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Preface

This book comes out with the idea that there is no complete resource that can explain autoan-
tibodies and cytokines at the same time. These two molecules of immune system protect from
the foreign bodies and are mainly responsible for various immunological processes. These
molecules can function normally to give us defense and protect from foreign body. Some-
how, slight changes in the body might trigger these molecules to act on their own cell and
consider them alien. This may trigger various immune responses and protective antibodies
are now acted on normal cells and tissues and presented them as foreign. At this time, they
are called as “autoantibodies” and they trigger series of reactions that might escape from
normal body’s security check up. Other molecules of the immune system like cytokines re-
main helpless and they leave the idea that these autoantibodies are not doing anything
wrong. As these molecules growing their function in negative prospective, so there might be
a good chance to use them as diagnostic and prognostic marker for autoimmune diseases.

The order of the topic for this book follows general trends of the book, starting from the
basic followed by their role in different diseases and their assay. This book has four sections:
“Autoantibodies”, “Cytokines and Interferons”, “Autoantibodies and cytokines in different
diseases” and “Autoantibodies based biomarker and their assay”. The first section of the
book includes three chapters that discuss general about autoantibodies, their structure,
physiology and function as key mediators for autoimmune infertility. The first introductory
chapter explains general about autoantibodies and their subtypes. Second chapter deals
with the structure, physiology and function of autoantibodies. The third chapter explains
autoantibodies as key mediators for autoimmune infertility.

Second section includes one chapter that explains the structures and functions of cytokines
and interferon. In this section, chapter four deals with the function and types of cytokines
and interferon.

Third section of the book “ Autoantibodies and cytokines in different diseases” deals with
the role of autoantibodies and cytokines in various autoimmune diseases and related com-
plications. This section starts with the role of autoantibodies in viral diseases, followed by
their role in autoimmune diseases, primary Sjogreen’s syndrome and silicosis. This section
also explains preeclampsia in relation to the cytokines in pregnancy.

Fourth section “Autoantibodies based biomarker and their assay” consists of two chapters
that deal with the usage of autoantibodies as biomarker in disease staging, treatment motor-
ing and contemporary technological approaches to autoantibodies biomarker discovery and



Xl Preface

validity, and finally, their assays in autoimmune disease. Overall, this book is a collection of
latest topic on autoantibodies and cytokines that guide those who seeks to improve their
knowledge for this topic.

Dr. Wahid Ali Khan
Assistant Professor
Clinical Biochemistry
College of Medicine
King Khalid University
Abha, KSA
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Autoantibodies







Chapter 1

Introductory Chapter: Autoantibodies and Their Types

Wahid Ali Khan

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.77328

1. Introduction

Autoantibodies are groups of antibodies that are directed against body’s own antigen. These
autoantibodies are generated against different types of antigens in various autoimmune dis-
eases. Clinical symptoms of systemic autoimmune diseases are characterized by the involve-
ment of various organs in addition to the production of non-organ specific autoantibodies.
These autoantibodies in autoimmune diseases are associated with a specific clinical symptom
within a spectrum [1]. Most of the autoantibodies have diagnostic and prognostic importance
with respect to their associated disease and all of these are not involve in the pathogenesis of
these diseases. Most autoantibodies are mainly used as biological markers for certain disease
but they do not actually reflect the pathophysiological process underwent during the course
of the disease, however, many autoantibodies also have a pathogenetic roles such as anti-
nuclear antibodies and anti-tTG antibodies in celiac disease. For example, autoimmune
hepeatitis is a chronic disease which is characterized by various clinical, histological as well as
immunological characteristics including production of circulating autoantibodies and high
serum concentration of gamma globulin [2]. These autoantibodies are very important for the
correct diagnosis and classification of autoimmune liver disease [3] and they are not related
with the pathogenesis of autoimmune hepatitis. However, some of the systemic autoimmune
disease relating these autoantibodies in the sense that their levels are changes during the
course of the disease. These include anti-double stranded DNA antibodies in systemic lupus
erythematosus (SLE) and anti-neutrophil cytoplasmic autoantibodies in the vasculitis [4].
Other types of antibodies like anti-nucleosome and anti-Clq autoantibodies can function as
both markers of the disease activity as well as pathogenic autoantibodies in SLE [5, 6].

