation (van Bodegraven et al., 1995; Hayat et 
al., 2002).  In addition, elevated D-dimer was found almost exclusively in active IBD patients 
which provides evidence of fibrin formation and reactive fibrinolysis (Chiarantini et. al., 
1996, Hudson et al.,1992, Stadnicki et al., 1997). Natural coagulation inhibitor, protein C  
plasma level has been shown to be unchanged or decreased in IBD (Larsen et al., 2002)), 
while decreased  its cofactor, protein S plasma level was demonstrated  in most studies 
(Aadland et al., 1994; Saibeni et al., 2001). In addition, an inhibitor of tissue factor, tissue 
factor protease – inhibitor (TFPI) plasma levels have been reported to be lower in IBD (Souto 
et al., 1995). Differences between ulcerative colitis and Crohn’s diseases including disease 
location, histology, clinical course and complications although it is likely that both entities 
share similar immunoregulatory abnormalities and common pathways. The lower levels of 
coagulation intermediates or fragments  in UC  patients, as compared with Crohn’s disease, 
may be simply due to more superficial distribution of intestinal inflammation always found 
in UC. In addition patients with Cronh’s disease have higher tissue IL-1 β and plasma IL-6 
levels (Mazlam & Hodgson, 1994). A role of intrinsic coagulation activation pathway, 
associated with the contact system, in IBD is unclear. FXI (an initiator of intrinsic pathway) 
is activated by thrombin (Olivier et al., 1999), or by the contact pathway initiated by 
autoactivation of FXII. Surprisingly in two large studies plasma factor XI functional level 
remained unchanged in active UC (Stadnicki et al.,  1997) and Crohn’s disease (Devani et al., 
2002). In contrast other authors observed increased active plasma level of FXII and FXI 
among other signs of thrombin generation in active UC patients suggesting both extrinsic 
and intrinsic coagulation pathways activation in active UC stage (Kume et al., 2007; 
Kyriakou  et al., 2002). However whether the plasma contact system is activated in intestinal 
circulation and if so, what is the role of HKa to maintain inflammation remains to be 
investigated. 

6.2 Systemic fibrinolytic capacity 
Disturbed fibrinolysis, which has been reported in general circulation and in colonic 
mucosa, has also been postulated to play a role in procoagulant potential in systemic 
circulation, however also in intestinal bleeding of IBD. It have been demonstrated the 
decrease of plasma t-PA with concomitant increase of its inhibitor, plasma PAI-1 indicated 
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hypofibrinolytic capacity in general circulation of IBD patients (de Jong et al., 1989). T- PA is 
mainly released by vascular endothelium, thus its plasma decrease in IBD suggests 
endotheliopathy. This phenomenon is supported by data (Gris et al., 1991) indicating 
impaired fibrinolytic response to the venous occlusion test in patients with colitis. Systemic 
endothelial cell dysfunction  has been reported in both UC and Crohn’s disease. A serum 
von Willebrand factor concentration and thrombomodulin level, the  markers of vascular 
injury have been shown to be increased in serum of IBD patients in relation with disease 
activity (Boehme MW et al., 1997; Wan der Wouwer et al., 2004). Recently discovered 
thrombin activatable fibrinolysis inhibitor (TAFI) provides link between coagulation and 
fibrinolysis (Bouma, 2004), and primarily its levels have been linked with thrombophilia in 
IBD. However TAFI plasma level in IBD is equivocal thus its significance is unclear 
(Koutroubakis et al., 2008; Saibeni et al., 2004). In addition, Italian group (Saibeni et al., 2006) 
has been demonstrated a prevalence of anti – t- PA antibodies in IBD patients which may 
reduce systemic fibrinolysis. 

6.3 Intestinal coagulation and fibrinolytic disturbances 
Nevertheless, those alterations occur in systemic circulation and, while reflecting the 
systemic inflammatory response, does not portray the actual events within the inflamed 
intestine. It has been indicated that regional vasculopathy leading to activation of 
coagulation cascade and local fibrin formation are pathogenic factors in Crohn’s disease 
(Wakefield et al., 1989, 1991). Platelets thrombi linked with fibrin, and expression of tissue 
factor were also observed in Crohn’s intestinal lesions (More et al., 1993; Wakefield et al., 
1989). Similarly mucosal capillary thrombi have been identified in UC, but similar changes 
were also found in self – limited colitis, thus their pathogenic significance in UC is less 
appreciated (Dhillon et al., 1992). However a higher platelets aggregation has been found in 
mesenteric circulation in IBD, hence circulating platelets aggregates may contribute to 
ischemic damage, and platelets aggregates have been identified histologically in rectal  
biopsies from patients with UC (Collins et al.,  1997). Latter data demonstrated that CD40L 
positive platelets adhere to mucosal endothelium in IBD, hence trigger proinflammatory 
reactions (Danese et al., 2003 a). Importantly, platelets may mediate leukocyte recruitment to 
the inflamed colon  via CD40 – CD40L (Danese et al., 2003 a),  and independently platelets 
taken from IBD patients release RANTES, a chemokine recruiting monocyte and T – 
memory cells (Fagerstam et al., 2000). In addition interaction of plaletets expressed CD40 
with CD40 expressed vascular component may increase influx of white blood cells to 
extravascular compartment. Activated protein C (APC) exert anti- inflammatory effect and 
directly maintain vascular barrier integrity. However protein C anticoagulant pathway has 
been found to be impaired in IBD, hence it may enhance thrombin generation. A reduced  
expression of endothelial protein C receptor (EPCR) in microvasculature endothelium  has 
been shown in IBD patients (Faioni et al., 2004). It is still uncertain if the intestinal vascular 
alterations in IBD is the primum movens of the disease (Wakefield et al., 1989), or the 
consequence of inflammation (Binion et al., 1998). In the inflamed mucosa of  IBD patients it 
has been  presented a decrease of t-PA and increase of  u-PA (de Bruin et al., 1988; de Jong et 
al., 1989). U-PA, in contrast to t-PA, is less fibrin dependent; thus plasmin generated due to 
u-PA may act as proinflammatory protease as well as enhance intestinal bleeding which is 
typical feature especially in UC. Interestingly u-PA is secreted as prourokinase which can be 
activated to urokinase by plasmin itself or in the cells surface by plasma kallikrein in the 
presence of  high kininogen (Ichinose et al., 1986). Urokinase binds to its receptor, uPAR, on 
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while decreased  its cofactor, protein S plasma level was demonstrated  in most studies 
(Aadland et al., 1994; Saibeni et al., 2001). In addition, an inhibitor of tissue factor, tissue 
factor protease – inhibitor (TFPI) plasma levels have been reported to be lower in IBD (Souto 
et al., 1995). Differences between ulcerative colitis and Crohn’s diseases including disease 
location, histology, clinical course and complications although it is likely that both entities 
share similar immunoregulatory abnormalities and common pathways. The lower levels of 
coagulation intermediates or fragments  in UC  patients, as compared with Crohn’s disease, 
may be simply due to more superficial distribution of intestinal inflammation always found 
in UC. In addition patients with Cronh’s disease have higher tissue IL-1 β and plasma IL-6 
levels (Mazlam & Hodgson, 1994). A role of intrinsic coagulation activation pathway, 
associated with the contact system, in IBD is unclear. FXI (an initiator of intrinsic pathway) 
is activated by thrombin (Olivier et al., 1999), or by the contact pathway initiated by 
autoactivation of FXII. Surprisingly in two large studies plasma factor XI functional level 
remained unchanged in active UC (Stadnicki et al.,  1997) and Crohn’s disease (Devani et al., 
2002). In contrast other authors observed increased active plasma level of FXII and FXI 
among other signs of thrombin generation in active UC patients suggesting both extrinsic 
and intrinsic coagulation pathways activation in active UC stage (Kume et al., 2007; 
Kyriakou  et al., 2002). However whether the plasma contact system is activated in intestinal 
circulation and if so, what is the role of HKa to maintain inflammation remains to be 
investigated. 

6.2 Systemic fibrinolytic capacity 
Disturbed fibrinolysis, which has been reported in general circulation and in colonic 
mucosa, has also been postulated to play a role in procoagulant potential in systemic 
circulation, however also in intestinal bleeding of IBD. It have been demonstrated the 
decrease of plasma t-PA with concomitant increase of its inhibitor, plasma PAI-1 indicated 
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hypofibrinolytic capacity in general circulation of IBD patients (de Jong et al., 1989). T- PA is 
mainly released by vascular endothelium, thus its plasma decrease in IBD suggests 
endotheliopathy. This phenomenon is supported by data (Gris et al., 1991) indicating 
impaired fibrinolytic response to the venous occlusion test in patients with colitis. Systemic 
endothelial cell dysfunction  has been reported in both UC and Crohn’s disease. A serum 
von Willebrand factor concentration and thrombomodulin level, the  markers of vascular 
injury have been shown to be increased in serum of IBD patients in relation with disease 
activity (Boehme MW et al., 1997; Wan der Wouwer et al., 2004). Recently discovered 
thrombin activatable fibrinolysis inhibitor (TAFI) provides link between coagulation and 
fibrinolysis (Bouma, 2004), and primarily its levels have been linked with thrombophilia in 
IBD. However TAFI plasma level in IBD is equivocal thus its significance is unclear 
(Koutroubakis et al., 2008; Saibeni et al., 2004). In addition, Italian group (Saibeni et al., 2006) 
has been demonstrated a prevalence of anti – t- PA antibodies in IBD patients which may 
reduce systemic fibrinolysis. 

6.3 Intestinal coagulation and fibrinolytic disturbances 
Nevertheless, those alterations occur in systemic circulation and, while reflecting the 
systemic inflammatory response, does not portray the actual events within the inflamed 
intestine. It has been indicated that regional vasculopathy leading to activation of 
coagulation cascade and local fibrin formation are pathogenic factors in Crohn’s disease 
(Wakefield et al., 1989, 1991). Platelets thrombi linked with fibrin, and expression of tissue 
factor were also observed in Crohn’s intestinal lesions (More et al., 1993; Wakefield et al., 
1989). Similarly mucosal capillary thrombi have been identified in UC, but similar changes 
were also found in self – limited colitis, thus their pathogenic significance in UC is less 
appreciated (Dhillon et al., 1992). However a higher platelets aggregation has been found in 
mesenteric circulation in IBD, hence circulating platelets aggregates may contribute to 
ischemic damage, and platelets aggregates have been identified histologically in rectal  
biopsies from patients with UC (Collins et al.,  1997). Latter data demonstrated that CD40L 
positive platelets adhere to mucosal endothelium in IBD, hence trigger proinflammatory 
reactions (Danese et al., 2003 a). Importantly, platelets may mediate leukocyte recruitment to 
the inflamed colon  via CD40 – CD40L (Danese et al., 2003 a),  and independently platelets 
taken from IBD patients release RANTES, a chemokine recruiting monocyte and T – 
memory cells (Fagerstam et al., 2000). In addition interaction of plaletets expressed CD40 
with CD40 expressed vascular component may increase influx of white blood cells to 
extravascular compartment. Activated protein C (APC) exert anti- inflammatory effect and 
directly maintain vascular barrier integrity. However protein C anticoagulant pathway has 
been found to be impaired in IBD, hence it may enhance thrombin generation. A reduced  
expression of endothelial protein C receptor (EPCR) in microvasculature endothelium  has 
been shown in IBD patients (Faioni et al., 2004). It is still uncertain if the intestinal vascular 
alterations in IBD is the primum movens of the disease (Wakefield et al., 1989), or the 
consequence of inflammation (Binion et al., 1998). In the inflamed mucosa of  IBD patients it 
has been  presented a decrease of t-PA and increase of  u-PA (de Bruin et al., 1988; de Jong et 
al., 1989). U-PA, in contrast to t-PA, is less fibrin dependent; thus plasmin generated due to 
u-PA may act as proinflammatory protease as well as enhance intestinal bleeding which is 
typical feature especially in UC. Interestingly u-PA is secreted as prourokinase which can be 
activated to urokinase by plasmin itself or in the cells surface by plasma kallikrein in the 
presence of  high kininogen (Ichinose et al., 1986). Urokinase binds to its receptor, uPAR, on 
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the endothelial – cell surface (Colman, 2006). Prekallikrein binds to HK, which associates 
with the same receptor hence the conversion of plasminogen to plasmin is efficient. Thus 
prekallikrein may be anti- thrombotic by virtue of its role in the fibrinolytic system.  
Although a moderate amount of FXIII has proved sufficient to secure hemostasis, its low 
level in the presence of other coagulation abnormalities may contribute to intestinal 
bleeding, but its relationship to intestinal bleeding during IBD is controversial Other 
investigations have shown enhanced local fibrinolytic activity in IBD patients which led to 
use tranaxemic acid, an antifibrinolytic agent, in the context of an increased intestinal 
bleeding tendency (Kondo et al., 1981)). This drug acts mainly preventing the interaction of 
tissue t - PA with fibrin which is required for its catalytic activity. However local fibrinolysis 
in IBD is related to u-PA, which is fibrin independent. 

7. Serine proteases act via PARs 
Four protease – activated receptors (PARs) 1-4 have been identified as mediators of cellular 
responses. It has been shown that coagulation activation may mediate inflammatory 
response, which support the concept of mutual activation of inflammatory and coagulation 
cascades in IBD. Thrombin is a key player of PARs activation as this enzyme can activate 
PAR1, 3 and 4, and in turn activates platelet and endothelial cells, whereas tissue factor can 
act due to PAR1 or 2 (Steinhoff et al., 2005). Recent study demonstrated  that active factor X 
(FXa) may induce PAR -2 activation, and in turn may mediate inflammation and fibrosis, a 
features of IBD (Borensztajn et al., 2009). Interestingly, investigation revealed that PAR1 and 
PAR2 are present on intestinal epithelium, and PAR1 has been shown to mediate intestinal 
secretion (Oikonomopoulou et al., 2006). In addition tissue kallikrein may activate directly 
B2R independently of bradykinin release. Thus in addition to thrombin and trypsin which 
can affect tissues by activating a novel family of protease activated receptors (PARs 1-4), 
tissue kallikreins represent PAR regulator, and consequently  B2R may belong to a new 
group of PARs. In animal studies  a decreased plasma protein C activation was shown in 
DDS – induced colitis in mice (Yoshida et al., 2008), and APC administered to mouse colitis 
model also provided protection against thrombosis and accompanied colonic inflammation. 
In addition via thrombin generation platelets may by activated by PARs (Biloduane & 
Hamm, 2007).  PARs activated coagulation cascade might participate in the progression of 
IBD suggesting that PARs blockade might provide a novel therapeutic target for the 
management of IBD.  

8. Platelet as inflammatory cell in IBD 
IBD patients have an increase of platelet numbers which  correlate with both UC and 
Crohn’s activity (Morowitz et al., 1968). In early 1990s it has been documented abnormal 
platelet aggregation in vitro, and activation in vivo expressed by elevation of tromboxane 
B2, tromboxane A2, and specific chemokines as platelet factor – 4 and β – tromboglobulin as 
well as higher expression of P– selectin and GP53 on platelets surface in both active and 
inactive IBD phases (Collins et al., 1994, Webberley et al., 1993).  Thus platelet activation is a 
feature of IBD. During inflammation an increased endothelial exposure of adhesion 
glycoproteines may enhance binding of platelets and leukocyte. Later it has been (Danese et 
al., 2003 b) observed increased platelet expression of activation - dependent of CD40 – 
ligand (CD40L) as well as increased plasma level of soluble CD40 in both UC and Cronh’s 
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disease compared to normal controls. The increased of platelet-leukocyte aggregated (PLA) 
in systemic circulation account for platelet activation and platelet- leukocyte interaction in 
IBD patients (Irving et al., 2004). Taken together it seems that in IBD platelets show not only 
prothrombotic but also proinflammatory properties. Suppression of the adverse effect of 
thromboxane A2 can be achieved either by inhibiting its synthesis and/or antagonizing the 
receptor through which it acts. Selective antithromboxane agents have been shown to 
ameliorate experimental colitis (Vilaseca et al., 1990) however ridogrel not shown enough 
therapeutic effect (Tytgat et al., 2002). Unfortunately, ridogrel is a weaker thromboxane 
receptor antagonist than synthetase inhibitor, so that activation of the former by 
endoperoxides such as PGH-2 (accumulating after inhibition of thromboxane synthetase) 
activate thromboxane recepotors. New generation of antiplatelet compounds which 
selectively inhibit platelet activation rather than platelet aggregation merit future studies in 
IBD.  

9. Thromboembolic complications in IBD 
9.1 Risk factors for thromboembolism  
Coagulation activation in IBD is one of significant feature to enhance prothrombotic 
potential, increased risk of thromboembolism is related to extension of intestinal 
inflammation, but coagulation system abnormalities found in IBD may also be caused by 
other acquired factors. Nutritional deficiencies of vitamins B6 and B12, and folic acid in 
Cronh’s disease patients may be caused by ileitis, while sulfasalazine or methotrexate – 
induced folate deficiency may have similar effect in both Crohn’ s disease and UC. Those 
deficiencies may lead to hyperhomocysteinemia which has been found in IBD patients 
(Bjerregaard  et al., 2002). Increased level of lipoprotein (a) an independent risk factor for TE 
has been shown to account for tendency to thromboembolism in some Crohn’n disease 
patients (van Bodegraven & Meuwissen, 2001). Other ways that may predispose to 
thromboembolism in IBD include immobility, the need to undergo surgery, fluid depletion 
diarrhea – induced, and use central venous catheter for parenteral nutrition. At present no 
interaction between IBD and inherited factors of thrombophilia e.g. factor V gene (FV 
Leiden) mutation, prothrombin G20210A mutation, and methylenetetrahydrofolate 
reductase (MTHRF) gene mutation (related to hyperhomocysteinemia) were found (Guedon 
et al., 2001; Papa et al., 2001) . 

9.2 Thrombotic manifestations 
The thromboembolic complications are  common extraintestinal  manifestations in both 
Crohn’s disease and UC, appear to have a 3-4 fold increased risk of developing compared to 
control patients), and also exist in quiescent disease (Bernstein et al., 2001). Importantly 
thromboembolic complications increased risk was found to be specific for IBD because 
neither in patient with rheumatoid arthritis, nor in patients with celiac disease had an 
increased thromboembolic risk compared with their controls (Miehsler et al., 2004). Deep 
venous thrombosis and pulmonary embolism are most common thrombotic complications 
in IBD, but there were also described in unusual sites e.g. portal vein, mesenteric vein, 
retinal vein, and cerebral sinus veins. In addition arterial thromboembolic events and 
ischemic heart disease risk is increased in IBD patients, (Bernstein et al., 2008). Systemic 
thrombotic events are life – threatening since mortality related to thromboembolism in IBD 
is described in high ranges between 8% - 25 % during acute thromboembolic episodes 
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the endothelial – cell surface (Colman, 2006). Prekallikrein binds to HK, which associates 
with the same receptor hence the conversion of plasminogen to plasmin is efficient. Thus 
prekallikrein may be anti- thrombotic by virtue of its role in the fibrinolytic system.  
Although a moderate amount of FXIII has proved sufficient to secure hemostasis, its low 
level in the presence of other coagulation abnormalities may contribute to intestinal 
bleeding, but its relationship to intestinal bleeding during IBD is controversial Other 
investigations have shown enhanced local fibrinolytic activity in IBD patients which led to 
use tranaxemic acid, an antifibrinolytic agent, in the context of an increased intestinal 
bleeding tendency (Kondo et al., 1981)). This drug acts mainly preventing the interaction of 
tissue t - PA with fibrin which is required for its catalytic activity. However local fibrinolysis 
in IBD is related to u-PA, which is fibrin independent. 

7. Serine proteases act via PARs 
Four protease – activated receptors (PARs) 1-4 have been identified as mediators of cellular 
responses. It has been shown that coagulation activation may mediate inflammatory 
response, which support the concept of mutual activation of inflammatory and coagulation 
cascades in IBD. Thrombin is a key player of PARs activation as this enzyme can activate 
PAR1, 3 and 4, and in turn activates platelet and endothelial cells, whereas tissue factor can 
act due to PAR1 or 2 (Steinhoff et al., 2005). Recent study demonstrated  that active factor X 
(FXa) may induce PAR -2 activation, and in turn may mediate inflammation and fibrosis, a 
features of IBD (Borensztajn et al., 2009). Interestingly, investigation revealed that PAR1 and 
PAR2 are present on intestinal epithelium, and PAR1 has been shown to mediate intestinal 
secretion (Oikonomopoulou et al., 2006). In addition tissue kallikrein may activate directly 
B2R independently of bradykinin release. Thus in addition to thrombin and trypsin which 
can affect tissues by activating a novel family of protease activated receptors (PARs 1-4), 
tissue kallikreins represent PAR regulator, and consequently  B2R may belong to a new 
group of PARs. In animal studies  a decreased plasma protein C activation was shown in 
DDS – induced colitis in mice (Yoshida et al., 2008), and APC administered to mouse colitis 
model also provided protection against thrombosis and accompanied colonic inflammation. 
In addition via thrombin generation platelets may by activated by PARs (Biloduane & 
Hamm, 2007).  PARs activated coagulation cascade might participate in the progression of 
IBD suggesting that PARs blockade might provide a novel therapeutic target for the 
management of IBD.  

8. Platelet as inflammatory cell in IBD 
IBD patients have an increase of platelet numbers which  correlate with both UC and 
Crohn’s activity (Morowitz et al., 1968). In early 1990s it has been documented abnormal 
platelet aggregation in vitro, and activation in vivo expressed by elevation of tromboxane 
B2, tromboxane A2, and specific chemokines as platelet factor – 4 and β – tromboglobulin as 
well as higher expression of P– selectin and GP53 on platelets surface in both active and 
inactive IBD phases (Collins et al., 1994, Webberley et al., 1993).  Thus platelet activation is a 
feature of IBD. During inflammation an increased endothelial exposure of adhesion 
glycoproteines may enhance binding of platelets and leukocyte. Later it has been (Danese et 
al., 2003 b) observed increased platelet expression of activation - dependent of CD40 – 
ligand (CD40L) as well as increased plasma level of soluble CD40 in both UC and Cronh’s 
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disease compared to normal controls. The increased of platelet-leukocyte aggregated (PLA) 
in systemic circulation account for platelet activation and platelet- leukocyte interaction in 
IBD patients (Irving et al., 2004). Taken together it seems that in IBD platelets show not only 
prothrombotic but also proinflammatory properties. Suppression of the adverse effect of 
thromboxane A2 can be achieved either by inhibiting its synthesis and/or antagonizing the 
receptor through which it acts. Selective antithromboxane agents have been shown to 
ameliorate experimental colitis (Vilaseca et al., 1990) however ridogrel not shown enough 
therapeutic effect (Tytgat et al., 2002). Unfortunately, ridogrel is a weaker thromboxane 
receptor antagonist than synthetase inhibitor, so that activation of the former by 
endoperoxides such as PGH-2 (accumulating after inhibition of thromboxane synthetase) 
activate thromboxane recepotors. New generation of antiplatelet compounds which 
selectively inhibit platelet activation rather than platelet aggregation merit future studies in 
IBD.  

9. Thromboembolic complications in IBD 
9.1 Risk factors for thromboembolism  
Coagulation activation in IBD is one of significant feature to enhance prothrombotic 
potential, increased risk of thromboembolism is related to extension of intestinal 
inflammation, but coagulation system abnormalities found in IBD may also be caused by 
other acquired factors. Nutritional deficiencies of vitamins B6 and B12, and folic acid in 
Cronh’s disease patients may be caused by ileitis, while sulfasalazine or methotrexate – 
induced folate deficiency may have similar effect in both Crohn’ s disease and UC. Those 
deficiencies may lead to hyperhomocysteinemia which has been found in IBD patients 
(Bjerregaard  et al., 2002). Increased level of lipoprotein (a) an independent risk factor for TE 
has been shown to account for tendency to thromboembolism in some Crohn’n disease 
patients (van Bodegraven & Meuwissen, 2001). Other ways that may predispose to 
thromboembolism in IBD include immobility, the need to undergo surgery, fluid depletion 
diarrhea – induced, and use central venous catheter for parenteral nutrition. At present no 
interaction between IBD and inherited factors of thrombophilia e.g. factor V gene (FV 
Leiden) mutation, prothrombin G20210A mutation, and methylenetetrahydrofolate 
reductase (MTHRF) gene mutation (related to hyperhomocysteinemia) were found (Guedon 
et al., 2001; Papa et al., 2001) . 

9.2 Thrombotic manifestations 
The thromboembolic complications are  common extraintestinal  manifestations in both 
Crohn’s disease and UC, appear to have a 3-4 fold increased risk of developing compared to 
control patients), and also exist in quiescent disease (Bernstein et al., 2001). Importantly 
thromboembolic complications increased risk was found to be specific for IBD because 
neither in patient with rheumatoid arthritis, nor in patients with celiac disease had an 
increased thromboembolic risk compared with their controls (Miehsler et al., 2004). Deep 
venous thrombosis and pulmonary embolism are most common thrombotic complications 
in IBD, but there were also described in unusual sites e.g. portal vein, mesenteric vein, 
retinal vein, and cerebral sinus veins. In addition arterial thromboembolic events and 
ischemic heart disease risk is increased in IBD patients, (Bernstein et al., 2008). Systemic 
thrombotic events are life – threatening since mortality related to thromboembolism in IBD 
is described in high ranges between 8% - 25 % during acute thromboembolic episodes 
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(Quera & Shanahan, 2004). As unconventional IBD treatment heparin have paid attention 
because its anti- inflammatory effect, hence heparin interferes with anti-inflammatory 
cascade by influencing cell migration into tissue and modulates a release of 
proinflammatory cytokine. Early study indicated a beneficial effect of heparin in refractory 
ulcerative colitis (Gaffyney et al., 1995). In general better therapeutic efficacy of 
unfractionated heparin (UH) than low molecular weigh heparin (LMWH) in UC is probably 
related to more beneficial immunomodulatory effect of UH (Panes et al., 2000). In fact an 
efficacy of heparin treatment in UC is still controversial and not established.  However a 
recent small open study demonstrated a reduction of inflammation using oral, slow- release 
LMWH (parnaparin) capsules in left- sided  UC patients (Pastorelli et al., 2008). It appears 
that IBD is a thrombophilic syndrome, a risk of thromboembolic events in IBD is 
multifactoral including active intestinal inflammation and malnutrition, (Quera & 
Shanahan, 2004). Prophylactic anticoagulation against thromboembolism is currently not 
fully defined, and intestinal bleeding worsening may occur. In high – risk patients e.g.  
active IBD patients confined to bad, subjects with familial thrombosis, and patients with 
myocardial infraction, or stroke before age 50 in first degree relatives  should be considered 
for using moderate dose of heparin (Zitomersky et al., 2011).  

10. Coagulation, intestinal barrier and healing 
The epithelium of the intestine creates a barrier to potentially immunogenic and noxious 
factors, including microorganisms and dietary components within the intestinal lumen. 
Healing of the intestinal surface is regulated by a complex mechanism that involves growth 
factors, cytokines, as well as intracellular matrix proteins and blood clotting factors to 
preserve homeostasis and integrity of the intestinal mucosa (Dignass & Podolsky, 2004). 
Once the intestinal epithelial barrier is damaged, luminal highly immunogenic bacterial 
antigens can enter the normally sterile submucosal layers and thus may play a role in the 
pathogenesis of IBD. The antibiotics, mainly tobramycin and metronidazole, have been 
found to be effective as adjunctive therapy not only in Crohn’s disease but also in UC 
patients (Rahimi et al. 2007). Among the regulatory peptides that are expressed within the 
intestinal mucosa, transforming growth factor-β (TGF-β) and epidermal growth factor 
family peptides (EGFs) play especially important role. EGFs, potent stimulators of intestinal 
epithelial cells proliferation, and may increase the concentration of bioactive TGF-β, whereas 
TGF-β is capable of regulating growth, differentiation, and function of immune cells 
(Stadnicki et al., 2009). Interestingly, EGF enemas have been proved to be beneficial in UC 
patients (Dieckgraefe et al. 2007).  Importantly, TGF-β1 that counteracts TNF-α and acts as 
negative regulator of mucosal inflammation is essential for wound healing (Blobe et al., 
2000). The role of TNF-α, that occupies central position to generate the inflammatory 
cascade, has been well defined in Crohn’s disease and recently in UC (Blonski et al., 2011). 
Infliximab administered with steroids, has been found to be effective in inducing responses 
and maintaining remissions in patients with moderate and severe stage of IBD. Interestingly 
treatment with infliximab, a chimeric antibody against TNF-α, has been reported not only 
induced clinical remission but also decreased thrombin generation in IBD patients (Hommes 
et al. 1997). Intestinal epithelial wound healing and tissue repair may also act trough growth 
factors independent pathway involved in cells interactions and blood coagulation factors. 
Besides fibrin, FXIIIa also cross-links actin, collagen, and fibronectin., thus it is as much 
connective tissue factor as a clotting factor. FXIII and other transglutaminases may be 
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important in the maintenance of normal intestinal integrity and intestinal repair mechanism 
(D’Argenio et al. 1995). Our and others data suggested that interaction of factor XIII subunit 
A a with its natural plasmatic substrates e. g. fibronectin and α–2 plasmin inhibitor, plays a 
role in healing of UC lesions (Stadnicki et al., 1992). Consequently, factor XIIIa infusion has 
been shown to promote intestinal wound healing in both UC and Crohn’s disease patients 
(Lorenz et al., 1991; Oshitani et al., 1996). In contrast vascular endothelial growth factor 
(VEGF) increases vascular permeability to activate metaloproteinases which participate in 
degradation of extracellular matrix, hence may have detrimental effect on intestinal barrier 
(Ferrara, 2004). 

11. Kinins and angiogenesis in IBD 
Recently it has been provided the direct evidences that angiogenesis has a role in the  
pathogenesis of both UC and Crohn’s disease showing a higher density of microvessels 
within intestinal mucosa and sub-mucosa and increased expression of αvβ3 - integrin in 
endothelium with simultaneous increase of intestinal VEGF expression (Danese et al., 2006) . 
Most recent data demonstrated the increase of genes expression as well as protein levels for 
VEGF and its Flt-1 receptor in active inflammatory colonic tissue and increased VEGF levels 
in serum and plasma in active UC patients (Frysz – Naglak et al., 2011). TGF-β1 may directly 
stimulate angiogenesis in vivo; the stimulation can be blocked by TGF-β1 antibodies 
(Pepper, 1997). The influence of kinins in angiogenesis has recently been appreciated. Kinin 
promotes angiogenesis by upregulation of basic fibroblast growth factor through bradykinin 
- B1 receptor and by stimulation of VEGF formation by bradykinin both B1 and B2 receptors 
(Colman, 2006 b), and kinins may act synergistically with TGF-β1. Monoclonal antibody 
C11C1 which prevents binding HK to endothelial cells also limits its conversion to 
bradykinin thus downregulating angiogenesis (Colman et al. 2000). Thus, it is possible that 
kinins as proangiogenic may promote angiogenesis in IBD although the interaction between 
kinins and growth factors is highly complex, and requires future investigation. In contrast 
HKa or its domain 5 inhibit endothelial cells migration and proliferation needed for 
angiogenesis (Colman et al, 2003).  

12. Conclusions  
IBD appear to be immunologically mediated by activation of immune system cells and 
plasma proteolytic cascades. Products of activated cells such as cytokines, eicosanoids, 
lysosomal enzymes as well as kallikrein – kinin and coagulation system are reported to be 
increased in intestinal lesions and in the systemic circulation of IBD. The activation of 
coagulation has been recognized as important component of the inflammatory response in 
both Crohn’s disease and UC, and also is significant in progression and possibly 
pathogenesis of these entities. A significance of coagulation in IBD was underestimated, 
now it appears that IBD is a thrombophilic syndrome in both active and  quiescent phases. 
A risk of thromboembolic events in IBD is multifactoral including coagulation activation. 
Prophylactic anticoagulation against thromboembolic complications is currently not fully 
defined, however high – risk patients should be considered for using moderate dose of 
heparin. Kinins exert their biological effect  by activating constitutive bradykinin  receptor -2 
(BR2), which are rapidly desensitized, and inducible by inflammatory cytokines bradykinin 
receptor -1 (BR1), resistant to densensitization. Intestinal tissue kallikrein (ITK) may 
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(Quera & Shanahan, 2004). As unconventional IBD treatment heparin have paid attention 
because its anti- inflammatory effect, hence heparin interferes with anti-inflammatory 
cascade by influencing cell migration into tissue and modulates a release of 
proinflammatory cytokine. Early study indicated a beneficial effect of heparin in refractory 
ulcerative colitis (Gaffyney et al., 1995). In general better therapeutic efficacy of 
unfractionated heparin (UH) than low molecular weigh heparin (LMWH) in UC is probably 
related to more beneficial immunomodulatory effect of UH (Panes et al., 2000). In fact an 
efficacy of heparin treatment in UC is still controversial and not established.  However a 
recent small open study demonstrated a reduction of inflammation using oral, slow- release 
LMWH (parnaparin) capsules in left- sided  UC patients (Pastorelli et al., 2008). It appears 
that IBD is a thrombophilic syndrome, a risk of thromboembolic events in IBD is 
multifactoral including active intestinal inflammation and malnutrition, (Quera & 
Shanahan, 2004). Prophylactic anticoagulation against thromboembolism is currently not 
fully defined, and intestinal bleeding worsening may occur. In high – risk patients e.g.  
active IBD patients confined to bad, subjects with familial thrombosis, and patients with 
myocardial infraction, or stroke before age 50 in first degree relatives  should be considered 
for using moderate dose of heparin (Zitomersky et al., 2011).  

10. Coagulation, intestinal barrier and healing 
The epithelium of the intestine creates a barrier to potentially immunogenic and noxious 
factors, including microorganisms and dietary components within the intestinal lumen. 
Healing of the intestinal surface is regulated by a complex mechanism that involves growth 
factors, cytokines, as well as intracellular matrix proteins and blood clotting factors to 
preserve homeostasis and integrity of the intestinal mucosa (Dignass & Podolsky, 2004). 
Once the intestinal epithelial barrier is damaged, luminal highly immunogenic bacterial 
antigens can enter the normally sterile submucosal layers and thus may play a role in the 
pathogenesis of IBD. The antibiotics, mainly tobramycin and metronidazole, have been 
found to be effective as adjunctive therapy not only in Crohn’s disease but also in UC 
patients (Rahimi et al. 2007). Among the regulatory peptides that are expressed within the 
intestinal mucosa, transforming growth factor-β (TGF-β) and epidermal growth factor 
family peptides (EGFs) play especially important role. EGFs, potent stimulators of intestinal 
epithelial cells proliferation, and may increase the concentration of bioactive TGF-β, whereas 
TGF-β is capable of regulating growth, differentiation, and function of immune cells 
(Stadnicki et al., 2009). Interestingly, EGF enemas have been proved to be beneficial in UC 
patients (Dieckgraefe et al. 2007).  Importantly, TGF-β1 that counteracts TNF-α and acts as 
negative regulator of mucosal inflammation is essential for wound healing (Blobe et al., 
2000). The role of TNF-α, that occupies central position to generate the inflammatory 
cascade, has been well defined in Crohn’s disease and recently in UC (Blonski et al., 2011). 
Infliximab administered with steroids, has been found to be effective in inducing responses 
and maintaining remissions in patients with moderate and severe stage of IBD. Interestingly 
treatment with infliximab, a chimeric antibody against TNF-α, has been reported not only 
induced clinical remission but also decreased thrombin generation in IBD patients (Hommes 
et al. 1997). Intestinal epithelial wound healing and tissue repair may also act trough growth 
factors independent pathway involved in cells interactions and blood coagulation factors. 
Besides fibrin, FXIIIa also cross-links actin, collagen, and fibronectin., thus it is as much 
connective tissue factor as a clotting factor. FXIII and other transglutaminases may be 
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important in the maintenance of normal intestinal integrity and intestinal repair mechanism 
(D’Argenio et al. 1995). Our and others data suggested that interaction of factor XIII subunit 
A a with its natural plasmatic substrates e. g. fibronectin and α–2 plasmin inhibitor, plays a 
role in healing of UC lesions (Stadnicki et al., 1992). Consequently, factor XIIIa infusion has 
been shown to promote intestinal wound healing in both UC and Crohn’s disease patients 
(Lorenz et al., 1991; Oshitani et al., 1996). In contrast vascular endothelial growth factor 
(VEGF) increases vascular permeability to activate metaloproteinases which participate in 
degradation of extracellular matrix, hence may have detrimental effect on intestinal barrier 
(Ferrara, 2004). 

11. Kinins and angiogenesis in IBD 
Recently it has been provided the direct evidences that angiogenesis has a role in the  
pathogenesis of both UC and Crohn’s disease showing a higher density of microvessels 
within intestinal mucosa and sub-mucosa and increased expression of αvβ3 - integrin in 
endothelium with simultaneous increase of intestinal VEGF expression (Danese et al., 2006) . 
Most recent data demonstrated the increase of genes expression as well as protein levels for 
VEGF and its Flt-1 receptor in active inflammatory colonic tissue and increased VEGF levels 
in serum and plasma in active UC patients (Frysz – Naglak et al., 2011). TGF-β1 may directly 
stimulate angiogenesis in vivo; the stimulation can be blocked by TGF-β1 antibodies 
(Pepper, 1997). The influence of kinins in angiogenesis has recently been appreciated. Kinin 
promotes angiogenesis by upregulation of basic fibroblast growth factor through bradykinin 
- B1 receptor and by stimulation of VEGF formation by bradykinin both B1 and B2 receptors 
(Colman, 2006 b), and kinins may act synergistically with TGF-β1. Monoclonal antibody 
C11C1 which prevents binding HK to endothelial cells also limits its conversion to 
bradykinin thus downregulating angiogenesis (Colman et al. 2000). Thus, it is possible that 
kinins as proangiogenic may promote angiogenesis in IBD although the interaction between 
kinins and growth factors is highly complex, and requires future investigation. In contrast 
HKa or its domain 5 inhibit endothelial cells migration and proliferation needed for 
angiogenesis (Colman et al, 2003).  

12. Conclusions  
IBD appear to be immunologically mediated by activation of immune system cells and 
plasma proteolytic cascades. Products of activated cells such as cytokines, eicosanoids, 
lysosomal enzymes as well as kallikrein – kinin and coagulation system are reported to be 
increased in intestinal lesions and in the systemic circulation of IBD. The activation of 
coagulation has been recognized as important component of the inflammatory response in 
both Crohn’s disease and UC, and also is significant in progression and possibly 
pathogenesis of these entities. A significance of coagulation in IBD was underestimated, 
now it appears that IBD is a thrombophilic syndrome in both active and  quiescent phases. 
A risk of thromboembolic events in IBD is multifactoral including coagulation activation. 
Prophylactic anticoagulation against thromboembolic complications is currently not fully 
defined, however high – risk patients should be considered for using moderate dose of 
heparin. Kinins exert their biological effect  by activating constitutive bradykinin  receptor -2 
(BR2), which are rapidly desensitized, and inducible by inflammatory cytokines bradykinin 
receptor -1 (BR1), resistant to densensitization. Intestinal tissue kallikrein (ITK) may 
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hydrolyze growth factors and peptides whereas kinins increase capillary permeability, 
evoke pain, stimulate synthesis of nitric oxide and cytokines, and promote adhesion 
molecule – neutrophil  cascade. Thus activation of intestinal kallikrein – kinin system may 
have relevance to idiopathic inflammatory bowel disease (IBD). These results promise to 
yield new insight in the pathogenesis of IBD. Currently it seems that upregulation of 
bradykinin B1 recepror (B1R) in human and animal intestinal inflammation provides a 
structural basis for the kinins function, and  selective B1R antagonist may have potential in 
therapeutic trial of IBD patients. 
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1. Introduction  
Ulcerative colitis (UC) is a chronic inflammatory disease of digestive tract of unknown 
cause. This disease is characterized by a chronic course with alternating periods of activity 
and clinical remission. The incidence of UC in America has a range extending from 2.2 to 
14.3 per 100,000 population per year [1]. The continuous involvement from the rectum to 
proximal presents an extension that is variable among patients and in the course of the 
disease [2]. The extension of the compromise determines its clinical presentation, the 
treatment and prognosis of UC [2]. Depending on the size, it is classified as proctitis or 
ulcerative proctitis (UP) when it affects the rectum; left or distal colitis when inflammation is 
distal to the splenic flexure and extended colitis when the inflammation reaches the 
transverse colon, right or has an involvement the entire colon [2]. Several studies have 
attempted to establish the factors that determine the extension of the involvement. Among 
the factors associated with rectal compromise are middle age patients, absence of serious 
bleeding and absence of extraintestinal manifestations [3]. However, these factors have not 
been replicated, so even today there are no factors strongly related to PU [1,4]. The mayority 
of the new cases are diagnosed in adults as a PU or distal colitis [1,5]. Although initial 
reports indicated that PU had a low frequency [6], recent studies reported that incidence has 
been increasing up to 48% and 60% [4,7], whereas the incidence of colitis has been 
decreasing in most geographic areas [8]. Some authors have suggested that PU represents a 
completely different clinical entity from the CU [8-9]. However, most authors agree that the 
PU is an initial form of CU with the potential to extend into the proximal segments of the 
colon [10-12]. Ulcerative proctitis, unlike other forms of more extensive presentation of CU, 
is clinically characterized by bleeding and or rectal pushing, without systemic symptoms or 
abnormal physical examination or laboratory tests and can be treated solely with topical 
rectal therapies [7].  
The 5-aminosalicylates (5-ASA) and corticosteroids are available for topical use as a local 
anti-inflammatory agents [7]. These drugs can get straight to the site of inflammation, which 
decreases systemic absorption and minimize potential side effects [7,13]. The oral 5-ASA is 
also an alternative prior to the use of corticosteroids, as these have a number of risks and 
limitations in short and long term use, reserving for very severe active PU [14]. When 
refractory to previous treatment, drugs that can be used to induce and maintain remission 
are immunomodulators such as azathioprine [15], 6-mercaptopurine [16] and/or Infliximab 
therapy [17-18].  
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disease [2]. The extension of the compromise determines its clinical presentation, the 
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distal to the splenic flexure and extended colitis when the inflammation reaches the 
transverse colon, right or has an involvement the entire colon [2]. Several studies have 
attempted to establish the factors that determine the extension of the involvement. Among 
the factors associated with rectal compromise are middle age patients, absence of serious 
bleeding and absence of extraintestinal manifestations [3]. However, these factors have not 
been replicated, so even today there are no factors strongly related to PU [1,4]. The mayority 
of the new cases are diagnosed in adults as a PU or distal colitis [1,5]. Although initial 
reports indicated that PU had a low frequency [6], recent studies reported that incidence has 
been increasing up to 48% and 60% [4,7], whereas the incidence of colitis has been 
decreasing in most geographic areas [8]. Some authors have suggested that PU represents a 
completely different clinical entity from the CU [8-9]. However, most authors agree that the 
PU is an initial form of CU with the potential to extend into the proximal segments of the 
colon [10-12]. Ulcerative proctitis, unlike other forms of more extensive presentation of CU, 
is clinically characterized by bleeding and or rectal pushing, without systemic symptoms or 
abnormal physical examination or laboratory tests and can be treated solely with topical 
rectal therapies [7].  
The 5-aminosalicylates (5-ASA) and corticosteroids are available for topical use as a local 
anti-inflammatory agents [7]. These drugs can get straight to the site of inflammation, which 
decreases systemic absorption and minimize potential side effects [7,13]. The oral 5-ASA is 
also an alternative prior to the use of corticosteroids, as these have a number of risks and 
limitations in short and long term use, reserving for very severe active PU [14]. When 
refractory to previous treatment, drugs that can be used to induce and maintain remission 
are immunomodulators such as azathioprine [15], 6-mercaptopurine [16] and/or Infliximab 
therapy [17-18].  
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Mortality and cancer risk associated is no greater than the general population [2], as the PU 
is usually considered a mild form of UC. However, about 23% of PU patients can reach a 
colectomy [19] and from 41 to 54% of patients will increase proximally its compromise after 
10 years of disease [2-11], indicating that the PU is not always a mild disease.  

2. 5-ASA preparations 
Topical treatment have been used for a long time and have offered the advantage of 
delivering a high dose of the compound directly to the site of inflammation, minimizing 
absorption and therefore limiting the frequency of systemic adverse events [20]. Rectal 
preparations of 5-ASA are the treatment of choice for distal UC and mild to moderate PU. 
Various forms of this compound have been tested in different trials, including suppositories, 
enemas, foams and gels. Mesalazine suppositories 1 g per day administered dose, preferably 
at night, should be considered as the treatment of choice for active PU, being superior to oral 
5-ASA with 91% versus 41% as a induction of the remission [5,11,21,22,23,24]. Scintigraphic 
studies have shown that this drug consistently reaches the rectum and distal sigmoid to a 
length of 18-20 cms. from the anal verge [25], being as effective as enemas, but better 
tolerated and preferred by patients [26]. The dosage of 5-ASA enemas is 4 g in 60 ml with a 
dosage of 1-2 times daily for 4 weeks. Although equally effective as the enema, foams and 
gel might offer the advantage of longer intraluminal retention, more homogeneous 
distribution in the inflamed mucosa and better tolerance by the patients [26,28]. 
Maintenance treatment is indicated for all cases and the minimum is a one-year treatment 
[29-30]. A small percentage of patients who could completely stop the therapy, because the 
relapse is up to 86% to the completion of a twelve months treatment [31]. The algorithm of 
management of active PU and remission is shown on Fig.1.  