The history of the autoantibodies goes back to 1940s, when two types of antibodies (anti-
nuclear antibodies; ANA and rheumatoid factors; RF) were discovered as the serum factors
that bind to nuclear antigen IgG, respectively [7, 8]. ANA and RF considered being a diagnostic

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgINEN



4 Autoantibodies and Cytokines

feature of SLE but their role in disease pathogenesis remains elusive. In the last two decades,
the effects of autoimmune diseases have been gown up to such an extent that it can explains
both points of views, as clinically and diagnostically. The pathogenic mechanisms of these
autoimmune diseases help to contribute to the discovery of new autoantibodies and new area
of research, based on diagnostic and prognostic value, have been developed. Determination
of these autoantibodies in the diagnosis of autoimmune disease is important because they
are sometime showing nonspecific, unclear character and even shared by different autoim-
mune diseases [9]. For most of the autoimmune diseases, classification criteria include the
determination of autoantibody that helps in final diagnosis. They are important not only for
diagnostic perspective but also for prognostic value. Some of these autoimmune have been
associated with the clinical manifestation of the disease, therefore estimation of these auto-
antibodies pattern in the patients might helpful to detect severity of the disease that can be
useful for the need of correct therapy [10].

Several autoimmune diseases show chronic conditions that develop over the period of years
and are characterized by the production of autoantibodies that actually present much before
the actual onset of the disease. These autoantibodies are called as predictive autoantibodies
that are present (or appear) in the blood much before systemic pathological conditions arise
during the course of the disease. Detection of specific autoantibodies is the most important
clinical and experimental evidence to predict any autoantibodies as biomarker for that auto-
immune disease [11]. The levels and variety of autoantibodies may vary according to the
disease that may function as predictive biomarker. While the experimental importance of
autoantibodies has been well recognized in many clinical conditions, its clinical utilization
remains to be short for most of the diseases [12]. Autoimmune diseases are caused by vari-
ous autoimmune responses, generated during the course of the disease. The generations of
immune responses are characterized by the appearance of the autoantibodies in the serum,
therefore recognition of a particular autoantibody showed the path to recognize an autoim-
mune disease. Initially, the clinical symptoms of the disease are not emerges in full flash
although these autoantibodies may arises much before these symptoms and actual onset of
the disease. So, the symptoms are not visible, so the physician did not think to test these
autoantibodies initially [13]. Therefore, test for these autoantibodies could be done in pre-
screening on various groups of population to identify the individuals who are susceptible for
the development of the disease at an early stages and treatment should be given to prevent the
actual occurrence of the disease. Multiple tests have been given for these patients for different
autoimmune diseases, and recommendations are given to done multiple test for the patient
who are having autoimmune disease [14]. However, disease related autoantibodies cannot
develop simultaneously, although they are present much before the actual disease onset, and
many of these autoantibodies are antigen specific, so using a panel of different autoantibodies
set, might helpful to increase the sensitivity and prediction of the test [15].

Autoimmunity arises due to the failure of the immune system to be self-tolerance, which is
mediated through the involvement of T and B cells [16]. Most of the autoimmune disease
involves T cell, which play an important role in dysregulation and autoimmune aggres-
sion and during this process large amount of autoantibodies are also produced. These
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autoantibodies plays not only in key pathogenic role in some diseases including SLE and
Graves’ disease but also found in some disease in which they play minor pathogenic role
and can act as important biomarker [17, 18]. Cytokines, in addition to the production of
autoantibodies, play important role in the generation of autoimmune response (especially
pro-inflammatory cytokines: except multiple sclerosis), they are produced in response to the
viral invasion and are deeply involved in various autoimmune process. Under normal condi-
tion, anti-cytokine antibodies response have been develop in healthy normal individual that
is consider to be normal physiological process to control various immune response. These
responses are for limited time initially, and then the concentration of these autoantibodies
increases, reaching a threshold and then coming up to its normal concentration after few
weeks. This process also occurs in some pathological conditions including autoimmunity
and autoantibodies develop as a result of these processes might be used as prognostic marker
for monitoring the disease [19].

2. Different types of autoantibodies

2.1. Anti-cytokine autoantibodies

Autoantibodies against various types of cytokines have been described not only in normal
individuals but also in patients with different infectious and immuno-inflammatory disease
[20]. These include interferon (o, f, and y), interleukin (o, 2, 4, 6, 8 and 10), nerve growth
factor, chemokine (a and f), leukemia inhibitory factor, granulocyte-macrophage colony-
stimulating factor, and tumor necrosis factor (a and p) and receptor, which are found to be
in normal individuals and patients with various disorders. In autoimmune disease, these
autoantibodies can function as prognostic biomarkers that may even show negative (auto-
antibodies against IL-18 and IL-1a in RA) or positive (autoantibodies to IL-6 in systemic scle-
rosis) results [21]. The autoantibodies against cytokines found to be pathogenic that makes
autoimmune patients more susceptible to other diseases. There are various autoimmune dis-
eases including rheumatoid arthritis, multiple sclerosis, systemic sclerosis, SLE, autoimmune
polyendocrine syndrome type 1, in which neutralizing autoantibodies against cytokines have
been described. The affinity of anti-cytokine autoantibodies may depend on the function of
cytokine during various immune responses. For example, pro-inflammatory cytokines such
as interleukin-1a, -6, -8, TNF-a and GM-CSF, have more frequently autoantibodies, whereas
anti-inflammatory cytokines like interleukin-10 and TGF-f, have autoantibodies that were
reported rarely [22-24]. However, most of these studies does not provide sufficient evidences
for the functional effects of these autoantibodies, which might helpful to describe their role
in various autoimmune diseases and capitalize them for future therapies. There are few pro-
inflammatory cytokines that play important role in joint aggression in rheumatoid arthritis
[25, 26]. Autoantibodies against IL-1alpha can be worked as an important prognostic marker
for early detection of RA [27] and several parameters of RA disease activity and severity was
found to be significantly lower in those patients who have high levels of anti-IL-1a autoanti-
bodies in comparison to those who have low levels of these autoantibodies. Autoantibodies
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showed neutralizing effects on the function of IL-1la by inhibiting thymocytes proliferation
in the sera of RA patients [28]. These autoantibodies were also detected in the patients with
systemic sclerosis. Autoantibodies against IL-1a have been secreted in high amount in the
skin [29]. These autoantibodies have also been found in other dermal diseases; for example,
psoriasis and pemphigus, that are supposed to be involve in the regulation of inflammation
of skin [30].

2.2. Antinuclear autoantibodies (ANA)

Autoimmune hepatitis is the first disease in which autoantibodies had been clearly associ-
ated. In 1960s, these autoantibodies were detected by indirect immunofluorescence assay in
the diagnosis and prognosis of autoimmune hepatitis. ANA directed against various nuclear
components including single or double stranded DNA (s- or ds-DNA), transfer RNA, histone
and other nuclear components [31-33]. There are various other nuclear components which
are targeted by these autoantibodies but are not related with autoimmune hepatitis includ-
ing s-DNA and ds-DNA, chromatin, histones, hnRNP, A /B, cyclin A, and centromere of the
chromosomes [34]. These autoantibodies may arise due to the mistake in identifying normal
nuclear components as foreign and dangerous. Once this happen, they identify natural occur-
ring protein as foreign and they are called as autoantibodies because they are produce against
own antigen. These autoantibodies start chains of reactions causing inflammation and attack
itself. So they also start to target normal protein in the nucleus of the cell and they are called
antinuclear antibodies. Although, we all have autoantibodies but they are present in very small
amount and they remain silent in the body until and unless some factors may trigger these
autoantibodies to be active against normal nuclear components. Once these autoantibodies
attack on the self nuclear components, they may trigger various diseases including systemic
lupus erythematosus, scleroderma, Sjogren’s syndrome, polymyositis/dermatomyositis, etc.
Increased level of ANA is seen in almost all the systemic rheumatic disease which either
showed sometime high, sometime loose association between a particular type of ANA and
a particular type of rheumatic disease. Most of these autoantibodies directed against either
nucleic acids or protein close to the nucleic acid. For example, the most common antigen in
SLE is nucleosomes. Nucleosomes form the building blocks of chromatin molecule and play
an important role in the compaction of DNA in the nucleus. ANA directed against DNA, con-
sidered to be as diagnostic maker and hallmark of SLE. Antibodies against histones were also
reported in various studies that also proven to be an important marker for SLE. Other impor-
tant antigen for ANA is small nuclear ribonucleoprotein (snRNP) particles that are formed
from a capped small nuclear RNA molecule and polypeptide. In addition, other antigens
from the cytoplasmic relevance to ANA binding are ribosomal RNP and aminoacyl tRNA
synthetase [35]. ANA play an active role in SLE since these autoantibodies bind to the antigen
that may be present in the circulation or their immune complexes are deposited in the tissue
that leads to inflammation and subsequent disease features. Either anti-DNA or anti-DNA
complexes were involved in the induction of lupus nephritis. In addition, anti-DNA antibod-
ies against various protein molecules are also found in SLE that plays an important role in the
etiopathogenesis of this disease [36—40].
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2.3. Anti-citrullinated protein antibodies and anti-CCP antibodies