3. 5-ASA oral administration  
When the patient refuses the use of topical agents or if after 2-4 weeks of treatment with 5-
ASA rectally there is no response, the oral 5-ASA (mesalazine or sulfasalazine) should be 
considered as an alternative. Randomized clinical trials have shown benefits of adding oral 
5-ASA compounds (mesalazine) with a dose greater than 3 g per day in active distal UC 
[32]. No studies demonstrate the efficacy of these compounds as oral monotherapy for PU, 
although had been proven effective for more extensive UC. It has been postulated that it 
would be especially useful to prevent proximal extension of disease in the maintenance 
phase of treatment [32-33]. The administration might be associated with allergic 
phenomenon and headache among other side effects [13].  

4. Steroids in the treatment of PU  
For those patients in whom there is no response after 2-4 weeks of topical treatment with 
aminosalicylates is considering the use of corticosteroids. Several steroids have been 
effectively administered rectally (suppositories, enemas, foams), including hydrocortisone 
(100 to 200 mg in 60 to 200 ml), betamethasone, prednisolone phosphate [34]  and recently 
the budesonide, included as a therapeutic agent [35]. Hydrocortisone enemas were 
significantly superior to placebo with 55% versus 10% induction of remission [36]  and have 
comparable efficacy to systemic corticosteroids and less inhibition of the hypothalamic-
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pituitary-adrenal axis, as there is direct absorption through the superior and middle rectal 
veins into the systemic circulation, without passing through the hepatic portal system [35]. 
Budesonide has been extensively studied during the last decade, when compared with 
mesalazine and other corticoids. One study compared the response of budesonide foam and 
hydrocortisone foam in patients who failed to mesalazine, achieving a 52% response in the 
budesonide group and 37% remission in the group using hydrocortisone foam [36]. 
Remission with budesonide foam was achieved by 19% of the patients with a minimum 
dosage of 2 mg per 100 ml for a period of at least 6 weeks, but doses of 8 mg in 100 ml 
achieved remission in a higher percentage of 27% 4% versus placebo [35-37]. No studies 
support the use of steroids for maintenance of remission of PU [1]. Despite the benefits 
delivered by 5-ASA compounds and steroids for rectal administration, some patients fail to 
achieve remission and require additional therapy. The failure of the administration of drugs 
is considered the most important factor of refractoriness of the PU, so that by reintroducing 
the therapy, it could achieve a good response. Patients should also be evaluated for 
hypersensitivity to aminosalicylates, characterized by an allergic colitis, abdominal pain and 
diarrhea [1] and by examination or endoscopy to rule out a secondary infection by 
Clostridium difficile or cytomegalovirus, an extension of the disease to proximal segments 
the colon or the presence of Crohn's disease. Infection should also be excluded in refractory 
patients. Patients not responding to therapy, rectal and/or oral (5-ASA and steroids) are in a 
serious problem, and the options include azathioprine (AZA), 6-mercaptopurine (6-MP), 
immunomodulators, infliximab, antibiotics and even surgery [1].   

5. Antibiotics  
Unlike Crohn Disease (CD), the effectiveness of antibiotics in ulcerative colitis has not been 
proven [1]. Both ciprofloxacin, tobramycin and metronidazole have been studied, despite a 
clear trend toward improvement, showed no superiority in terms of the induction or 
maintenance of remission in UC [38]. Although in some studies there was a 
clinical/endoscopic response about 80%, sustained remission was not obtained, and 
recurrence was similar to placebo [39]. There are no studies showing the effect of the 
antibiotics in PU.  

6. Azathioprine and 6-mercaptopurine in PU  
The AZA and 6-MP are a key part in the therapy of IBD [40], mainly in steroid-dependent 
and resistant cases. Strong scientific evidence available on the role of AZA and 6-MP in UC 
is more limited than in CD [41], has been released placebo-controlled studies evaluating the 
efficacy of these drugs in the induction of remission in patients with active UC, in which it is 
established that AZA had no effect in achieving remission, but decreases the proportion of 
relapse [42-43]. Nor has largely been assessed for the maintenance of remission of UC. There 
are no studies evaluating exclusively the effectiveness of these compounds in PU or distal 
colitis, but it is considered as a valid alternative in the treatment [32].  

7. Cyclosporine  
Several studies show that cyclosporine is effective in inducing remission in severe UC [44]. 
The relatively fast response makes the use of cyclosporine potentially attractive, but long-
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term benefit are unclear, especially when life-threatening side effects can occur such as 
nephrotoxicity and opportunistic infections. There are no randomized trials showing the 
effectiveness of immunosuppression for refractory PU and studies are only anecdotal [45-46].   

8. PU and biological therapy  
Biologic therapies attempt to restore the balance between pro-inflammatory and anti-
inflammatory effects observed in IBD. Infliximab is a chimeric monoclonal antibody (IgG) 
derived from recombinant DNA, consisting of genes of human and murine origin. These 
bonds and neutralizes tumoral necrosis factor alpha (TNFα), thus interrupting the 
sequential cascade of activation of inflammatory pathways mediated by this cytokine. 
Infliximab was reviewed in controlled randomized studies ACT 1 and ACT 2, 
demonstrating its benefit in patients with moderately to severely active UC, as well as 
refractory UC [47]. However, these tests excluded patients with only PU. Among the 
advantages of this drug include a rapid onset of action and the possibility of achieving 
endoscopic and histological normalization of the mucosa. It showed a 30% remission and 
60% improvement in patients and close to 70% of the patients refractory to 5-ASA, 
corticosteroids or AZA/6-MP respond to Infliximab [48]. However, the use of infliximab in 
this condition is poor [1]. The algorithm for management of refractory PU is shown on Fig.2.  

9. Other investigational therapies  
Transdermal patches and nicotine enemas [47], low molecular weight heparins [50], light 
chain fatty acids rectal administration [45] and probiotics [51] have been dismissed for 
handling the left CU or PU, given the low level of evidence and its low efficacy in inducing 
remission in active crisis. 

10. Surgery in ulcerative proctitis  
Although PU can be sometimes refractory to all therapies available, it is rare surgery being 
considered as a treatment option. Surgery has being used between 2-9% at 5 years [52-53] to 
23% at 20 years [54]. For those patients who do require surgery, proctocolectomy with end 
ileostomy or the confection of an ileal reservoir-anal anastomosis are the options [1]. We 
emphasize that no published studies that demonstrate short or long term results of surgery 
in refractory PU.  

11. What is the future treatment for the PU?  
Protocols of therapeutic strategies based on the best scientific evidence has improved 
significantly the prognosis of patients with PU in recent years. The availability of biological 
therapies and the advances in colorectal surgery opens up new prospects for evaluating the 
usefulness of these alternatives in the refractory PU to conventional treatment. This has been 
associated with the development of new drugs which would yield an improvement in 
symptoms with fewer side effects, which are not yet available.  
The use of epidermal growth factor (EGF) enemas has delivered good results and it is an 
effective treatment for ulcerative left colitis and mild to moderate PU associated with oral 
mesalamine [55]. This compound stimulates the migration, proliferation and repair the 
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injuries of the gastric, intestinal and colonic mucosa. Studies shows a 83% of remission in the 
EGF-enema group vs 8% of placebo group after 2 weeks of treatment. Despite reducing the 
activity and inducing clinical remission, clinical studies should be conducted to compare 
EGF versus high doses of mesalamine or corticosteroids [55]. Rebamipide is an aminoacid 
2(1H)-quinolinone derivate, used for the protection of gastric and duodenal mucosa. It acts 
through the suppression of neutrophil functions, stimulation of epithelial cell regeneration 
and increased the expression of epidermal growth factor (EGF) and its receptor. Through a 
prospective study was found that Rebamipide enema in distal colitis and active PU local 
topical therapy could be effective in the treatment of mild to moderate active disease [56]. 
There were no adverse effects related to the Rebamipide in the 16 patients included in the 
study [57]. Tacrolimus is an immunosuppressive drug produced that has been used mainly 
in transplantation and autoimmune diseases. The mechanism is similar to cyclosporine, but 
is better tolerated and is a hundred times more potent than this. Acts directly on T-
lymphocytes, inhibiting the transcription of IL-2, decreasing lymphocytic response to 
antigens [58] and inhibiting the release of inflammatory mediators from mast cells and 
basophils. Lawrence et al [58] achieved complete remission after 8 weeks of treatment with 
rectal tacrolimus in 75% of the patients studied, all resistant to conventional therapy. The 
patients who did not responded, presented proximal proggresion of the disease, where the 
compound did not reach topically. Randomized clinical trials are needed to evaluate its 
effectiveness versus placebo.  
 

 
Fig. 1. Algorithm of management of active PU 
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In summary, topical administration of 5-ASA suppositories, enema or foam is the preferred 
treatment for most patients with PU. The local administration of 5-ASA is more effective 
than oral 5-ASA, but the combination of oral and topical should be considered for those 
without an adequate response to any of these therapies separately. Topical corticosteroids 
are the second-line treatment either as monotherapy or in combination with topical 5-ASA. 
Maintenance treatment is indicated in all cases and corresponds to the preferential use of 
topical 5-ASA, with the oral formulation is also an alternative. Refractory patients or 
intolerant to 5-ASA may require immunomodulators or biological therapy. Systemic 
steroids or surgery should be used in very special cases. 
 

 
Fig. 2. Algorithm for management of refractory PU  
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1. Introduction 
Inflammatory bowel disease (IBD) is a chronic condition which is characterized by recurrent 
immune-mediated inflammation of the gastrointestinal system. IBD is frequently associated 
with extraintestinal manifestations (EIM) characterized by involvement of multiple organs.  
EIM occur in 21% to 47% of IBD patients (Navaneethan & Shen, 2010). While some 
extraintestinal manifestations are encountered more frequently in Crohn’s disease (CD) than 
in ulcerative colitis (UC), some are encountered equally in CD and UC. While the degree of 
involvement of the  skin, eyes, and joints is parallel to disease activity,  hepatobiliary and 
pulmonary involvement is independent of disease activity and intestinal inflammation 
(Greenstein AJ, et al., 1996). 
Hepatopancreatobiliary (HPB) manifestations are the most frequently encountered EIM in 
patients with IBD. They can be encountered in various ways: 
1. HPB conditions sharing the same pathological mechanisms with IBD (Primary 

Sclerosing Cholangitis (PSC), small-duct PSC/pericholangitis, and PSC/autoimmune 
hepatitis overlap,  IBD associated acute or chronic idiopathic pancreatitis) 

2. HPB conditions that reflect the degree of pathophysiologic damage seen in IBD 
(Cholelithiasis and portal vein thrombosis) 

3. HPB conditions related to side effects of drugs used in treatment of IBD (Drug induced 
or associated hepatitis, pancreatitis, cirrhosis, Hepatitis B reactivation, hepatosplenic T 
cell lymphoma) 

4. HPB conditions possibly related to IBD (Autoimmune pancreatitis, IgG4-associated 
cholangitis,  fatty liver, hepatic amiloidosis, granulomatous hepatitis, primary biliary 
cirrhosis) (Navaneethan & Shen, 2010)   

The various HPB manifestations and their associations are summarized in Tables 1 and 2. 
The aim of this chapter is to cover in detail primary sclerosing cholangitis, which is an 
important and frequently encountered HPB manifestation of ulcerative colitis.  

2. The association of Inflammatory Bowel Disease and Primary Sclerosing 
Cholangitis 
PSC is a chronic cholestatic hepatobiliary disease that often develops in the setting of IBD 
and which affects predominantly young to middle-aged  patients (Olsson et al., 1991). 
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The aim of this chapter is to cover in detail primary sclerosing cholangitis, which is an 
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HBP manifestations with a possibly 
shared pathogenesis and mechanism as 
IBD 

Primary sclerosing cholangitis(PSC) 
Small- duct PSC 
Cholangiocarcinoma 
Autoimmune hepatitis/PSC overlap 
IgG4 associated cholangitis 
Acute and chronic idiopathic pancreatitis 

HPB manifestations parallel the 
pathophysiology associated with IBD

Gallstones
Portal vein thrombosis and hepatic abscess 

HPB manifestations associated with 
treatment of IBD 

Drug induced hepatitis(azathioprine, 6-
mercaptopurine, methotrexate, cyclosporine, 
infliximab) 
Reactivation of hepatitis B(infliximab) 
Drug induced pancreatitis(azathioprine, 6-
mercaptopurine), Hepatosplenic T-cell 
lymphoma

HPB manifestations possibly associated 
with IBD 

Fatty liver
Hepatic amyloidosis 
Granulomatous hepatitis 
Primary biliary cirrhosis 
Autoimmune pancreatitis 

Table 1. Association Between Inflammatory Bowel Disease (IBD) and 
Hepatopancreatobiliary (HPB) Manifestations. Adapted from Navaneethan & Shen, 2010 
 

HPB manifestation Ulcerative Colitis Crohn’s Disease 
Primary sclerosing cholangitis(PSC) ++ +(colonic or ileocolonic) 
Small duct PSC ++ + 
Cholangiocarcinoma ++ + 
Autoimmunehepatitis/PSC overlap ++ + 
IgG4- associated cholangitis ++ + 
Acute and chronic pancreatitis + ++ 
Gall stones - ++ 
Portal vein thrombosis and hepatic abscess + ++ 
Drug induced hepatitis ++ ++ 
Reactivation of hepatitis B(infliximab) ++ ++ 
Drug induced pancreatitis + ++ 
Hepatosplenic T-cell lymphoma +/- + 
Autoimmune pancreatitis ++ + 
Fatty liver ++ ++ 
Hepatic amyloidosis - ++ 
Granulomatous hepatitis - ++ 
Primary biliary cirrhosis ++ + 

Table 2. HPB Manifestations Associated with IBD. Adapted from Navaneethan & Shen, 2010 
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The association of primary sclerosing cholangitis (PSC) and ulcerative colitis (UC) was first 
reported by Smith and Loe in 1965 (Smith&Loe, 1965).  The incidence of IBD in patients with 
PSC is 25-30%. Increasing awareness of association of PSC and UC led to more widespread 
use of endoscopic retrograde cholangiopancreatography (ERCP) and hence more cases were 
diagnosed with PSC (Broome & Bergquist, 2006). 
The association of PSC and Crohn’s disease, which was first described by Atkinson and 
Carroll in 1964 (Atkinson & Carroll, 1964) , is relatively rare. The incidence of CD in PSC 
varies between 1.3-14% (Wiesner & LaRusso, 1980; Chapman et al., 1980; Rasmussen et al., 
1997; McGarity et al., 1991; Faubion et al., 2001; Loftus et al., 2005; Tobias et al., 1983).  The 
most eminent finding is rectal sparing. Colonic stricture and perianastomotic ulcers are 
relatively rare in this patient group. Patients with PSC and CD almost always have extensive 
colitis or ileocolitis, but never have isolated ileitis (Broome & Bergquist, 2006).   
About 85-90% of patients with PSC and IBD are comprised of UC patients and the 
remainder are comprised of patients with Crohn’s colitis or Crohn’s ileocolitis (Olsson et al., 
1991).  
IBD can be diagnosed at any time throughout the course of PSC, and PSC can develop at 
any time throughout the course of IBD ( Fausa  et al., 1991; Broome  et al., 1990). However, 
IBD is often diagnosed many years before the diagnosis of PSC.  PSC can occur many years 
after proctocolectomy for colitis; IBD can be diagnosed many years after liver 
transplantation for advanced PSC ( Fausa et al., 1991; Wiesner & LaRusso, 1980; Aadland et 
al., 1987; Chapman et al., 1980; Riley  et al., 1997) . As IBD and PSC can be asymptomatic, the 
time of diagnosis depends on the diagnostic alertness of the physician (Broome & Bergquist, 
2006).   
PSC has a variable natural course. Nevertheless, PSC is typically characterized by 
progressive inflammation, obliterative fibrosis, damage to the intrahepatic and extrahepatic 
biliary tree and eventually biliary fibrosis, cirrhosis and finally liver failure. PSC is often 
diagnosed between the 3rd  and 5th decades and male to female gender ratio is 2:1 (Chapman 
et al., 1980; Lee & Kaplan, 1995; Navaneethan & Shen, 2010) . Freeman  et al. observed that 
patients with PSC had more extensive endoscopic and histological inflammation of the 
afferent limb who had restorative proctocolectomy with ileal pouch-anal anastomosis 
(IPAA) for UC than those with no concurrent PSC (Freeman et al., 2008). 
A report from Mayo Clinic has identified characteristic clinical, endoscopic, and histological 
findings in IBD accompanied by PSC as quiescent colitis, substantial preclinical phase, 
pancolitis, rectal sparing, backwash ileitis, pouchitis, and colorectal dysplasia/carcinoma 
(Loftus et al., 2005) (Table 3). 
 

Clinical, Endoscopic, and Histological Findings that Characterize IBD-PSC 
Quiescent colitis 
Substantial preclinical phase 
Pancolitis 
Rectal sparing 
Backwash ileitis 
Pouchitis 
Colorectal dysplasia/carcinoma 

Table 3. Clinical, Endoscopic, and Histological Findings that Characterize IBD-PSC.  
Adapted from Broome & Bergquist, 2006 
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2.1 Prevalence of IBD in patients with PSC 
The prevalence of UC in patients with PSC varies from country to country in the range of 21-
80% (Takikawa & Manabe, 1997; Bergquist A et al., 2002). The prevalence of PSC in patients 
with Crohn’s disease varies between 1.4-3.4% (Rasmussen et al., 1997; Schrumpf et al., 1980; 
Shepherd et al., 1983). Colitis in PSC is often quiescent or mild. Therefore, all patients with 
PSC should undergo colonoscopy and multiple biopsies should be taken to estimate the true 
prevalence (Broome & Bergquist, 2006). An algorithm for screening for IBD in patients with 
PSC is given in Figure 1. 
 

 
Fig. 1. Screening for IBD in patients with PSC. 
Adapted from Navaneethan U, Shen B, 2010, and Broome U, Bergquist A, 2006 

2.2 Prevalence of PSC in patients with IBD 
The prevalence of PSC in patients with IBD and persistently abnormal liver function tests is 
2.4-7.5% (Olson R, et al., 1991; Aadland E et al., 1987). PSC prevalence is 5.5 % in patients 
with substantial colitis, and 0.5% in patients with distal colitis (Olsson et al., 1991). 1.3 to 
14% of  patients with Crohn’s disease have PSC (Wiesner &LaRusso 1980; Chapman et al., 
1980; Rasmussen et al 1997; McGarity et al., 1991; Faubion et al., 2001; Loftus et al., 2005). 
PSC can present as an asymptomatic disease characterized by mild increases in 
aminotransferases, episodes of normal liver function tests can also occur.  The frequency of 
liver function test screening is decisive in determining the prevalence of this disease. 
However, there may also be liver enzyme elevations due to autoimmune hepatitis, fatty 
liver, colonic disease activation, total parenteral nutrition and steroid use (Loftus et al., 1997; 
Broome et al., 1994). Therefore, liver function tests at presentation may be misguiding. 
Ideally, liver function tests must be assessed when the colonic disease is in the inactive 
phase (Broome & Bergquist, 2006). An algorithm for PSC screening in a patient with IBD is 
presented below in Figure 2. 
Enlargement of perihepatic lymph nodes is a common finding in PSC (Outwater et al., 1992). 
The presence of enlarged perihepatic lymph nodes in a patient with UC should alert the 
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clinician for PSC. A prospective study by Hirche et al  that involved 310 IBD  patients showed 
that the detection of enlarged perihepatic lymph nodes by ultrasonography (US) was a better 
predictor of PSC when compared to serum parameters alone (Hirche et al., 2004). 
 

 
Fig. 2. Screening for PSC in patients with IBD. Adapted from Navaneethan & Shen, 2010  

Rabinowitz et al., who investigated patients with advanced PSC ,  found that patients with 
PSC and UC are predominantly male and the first presentation is often mild liver enzyme 
elevation. Bile duct involvement is different among patients with PSC plus UC and those with 
PSC only. While the prevalence of combined  intrahepatic and extrahepatic bile duct strictures 
is 82%  in patients with PSC and UC, it is 46% in those with only PSC. Isolated extrahepatic 
duct involvement is 38% in PSC, and 7% in those with PSC and UC (Rabinovitz et al., 1990). 
Among 305 Swedish PSC patients, no difference between patients with and without IBD could 
be found (Broome et al., 1996). Currently, we do not have enough data to arrive at a conclusion 
that PSC in patients without IBD is an entity different from PSC that accompanies IBD. 
Rectal sparing and backwash ileitis are more common in patients with UC and PSC (Loftus 
et al., 2005). As rectal sparing is common in these patients, rectosigmoidoscopy is not 
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clinician for PSC. A prospective study by Hirche et al  that involved 310 IBD  patients showed 
that the detection of enlarged perihepatic lymph nodes by ultrasonography (US) was a better 
predictor of PSC when compared to serum parameters alone (Hirche et al., 2004). 
 

 
Fig. 2. Screening for PSC in patients with IBD. Adapted from Navaneethan & Shen, 2010  
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adequate in demonstrating the association of UC and PSC, a colonoscopy is often 
recommended (Faubion et al., 2001; Perdigoto et al., 1991).  
The clinical course of colitis is variable in patients who undergo OLT for PSC. MacLean et al 
have reported clinical healing in one third of patients, unchanged clinical course in one 
third, and worsening in the last one third (MacLean et al., 2003).  
In UC patients operated on with an ileal pouch-anal anastomosis, nonspecific inflammation 
of the pouch (pouchitis) is the most frequent long-term complication. Chronic pouchitis is 
more common in patients with  PSC and UC when compared to those with UC only (60% vs 
15%)(Penna et al., 1996). Pouchitis continues to occur after OLT in patients with PSC (Zins BJ 
et al., 1995). 