These are the autoantibodies that are induced against any peptide or protein that are citrul-
linated. They are present in the majority of the patients suffering from RA. Clinically, this
antigen can be frequently used to detect antibodies in the serum of RA patients. It has been
assumed that high titers of these autoantibodies are correlated with high risk in the devel-
opment of RA [41]. These autoantibodies were found to be highly sensitive and specific in
comparison to rheumatoid factor. In addition, combined estimation of rheumatoid factor and
anti-citrulline antibodies can increase the assessment of both tests [41]. Anti-CCP antibodies
can function not only as diagnostic marker but also have prognostic value, they might be used
to predict the development of the disease and can be present much before the actual onset of
the disease. These autoantibodies are also associated with other diseases such as cardiovas-
cular as well as pulmonary complications. Anti-CCP antibodies can be useful in the diagnosis
and prognosis of RA and have been included as one of the major criteria for the classification
of this disease [42].

2.4. Rheumatoid factor (RF)

Rheumatoid arthritis is one of the disease in which the option for diagnosis and prognosis
is more advance in the field of autoimmunity [43]. Since RA have nonspecific symptoms,
therefore the diagnosis could be difficult but early diagnosis is important to have more option
for therapy and cure. However, as this disease is characterized by radiological progression
during early phase of the disease, so there might be good opportunity to initiate for early
and effective treatment [44]. In early studies, serological diagnostic tool for RA were limited
and the only autoantibodies related with the diagnosis of RA was rheumatoid factor that
showed low sensitivity and specificity [43, 44]. Some patients can even showed negativity for
RF and RF may be positive in various other autoimmune diseases that are showing nonclini-
cal conditions and are positive even with other types of autoantibodies in these diseases. If
the RF is falsely positive, it is interesting to mention that the complementary diagnostic test
is antistreotolysin O (ASO/ASLO) test. Earlier studies have shown that smoker have elevated
incidence of RA because of high RF [45]. Studies also indicated that elevated level of RF was
found to be twice in comparison to both current and ex-smokers than nonsmokers and the
level of RF was more in these individual [46]. Studies also have shown that smoking somehow
effect the progression of RA [47].

Besides that, there are large groups of autoantibodies that are causing various types of autoim-
mune diseases including Anti-transglutaminase antibodies-celiac disease, dermatitis herpeti-
formis; Anti-ganglioside antibodies-Miller-Fisher syndrome, acute motor axonal neuropathy;
Anti-actin antibodies-coeliac disease; Anti-thrombin antibodies-SLE; Anti-neutrophil cyto-
plasmic antibody-polyangiitis; Anti-smooth muscles antibodies-hepatitis; Anti-mitochondrial
antibodies-primary biliary cirrhosis; Anti-SRP-polymyositis; Anti-SRP & Anti-AChR-
myasthenia gravis; Anti-thyroid antibodies-Hashimoto’s thyroiditis, Graves’ disease; Anti-
SLA/LP, perinuclear anti-cytoplasmic antibodies, Anti-LKM, Anti-LC-1, Anti-mitochondrial
antibodies, Anti-asialoglycoprotein receptor antibodies-liver disease, etc. (Figure 1).
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Figure 1. List of some common autoantibodies and their associated diseases.

3. Conclusion

Autoantibodies are group of antibodies that are directed against self antigen. These antibodies
recognized normal molecules in the cells as foreign and dangerous. As a result of that, large
group of reactions take place in which these autoantibodies recognized normal molecules and
generate various immunological response against them. In consequence, these autoantibodies
also interact with other protein molecule in order to generate a series of reactions causing
binding to the self molecules. Binding of autoantibodies to self molecules can be recognized
by various immune cells that mainly responsible for the damage and excretion of these mol-
ecules. For examples, there are various types of autoantibodies and their associated antigens
found in in SLE (Table 1). These self damaged molecules are called as auto-antigen and finally
treat as foreign molecule and damage by various immune cells.