3. Impact of coexisting PSC on the disease behavior and course of IBD 
Patients with PSC and IBD have a different clinical course when compared to IBD patients 
not complicated with PSC, and this patient group has been defined by the Mayo clinic as a 
different clinical entity (Loftus et al., 2005). While UC can be diagnosed many years after  
PSC diagnosis and even  after orthotopic liver transplantation(OLT), a patient with UC, who 
had a proctocolectomy or not, can be diagnosed with PSC many years later (Joo et al.,2009). 
Patients with UC and PSC more frequently experience rectal sparing, backwash ileitis, 
pancolitis, colorectal neoplasia when compared to patients with UC alone, and their 
prognosis is worse ( Faubion et al., 2001; Loftus et al., 2005; Loftus et al., 1997; Penna et al.; 
1996; Heuschen et al., 2001; Lundkvist & Broome, 1997; Broome et al., 1995; Soetikno et al., 
2002). However, there are studies reporting different results.  A recent case -control study 
found no difference between patients with PSC plus IBD and IBD alone in terms of rectal 
sparing. The same investigators found similar  backwash ileitis prevalences in the PSC plus 
UC group and the UC alone group (Joo et al., 2009). 
It was suggested that patients with PSC and UC may more likely run a quiescent course of 
colitis than UC patients without coexistent PSC. PSC-UC patients have colitis with a lower 
histopathological  grade of  inflammation (Joo et al.,2009). In a study from Sweden that 
included 76 patients with PSC, 7 of 11 asymptomatic patients had a histopathological 
diagnosis of IBD, and 2 of these 7 patients had colonic dysplasia. In the follow-up, these 2 
patients died before developing any IBD symptoms while 3 patients developed IBD 
symptoms (Broome et al.,1995). 
A colonoscopy must be performed at the time of PSC diagnosis for IBD screening (Faubion 
et al., 2001). Currently, there is no guideline about the necessity and frequency of 
colonoscopic screening in asymptomatic patients with a normal baseline screening 
colonoscopy. However, patients with PSC and UC/Crohn’s colitis should undergo annual 
colonoscopy (Kornbluth & Sachar,1997). 
The risk of pouchitis after restorative proctocolectomy is higher in patients with PSC and 
UC when compared to patients with UC alone ( Faubion et al.,2001; Loftus et al., 2005; 
Penna et al., 1996) . On the other hand, there is no correlation between the severity of liver 
disease and the risk of pouchitis (Penna et al., 1996). 
While there are conflicting reports in the literature, it is generally agreed upon that the risk 
of   IBD-associated colonic dysplasia is increased in the presence of PSC. In  a meta-analysis, 
the presence of PSC was an independent risk factor for colorectal dysplasia/cancer in UC 
patients with an odds ratio of  4.79 (Soetikno et al.,2002). Screening colonoscopy is 
associated with a survival benefit in patients with PSC and UC or Crohn’s colitis (Rutter et 
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al., 2004), and a yearly colonoscopy is recommended beginning from the time of  PSC 
diagnosis (Kornbluth & Sachar,1997).  The risk for dyplasia  seems to remain high after 
colectomy in patients with PSC and UC (Ståhlberg et al.,2003). According to histological and 
flow cytometry  studies,  atrophy in the pouch mucosa,  dysplasia, and DNA aneuploidia 
are more common in PSC plus UC patients with IPAA when compared to patients with UC 
only with IPAA (Ståhlberg et al.,2003). 

4. The impact of coexisting IBD on the disease behavior and course of PSC 
In a liver biopsy study that compared PSC patients with and without accompanying IBD  no 
difference was found in terms of liver histopathology (Ludwig et al.,1981). Two other 
studies  were unable to define any specific clinical or radiological criteria to distinguish 
patients with UC plus PSC from those with PSC alone (Broome et al., 1996; MacCarty et al., 
1985). On the other hand, Rabinovitz et al showed that the first sign of liver disease was 
often liver enzyme abnormality in PSC accompanied by IBD. In contrast, liver disease more 
often presented with jaundice, pruritus, and fatigue in patients with PSC alone (Rabinowitz 
et al., 1990). 

5. Pathogenesis 
As IBD tends to coexist with other autoimmune diseases  such as Type I diabetes mellitus 
and Graves’ disease (Saarinen S et al., 2000), genetic and immunological mechanisms have 
been extensively studied  (Navaneethan &  Shen, 2010). HLA-B8, HLA-DRB1*0301(DR3), 
HLA-DR3*0101(DRw52a), and HLA-DRB1*0401(DR4)  are among genetic variants that are 
associated with susceptibility to IBD (Farrant et al., 1992; Olerup et al., 1995). Many 
antibodies have been detected in PSC patients with varying prevalences, including 
antinuclear antibodies (24-53%), smooth muscle antibodies (13-20%), anti-perinuclear 
cytoplasmic antibody ( 65-88%) (Mulder et al., 1993; Bansi et al., 1996; Terjung & Spengler, 
2005; Terjung et al., 2000).  However, in contrast to other autoimmune diseases, PSC is more 
frequently encountered in male subjects, and it does not respond to immunosuppressive 
therapy (O’Mahony & Vierling, 2006). One hypothesis that aims to explain the increased 
incidence of PSC in IBD patients postulates that the transportation of bacterial endotoxins from 
the inflamed colonic mucosa to the liver via the portal circulation stimulates the Kupffer cells 
(Fausa et al., 1991; Aoki et al., 2005). However, another study showed that there is no evidence 
of altered intestinal permeability or bacterial overgrowth in PSC patients (Björnsson et 
al.,2000). Other factors that are suspected to play a role in pathogenesis are ANCA autoantigen 
Beta-tubulin isotype 5 (TBB5)  that shares epitopes with microbial antigens and human 
autoantigens (Erickson,1995) and  leaky gut (Terjung & Spengler,2009). 

6. Diagnosis 
Most PSC patients are asymptomatic at the time of diagnosis. Fatigue, pruritus, jaundice, 
abdominal pain, and weight loss are the presenting symptoms in 10-15% of the patients 
(Tischendorff et al., 2007; Wiesner et al., 1989). A cholestatic pattern of abnormal liver 
function tests in the form of elevation in alkaline phosphatase is a biochemical feature for 
PSC (Rasmussen HH et al., 1997; Talwalkar & Lindor, 2005).The most frequent cause of 
persistent liver enzyme elevation in a patient with IBD is PSC (Heikius et al., 1997). PSC is 
also the most frequent cause of persistent liver enzyme elevation in an IBD patient with 



 
Ulcerative Colitis – Epidemiology, Pathogenesis and Complications 

 

212 

adequate in demonstrating the association of UC and PSC, a colonoscopy is often 
recommended (Faubion et al., 2001; Perdigoto et al., 1991).  
The clinical course of colitis is variable in patients who undergo OLT for PSC. MacLean et al 
have reported clinical healing in one third of patients, unchanged clinical course in one 
third, and worsening in the last one third (MacLean et al., 2003).  
In UC patients operated on with an ileal pouch-anal anastomosis, nonspecific inflammation 
of the pouch (pouchitis) is the most frequent long-term complication. Chronic pouchitis is 
more common in patients with  PSC and UC when compared to those with UC only (60% vs 
15%)(Penna et al., 1996). Pouchitis continues to occur after OLT in patients with PSC (Zins BJ 
et al., 1995). 

3. Impact of coexisting PSC on the disease behavior and course of IBD 
Patients with PSC and IBD have a different clinical course when compared to IBD patients 
not complicated with PSC, and this patient group has been defined by the Mayo clinic as a 
different clinical entity (Loftus et al., 2005). While UC can be diagnosed many years after  
PSC diagnosis and even  after orthotopic liver transplantation(OLT), a patient with UC, who 
had a proctocolectomy or not, can be diagnosed with PSC many years later (Joo et al.,2009). 
Patients with UC and PSC more frequently experience rectal sparing, backwash ileitis, 
pancolitis, colorectal neoplasia when compared to patients with UC alone, and their 
prognosis is worse ( Faubion et al., 2001; Loftus et al., 2005; Loftus et al., 1997; Penna et al.; 
1996; Heuschen et al., 2001; Lundkvist & Broome, 1997; Broome et al., 1995; Soetikno et al., 
2002). However, there are studies reporting different results.  A recent case -control study 
found no difference between patients with PSC plus IBD and IBD alone in terms of rectal 
sparing. The same investigators found similar  backwash ileitis prevalences in the PSC plus 
UC group and the UC alone group (Joo et al., 2009). 
It was suggested that patients with PSC and UC may more likely run a quiescent course of 
colitis than UC patients without coexistent PSC. PSC-UC patients have colitis with a lower 
histopathological  grade of  inflammation (Joo et al.,2009). In a study from Sweden that 
included 76 patients with PSC, 7 of 11 asymptomatic patients had a histopathological 
diagnosis of IBD, and 2 of these 7 patients had colonic dysplasia. In the follow-up, these 2 
patients died before developing any IBD symptoms while 3 patients developed IBD 
symptoms (Broome et al.,1995). 
A colonoscopy must be performed at the time of PSC diagnosis for IBD screening (Faubion 
et al., 2001). Currently, there is no guideline about the necessity and frequency of 
colonoscopic screening in asymptomatic patients with a normal baseline screening 
colonoscopy. However, patients with PSC and UC/Crohn’s colitis should undergo annual 
colonoscopy (Kornbluth & Sachar,1997). 
The risk of pouchitis after restorative proctocolectomy is higher in patients with PSC and 
UC when compared to patients with UC alone ( Faubion et al.,2001; Loftus et al., 2005; 
Penna et al., 1996) . On the other hand, there is no correlation between the severity of liver 
disease and the risk of pouchitis (Penna et al., 1996). 
While there are conflicting reports in the literature, it is generally agreed upon that the risk 
of   IBD-associated colonic dysplasia is increased in the presence of PSC. In  a meta-analysis, 
the presence of PSC was an independent risk factor for colorectal dysplasia/cancer in UC 
patients with an odds ratio of  4.79 (Soetikno et al.,2002). Screening colonoscopy is 
associated with a survival benefit in patients with PSC and UC or Crohn’s colitis (Rutter et 

 
Inflammatory Bowel Disease and Primary Sclerosing Cholangitis 

 

213 
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proctocolectomy (Navaneethan et al.,2009). Various antibodies may be detected with 
varying prevalences (antinuclear antibodies 24-53%, antismooth muscle antibodies 13-20%, 
p-ANCA 65-88%). Nevertheless,  the role of these antibodies in diagnosis and discrimination 
between isolated PSC and PSC accompanied by IBD remains unclear (Mulder et al., 1993; 
Bansi et al., 1996; Terjung & Spengler, 2005; Terjung et al., 2000). 
Diffuse, multifocal strictures involving the medium- sized intrahepatic and/or medium or 
large- sized extrahepatic ducts demonstrated by cholangiography constitutes the gold 
standard in the diagnosis of PSC (MacCarty et al.,1983) (Pictures 1 and 2). ERCP may be 
used both for diagnostic and therapeutic purposes, but is associated with procedure-related 
complications such as cholangitis and pancreatitis (Moreno & Gores, 2006). Magnetic 
Resonance  Cholangiopancreatography (MRCP) is a non-invasive alternative tool for PSC 
diagnosis. MRCP has a sensitivity of 80-91%, specifity of 85-99%, and diagnostic accuracy  of 
83-93% for diagnosis of PSC, all of which are slightly lower than those of ERCP (Fulcher et 
al., 2000; Angulo et al., 2000; Moff et al., 2006; Berstad et al., 2006; Textor et al., 2002).  
 

 
Picture 1. Percutaneus cholangiogram displaying early PSC in a 45-year-old man with 
ulcerative colitis and elevated results of liver function tests. (Vitellas et al., 2000) 

Liver biopsy is useful for the diagnosis of small-duct PSC or pericholangitis in IBD patients 
with cholestatic enzyme elevation and a normal cholangiogram (Burak et al., 2003). US 
examination of the liver may be used for screening in patients with liver enzyme elevation. 
The demonstration of dilated bile ducts by US may guide the clinician for further 
evaluations such as  ERCP or liver biopsy. Nevertheless, there is no published data about 
the value of abdominal US for screening purposes in PSC (Navaneethan U, Shen B, 2010). 
Another clinical scenario that may be encountered throughout the clinical course of PSC is 
cholangiocarcinoma ( Picture 3) .Current imaging methods have limited capability in the 
early diagnosis of cholangiocarcinoma and most patients are diagnosed at advanced stages 
of the disease.  Computerized tomography (CT) and magnetic resonance imaging (MRI) 
have higher sensitivity than US, but US examination may provide better accuracy than CT and 
MRI in distinguishing cholangiocarcinoma from underlying PSC (Charatcharoenwitthaya et 
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al., 2008). When a mass lesion is detected by US ,CT or MRI may be performed to assess the 
extent of the mass.  
 

 
Picture 2. Percutaneus cholangiogram displaying PSC in a 67-year-old man with ulcerative 
colitis and jaundice. (Vitellas et al., 2000)  
 

 
Picture 3. MRCP image of cholangiocarcinoma in a 29-year-old man with ulcerative colitis 
and primary sclerosing cholangitis who presented with jaundice and abdominal pain. 
(Vitellas et al., 2000) 
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ERCP with brush cytology or CT/ US guided biopsy of the mass may be required to 
accurately establish the diagnosis. ERCP is especially useful for the final diagnosis of 
cholangiocarcinoma, as it provides opportunities such as brush cytology and obtaining a 
biopsy sample (Charatcharoenwitthaya et al.,2008 ). The application of advanced cytological 
techniques such as  digital imaging analysis (DIA) and fluorescent in situ hybridization 
(FISH) in brush cytology and biopsy samples obtained by ERCP may further facilitate the 
early diagnosis of cholangiocarcinoma (Moreno & Gores, 2006; Rea et al., 2005; Parsi et al., 
2008). The sensitivity of combined use of cytology, FISH and DIA is 50-64%, spesicifity and 
positive predictive value is 100% (Charatcharoenwitthaya et al.,2008 ). The National 
Institutes of Health consensus statement on the role of diagnostic and therapeutic ERCP 
described the role of ERCP in the diagnosis of biliary cancers in patients with PSC (Cohen et 
al.,2002 ). It is not clear whether a different surveilliance program is needed in case PSC is 
accompanied by IBD. An algorithm for cholangiocarcinoma screening in patients with IBD 
and PSC is given below (Figure 3). The advantages and disadvantages of diagnostic 
modalities are  summarized in Table 4. 
 

 
Fig. 3. Surveilliance of cholangiocarcinoma in patients with IBD-PSC  
(Adapted from Charatcharoenwitthaya P and Lindor KD, 2007) 
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Diagnostic modality Advantages Disadvantages 
Endoscopic retrograde 
cholangiopancreatography(ERCP) 

-Can be both diagnostic 
and therapeutic 
Gold standart for 
diagnosis of PSC 

-Complications, 
including post-ERCP 
pancreatitis. 
-Procedure associated 
cholangitis 

Magnetic resonance retrograde 
cholangiopancreatography 
(MRCP) 

-Visualizing bile ducts 
proximal to a complete 
bile duct obstruction 
-Useful in patients with 
gastric bypass or biliary-
enteric anastomosis 
without radiation 
exposure 

-Purely diagnostic 
-PSC limited to the 
peripheral ducts 
-Sensitivity and 
specificity slightly 
inferior to ERCP 

Liver biopsy -Diagnosis of small duct 
PSC in suspected 
patients with a normal 
cholangiography 

-Patchy nature of PSC 
which leads to 
sampling error 

Abdominal ultrasound Screening for biliary 
ductal dilatation 

Insensitive for 
diagnosis of PSC 

Table 4. Diagnostic modalities in primary sclerosing cholangitis  
(Adapted from Navaneethan & Shen 2010) 

7. Natural history 
Both symptomatic and asymptomatic PSC patients have decreased survival rates when 
compared to healthy population (Porayko et al., 1990). Median survival from time of 
diagnosis to death or liver transplantation was reported as 10 years (Farrant et al., 1991).  
In a Dutch cohort, transplantation free survival was 18 years on average (Ponsioen et 
al.,2002 ). PSC patients are prone to end stage liver disease complications such as esophageal 
varices, ascites, and hepatic encephalopathy. There are no guidelines on timing of screening 
for esophageal varices in PSC with or without IBD except for patients with cirrhosis. 
Because of the patchy nature of PSC, liver biopsy is limited by sampling error. Thus, non-
invasive diagnostic methods were explored.  A platelet count less than  150000/mm3  may 
be a  marker for the presence of  esophageal varices (Zein et al.,2004 ).  The composite Mayo 
Risk Score based on age, serum bilirubin, albumin, aspartate aminotransferase and  variceal 
bleeding has been used to assess disease progression and prognosis (Kim et al., 2000). 
Cholangiocarcinoma is another complication of PSC and annual incidence is 0.6%-
1%(Bergquist el al., 2007). It can develop at any stage of PSC, it can present as an intraductal 
tumor in the biliary system or rarely as a hepatic mass (Fevery et al.,2007). The risks of 
colorectal cancer and pancreatic cancer are also increased in patients with PSC when 
compared to the general population (Kim et al., 2000 ). 

8. Management 
The presence of accompanying IBD does not change the therapeutic approach in patients 
with PSC. Currently, there is no treatment option capable of halting progression to PSC or 
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�ssue 
sampling 

Metastasis 
from 
primary site 

Work up 
depending 
on the 
primary 

Cholangiocarcinoma No cholangiocarcinoma 

Repeat ERCP/CT abdomen in 3-6 
months 

Intrahepa�c Extrahepa�c 
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Diagnostic modality Advantages Disadvantages 
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and therapeutic 
Gold standart for 
diagnosis of PSC 

-Complications, 
including post-ERCP 
pancreatitis. 
-Procedure associated 
cholangitis 

Magnetic resonance retrograde 
cholangiopancreatography 
(MRCP) 

-Visualizing bile ducts 
proximal to a complete 
bile duct obstruction 
-Useful in patients with 
gastric bypass or biliary-
enteric anastomosis 
without radiation 
exposure 

-Purely diagnostic 
-PSC limited to the 
peripheral ducts 
-Sensitivity and 
specificity slightly 
inferior to ERCP 

Liver biopsy -Diagnosis of small duct 
PSC in suspected 
patients with a normal 
cholangiography 

-Patchy nature of PSC 
which leads to 
sampling error 

Abdominal ultrasound Screening for biliary 
ductal dilatation 

Insensitive for 
diagnosis of PSC 

Table 4. Diagnostic modalities in primary sclerosing cholangitis  
(Adapted from Navaneethan & Shen 2010) 

7. Natural history 
Both symptomatic and asymptomatic PSC patients have decreased survival rates when 
compared to healthy population (Porayko et al., 1990). Median survival from time of 
diagnosis to death or liver transplantation was reported as 10 years (Farrant et al., 1991).  
In a Dutch cohort, transplantation free survival was 18 years on average (Ponsioen et 
al.,2002 ). PSC patients are prone to end stage liver disease complications such as esophageal 
varices, ascites, and hepatic encephalopathy. There are no guidelines on timing of screening 
for esophageal varices in PSC with or without IBD except for patients with cirrhosis. 
Because of the patchy nature of PSC, liver biopsy is limited by sampling error. Thus, non-
invasive diagnostic methods were explored.  A platelet count less than  150000/mm3  may 
be a  marker for the presence of  esophageal varices (Zein et al.,2004 ).  The composite Mayo 
Risk Score based on age, serum bilirubin, albumin, aspartate aminotransferase and  variceal 
bleeding has been used to assess disease progression and prognosis (Kim et al., 2000). 
Cholangiocarcinoma is another complication of PSC and annual incidence is 0.6%-
1%(Bergquist el al., 2007). It can develop at any stage of PSC, it can present as an intraductal 
tumor in the biliary system or rarely as a hepatic mass (Fevery et al.,2007). The risks of 
colorectal cancer and pancreatic cancer are also increased in patients with PSC when 
compared to the general population (Kim et al., 2000 ). 

8. Management 
The presence of accompanying IBD does not change the therapeutic approach in patients 
with PSC. Currently, there is no treatment option capable of halting progression to PSC or 
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modifying the natural course of the disease. Ursodeoxycholic acid (UDCA) is widely used 
for the treatment of PSC. A randomized trial which tested a UDCA dose of 13-15 
mg/kg/day showed normalization in liver enzyme levels, however, there was no 
improvement of liver histology or liver transplant free survival (Lindor,1997). In another 
randomized trial that included 219 patients, a higher dosage of UDCA treatment  (17-23 
mg/kg/day) did not result in any benefit in terms of mortality, need for OLT, or 
cholangiocarcinoma risk (Olsson, 2005).  A pilot study reported that a very high dosage of 
UDCA (28-30 mg/kg/day) might improve survival (Cullen et al., 2008) ,however,  a large 
multicenter randomized controlled trial was terminated prematurely due to side effects in 
the treatment arm (Lindor et al., 2009).  
UDCA treatment can prevent colonic neoplasia in PSC-IBD patients (Tung et al., 2001). On 
the other hand, high dose UDCA treatment was reported to increase the risk of colon cancer 
in PSC-UC patients (Eaton et al., 2011). 
The treatment of choice in end stage PSC or cholangiocarcinoma-PSC is OLT. The 5 and 10 
year survival rates in PSC patients are 85% and 70%, repectively (Rea et al., 2005 and 
Graziadei et al., 1999a).  On the other hand, the rate of PSC recurrence in the transplanted 
liver is 20%-25% (Graziadei et al., 1999b). 
Small-duct PSC: This entity was previously termed pericholangitis. These patients have 
biochemical and histopathological features compatible with PSC despite normal 
cholangiograms (Wee et al., 1985). The Mayo Clinic’s criteria for  the diagnosis of small-duct 
PSC mandates the presence of coexisting IBD (Angulo et al., 2002). On the other hand, 
European criteria for small duct PSC does not include the presence of IBD (Björnsson et al., 
2002 and, Broome et al., 2002). Initial studies with limited follow-up suggested that patients 
with small-duct PSC have a better prognosis than those with its large-duct counterpart 
(Angulo P et al., 2002; Björnsson et al., 2002 and, Broome et al., 2002). A large multicenter 
study with a longer follow-up period showed that the incidence of IBD is 80% in patients  
with small-duct PSC. Accompanying IBD was UC in 78%, Crohn’s colitis in 21%, and  
collagenous colitis in one patient (Björnsson et al., 2008). 
The presence of IBD does not seem to have an effect on the course of liver disease in patients 
with small-duct PSC. 12-23% of patients with small-duct PSC progress to large-duct PSC. 
Cholangiocarcinoma developing in the setting of isolated small-duct PSC has never been 
reported in the literature, unless it progresses to large-duct PSC (Björnsson et al., 2008). In 
some patients, OLT may be necessary because of progressive disease and disease recurrence 
may be encountered in the transplanted liver.  If the alkalene phosphatase level is elevated, 
cholangiogram is normal, and other hepatobiliary diseases are ruled out in an IBD  patient, 
liver biopsy may be required to rule out small-duct PSC (Navaneethan & Shen, 2010). 