Antinuclear autoantibodies (ANA) Various nuclear components
Anti-ds DNA Double stranded DNA
Anti-Sm Protein with nuclear U1 RNA
Anti-RNP Protein with U1 RNAy
Anti-R_ (SS-A) Protein with hYRNA

Anti-La (SS-B) Protein with hYRNA
Anti-histone Histones

Anti-phospholipids Phospholipids

Anti-neuronal Neurons and lymphocytes
Anti-ribosomal Protein in ribosomes

Table 1. Major types of autoantibodies and their associated antigens in SLE.
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Abstract

Prevalence of autoimmune diseases is increasing. Antibodies are responsible for the humoral
type of adaptive immune responses, glycoprotein structure and produced by B lymphocytes.
Failure of Immunologic self-tolerance due to environmental and genetic factors may
predipose the development of autoimmunity. Self-antigens are either tolerogenic or ignored.
Central tolerance occurs at immature T and B lymphocytes in the thymus and bone marrow.
Peripheral tolerance occurs at mature lymphocytes encounter self-antigens in peripheral
tissues. Negative selection, regulatory T cells, anergy, activation-induced cell death, immune
suppression, receptor editing are examples of important steps of immune tolerance. B lym-
phocytes that produce antibodies which bind self-antigen with medium/low affinity escape
from anergy and those antibodies are called as natural autoantibodies but the other ones
with high affinity are undergo anergy, The natural antibodies have play critical roles as;
discrimination foreign from self, auto-multireactivity, regulate the immunomodulation,
maintain tissue homeostasis. Natural autoantibodies work as the templates for the produc-
tion of pathogenic autoantibodies which has high affinity, switch the class and diverse
somatically under proper conditions. Pathogenic autoantibodies can protect or cause diseases
via neutralization of self-antigens, opsonization, antibody-dependent cellular cytotoxicity,
activation of the complement system, pro-inflammatory and anti-inflammatory effect.

Keywords: physiology, function, structure, autoantibody

1. Introduction

Autoimmune diseases have been increased for the past decades worldwide [1, 2].The preva-
lence of autoantibodies induced autoimmune diseases is over 2.5% [3].

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgINEN
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Failure of immunologic tolerance may cause the development of autoimmune response and
then autoimmune disease [4, 5].

The cause of autoimmune diseases is an association of genetic tendency and environmental
factors cause alteration the immune regulatory genes by diver’s mechanisms as epigenetics. In
autoimmune diseases pathogenesis, both cellular (as in multiple sclerosis) and humoral (as in
systemic lupus erythematosus (SLE)) type of the adaptive immune system takes a role. An
autoimmune response does not inevitably signify the autoimmune disease [5, 6].

In most of autoimmune diseases, the autoantibodies could been found but not all. Even in
some autoimmune diseases, the autoantibodies signify not autoimmune disease risk, but also
the level of the autoantibodies signifies the severity. By autoantibodies, we can understand
immunologic tolerance failure and pathogenesis mechanisms [7-15].

Autoantibodies are self-reactive antibodies. The self-antigens may be found in all cell types
(e.g. chromatin, centromeres) and those autoimmune diseases is systemic or be highly specific
for a specific cell type in one organ of the body (e.g. thyroglobulin in cells of the thyroid gland)
and those autoimmune diseases is organ-specific. The self-antigens can be in proteins, nucleic
acids, carbohydrates, lipids structure [16]. Immune tolerance is succeed by various mecha-
nisms, occurred at both central and peripheral organs.

2. Autoantibody structure

An antibody molecule and also autoantibody are include of four polypeptide chains; com-
posed of a pair of identical heavy (H) and light (L) chains. Molecular weight of light chain is
25 kDa and heavy chain is 50-70 kDa. The four chains joint together as a Y shaped. Each light
chain is bound to one heavy chain, and the two heavy chains are bound to each other by
disulfide bonds between two cysteine amino acid.