9. Disease course of IBD following liver transplantation for PSC 
OLT for PSC or PSC-associated cholangiocarcinoma may affect the clinical course of UC, as 
corticosteriods and other immunosuppressive agents used following OLT may theoretically 
improve coexisting UC. However, while some studies report alleviation of UC-associated 
symptoms after OLT (Saldeen et al., 1999 and Befeler et al., 1998) , some studies report 
exacerbation of symptoms after OLT (Riley et al., 1997; Papatheodoridis et al., 1998 and 
Verdonk et al., 2006). 
The effect of OLT on the natural course of ileal pouch in UC patients undergoing restorative 
proctocolectomy seems to be minor. In some case series, OLT and subsequent 
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immunosuppressive therapy did not have a significant effect on the severity of pouchitis  
(Zins BJ et al.,1995). In a recent study investigating  the modification of chronic pouchitis 
course by PSC and/or OLT performed for PSC, 14 of 32 patients who underwent both IPAA 
and OLT for PSC experienced chronic pouchitis and in 8 patients PSC recurred, with 4 of 
them requiring retransplantation (Mathis et al., 2008). Large scale studies are needed to 
clarify the disease nature of pouchitis and the interaction of it with OLT and OLT related 
procedures. 

10. Course of liver disease following IPAA 
IPAA does not appear to affect the disease course of PSC and PSC appears to follow an 
independent disease course in spite of proctocolectomy (Poritz & Koltun, 2003). In a study 
of 214 patients with UC undergoing IPAA including 13 (6.1%) with PSC, 4 patients with PSC 
showed clinical progression, while none of these patients with minor histological changes 
progressed with a follow-up over 9 years (Mikkola et al., 1995). In a study of PSC in 68 
patients with UC with 30 having follow-up examinations, the staging of PSC on liver biopsy 
after IPAA showed disease progression in 4 (13%), regression in 15 (50%), and stable in 11 
(37%) from baseline liver histology at the time of proctocolectomy. Six of the 68 patients 
(8.8%) developed cholangiocarcinoma. The progression of PSC in patients with minor ductal 
changes appeared to be uncommon after IPAA surgery (Lepistö et al., 2009).  

11. Colorectal Dysplasia and carcinoma in patients with Ulcerative Colitis and 
Primary Sclerosing Cholangitis 
It is well-known that the risk of developing colorectal carcinoma is increased in patients 
with UC. Disease duration and extensive colitis are two major risk factors for this serious 
complication. The mechanism of developing malignancy in UC is not fully understood. 
Recent studies have shown that family history of sporadic colorectal carcinoma (Askling et 
al., 2001), presence of active inflammation in the mucosa (Rutter et al., 2004), and presence of 
PSC increase the risk of dysplasia and colorectal carcinoma in patients with UC (Kornfeld et 
al., 1997; Brentnall et al., 1996). A study from Sweden has shown that the incidence of 
colorectal dysplasia and carcinoma in patients with UC and PSC at 10, 20, and 25 years is 
9%, 31% and 50% respectively (Broome et al., 1995). A meta-analysis of 11 studies has shown 
that the presence of PSC is an independent risk factor for colorectal dysplasia/carcinoma in 
patients with UC (Soetikno et al.,2002).  
The incidence of colorectal dysplasia/cancer is high after orthotopic liver transplantation 
(OLT) in patients with UC and PSC (Bleday et al., 1993; Higashi et al., 1990). The risk of 
developing colorectal carcinoma increases over time after OLT.  Vera et al. have identified 
three risk factors for developing colorectal carcinoma after OLT; colitis duration of more 
than 10 years, pancolitis, and dysplasia after OLT (Vera et al., 2003).  A yearly colonoscopy 
is adequate in patients with PSC and UC, beginning from the time of PSC diagnosis 
(Broome & Bergquist, 2006). 
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improvement of liver histology or liver transplant free survival (Lindor,1997). In another 
randomized trial that included 219 patients, a higher dosage of UDCA treatment  (17-23 
mg/kg/day) did not result in any benefit in terms of mortality, need for OLT, or 
cholangiocarcinoma risk (Olsson, 2005).  A pilot study reported that a very high dosage of 
UDCA (28-30 mg/kg/day) might improve survival (Cullen et al., 2008) ,however,  a large 
multicenter randomized controlled trial was terminated prematurely due to side effects in 
the treatment arm (Lindor et al., 2009).  
UDCA treatment can prevent colonic neoplasia in PSC-IBD patients (Tung et al., 2001). On 
the other hand, high dose UDCA treatment was reported to increase the risk of colon cancer 
in PSC-UC patients (Eaton et al., 2011). 
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PSC mandates the presence of coexisting IBD (Angulo et al., 2002). On the other hand, 
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OLT for PSC or PSC-associated cholangiocarcinoma may affect the clinical course of UC, as 
corticosteriods and other immunosuppressive agents used following OLT may theoretically 
improve coexisting UC. However, while some studies report alleviation of UC-associated 
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1. Introduction 
Longstanding inflammation of the colonic mucosa places patients with ulcerative colitis 
(UC) at increased risk for the development of colon cancer. As such, there has been 
significant research over the last 20 years into efforts to understand the natural history of 
neoplastic lesions in UC in order to modify this risk. This chapter will focus on the 
epidemiology of neoplasia in UC, the biology of IBD-associated cancer, outcomes after a 
diagnosis of a dysplastic lesion, as well as strategies for surveillance and chemoprevention.  

2. Epidemiology 
The majority of studies examining the development of cancer in IBD have demonstrated an 
increased risk for neoplasia in patients with long-standing UC (1-6). A 2001 meta-analysis 
involving 116 studies and over 50,000 patients calculated the cumulative risk of CRC in UC 
as 8.3% at 20 years and 18.4% at 30 years (7). However, two recent population based studies, 
one from Denmark and the other from Olmstead County in Minnesota, did not find a 
significant increase in risk (3, 8).  The discrepancy in results between these more recent 
studies and older analyses may be secondary to the effects of newer, more effective anti-
inflammatory agents for IBD or the implementation of surveillance programs and removal 
of colons with dysplastic lesions prior to the development of cancer.  

3. Risk factors 
It is postulated that cancer develops in patients with IBD secondary to prolonged 
inflammation. The evidence to support inflammation driving neoplastic transformation 
stems from studies demonstrating that patients with longer disease duration, extensive 
colitis, and uncontrolled inflammation are at increased risk for neoplastic changes.  Risk of 
colorectal cancer (CRC) development rises with increased interval from diagnosis of IBD-
associated colitis (2, 9). In fact, CRC is uncommon in patients who have had colitis for less 
than 7 years, and more commonly develops in patients who are diagnosed with IBD at a 
younger age (5, 7). Several studies have also demonstrated that cancer develops more 
frequently in those with an increased extent of colitis (2, 4). A Swedish population-based study 
using barium enemas quantified this risk by standardized incidence ratio as 1.7 for individuals 
with proctitis, 2.8 for those with left-sided colitis, and 14.8 for those with pancolitis (2).  
Two recent publications have established that severity of inflammation is associated with an 
increased risk for cancer in IBD. In a retrospective cohort from the St. Mark’s hospital, 
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of colons with dysplastic lesions prior to the development of cancer.  
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It is postulated that cancer develops in patients with IBD secondary to prolonged 
inflammation. The evidence to support inflammation driving neoplastic transformation 
stems from studies demonstrating that patients with longer disease duration, extensive 
colitis, and uncontrolled inflammation are at increased risk for neoplastic changes.  Risk of 
colorectal cancer (CRC) development rises with increased interval from diagnosis of IBD-
associated colitis (2, 9). In fact, CRC is uncommon in patients who have had colitis for less 
than 7 years, and more commonly develops in patients who are diagnosed with IBD at a 
younger age (5, 7). Several studies have also demonstrated that cancer develops more 
frequently in those with an increased extent of colitis (2, 4). A Swedish population-based study 
using barium enemas quantified this risk by standardized incidence ratio as 1.7 for individuals 
with proctitis, 2.8 for those with left-sided colitis, and 14.8 for those with pancolitis (2).  
Two recent publications have established that severity of inflammation is associated with an 
increased risk for cancer in IBD. In a retrospective cohort from the St. Mark’s hospital, 
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severity of inflammation by histology was significantly associated with neoplasia in patients 
with extensive colitis (10). Interestingly, in this multivariate analysis only histologic 
inflammatory activity and not endoscopic inflammation was associated with neoplasia. A 
second retrospective study from Mt. Sinai hospital in New York confirmed severity of 
inflammation over time as a risk for neoplasia (11).  
Two other well-described risk factors for neoplastic development in IBD include a family 
history of colorectal cancer and a history of primary sclerosing cholangitis (PSC). Several 
retrospective analyses have reported that patients with IBD who develop neoplasia have an 
odds ratio between 2.3 and 5.0 for having a family history of CRC (5, 12-14). A large 
population-based cohort also demonstrated a relative risk for the development of neoplasia 
of 2.5 for patients with a family history of colon cancer (15). As in the case of sporadic colon 
cancer with positive family history, this association was stronger for patients with a first-
degree relative with CRC less than 50 years of age (15). Potentially, the most significant risk 
factor for neoplasia in patients with UC is a concomitant diagnosis of PSC. Although the 
reported frequency of neoplastic changes in this population varies among studies, patients 
with UC and PSC have consistently demonstrated a markedly increased risk for the 
development of both dysplasia and colon cancer compared to patients with UC without PSC 
(5, 16-20). The overall incidence of CRC in patients with UC and PSC was between 16% and 
25% in a Swedish population-based study after 10 years of disease duration (17). This risk of 
neoplastic changes in UC patients with PSC has also been noted to occur earlier in the 
disease course than UC patients without PSC.  

4. Definition of dysplasia 
In UC, the term dysplasia is defined as neoplastic changes confined to the colonic 
epithelium. Tissue that is positive for dysplasia is most commonly identified as either low 
grade (LGD) or high grade (HGD) (21). Dysplasia is also characterized based on its 
endoscopic appearance, and outcomes of progression to cancer are associated with this 
endoscopic classification. Historically, flat dysplasia has been defined as dysplasia identified 
only by histological and not endoscopic features. However, recent studies have 
demonstrated that most lesions classified as flat dysplasia were obtained from targeted 
biopsies of visible lesions (22, 23). Raised lesions that are not endoscopically resectable are 
termed dysplasia associated mass or lesion or DALMs. The term ALM (adenoma-like mass) 
refers to a raised, endoscopically resectable lesion that resembles a sporadic adenoma by 
endoscopic and histological characteristics.  

5. Biology of IBD-associated cancer 
Although initiating mechanisms of carcinogenesis in IBD remain unknown, neoplastic 
lesions likely result from a combination of genetic alterations and inflammatory mediators 
that activate cell-signaling pathways. These pathways in turn promote deregulations in 
growth and apoptosis. Several molecular changes occurring in IBD-CRC are similar to those 
seen in sporadic CRC. In contrast to solitary lesions in sporadic colon cancer, however, 
neoplastic lesions in IBD are often multifocal. This finding likely reflects the widespread 
field defects throughout the UC involved mucosa that increase the risk for neoplastic 
changes. Moreover, expression changes in coding and non-coding (microRNA) genes that 
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are seen in malignant transformation, also occur in chronic UC, further supporting this 
hypothesis (24-26).   
Genomic instability characterized by either chromosomal instability or microsatellite 
instability occurs in both sporadic and IBD-associated CRC. In fact, frequencies of these 
genetic abnormalities (chromosomal instability – 85%, microsatellite instability – 15%) are 
similar in IBD-CRC and sporadic CRC (27-30).  
Genetic changes in the tumor suppressor, p53, are believed to play an important role in the 
development of IBD-associated neoplasia.  Loss of heterozygosity and p53 mutations have 
both been reported in colons with IBD-associated neoplasia (31-33). It is believed that 
changes in p53 may occur prior to the development of dysplastic lesions in ‘at risk’ mucosa 
(32). Moreover, reactivity of p53 antibodies increase with histologic progression from UC 
patients without dysplasia to those with dysplasia and CRC (34). Positive p53 immunostaining 
can also occur prior to the development of dysplasia in chronic UC mucosa (35, 36). 
The WNT pathway is deregulated in IBD-associated cancer development as occurs in 
sporadic colorectal carcinogenesis. Similar to genetic changes in p53, it appears that up-
regulation of WNT signaling occurs early in UC-associated neoplastic progression (37). In 
addition to overexpression of proteins in the WNT signaling cascade, hypermethylation of 
WNT-suppressor genes in this pathway occur during neoplastic development in IBD (38). 
Such methylations could lead to silencing of tumor suppressor genes. In contrast to sporadic 
colon cancer, however, it appears that APC loss of function mutations play a less significant 
role in initiating WNT signaling (39-41). Increased mutations in the oncogene, K-ras, have 
also been described in IBD-associated colon cancer (31). However, the timing of K-ras 
mutations in neoplastic progression needs to be clarified in larger studies.  
In addition to genetic changes, previous studies in animal models of ulcerative colitis and 
colitis-associated colon cancer have demonstrated involvement of other key signaling 
pathways including the vitamin D receptor, NFκB, transforming growth factor beta  (TGFβ), 
cyclooxygenase-2 (COX2), toll-like receptor-4 (TLR4), and the epidermal growth factor 
receptor (EGFR). Several mouse studies have shown that active vitamin D or its analogues 
inhibit progression in murine models of inflammation-associated colitis (42, 43) 
Furthermore, one retrospective analysis identified decreased expression of VDR in IBD-
associated dysplastic lesions (44). NFκB controls a vast array of functions and is a master 
regulator of many pro-inflammatory cytokines including TNF-α and IL-1β. NFκB 
overexpression is known to contribute to both inflammation and malignant transformation 
in several cancers (45). NFκB has also been demonstrated to contribute to malignant 
transformation in a mouse model of inflammation-associated cancer (46). In the study by 
Greten et al, NFκB in epithelial cells was essential for survival signals, allowing mutant 
clones to expand, whereas NFκB in stromal cells increased cytokines and growth factors 
required for tumor growth (46). Furthermore, NFκB mediates TNF-α activation of cytidine 
deaminase in human colonic epithelial cells and colitis-associated cancers. Activation 
induced cytidine deaminase plays a critical role in physiological antibody diversification, 
but also contributes to malignant lymphocytic transformation (47). In addition to NFκB 
up-regulation, TLR4 overexpression occurs in colitis-associated colon cancer that 
enhances Cox-2 expression via an EGFR-dependent mechanism (48). Recent studies from 
our laboratory have demonstrated that EGFR signals were required for Cox-2 up-
regulation in this model (49). 
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are seen in malignant transformation, also occur in chronic UC, further supporting this 
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6. Surveillance for IBD-associated neoplasia 
There are no randomized controlled trials investigating the mortality benefit of surveillance 
colonoscopy in patients with UC. The best evidence to support routine endoscopic 
surveillance comes from retrospective case-controlled studies. In a retrospective analysis of 
patients with CRC, Choi et al. reported that patients who underwent surveillance had a 
carcinoma detected at an earlier Dukes stage and improved 5-year survival rate (50). A 
second analysis by Lashner and colleagues found that in 186 patients with extensive UC 
who underwent surveillance, patients had an improved survival and delayed time to 
colectomy, although the decrease in mortality was not related to cancer free survival (51). A 
Swedish population-based nested case-control study examining patients who died from 
CRC reported that two of 40 patients with UC who had died from colon cancer had 
undergone at least one screening exam, compared to 18 of 102 controls with UC who did not 
die from colon cancer (52). Similar protective effects of surveillance were seen in a second 
retrospective cohort (13). In a Cochrane database analysis of these studies published in 2006, 
the authors concluded that there was indirect evidence that surveillance is likely to show a 
cost benefit and be effective in reducing the risk of death from IBD-associated CRC (53). 
The current standard of care recommended for the prevention of cancer in IBD is regular 
surveillance colonoscopy. The ability to prevent cancer with this strategy relies on the early 
detection of precancerous lesions.  Most strategies for early detection involve both random 
biopsies and targeted biopsies of suspicious lesions. The major challenge with this strategy is 
sampling error. With random biopsies, it has been estimated 33 biopsies are needed to exclude 
dysplasia with 90% certainty and 64 biopsies are need for a 95% certainty. Most 
gastroenterologists do not approach such numbers of biopsies during surveillance exams (54, 
55).  Several recent studies, however, indicate that the yield of targeted biopsies is much 
greater than random biopsies of the colon. One possible explanation for these findings was 
suggested by three recent retrospective analyses. These studies concluded that most dysplastic 
lesions can be visualized with white light colonoscopy (22, 23, 56).   
Recent experience with chromoendoscopy, however, has consistently shown superior 
detection of dysplastic lesions with super vital staining compared to uncontrasted white 
light examinations (57-61). Chromoendoscopy is typically done with either indigo carmine 
or methylene blue dye. In a recent meta-analysis of six studies, the difference in proportion 
of lesions detected by chromoendoscopy vs. white light only was 44% (62). 
Autofluorescence with narrow band imaging (NBI) has been suggested to improve detection 
of dysplastic lesions in UC as well, although studies testing the benefit of NBI compared to 
high definition colonoscopy have been inconclusive (63-65). 
Several recommendations have been published to guide surveillance strategies in patients 
with UC (66-69). The most recent consensus statement was released by the American 
Gastroenterological Association (AGA) and recommended initiating surveillance no later 
than 8 years of disease duration for patients with left-sided or pancolitis (69). During 
surveillance examinations, multiple biopsies should be obtained from each anatomic 
location in the colon. This statement included chromoendoscopy as a recommended 
alternative to random biopsies by endoscopists who have expertise with the technique. The 
AGA recommended repeat examinations every 1-3 years and to decrease the interval to 
every 1-2 years after 20 years of disease duration. For patients with PSC, surveillance exams 
should be performed at the time of diagnosis and then yearly thereafter, because of an 
increased risk earlier in the disease course.  
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7. Outcome after a diagnosis of dysplasia 
After a diagnosis of flat HGD, colectomy has been universally recommended because there 
is a significant risk of harboring a synchronous CRC.  One systematic review calculated this 
risk as 42% (70). A subsequent prospective analysis from St. Marks Hospital reported a 45% 
incidence of synchronous carcinomas in patients undergoing immediate colectomy after 
diagnosis of HGD (9). In this analysis, eight patients underwent surveillance.  Of these eight, 
one developed CRC and seven developed further dysplasia (6 HGD, 1 LGD) (9).  There 
appears to be a similar risk of development of cancer in patients with endoscopically 
unresectable DALMs (70, 71). Because of the high risk of CRC development, colectomy is 
warranted for any patient with a DALM or flat HGD.  
In contrast to HGD, the management of patients with IBD-associated indeterminate 
dysplasia (IND) or LGD remains controversial. Previous studies have varied in their 
reported rates of progression from low-grade lesions to advanced neoplasia from 16% to 
54% (9, 70, 72-76). The discrepancy in reported rates of progression to advanced neoplasia is 
likely secondary to the population heterogeneity of these studies. Within the classification of 
LGD, outcomes are different for flat dysplastic lesions and adenoma-like dysplastic lesions 
(ALMs). For patients who have an ALM in the absence of surrounding dysplasia, the risk of 
development of cancer appears to be minimal (77-79). For this reason, patients with 
polypoid lesions that resemble a sporadic adenoma without surrounding flat dysplasia can 
be managed with endoscopic resection and surveillance. Conversely, flat dysplastic lesions 
carry a higher risk of malignant progression and of harboring a synchronous CRC at the 
time of diagnosis (72, 74, 78). Total abdominal colectomy should be discussed with patients 
following a diagnosis of flat LGD. For patients with controlled disease who elect to undergo 
surveillance of flat LGD lesions, close follow up with endoscopic evaluations, initially at 3 to 
6 month intervals is warranted. 
Although neoplastic changes may develop in the pouch or in the anal transition zone, the 
risk of dysplasia appears to be low for patients with UC who undergo a restorative 
proctocolectomy with ileoanal anastomosis.  One large analysis of 23 observational studies 
and over 2000 patients estimated that only slightly more than 1% of patients have confirmed 
dysplasia in the pouch or anal transition zone at follow up (80).  A more recent analysis of 
over 3000 patients from the Cleveland Clinic reported the incidence of neoplasia to be 0.9%, 
1.3%, 1.9%, 4.2%, and 5.1% at 5, 10, 15, 20, and 25 years after surgery, respectively (81). In 
both these studies, the risk of neoplastic transformation was significantly higher in patients 
who had dysplasia or cancer as their indication for initial colectomy. Although there are no 
published guidelines for surveillance after restorative proctocolectomy, many clinicians 
recommend a surveillance program because there remains a risk of neoplastic transformation, 
albeit low.  It is postulated that performing a hand-sewn ileoanal anastomosis may decrease 
the risk of neoplasia. However, published studies have reported no difference between a 
stapled technique and hand-sewn anastomosis with mucosectomy (81, 82).  

8. Chemoprevention 
The primary goal of chemoprevention is to decrease the incidence of neoplastic lesions in 
those at increased risk. An effective chemopreventive agent offers the theoretical advantage 
over surveillance endoscopy alone by deceasing the frequency, cost, and risk of 
colonoscopy, as well as reducing need for colectomy. 
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The majority of studies examining chemopreventive agents in IBD have focused on the use 
of 5-aminosalicylates (5-ASA). There are several postulated mechanisms by which 5-ASA 
inhibits malignant transformation. These include inhibition of NFκB, increased apoptosis of 
mutant clones, decreased proliferation, and prevention of oxygen-radical induced DNA 
damage (83-85). A meta-analysis of nine case control studies examining the efficacy of 5-
ASA in preventing dysplasia or cancer revealed a pooled odds ratio of 0.51 (95% CI, 0.38-
0.69) (86). However, several studies that have been published subsequent to this meta-
analysis have not found a protective effect of 5-ASA therapy (87-90).  Taken together, data to 
support 5-ASA chemoprevention in IBD is inconclusive, likely due to the heterogeneity of 
individuals in these studies. Furthermore, it is not known what effect 5-ASA has on CRC 
risk in patients who have achieved mucosal healing with other therapies. 
The bile acid, ursodeoxycholic acid, has been used as a chemopreventive agent in UC 
patients with PSC.  In animal models, UDCA is protective against the development of colon 
cancer (91-94).  The mechanism of UDCA’s chemopreventive activity remains uncertain, 
although it is likely multifactorial (92, 94) There have been two retrospective analyses of 
UDCA in patients with UC and PSC with conflicting results (93, 95-97). In a randomized 
placebo-controlled trial of UDCA at the dose of 13-15mg/kg-body wt/day, the relative risk 
for dysplasia or cancer in the group receiving UDCA was 0.26 (95% CI, 0.06-0.92). However, 
a more recent randomized placebo-controlled trial examining high dose UDCA (28-30 
mg/kg-body wt/day) in UC patients with PSC found that patients taking UDCA had a 
higher risk of developing colorectal neoplasia (98). Currently, the American Association for 
the Study of Liver Diseases (AASLD) does not recommend UDCA for chemoprevention in 
patients with UC and PSC as larger prospective studies of low dose UDCA are needed to 
further evaluate this potential chemopreventive agent (99).  
Other chemopreventive agents that have been studied in IBD-associated colitis include folic 
acid, immunomodulators, and vitamin D. Although a recent analysis of thiopurines in IBD 
found their use to be protective, the majority of studies investigating the chemopreventive 
efficacy of immunomodulators have not shown a benefit (10, 75, 100, 101). While folic acid 
deficiency is associated with decreased risk of sporadic CRC in epidemiological studies and 
folic acid is protective of other malignancies, the studies examining folic acid in the 
chemoprevention of CRC in patients with IBD have not demonstrated a benefit (102-104). 
The data on chemoprevention with folic acid in IBD comes from small retrospective 
analyses that have failed to show a statistical difference in the risk of dysplasia (105, 106). 
Finally, vitamin D has shown chemopreventive efficacy in murine models of sporadic and 
inflammation-associated colon cancer (42, 43, 107). Although vitamin D supplementation 
has not been examined in humans with UC, decreased vitamin D receptor expression is seen 
in cancers of patients with IBD and vitamin D appears to be chemopreventive of human 
CRC in epidemiological studies (44, 108). For this reason, vitamin D might offer a potential 
benefit to patients with chronic UC, although there have been no controlled studies in an 
IBD population. 

9. Conclusion 
Patients with chronic ulcerative colitis are at increased risk for the development of colon 
cancer. Because of this risk, colonoscopic surveillance is recommended for early detection of 
precancerous lesions. Successful implementation of surveillance programs has likely limited 
the mortality from CRC in this high-risk population. The outcome after detection of 
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dysplastic lesions needs to be better defined in future studies as endoscopic imaging 
techniques improve our ability to detect early neoplastic changes.   Identification of effective 
chemopreventive agents against CRC development in UC could decrease the incidence and 
morbidity of colitis-associated neoplasia. To date, however, there is a lack of data to 
recommend the use of any specific chemopreventive agents in UC. Because of the cost and 
morbidity in the detection and treatment of neoplastic lesions in chronic UC, future research 
is urgently needed to identify efficacious, safe, and cost-effective chemopreventive agents 
and to establish clinical and biological predictors of dysplasia in order to tailor personalized 
surveillance strategies.  
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1. Introduction 
As an organ-specific, chronic inflammation-carcinoma sequence, it is well known that 
colorectal neoplasia is prone to appear in long-standing ulcerative colitis (UC) (Lennard-
Jones et al., 1983). It has been shown that the tumor suppressor gene, p53 mutation, which 
results from chromosomal instability due to inflammation-driven DNA damage plays an 
important role in the early stage of tumorigenesis (Hussain et al., 2000; Yoshida et al., 
2003; 2006). However, the incidence of p53 mutation is approximately up to 50% in 
dysplasia and carcinoma lesions in UC, according to our examination with our novel 
combined method of microdissection and polymerase chain reaction (PCR)-direct 
sequencing of the full-length p53 gene from single crypts in long-standing UC (Yoshida et 
al., 2004). Instead, we have shown that mucosal remodeling and stromal genomic 
instability can be raised as another factor for carcinoma development. In this chapter, we 
describe the mucosal remodeling and genomic instability of stromal cells as well as 
epithelial cells, suggesting insufficient cross-talk between epithelium and stroma in long-
standing UC. 

2. Mucosal remodeling, correlative to the duration of ulcerative colitis (UC) 
2.1 Colorectal mucosal remodeling in long-standing UC 
Regarding the structural alterations of colorectal mucosa formerly, there were no systemic 
analyses but there were sporadic descriptions such as distortion and atrophy of crypts, and 
Paneth cell metaplasia in UC (Floren et al., 1987; Day et al., 2003). For a general image of 
mucosal remodeling in long-standing UC, we reconstituted 3-dimensional features after 
taking serial histological sections of UC cases. Representative three-dimensional 
reconstructed images are shown in Fig. 1.  
In order to find risk factors for cancer development in long-standing UC, according to these 
general features, we tried to assess mucosal remodeling of rectal mucosa, including 
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1. Introduction 
As an organ-specific, chronic inflammation-carcinoma sequence, it is well known that 
colorectal neoplasia is prone to appear in long-standing ulcerative colitis (UC) (Lennard-
Jones et al., 1983). It has been shown that the tumor suppressor gene, p53 mutation, which 
results from chromosomal instability due to inflammation-driven DNA damage plays an 
important role in the early stage of tumorigenesis (Hussain et al., 2000; Yoshida et al., 
2003; 2006). However, the incidence of p53 mutation is approximately up to 50% in 
dysplasia and carcinoma lesions in UC, according to our examination with our novel 
combined method of microdissection and polymerase chain reaction (PCR)-direct 
sequencing of the full-length p53 gene from single crypts in long-standing UC (Yoshida et 
al., 2004). Instead, we have shown that mucosal remodeling and stromal genomic 
instability can be raised as another factor for carcinoma development. In this chapter, we 
describe the mucosal remodeling and genomic instability of stromal cells as well as 
epithelial cells, suggesting insufficient cross-talk between epithelium and stroma in long-
standing UC. 

2. Mucosal remodeling, correlative to the duration of ulcerative colitis (UC) 
2.1 Colorectal mucosal remodeling in long-standing UC 
Regarding the structural alterations of colorectal mucosa formerly, there were no systemic 
analyses but there were sporadic descriptions such as distortion and atrophy of crypts, and 
Paneth cell metaplasia in UC (Floren et al., 1987; Day et al., 2003). For a general image of 
mucosal remodeling in long-standing UC, we reconstituted 3-dimensional features after 
taking serial histological sections of UC cases. Representative three-dimensional 
reconstructed images are shown in Fig. 1.  
In order to find risk factors for cancer development in long-standing UC, according to these 
general features, we tried to assess mucosal remodeling of rectal mucosa, including 
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decreased number (/cm), height (μm) and angle (degree) of crypts and increased fused 
crypts (/100 crypts), metaplastic Paneth cells (/100 crypts) and thickening of muscularis 
mucosa (μm) quantitatively, and found most of items correlated significantly with the 
duration of illness in UC (Fig. 2).  
 

 
Fig. 1. A three-dimensional, reconstructed figure of rectal mucosa in UC (Control and UC 
cases for 8 and 18 years) (Mitsuhashi et al., Pathol Int, 2005) 

However, there were no significant differences of increased or decreased correlation lines of 
each marker between the two groups, UC, inactive, without neoplasia and with neoplasia, 
or between the two groups, UC, active without neoplasia and with neoplasia. For 
immunohistochemical markers, Ki-67 (for cellular proliferative activity), p53, p21 and 
ssDNA (for apoptosis) labeling indices (LI) (%) were significantly correlated with the 
duration of illness (Fig. 3). The period-dependent increase of epithelial p53 and p21 LI is 
clearly shown. Furthermore, epithelial p53 and p21 LI were significantly higher in the non-
neoplastic rectal mucosa of long-standing UC patients with colorectal neoplasia compared 
with those without neoplasia (Mitsuhashi et al., 2005). 
Epithelial p53 and p21 overexpression means acceleration of G1 check point due to 
inflammatory oxidative stress, indicating accumulation of DNA damage in line with 
pathway for tumorigenesis (Yoshida et al., 2003; 2006). Canonical discriminative analysis 
using duration of UC illness, number of crypts, angles of crypts and thickness of muscularis 
mucosa gave no clear difference between UC with neoplasia and without neoplasia (Fig. 4-
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1). However, in particular, Ki-67LI, p53LI and p21LI can give reliable canonical 
discriminative values to estimate the risk of cancer development as compared with UC 
without neoplasia (Fig. 4-2). 
 

 
Fig. 2. Morphometrical assessment of mucosal remodeling of rectum in UC  
(A) Number, (B) height and (C) angle of crypts, (D) fused crypts , (E) crypts with Paneth 
cells and (F) thickness of muscularis mucosa (MM) with relation to the duration of UC 
illness and cancer development (○ UC, active with neoplasia; ○ UC, active without 
neoplasia; ○ UC, inactive with neoplasia; ○ UC, inactive without neoplasia) (Mitsuhashi 
et al., Pathol Int, 2005) 

Thus, the above described markers in rectal biopsy specimens can be useful to predict the 
risk of colorectal tumor development in long-standing UC, using canonical discriminative 
analysis.  

Number of crypts Height of crypts

Angle of crypts Fused crypts

Number of Paneth cells Thickness of MM
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Fig. 3. (A) p53, (B) p21, (C) Ki-67 and (D) ssDNA labeling indices (LI) with relation to the 
duration of UC illness and cancer development (○ UC, active with neoplasia; ○ UC, 
active without neoplasia; ○ UC, inactive with neoplasia; ○ UC, inactive without 
neoplasia) (Mitsuhashi et al., Pathol Int, 2005) 

2.2 The increase of stem-cell mutated crypts as related to the duration of UC illness 
O-acetylation of epithelial sialoglycoprotein identified by mild PAS staining can show N-
acetyl neuraminic acid phenotypes (Fig. 5).  Mutated crypts in UC patients of heterozygous 
O-acetylation (oata/oatb), which show a positive reaction with mild periodic acid-Schiff 
(PAS) staining in negative background mucosa (Fig. 5), were counted per 10,000 crypts. 
With this method, mutated crypts increased correlatively with the UC duration. 
Furthermore, clusters of crypts, positive with mild PAS staining, indicating regenerated 
crypts covered by a single tissue stem cell after erosion, also increased correlatively with the 
duration of the UC illness (Fig. 6). Moreover, non-neoplastic mucosal crypts in cases of 
sporadic colorectal carcinoma also showed significant increase of mutated crypts with mild 
PAS staining, although angles of their correlation lines were extremely low compared with 
those in UC cases. Elongated lines of the correlation between two factors showed 0 crypts at 
0 years old, indicating gradual appearance of mutated crypts after birth. Thus, mutated 
crypts appear extremely higher in UC patients than non-UC patients (Fig. 6). 
These results indicate the base of a chronic inflammation- carcinoma sequence (Okayasu et 
al., 2002; 2006). 

2.3 Shortening of telomere length of colonic epithelial cells in UC 
In addition to chromosomal alterations due to chronic inflammation-driven DNA damage 
through the generation and effects of reactive oxygen species, telomere shortening in mucosal 
epithelia is an important factor in tumorigenesis. The telomere shortening in colonic 
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Fig. 4-1. Canonical discriminative analysis with number and angle of crypts and thickness of 
muscularis mucosa (MM) among UC active or inactive and with or without neoplasia 

epithelia is reported in long-standing UC, particularly in patients with colorectal cancers, 
suggesting an unstable state of chromosomes in which cells can easily mutate (Risques et al., 
2008; 2011, Bronner et al., 2008). In addition to UC, telomere shortening is detected in 
esophageal Barrett’s mucosa-Barrett’s adenocarcinoma sequence by our group (Shiraishi et 
al., 2009). This phenomenon suggests an accelerated aging in inflamed lesions (Risques et 
al., 2008; 2011). 

3. Alteration of subepithelial (pericryptal) myofibroblasts and interstitial 
fibrosis in UC 
We have clearly shown that subepithelial myofibroblasts forming crypt niches have various 
phenotypic expressions of -smooth muscle actin (SMA), NCAM, PGP9.5, HSP47 and 
cytoglobin (Cygb) by immunohistochemistry (Fig. 7) or immunofluorescence (Fig. 8) and 
immunoelectron microscope (Fig.9). Therefore, we first identified these subepithelial 
myofibroblasts as colonic stellate cells (also known as perisinusoidal cells or Ito cells, fat 
storing cells in perisinusoidal spaces of the liver). Subepithelial myofibroblasts are localized 
between mucosal epithelia and capillaries, similar to hepatic stellate cells between liver cells 
and sinusoids. Further, subepithelial myofibroblasts occasionally have small lipid droplets 
indicating vitamin A storage. Subepithelial myofibroblasts are localized more at the crypt 
base than they are at the crypt surface, similar to the dense localization of hepatic stellate 
cells at the periportal area in hepatic lobules. These features indicate that subepithelial 
myofibroblasts correspond to colonic stellate cells (Okayasu et al., 2009; 2011). 
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Fig. 4-2. Canonical discriminative analysis with Ki-67, p53 and p21LI among UC active or 
inactive and with or without neoplasia. There is no overlap between UC+Cancer and UC 
groups. 

It is known that subepithelial myofibroblasts secrete pericryptin, a specific extracellular 
matrix protein, which recruits activated fibroblasts and forms collagen fibrils, supporting 
the growth of epithelial components after mechanical stress in tissue repair processes 
(Shimazaki et al., 2008). 
Cytoglobin (Cygb), a novel member of the globin family is also expressed in splanchnic 
fibroblasts-like cells, including hepatic stellate cells and colonic subepithelial 
myofibroblasts. A recent study demonstrated that Cygb served as a defensive mechanism 
against oxidative stress under hypoxic conditions in a kidney ischemia-reperfusion 
experimental system (Nishi et al., 2011). Thus, subepithelial myofibroblasts at the crypt base 
play important roles to protect and support crypt stem cells and their differentiation and 
maturation as stem cell niches. 
Furthermore, we reported the decrease of subepithelial myofibroblasts, along with the 
inversely correlated increase of interstitial myofibroblasts and fibrosis, in relation to the 
duration of UC illness (Okayasu et al., 2009) (Table 1). Loss of subepithelial myofibroblasts 
means dysregulation of colonic crypt stem cell protection and differentiation. Interstitial 
fibrosis with the increase of stromal myofibroblasts in colonic mucosa, may also accelerate 
erroneous interactions between epithelial and stromal cells. These alterations might be major 
components of a microenvironment conductive to tumorigenesis (Fig. 11). 
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Fig. 5. O-acetylation phenotypes (o-acetyl transferase) in colonic mucosa with mild PAS 
staining. Single mutated crypt and a cluster of mutated crypts in UC patients of 
heterozyogous O-acetylation (oata/oatb) are shown in the lower left and right figures, 
respectively. (Okayasu et al., Cancer Res, 2002) 
 

 
Fig. 6. Correlative increase of mild PAS+ crypts with the duration of illness in UC, and with 
the age in control cases (/1x105 crypts) (Okayasu et al., Cancer Res, 2002; Cancer Sci, 2006) 
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Fig. 7. Immunohistochemical phenotypes of subepithelial myofibroblasts (arrows) in UC.  
Subepithelial myofibroblasts (arrows) are located around the crypts. Identification of 
subepithelial myofibroblasts as colonic stellate cells (Ito cells, fat-storing cells) by findings of 
SMA+, NCAM+, HSP47+, Cytoglobin+ and lipid droplets. (Okayasu et al., Pathol Int, 2009; 
Histol Histopathol, 2011) 
 

 
Fig. 8. Double immunofluorescences of subepithelial myofibroblasts (arrows) in UC. Double 
positive reactions are shown in subepithelial myofibroblasts (large arrows) of normal 
mucosa and in both subepithelial myofibroblasts (large arrow) and interstitial 
myofibroblasts (small arrows) of UC-mucosa. (Okayasu et al., Pathol Int, 2009) 
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Fig. 9. Immunoelectron microscopic features of subepithelial myofibroblasts (arrows, 
immunogold deposits). A, Smooth muscle actin (SMA); B, Cytoglobin; C, SMA. Lipid 
droplets (arrows) in a subepithelial myofibroblast, indicating a vitamin A storage cell; D, 
NCAM. (Okayasu et al., Pathol Int, 2009; Histol Histopathol, 2011)                         

 
Fig. 10. Immunohistochemical features of the stroma in the rectal mucosa in UC for 17 years 
and control. (Okayasu et al., Pathol Int, 2009) 
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4. Epithelial and stromal genomic instability in UC and its relation to 
tumorigenesis 
We have analyzed genomic instability, microsatellite instability (MSI) and loss of 
heterozygosity (LOH) in stromal cells, as well as epithelial cells, in order to see the role of 
stromal cell alterations in UC-associated tumorigenesis, using a combination of laser-
captured microdissection and the Gene-scan approach (Fig. 12). Stromal genomic instability 
kept the same incidences in dysplasia and invasive carcinoma lesions as those of 
regenerative mucosa. The frequency of LOH or MSI for 5 tumor suppressor gene (TSG) 
markers, D9S161 (close to p16INK4A), D7S486 (close to ST-7), D13S268 (close to Rb), D18S474 
(close to Smad 4 and DCC) and D3S1300 (close to the FHIT [fragile histidine triad]) was 
almost constantly found to be increased in stromal components of all lesion types 
(regenerative mucosa, dysplasia and carcinoma). In contrast, the epithelial cells showed a 
step-up increase of MSI in tumor progression and a constant increase of LOH for TSG 
markers. In epithelium, LOH for 4 chromosome17 markers, D17S796 (17p13 close to the p53 
gene, TP53 (17p13, the p53 gene locus), D17S786 (17p13, close to the p53 gene) and D17S579 
(p17q21, close to BRCA1) increased along with histological progression. In stroma, LOH was 
relatively low, but there was a constant incidence in all types of lesions. When data were 
combined for TSG and chromosome 17 markers, the tendency was prominent that stromal 
cells showed a constantly increased incidence of both MSI and LOH in all types of lesions, 
including regenerative mucosa, dysplasia and carcinoma, compared with the step-up increase 
in epithelium along with histological progression (Matsumoto et al., 2003a; 2003b; Yagishita et 
al., 2008). On the other hand, genomic instability for NCI-recommended standard 
microsatellite markers for colorectal cancers, BAT25, BAT26, D2S123, D3S346 and D17S250 
(Boland et al., 1998) was not remarkable, indicating that chromosome 17 and tumor suppressor 
gene markers are more sensitive in UC-associated mucosal lesions (Matsumoto et al., 2003a). 
 

 
Table 1. Summary of stromal cell alterations in the rectal mucosa in UC (Okayasu et al., 
Pathol Int, 2009) 
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Fig. 11. Schema of mucosal remodeling in UC (Lt, early active lesion; Rt, long-standing UC) 
MM, muscularis mucosa 
 

 
Fig. 12. Analysis method of genomic instability in both epithelial and stromal cells by a 
combination of microdissection and PCR-gene scan 
MSI, microsatellite instability; LOH, loss of heterozygosity; LCM, laser-captured 
microdissection (Yagishita et al, Scand J Gastroenterol, 2008)  
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Fig. 13. MSI and LOH incidences in mucosal epithelial and stromal cells in UC 
MSI, microsatellite instability; LOH, loss of heterozygosity. Bars on horizontal axis show 
normal mucosa, regenerative mucosa, dysplasia and carcinoma, respectively. Open bars, 
positive for 1 marker; dotted bars, for 2 markers; gray bars, for 3 markers; black bars for 4 or 
more markers. Horizontal lines indicate significant difference (p<0.05 ̴ 0.01) between two 
bars (lesion groups). Left part shows MSI, and right part shows LOH in each figure. 
(Yagishita et al., Scand J Gastroenterol, 2008) 

Genomic instability in sporadic colorectal tumorigenesis, including de novo carcinogenesis 
and the adenoma-carcinoma sequence, was prominent in epithelium compared with a low 
incidence in stroma (Ishiguro et al., 2006; Ogawa et al., 2006). We also demonstrated that 
genomic instability was accelerated in stromal cells in Barrett’s mucosa and Barrett’s 
adenocarcinoma sequence in the esophagus similarly to UC tumorigenesis (Shiraishi et al., 
2006).  
Contribution of genomic instability in stromal cells to carcinogenesis is variable in the 
tumorigenesis of various organs. It has been demonstrated that stromal genomic instability 
due to hormonal dysfunction precedes in tumorigenesis of the breast (Moinfar et al., 2000; 
Shekhar et al., 2001). Thus, enhanced genomic instability in stromal cells is important in the 
chronic inflammation-carcinoma sequence. 
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5. Stochastic pathways in a chronic inflammation-carcinoma sequence 
Various kinds of inflammatory cytokines, cell cycle regulators and other cell signal molecules 
are repeatedly cycle regulators are repeatedly or continuously activated in chronic 
 

 
Fig. 14. Summary of genomic instability patterns in epithelium and stroma in various 
carcinogenesis of the colorectum. GI, genomic instability 
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inflammation, such as TNF-, IL-8, IL-6, toll-like receptors, cell cycle G1-check point and 
NF-kB (Yoshida et al., 2003, 2004; Ohkusa et al., 2009). Compared to de novo cancer 
development and the adenoma-carcinoma sequence, stochastic pathways to tumor 
development can be proposed in a chronic inflammation-carcinoma sequence. In a 
mountain climbing analogy, it is obvious that various climbing pathways connecting with 
that various climbing pathways connecting with each other showing stochasticity at the 
mountain-base are reduced to several paths and then even fewer paths as one approaches 
closer to the top of the mountain. The analogy in the body is that stochastic (probabilistic) 
pathways to tumor development over time gain commonalty through chronic inflammatory 
stimulation (Kobayashi and Inoue, 2008; Inoue and Kobayashi, 2011). 

6. Conclusions 
 Not only chromosomal instability, telomere shortening and genomic instability of epithelial 
cells due to chronic inflammation-driven DNA damage, we also stressed the important role 
of mucosal remodeling, including morphological alterations and genomic instability of 
stromal cells, suggesting insufficient crosstalk between epithelial and stromal cells, as it 
relates to UC-associated tumorigenesis.   
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1. Introduction 
Inflammatory bowel disease (IBD) refers to a group of conditions characterised by 
inflammation in the intestinal tract. Crohn disease (CD) and ulcerative colitis (UC) account 
for the majority of these conditions. Since these disorders have both distinct and 
overlapping pathologic and clinical characteristics in this part both diseases are discussed 
together. 
Multiple studies have evaluated the epidemiology of IBD in various geographic regions. In 
North America, incidence rates range from 2.2 to 14.3 cases per 100,000 person-years for UC 
and 3.1 to 14.6 cases per 100,000 person-year for CD ([1]). Prevalence rates range from 37 to 
246 per 100,000 persons for UC and from 26 to 201 cases per 100,000 for CD. The incidence 
and prevalence of CD and UC appear to be lower in Asia, Japan, and South America ([2]). 
IBD can present at any age, although the peak incidence occurs between the ages of 15 and 
30 years. A second peak in the incidence of CD occurs between the ages of 50 to 80. There is 
no gender specificity ([3, 4]). 
While numerous environmental factors have been hypothesized to affect risk of a phenotype 
of IBD, only a few associations have been reproducible and implicated in the pathogenesis 
of IBD. These factors as smoking, appendectomy, infection, oral contraceptives, isotretinoin 
are more likely to contribute to disease in susceptible subjects ([2]). 
The strongest evidence for an environmental factor has been the association between 
cigarette smoking and IBD. Several studies have demonstrated a negative correlation 
between smoking and UC, but a positive correlation between smoking and CD recurrence 
([5, 6, 7, 8, 9, 10]). 
A variety of conditions arise outside of the gastrointestinal tract that are associated with 
IBD; these are termed extraintestinal manifestations of IBD which are very common: 
dermatological manifestations, erythema nodosum and pyoderma gangrenosum; ocular 
manifestations, uveitis and episcleritis; hepatobiliary manifestations, primary sclerosing 
cholangitis and autoimmune hepatitis; musculoskeletal manifestations, peripheral arthritis 
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1. Introduction 
Inflammatory bowel disease (IBD) refers to a group of conditions characterised by 
inflammation in the intestinal tract. Crohn disease (CD) and ulcerative colitis (UC) account 
for the majority of these conditions. Since these disorders have both distinct and 
overlapping pathologic and clinical characteristics in this part both diseases are discussed 
together. 
Multiple studies have evaluated the epidemiology of IBD in various geographic regions. In 
North America, incidence rates range from 2.2 to 14.3 cases per 100,000 person-years for UC 
and 3.1 to 14.6 cases per 100,000 person-year for CD ([1]). Prevalence rates range from 37 to 
246 per 100,000 persons for UC and from 26 to 201 cases per 100,000 for CD. The incidence 
and prevalence of CD and UC appear to be lower in Asia, Japan, and South America ([2]). 
IBD can present at any age, although the peak incidence occurs between the ages of 15 and 
30 years. A second peak in the incidence of CD occurs between the ages of 50 to 80. There is 
no gender specificity ([3, 4]). 
While numerous environmental factors have been hypothesized to affect risk of a phenotype 
of IBD, only a few associations have been reproducible and implicated in the pathogenesis 
of IBD. These factors as smoking, appendectomy, infection, oral contraceptives, isotretinoin 
are more likely to contribute to disease in susceptible subjects ([2]). 
The strongest evidence for an environmental factor has been the association between 
cigarette smoking and IBD. Several studies have demonstrated a negative correlation 
between smoking and UC, but a positive correlation between smoking and CD recurrence 
([5, 6, 7, 8, 9, 10]). 
A variety of conditions arise outside of the gastrointestinal tract that are associated with 
IBD; these are termed extraintestinal manifestations of IBD which are very common: 
dermatological manifestations, erythema nodosum and pyoderma gangrenosum; ocular 
manifestations, uveitis and episcleritis; hepatobiliary manifestations, primary sclerosing 
cholangitis and autoimmune hepatitis; musculoskeletal manifestations, peripheral arthritis 
and axial arthropathy. In contrast, pulmonary involvement is rare ([11]). 
Involvement of the respiratory tract, although relatively rare, is increasingly recognized in 
patients with IBD since the original report in 1976 of six patients with unexplained chronic 
purulent sputum production ([12]). These abnormalities are generally related to the 
underlying bowel disease, although interstitial lung disease can also be induced by 
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administration of certain drugs, including sulfasalazine, 5-aminosalicylic acid, methotrexate, 
azathioprine and infliximab ([13, 14, 15, 16, 17]). 

2. Demographic considerations 
Respiratory complications have been more commonly described with ulcerative colitis than 
with Crohn's disease. In one study of 33 patients, for example, 27 had ulcerative colitis and 
six had Crohn's disease. The three patterns of presentation (airway disease, parenchymal 
disease, and serositis) had somewhat different characteristics in terms of sex preponderance 
and activity of the bowel disease ([12]). There was a female preponderance of almost 2:1 for 
all bronchopulmonary complications as a whole and 3 to 4:1 for bronchial complications. In 
contrast, serositis occurred with roughly equal frequency in men and women. 
Bronchopulmonary complications followed the onset of inflammatory bowel disease in 80 to 
85 percent of patients, preceded bowel disease in 10 to 15 percent, and developed 
concomitantly in 5 to 10 percent ([12]). 
Respiratory involvement in IBD is disclosed with some pathophysiological mechanisms: 
both the colonic and respiratory epithelia share embryonic origin from the primitive foregut, 
and both types of epithelial cells include goblet cells and submucosal glands; and the lungs 
and gastrointestinal tract contain submucosal lymphoid tissue and play crucial roles in host 
mucosal defense. The similarity in the mucosal immune system causes the same 
pathogenetic changes. The aberrations in both innate and acquired immunity that are 
involved in the pathogenesis of IBD are complex and still incompletely understood ( [11, 
17]). In this context it has been speculated that colonic surgery may promote the onset of 
respirtory, as suggested by case histories ([12]). 
The patterns of involvement in IBD are ([11, 17]): 
- Upper airway: glottic/subglottic stenosis, tracheal inflammation and stenosis; 
- Bronchi: chronic bronchitis, bronchiectasis, and chronic bronchial suppuration; 
- Small airways: bronchiolitis obliterans, bronchiolitis, and diffuse pan-bronchiolitis;  
- Lung parenchyma: bronchiolitis obliterans-organizing pneumonia, nonspecific 

interstitial pneumonia, granulomatous interstitial lung disease, desquamative 
interstitial pneumonitis, pulmonary infiltrates and eosinophilia, and sterile necrobiotic 
nodules; 

- Sarcoidosis, α1 antitrypsin deficiency; 
- Pulmonary vascular disease; Wegener’s granulomatosis, Churg-Strauss syndrome, 

microscopic polyangiitis, and pulmonary vasculitis, venous thromboembolism; and -
Serositis: pleural and pericardial manifestations. 

3. Respiratory symptoms 
The prevalence of respiratory symptoms in IBD patients without pulmonary pathology has 
been examined in a number of small studies. Among 44 randomly selected IBD patients, 
Douglas et al ([18]) found that 48% had unspecified respiratory symptoms. Songur et al 
([19]) found that 16 of 36 IBD patients (44%) in a gastroenterology clinic had symptoms of 
wheeze, cough, sputum production, or breathlessness. Finally, Ceyhan and others ([20]) 
found 15 of 30 consecutively surveyed IBD patients had symptoms of dyspnea, cough, 
sputum, or wheeze for > 1 month. These investigations, while limited in scope, suggest that 
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patients with IBD have pulmonary symptoms with greater frequency than the general 
population. 

4. Radiologic findings 
Chest radiography is often normal in patients with respiratory symptoms and IBD. 
Bronchiectasis is the classic pulmonary manifestation of IBD, and is noted in 66% of cases of 
IBD that involve the large airways ( Figure 1)([17]). 
 

 
Fig. 1. CT showing bronchiectasis and inflammatory nodules in a 72-year-old woman with 
UC ([17]) 

Mahadeva et al ([21]) have found bronchiectasis in 13 of 17 patients with IBD, in whom 
sputum production was present in 10. In contrast, bronchiectasis was identified in only two 
patients in the present study. In the study of Yilmaz et al, the most frequent finding on 
HRCT was peribronchial thickness. The most common respiratory association of IBD is 
inflammation of the airways. Biopsy shows either severe nonspecific chronic inflammation 
or non-caseating tuberculoid granulomas. They concluded that these appearances have been 
associated with those in the bowel, and it is possible that the gut and the lung are both 
affected because they share common antigens. This inflammation is perceived on HRCT as 
an increase in bronchial wall thickness or an increase in diameter of pulmonary artery 
branches. In these patients, bronchial dilatation is commonly present and results from 
traction by fibrous tissue on the bronchial walls and results in bronchiectasis. Consequently, 
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patients with IBD have pulmonary symptoms with greater frequency than the general 
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Chest radiography is often normal in patients with respiratory symptoms and IBD. 
Bronchiectasis is the classic pulmonary manifestation of IBD, and is noted in 66% of cases of 
IBD that involve the large airways ( Figure 1)([17]). 
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patients in the present study. In the study of Yilmaz et al, the most frequent finding on 
HRCT was peribronchial thickness. The most common respiratory association of IBD is 
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or non-caseating tuberculoid granulomas. They concluded that these appearances have been 
associated with those in the bowel, and it is possible that the gut and the lung are both 
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they suggested that peribronchial thickness might reflect inflammation, which usually 
responds well to steroids. They concluded that in this way, bronchiectasis can be prevented. 
And so this finding suggests a direct pathogenic link to IBD as well ([11]). 

5. Pulmonary function 
A number of investigations have focused on results of pulmonary function testing (PFT) 
among patients with IBD. Case-control studies designed to investigate the hypothesis that 
IBD is associated with abnormal pulmonary function have been limited by low numbers of 
patients and poor choice of control subjects. A number of reports have demonstrated a 
decrease in diffusion capacity of the lung for carbon monoxide (DLco). Two studies by 
Tzanakis et al ([22, 23]) have shown that DLco was significantly lower among IBD patients 
with active GI disease than those in remission. In the same study an increased prevalence of 
small airway dysfunction among IBD patients have shown. Marvisi et al ([24]) reported a 
similar finding in a smaller cohort with UC. This suggests that degree of GI inflammation 
may correlate with the severity of lung disease in these patients. 
Other reports have employed less conventional measures of airflow obstruction to identify 
subclinical pulmonary disease. Patients with active UC had increased airway obstruction 
compared with patients with inactive UC. Pasquis et al ([25]) found an increase in functional 
residual capacity among a small number of patients with CD. Two groups, Mansi and 
colleagues ([26]) and Louis et al ([27, 28]) have documented increased bronchial response to 
methacholine, a measure of airway hyperactivity, among patients with both UC and CD, but 
this was not confirmed in another study.  Ceyhan et al revealed that the prevalence of 
allergic symptoms, positive skin tests, and functional abnormalities was significantly higher 
in patients with IBD. ([20]). 
Nitric oxide (NO) is a mediator of inflammation in a number of pathological processes. It is 
elevated in exhaled air (eNO) from asthmatic patients compared with healthy volunteers, 
and also in aspirated colonic gas from patients with Crohn's disease. Koek et al studied 31 
patients with Crohn's disease and 24 with ulcerative colitis. The authors found that eNO 
was elevated in active IBD, and in addition, observed a negative correlation between 
spirometry values and disease activity in patients with Crohn's disease ([29]). Ozyilmaz et al 
evaluated the value of fractional concentration of exhaled NO (FeNO) level for the diagnosis 
of pulmonary involvement due to IBD and to investigate any correlation between FeNO 
level and disease activity. They concluded that an increased FeNO level may be used for 
identifying patients with IBD who need further pulmonary evaluation ([30]) . 

6. Patterns of involvement 
Upper airway: Glottic/subglottic stenosis, tracheal inflammation and stenosis; are 
associated with inflammation, friability, and pseudotumors in the trachea which results in 
airway narrowing. The primary symptoms are cough and hoarseness, although some 
patients develop upper airway obstruction with resulting stridor and severe dyspnea ([20]). 
In endoscopic examination glottic/subglottic oedema, inflammation can be seen. 
Airway inflammation: Chronic bronchitis, bronchiectasis, and chronic bronchial 
suppuration; inflammation of the trachea, bronchi, and bronchioles can occur in 
inflammatory bowel disease, with bronchial involvement being most common, accounting 
for 39% of all cases reviewed ([12, 31, 32, 33]). Patients with large airways disease may also 
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have coincident nonthoracic extraintestinal manifestations, including microangiopathic 
hemolytic anemia, pyoderma gangrenosum, primary sclerosing cholangitis, episcleritis, and 
peripheral and axial arthritis. Bronchial involvement may be manifested as unexplained 
chronic bronchitis or as bronchiectasis. Bronchiectasis is the classic pulmonary manifestation 
of IBD, noted in 66% of instances of IBD involving the large airways ([17]). Patients can be 
asymptomatic or present with cough and variable amounts of mucopurulent sputum 
production. Cultures of bronchial secretions are typically unrevealing, and the symptoms 
are generally not responsive to antibiotics. Chest radiographs are frequently normal or show 
nonspecific changes resulting from bronchial wall thickening or bronchiectasis. High 
resolution chest CT scanning is more sensitive than plain chest radiographs, often 
demonstrating findings of bronchial wall thickening, dilated airways with thickened walls, 
or branched opacities suggestive of mucoid impaction ([34, 35]). 
Interestingly, nine patients, mostly with UC, presented with or had a recrudescence of 
bronchiectasis within 1 year of colectomy. In one case, bronchiectasis presented within 
weeks of colectomy. This temporal link between colonic resection and onset or worsening of 
pulmonary disease has fueled speculation that colectomy may actually induce pulmonary 
disease in these patients ([12]). Alternatively, this phenomenon may be related to the 
discontinuation of immunosuppressive therapies after presumed surgical cure of the disease 
([17]). 
Small airway involvement: Bronchiolitis obliterans, bronchiolitis, and diffuse pan-
bronchiolitis; can cause cough, variable sputum production, wheezing, and airflow 
obstruction. Small airway involvement in IBD tends to present at a younger age and at an 
earlier point in the disease course than abnormalities of the large airways. In contrast to 
other airway manifestations, diseases of the small airways more commonly occur before 
symptomatic GI disease (29% of surveyed cases) ([17]). Pathologic findings include 
nonspecific inflammation, narrowing, and fibrosis of small airways; granulomatous 
bronchiolitis ( 58.8%) has also been reported ([15, 36]). Small airway involvement can cause 
abnormalities in pulmonary function in patients with normal chest radiographs. In one 
series of 82 patients with IBD and normal plain chest radiographs, 47 (57 percent) had 
abnormal findings on complete pulmonary function tests ([16]). Most of these patients had 
findings consistent with restrictive lung disease. High resolution chest CT can demonstrate 
mosaic perfusion or tree-in-bud ([12]). 
Pulmonary parenchymal disease: Bronchiolitis obliterans-organizing pneumonia(BOOP), 
nonspecific interstitial pneumonia, granulomatous interstitial lung disease, desquamative 
interstitial pneumonitis, pulmonary infiltrates and eosinophilia, and sterile necrobiotic nodules. 
Several patterns of lung parenchymal involvement have now been described in 
inflammatory bowel disease, with bronchiolitis obliterans with organizing pneumonia and 
interstitial lung disease being most common ([12, 13]). UC is the underlying form of IBD in 
the majority of reported cases of IBD-associated parenchymal lung disease. Age of onset 
varies, and there is a slight female predominance. One study of 85 patients with ulcerative 
colitis and 47 patients with Crohn's disease found that diffusing capacity was significantly 
lower during exacerbations of bowel disease than when gastrointestinal disease was 
quiescent ([22]). No pulmonary symptoms were associated with these transient physiologic 
derangements. These results have been confirmed in other reports, suggesting that 
pulmonary inflammation commonly accompanies inflammation of the bowel ([24]). 
BOOP presents in an acute or subacute fashion with variable combinations of fever, 
dyspnea, cough, and pleuritic chest pain ([12]). Chest radiographic findings range from 
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they suggested that peribronchial thickness might reflect inflammation, which usually 
responds well to steroids. They concluded that in this way, bronchiectasis can be prevented. 
And so this finding suggests a direct pathogenic link to IBD as well ([11]). 
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small airway dysfunction among IBD patients have shown. Marvisi et al ([24]) reported a 
similar finding in a smaller cohort with UC. This suggests that degree of GI inflammation 
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Other reports have employed less conventional measures of airflow obstruction to identify 
subclinical pulmonary disease. Patients with active UC had increased airway obstruction 
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residual capacity among a small number of patients with CD. Two groups, Mansi and 
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methacholine, a measure of airway hyperactivity, among patients with both UC and CD, but 
this was not confirmed in another study.  Ceyhan et al revealed that the prevalence of 
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Nitric oxide (NO) is a mediator of inflammation in a number of pathological processes. It is 
elevated in exhaled air (eNO) from asthmatic patients compared with healthy volunteers, 
and also in aspirated colonic gas from patients with Crohn's disease. Koek et al studied 31 
patients with Crohn's disease and 24 with ulcerative colitis. The authors found that eNO 
was elevated in active IBD, and in addition, observed a negative correlation between 
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evaluated the value of fractional concentration of exhaled NO (FeNO) level for the diagnosis 
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Interestingly, nine patients, mostly with UC, presented with or had a recrudescence of 
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disease in these patients ([12]). Alternatively, this phenomenon may be related to the 
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patchy focal opacities to diffuse infiltrates, while CT scanning often demonstrates the opacities 
to be pleural-based and sometimes associated with air bronchograms (Figure 2) ([21]). 
 

 
Fig. 2. High resolution computed tomography. On expiration, there is evidence of extensive 
air trapping in keeping with obliterative bronchiolitis ([21]) 

Sarcoidosis: IBD and sarcoidosis are usually considered to be distinct entities. However, the 
cumulative volume of case reports documenting coexistence of these two entities suggests a 
link between them. Fifty-three cases of IBD and concomitant sarcoidosis have been reported 
in the literature ([17]). The pathophysiologic basis of a relationship between IBD and 
sarcoidosis is unclear. Genetic susceptibility and derangements of cellular immunity play 
important roles in the development of both. Barr et al reported that human leukocyte 
antigen (HLA)-B8 and HLA-DR3 haplotypes were present in three of eight patients with UC 
and sarcoidosis, a higher proportion than expected ([37]). Papadopoulos et al reported a 
greater incidence of a variety of autoimmune diseases in patients with sarcoidosis, and 
suggested that HLA-linked genetic susceptibility (HLA-B8/DR3) predisposes sarcoidosis 
patients to a variety of autoimmune diseases ([38]). Finally, IBD and sarcoidosis share 
comparable dermatologic, ocular, and joint manifestations, further suggesting a pathogenic 
link. Nontuberculous Mycobacterium species have been postulated as an infectious cause of, 
and have been detected in tissues from patients with, both IBD and sarcoid ([39]). Elevated 
CD4:CD8 ratios on BAL, a characteristic but not diagnostic finding in sarcoidosis, have also 
been documented in patients with CD ([40, 41]). 
α1 - antitrypsin deficiency: α1 - antitrypsin deficiency can lead to the development of 
pulmonary emphysema and hepatic dysfunction. In a study 10 patients, 7 with emphysema, 
who had concomitant α1- antitrypsin deficiency and IBD have identified. Combined with the 
complex effects of smoking on the prevalence and course of UC and CD, this observation 
has lead the authors to propose that, as in the lung, imbalances in neutrophil elastase 
regulation exhibited in α1-antitrypsin deficiency may enhance potential local tissue damage 
in the gastroenterological tract from smoking ([42]). 

 
Ulcerative Colitis and Lung 

 

263 

Intestinal manifestations of a pulmonary vasculitis such asWegener granulomatosis, Churg-
Strauss syndrome, microscopic polyangiitis, and pulmonary vasculitis have been reported. 
Bloody diarrhea, abdominal pain, and intestinal perforation have been described in these 
patients. The symptoms can mimic IBD and make diagnosis difficult without biopsy ([15]). 
Pulmonary infiltrates with eosinophilia (PIE syndrome); is a recognized complication of 
sulfasalazine, which is commonly used in the therapy of ulcerative colitis. There are also 
case reports of eosinophilic pneumonia in association with mesalamine therapy. However, 
this syndrome can occur in patients with inflammatory bowel disease who have no history of 
sulfasalazine use. Eosinophilia is frequently present in the peripheral blood, and chest 
radiographs often show peripheral infiltrates typical of chronic eosinophilic pneumonia ([2]). 
Necrobiotic nodules resemble radiographically the cavitating nodules that can be seen with 
either septic pulmonary emboli or Wegener's granulomatosis . Histologically, the nodules 
are composed of sterile aggregates of neutrophils with necrosis, findings that are similar to 
those of pyoderma gangrenosum, a cutaneous complication of inflammatory bowel disease 
([43]). 
Serositis: As a complication of inflammatory bowel disease, serositis involving intrathoracic 
structures has occurred in the form of pleural effusions, pericarditis, pleuropericarditis, and 
myopericarditis ([12]). The serosal fluid is exudative, with a cellular content generally 
composed primarily of neutrophils. In a single case in which pleural biopsy was reported, 
nonspecific inflammation without granulomas was found. The pericardium is uniquely 
involved in 45% of cases ([44]). 
Pulmonary embolism: Venous thromboembolism (VTE) represents a relevant cause of 
morbidity and mortality among patients with IBD. Compared to non-IBD subjects, patients 
with IBD are at a 3- to 4-fold increased risk of VTE and are affected by VTE at a younger age 
([45, 46, 47]). The majority of thromboembolic events among IBD patients are VTE, 
manifested as either deep venous thrombosis or pulmonary embolism, but arterial 
thromboembolism and venous thrombosis at unusual sites have also been reported ([48]). 
The pathogenesis of increased thrombotic risk among patients with IBD is unclear. The 
prevalence of inherited prothrombotic disorders is no higher among patients with IBD than 
in the general population. While laboratory markers of activation of the coagulation system 
have been found in some patients with IBD, the significance of this finding is unclear. IBD 
patients often have acquired thrombosis risk factors in conjunction with their disease or its 
treatment, including immobility, surgery, and central venous catheters. However, up to one 
third of thrombotic events among IBD patients occur while their disease is quiescent, 
suggesting ongoing thrombotic risk unrelated to disease activity or therapy ([49, 50, 51]). 
Active disease, fistulas, and abscesses are present in the majority of IBD patients at the time 
of the thromboembolic event. Furthermore, IBD patients are more often exposed to disease-
related risk factors that may provoke VTE, including surgery, immobilization, dehydration, 
and central venous catheters ([47, 48, 52]). Patients who present with the acute development 
of unexplained pulmonary symptoms, tachycardia, lower extremity swelling, and/or 
hypoxemia should be assessed for possible pulmonary embolism ([17]). 
Drug-induced Complications: Patients with inflammatory bowel disease are often treated 
with sulfasalazine and 5-aminosalicylic acid (5-ASA), both of which can cause pulmonary 
disease ([14, 53, 54]).  Methotrexate, infliximab, and azathioprine / 6-mercaptopurine are 
also used in selected patients, and can induce pulmonary toxicity. 
Sulfasalazine: Pneumonitis, commonly seen in conjunction with fever and rash, is a 
recognized complication of sulfasalazine therapy. Nearly one-half of affected patients 
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patchy focal opacities to diffuse infiltrates, while CT scanning often demonstrates the opacities 
to be pleural-based and sometimes associated with air bronchograms (Figure 2) ([21]). 
 

 
Fig. 2. High resolution computed tomography. On expiration, there is evidence of extensive 
air trapping in keeping with obliterative bronchiolitis ([21]) 
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present with the clinical syndrome of pulmonary infiltrates with eosinophilia. The infiltrates 
are commonly in upper lobe (Figure 3) ([53]). 
 

 
 

 
Fig. 3. Chest radiograph and computed tomography of the patient showing bilaterally 
interstitial infiltrates with air-bronchogram in both lower lung fields ([53]) 

Other pulmonary disorders have also been associated with sulphasalazine, including 
interstitial lung disease, bronchiolitis obliterans with organizing pneumonia, granulomatous 
lung disease, and rarely pleural effusion ([12, 55]). 
Most reactions related to sulfasalazine or mesalamine are seen between 2-6 months of drug 
administration. The most common symptoms are dyspnea (76%), fever (68%), chest pain 
(65%) and cough (22%). Peripheral eosinophilia is found in almost half of the reported cases, 
diffusion capacity was decreased in a large percentage of patients and most had bilateral 
infiltrates or opacities on chest radiograph ([15]). A pulmonary picture consistent with 
Wegener's granulomatosis has also been attributed to sulfasalazine ([56]). 
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In general, patients with sulphasalazine-induced pulmonary disease improve with drug-
withdrawal; in one analysis, two of three patients who continued on the drug died ([52]). 
5-aminosalicylic acid: Pulmonary toxicity attributable to 5-aminosalicylic acid (5-ASA or 
mesalamine) is less common than with sulfasalazine. Some affected patients have diffuse or 
basilar infiltrates, sometimes with eosinophilia or may develop bronchiolitis obliterans ([53]). 
Methotrexate: Methotrexate is an analogue of the vitamin folic acid and inhibits cellular 
proliferation by inducing an acute intracellular deficiency of certain folate coenzymes. 
Serious toxicity may affect the lungs, liver, and bone marrow. Methotrexate can cause 
pneumonitis that can become life threatening. Symptoms typically include progressive 
shortness of breath, cough, and fever. Hypoxemia and tachypnea are always present, and 
chest radiograph often reveals a diffuse interstitial or mixed interstitial and alveolar 
infiltrate, commonly in the lower lung fields. Pulmonary function tests show a restrictive 
pattern with diffusion abnormalities ([15]). 
Azathioprine and 6-mercaptopurine: Immunomodulatory drugs, such as azathioprine 
(AZA) and 6-mercaptopurine (6-MP) can potentiate the therapeutic effect of glucocorticoids 
and exert a glucocorticoid-sparing effect in patients with glucocorticoid-dependent 
ulcerative colitis. Drug-induced hypersensitivity pneumonitis is a rare but potentially 
serious complication of therapy with these agents. Other pathologic patterns, such as usual 
interstitial pneumonia and bronchiolitis obliterans with organizing pneumonia, have rarely 
been reported in patients with inflammatory bowel disease treated with AZA or 6-MP ([57]). 
Infliximab: Infliximab, an inhibitor of tumor necrosis factor-alpha, is used in selected 
patients with Crohn's disease, particularly those with fistulizing disease. Infectious 
complications from use of infliximab are well-described, most notably in the development of 
tuberculosis ([58]). There are also case reports of interstitial pneumonitis developing in 
patients with rheumatoid arthritis and Crohn's disease treated with infliximab (Figure 4) ([59]). 
 

 
Fig. 4. High-resolution computed tomography of the thorax revealed extensive ground glass 
shadowing with right apical peribronchial consolidation ([59]) 
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7. Diagnosis and treatment 
The first step in determining appropriate therapy is to consider the possible role of drug-
induced disease and the possibility of superimposed bacterial infection. When patients 
with inflammatory bowel disease who are treated with sulfasalazine or 5-ASA develop 
pulmonary infiltrates with eosinophilia, it is reasonable to assume initially that drug-
induced disease is present and to discontinue the drug ([12]). The possible role of drug 
toxicity is less clear with other clinical presentations of parenchymal lung disease, such 
as interstitial disease or bronchiolitis obliterans with organizing pneumonia. In this 
setting, any decision concerning cessation of drug therapy should consider the relative 
severity of the pulmonary disease and the inflammatory bowel disease, which could flare 
if the drug is withdrawn. Possible superimposed bacterial or mycobacterial infection 
should be excluded in patients with fever, cough, or purulent sputum production. 
Appropriate antimicrobial therapy should be given if infection is found. Prophylaxis 
against venous thromboembolism (VTE) should be considered in hospitalized  
patients without evidence of gastrointestinal bleeding or other contraindications, since 
the risk of VTE may be increased in patients with inflammatory bowel disease ([47, 49, 
52,60, 61]). 
Antiinflammatory drugs: For those patients in whom neither drug therapy nor infection 
seems to be playing a role, inhaled or systemic glucocorticoids may be effective, depending 
upon the type of pulmonary complication. Inhaled glucocorticoid therapy, often in 
relatively high doses (eg, beclomethasone 1500-2000 mcg/day), is frequently effective in the 
various forms of airway inflammation. Large airway inflammation tends to be more 
responsive than bronchiolitis, presumably due to relatively poor delivery of the inhaled 
medication to the affected small airways. Patients with copious sputum production (greater 
than 50 mL/day) and those with bronchiectasis are also less likely to respond to inhaled 
glucocorticoids and may require oral glucocorticoids. Potentially life-threatening airway 
inflammation, as with subglottic involvement causing upper airway obstruction, may 
require intravenous glucocorticoids. The pulmonary parenchymal complications of 
inflammatory bowel disease require oral glucocorticoid therapy; we usually use prednisone 
at an initial dose of 0.5 to 1.0 mg/kg per day. Most patients have a good response to 
glucocorticoid therapy. The duration of treatment has not been well established, but is likely 
to be a number of months ([2]). 
Serositis in the form of pleural effusions may need therapy if the effusions produce 
symptoms. Nonsteroidal antiinflammatory therapy should be tried initially, but 
glucocorticoids may be necessary if the patient does not respond. A single case of cardiac 
tamponade requiring pericardial drainage has been reported ([17]). There is insufficient 
evidence to support the use of infliximab or other agents directed against tumor necrosis 
factor in the management of pulmonary disease associated with IBD. 
In conclusion, although most patients have subclinical disease, the pulmonologist must be 
aware of the multiple potential pulmonary manifestations that can occur in a patient with 
IBD. To get over this problem a complex work-up is needed ( Table 1. Based on Storch Et 
al. [15]). Otherwise, they tend to generate persistent and annoying symptoms, and can 
lead to destructive and irreversible changes in the airway wall, or the “end-stage lung” 
([12]). 
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Blood work 
  Complete blood count with differential 
  Comprehensive metabolic panel 
  Antineutrophil cytoplasmic antibodies 
  Angiotensin converting enzyme level 
  Erythrocyte sedimentation rate 
Radiographic 
  Chest x-ray 
  Computed tomography 
Other 
  Sputum culture/acid fast stain 
  Purified Protein Derivative 
  Kveim test 
Advanced 
  Pulmonary function testing 
  Bronchoscopy with alveolar lavage 
  Pulmonary biopsy 
  Lower extremity Doppler 
  Ventilation/perfusion scan 
  Computed tomography—angiogram 
  Hypercoagulability work-up 

Table 1. Work-up of pulmonary disease in IBD 
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1. Introduction 
Ulcerative colitis (UC) is an idiopathic chronic inflammatory disease of the colon and 
rectum, characterized by mucosal inflammation and typically presenting with bloody 
diarrhea. Crohn’s disease is characterized by transmural inflammation of the gut wall and 
can affect any part of the tubular gastrointestinal tract. Although the underlying etiology 
and exact pathogenesis remain fully unclarified, current hypothesis favors dysregulation of 
gastrointestinal immune system in genetically predisposed individuals [1]. Extra-intestinal 
manifestations of inflammatory bowel disease (IBD) are common, ensuing in approximately 
40% of patients [2], many of which are postulated to be associated with autoimmune 
mechanisms [3]. Renal manifestations associated with IBD, however, have rarely been 
reported. Sulfasalazine reaches the colon intact, where it is metabolized to 5-aminosalicylic 
acid (5-ASA, mesalazine, mesalamine) and a sulfapyridine moiety. It is therefore used for 
colonic disease, either as initial therapy or to maintain remission. Adverse effects are mainly 
caused by the sulfapyridine moiety and include headache, vomiting, and abdominal pain. A 
reduction in dose is usually beneficial. Newer 5-ASA preparations lack the sulfa moiety of 
sulfasalazine and are associated with fewer side effects. Mesalamines are slow-release 
formulae of 5-ASA and are effective as a primary tool for initial and maintenance therapy of 
IBD. Rare hypertensitivity reactions occur and include pneumonitis, pancreatitis, and 
hepatitis. Recently, several case reports have been published suggesting an association 
between the use of 5-ASA and the development of chronic tubulointerstitial nephritis in 
patients with IBD [4, 5]. Because of adverse effects of these agents, differentiation of renal 
complications subtending these therapies from the true extraintestinal manifestations of IBD 
involves much difficulty. 
In this review, we note the drugs including 5-ASA associated nephrotoxicity and also show 
case reports of UC related nephritis.  

2. Drugs of the treatment for IBD associated nephrotoxicity 
2.1 Epidemiology of nephrotoxicity in IBD 
Sulfasalazine has been used in the treatment of IBD, both for UC and for Crohn’s disease. 
Newer 5-ASA preparations lack the sulfa moiety of sulfasalazine and are associated with 
fewer side effects. Mesalamines are slow-release formulae of 5-ASA and are effective as a 
primary tool for initial and maintenance therapy of IBD. Azad Khan et al. studied the 
therapeutic activity of the component parts of sulfasalazine and found that 5-ASA was the 
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therapeutically active component of the drug [6]. In moderate active UC, both sulfasalazine 
and 5-ASA have proven to be effective in inducing and maintaining clinical remission. 
However, a number of cases have shown the 5-ASA related toxicity [7, 8]. In particular, 
nephrotoxicity has been described in some patients with IBD treated with 5-ASA [7, 8]. In 
this respect, both acetylsalicylic acid and phenacetin, which have been implicated in the 
occurrence of nonsteroidal antiinflammatory drug-induced nephropathy, share structural 
similarities with 5-ASA [9, 10]. Furthermore, previous studies reported that 5-ASA may 
cause injuries to tubular epithelial cells in animals when fed in high doses [9, 10]. The actual 
incidence of nephrotoxicity in IBD patients with 5-ASA therapy has not been determined, 
but it has been suggested that renal impairment may occur in up to 1% of patients treated 
with 5-ASA. A recent prospective study revealed that renal impairment was observed in 2-
3% of IBD patients with and without concomitant 5-ASA treatment [11]. More recently, a 
case-control analysis found that IBD patients treated with 5-ASA had an increased risk of 
renal disease [12]. However, after adjustment for several factors and variables, the risk of 5-
ASA users was comparable to controls. This study found that IBD patients without 5-ASA 
also had increased risk of renal disease. Taken together, although users of 5-ASA may have 
an increased risk of renal disease, it may be partly attributable to the underlying disease 
[12].  

2.2 Monitoring markers in IBD 
Microalbuminuria has been demonstrated to be present in the majority of IBD patients, and 
it seems to be related to disease activity. However, other studies have shown that 
microalbuminuria is not present in patients with IBD [13]. Some authors have concluded 
that an increased prevalence of tubular proteinuria may be attributed to high doses of 5-
ASA [14]. Nevertheless, differences among these studies may be related to differences in 
disease activity of IBD. Taken together, it is important to conduct a systematic evaluation of 
the effect of 5-ASA treatment on renal function in patients with IBD. 
5-ASA treatment-related nephrotoxicity is reported most often within the first 12 months, 
but also delayed presentation after several years has been observed. Thus, regular 
monitoring of renal function should be performed during the therapy. 
Several attempts have been made to measure early signs of renal impairment in patients 
with IBD treated with 5-ASA using sensitive markers of glomerular and tubular 
dysfunction. Riley et al. found that the incidence of elevated urinary markers such as N-
acetyl-D-glucosamidase is low in patients with quiescent UC, which is independent of the 
dose and duration of 5-ASA treatment [15]. When renal damage occurs, its presence is 
unlikely to be detected by urinalysis in its early remediable stages. Although tubular 
enzymuria may be a more sensitive and specific marker of renal damage, it is not yet 
available as a screening method and the correlation between the several urinary markers of 
renal damage and 5-ASA treatment remains unproven. These limitations emphasize the 
importance of monitoring serum creatinine in patients with IBD treated with 5-ASA. 

2.3 The incidence of renal disease in IBD 
It has been suggested that mesalazine may induce renal impairment more frequently than 
sulfasalazine [16]. In an analysis of spontaneous reports of adverse events in the UK, 5-ASA-
related nephrotoxicity seemed more frequent in mesalazine-treated patients compared with 
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sulfasalazine-treated patients [17]. Recently, data from the UK General Practice Research 
Database were used to estimate the incidence of renal disease in adult patients with IBD, 
and mesalazine and sulfasalazine users had comparable risks of nephrotoxicity (0.17 versus 
0.29 cases per 100 person-years, respectively) [12]. It can be conluded that the nephrotoxicity 
potential of mesalazine and sulfasalazine seems to be similar, and,even if differences exist, 
they are probably small. Mesalazine should be withdrawn when renal impairment manifests 
in a patient with IBD in whom no other cause can be readily identified. If withdrawal of 5-
ASA treatment does not result in a fall in serum creatinine, then the patient should be 
referred for consideration of renal biopsy to make sure whether interstitial nephritis or 
glomerulonephritis associated with IBD is the cause of the persistent impaired renal 
function.  

2.4 Treatment for renal impairment in IBD 
Steroids and azathioprine have been used in patients with renal impairment due to 
mesalazine-associated interstitial nephritis, but the evidence for beneficial roles is anecdotal 
and uncontrolled. Partial improvement or even complete recovery of renal function after 
steroid therapy has been reported by several authors. However, other studies have been 
unable to demonstrate a beneficial effect of these immunosuppressive drugs. Nevertheless, 
it has been suggested that a trial of high-dose steroid (60 mg/day or 1 mg day/kg for up to 
3 months) may be recommended in patients whose renal function does not respond to drug 
withdrawal alone [7]. Although most case reports indicate reversibility after cessation of the 
drug, in some cases permanent clinical kidney dysfunction has been observed. Thus, it has 
been calculated that 10% of the patients with 5-ASA nephrotoxicity will develop end-stage 
renal disease [5]. 

3. Case reports of UC related nephritis 
3.1 ANCA related nephritis  
UC is typically associated with antineutrophil cytoplasmic antibodies of perinuclear type (p-
ANCA). These antibodies are not usually considered to carry potential for the development 
of systemic vasculitis as they lack specificity for proteinase 3 (PR3) or myeloperoxidase 
(MPO). ANCA can be detected in sera from patients with a wide variety of inflammatory 
diseases including UC. In one study of 50 patients with UC, 54% were shown to be either p-
ANCA or c-ANCA positive but none of these antibodies reacted with PR3 or MPO [18]. In 
another study, ANCA-positive patients with UC were followed for a year during which no 
evidence of glomerulonephritis was found [19]. 

3.2 IgA nephropathy 
UC may be associated with a number of extraintestinal complications, involving almost 
any organ system. The organs most commonly involved include the skin, joints, biliary 
tract and eyes [3, 20]. However, renal and genitourinary tract manifestations are quite 
rare, particularly glomerulonephritis. They reported that a patient of IgA nephropathy 
with UC and chronic intermittent episodes of indolent macrohematuria [21]. IgA 
nephropathy can be primary in most cases or secondary but is rarely associated with UC 
[22, 23]. Altered T-helper cells’ function might be the initial common derangement of both 
UC and IgA nephropathy [24, 25]. In IgA nephropathy such alteration in CD4-positive T 
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sulfasalazine-treated patients [17]. Recently, data from the UK General Practice Research 
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UC is typically associated with antineutrophil cytoplasmic antibodies of perinuclear type (p-
ANCA). These antibodies are not usually considered to carry potential for the development 
of systemic vasculitis as they lack specificity for proteinase 3 (PR3) or myeloperoxidase 
(MPO). ANCA can be detected in sera from patients with a wide variety of inflammatory 
diseases including UC. In one study of 50 patients with UC, 54% were shown to be either p-
ANCA or c-ANCA positive but none of these antibodies reacted with PR3 or MPO [18]. In 
another study, ANCA-positive patients with UC were followed for a year during which no 
evidence of glomerulonephritis was found [19]. 

3.2 IgA nephropathy 
UC may be associated with a number of extraintestinal complications, involving almost 
any organ system. The organs most commonly involved include the skin, joints, biliary 
tract and eyes [3, 20]. However, renal and genitourinary tract manifestations are quite 
rare, particularly glomerulonephritis. They reported that a patient of IgA nephropathy 
with UC and chronic intermittent episodes of indolent macrohematuria [21]. IgA 
nephropathy can be primary in most cases or secondary but is rarely associated with UC 
[22, 23]. Altered T-helper cells’ function might be the initial common derangement of both 
UC and IgA nephropathy [24, 25]. In IgA nephropathy such alteration in CD4-positive T 
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cells causes a nonspecific stimulus on plasma cells in the bone marrow to secrete 
polymeric IgA1 into the circulation [26, 27] and of IgG1 and IgG3 in UC [28, 29] 
culminating in both cases with a common state of local cytokine secretion and tissue 
inflammation. 

3.3 UC related interstitial nephritis 
Lately, we reported a patient with UC who has developed acute interstitial nephritis and the 
subsequent renal failure following a long pause of the treatment with mesalazine [30]. In 
this case, we observed progressive decline in renal function in a patient with UC. Although 
the patient exhibited stable levels of serum Cr during the 3 year period after the treatment 
with mesalazine and sulfapyridine was discontinued, he developed severe interstitial 
nephritis associated with moderately active UC (Figure 1). His renal biopsy samples showed 
evidence of severe active tubulointerstitial nephritis along with intense renal interstitial 
infiltration of CD3-positive T cells (Figure 2). Colonic fiberscopic examination also revealed 
moderate UC activity and the mucosal infiltration of CD3-positive cells, thus suggesting the 
common immune mechanism possibly mediated by T-cell dysregulation. Since the patient 
had not used any nephrotoxic agent for at least three years, it was reasonable to conclude  
 

 
Fig. 1. UC related interstitial nephritis (PAS staining) 
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Fig. 2. Intense interstitial infiltration of CD3-positive T cells was detected in the kidney 
(Upper). The infiltration of CD3-positive cells into the intestinal mucosa was also observed 
(Lower) 

that the main precipitating cause of the progression of renal injury during the medication-
free period is attributable to the disease activity of UC per se, rather than the flare-up of the 
reminiscence of mesalazine effect.    
Drug-induced nephropathy constitutes a critical problem that precludes the continued use 
of the agent. Nephrotoxicity has been described in patients with IBD treated with 5-ASA [4, 
5]. In the literature survey, 5-ASA-associated nephrotoxicity is reported most often within 
the first 12 months from the initiation of the drug [31], but delayed presentation has also 
been shown rarely, with the onset of the renal manifestation after several years of the 
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treatment [32, 33]. In most of their reports, however, 5-ASA was given continuously during 
the latent period. In our case, by contrast, nephrotoxic agents, including mesalazine or 
sulfapyridine, were discontinued for at least three years, during which renal function 
remained relatively stable. Collectively, it appears unlikely that the aggravating process 
after the cessation of the drugs is associated with the direct nephrotoxic effect of these 
agents.  
 

 
Fig. 3. Colonic fiberscopic findings unveiled moderate UC activity  

Since IBD is acknowledged as autoimmune disease affecting multiple extraintestinal 
organs, it is possible that the kidney is a target organ for the UC-associated systemic 
injury. Indeed, several types of kidney disease have been documented, including 
glomerulonephritis, membranous nephropathy and nephrotic syndrome as rare extra-
intestinal manifestations of IBD [34-35]. In contrast to glomerular disease, 
tubulointerstitial nephritis unrelated to nephrotoxic agents has rarely been reported 
hitherto [36]. Of note, it has been shown that a substantial number of patients manifest 
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pathological enzymuria [37]. Furthermore, a strong correlation between disease activity 
and tubular proteinuria has been reported in IBD [38]. In our recent case report, the 
patient shows moderate UC activity (Figure 3) and progressive course of interstitial 
nephritis with no nephrotoxic agent given during the antecedent 3-year period. Although 
there reported one case showing that the renal injury does not parallel the activity of IBD 
[33], the absence of other aggravating factors rather favors the recognition of the UC 
activity as a precipitating mechanism in this case.   
Link between IBD and kidney disease merits comment. As shown in the present case, the 
kidney constitutes a target organ involved in the UC-induced systemic disorders. 
Furthermore, the kidney, where various drugs and their metabolites are condensed in situ 
and excreted in the urine, is susceptible to the nephrotoxicity of these agents. Of more 
clinical importance, the present case sheds light on the kidney as an organ affected in  
IBD albeit low incidence reported so far. To the extent that the kidney disease  
contributes substantially to the development of cardiovascular events, our observation  
would emphasize the need for increasing awareness of the kidney in the management of 
IBD.  

4. Conclusion 
A large number of biological agents as well as many biochemical substances and molecules 
specifically for the medical treatment of patients with IBD, have been developed. 
Sulfasalazine has been used in the treatment of IBD, both for UC and for Crohn’s disease. 
Mesalamines are slow-release formulae of 5-ASA and are effective as a primary tool for 
initial and maintenance therapy of IBD. Recently, several case reports have been published 
suggesting an association between the use of 5-ASA and the development of chronic 
tubulointerstitial nephritis in patients with IBD. Because of adverse effects of these agents, 
differentiation of renal complications subtending these therapies from the true 
extraintestinal manifestations of IBD involves much difficulty. Since IBD is acknowledged as 
autoimmune disease affecting multiple extraintestinal organs, it is possible that the kidney is a 
target organ for the UC-associated systemic injury. Indeed, several types of kidney disease 
have been documented, including glomerulonephritis, membranous nephropathy and 
nephrotic syndrome as rare extra-intestinal manifestations of IBD. We also reported the case 
of acute interstitial nephritis associated with UC. As noted in our case report, we assume 
that the renal manifestation is attributed to intrinsic disease process of the UC-mediated 
immune dysregulation, and emphasize the need for the pathophysiological evaluation of the 
intestine and other organs in clinical situations. 
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