The antigen-binding site of chains that diverse at different antibody is called as the variable (V)
regions and composed of amino acid N-terminal domains of the heavy and light chains. The
part next to the V region is called the constant (C) region. A light chain is made up of one Vand
one C region, and a heavy chain has one V and three (at IgG, IgA) or four (at IgM, IgE) C
regions. Each of them is 110 amino acids in length and fields into a characteristic three-
dimensional shape called immunoglobulin (Ig). There are three hypervariable regions or CDRs
at each variable region of the heavy chain (VH) and of the light chain (VL) which is just 6-10
amino acids in length. CDR3 is the greatest variability of three hypervariable region, at the
junction of the V and C regions [4, 5] Figure 1.

Fab fragment (fragment antigen binding) is composed of a bonded whole light chain (with one
V and one C region) and a heavy chain’s V and first C region and recognizes the antigen. The
Fc fragment (fragment crystalline) is the remaining region of heavy chain. Each antibody
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Figure 1. Structure of an antibody molecule (IgG).

contains two identical Fab fragments and one Fc fragment. The hinge region is located in the
middle of the Fab and Fc regions and is very bending so helps the two Fab fragment getting
closer to antigen far away. The C-Terminal end of the heavy chain of bound antibodies can
terminate with or without anchoring in the cell membrane, but the C-Terminal end of the light
chain terminates freely without attaching the cell membrane [4, 5].

There are two types of light chains according to C region, called x and A. Their functions are
same. 60% of antibodies are 1 chains and 40% are A chains There are five types of heavy chains
also according to C region, called p, 9, v, € and a. Every combination of heavy chain and light
chain is available. Antibodies are classified and entitled according to their heavy chains types
(IgM, IgD, 1IgG, IgE and IgA) [4, 5].

There is five antibody isotypes with different functions and physical and biological properties,
summarized in Table 1.

1. IgM: Heavy chain type is p. It has pentamere structure with five Fc fragments where
complement binds. The antigen+ pentamere antibody+ complement bound to five Fc complex
starts strong complement activation and is removed by phagocytic cells or complement medi-
ated lysis. So IgM plays critical role in neutralization but it has relatively low affinity and
cannot penetrate into cells/tissues because of the pentamere structure. Half-life of IgG is
approximately 10 days [4, 5].

2. IgG: Heavy chain type is y. It has monomere structure and penetration rate is high e.g.
penetare through the placenta There are four classes of IgG: G1, G2, G3 and G4. 65% of total
IgG is G1. G1 and G3 activate complement system if the antigen is protein structure and the
protein antigens are removed by phagocytic cells. G2 and G4 play role if the antigen is

15
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Property IgM IgG IgA IgD IgE
Heavy chain type u Y a b E

% of total immunglobulin in serum 9 75 15 0.2 0.004
Structure Monomer or pentamer Monomer Monomer or dimer Monomer Monomer
Molecular weight (x1000) 900 150 170 or 400 180 190
Complement fixation ++ ++ — — _

Cross the placenta — ++ — — —
Allergic response — — — — +
Antigen receptor at B cell ++ — — + _
Secretoral response - - ++ — —

Table 1. Physical, biological properties and functions of immunoglobulins.

carbohydrate structure. Half-life of IgG is approximately 21 days. Since IgG has high affinity
and high molar concentrations in plasma, it makes neutralization [4, 5, 17]. It also makes
opsonization because of y receptors of phagocytes. If N-terminal end is N-acetyl glucosamine,
the IgG act as pro-inflammatory and if there is sialic acid then act as anti-inflammatory.

3. IgA: Heavy chain type is a. It has monomere or mostly dimere structure which consists of
two basic units joined by a ] chain. There are two classes of IgA: Al and A2. IgAl is in the
serum while IgA2 is in secretions as; colostrum, salivary, eye tear, respiratory, digestion and
genital and make neutralization of antigens at the mucosal sites. A2; secretory IgA (sIgA) is
protected from lytic enzymes in the digestion tract by secretory component (SC) which is a
part of the receptor and remains attached to the IgA-dimer [4, 5, 17].

4. IgD: Heavy chain type is 0. It has monomere structure. There are two classes of IgD: soluble
and bound IgD. While function in immunology of soluble IgD is not known yet, IgD that
bound on the cell membrane of newly produced B lymphocytes with IgM, activates of newly
produced B lymphocytes by antigens [4, 5, 17].

5. IgE: Heavy chain type is e. It has monomere structure. IgE plays role in parasitic infections
and allergic reactions by binding to specific IgE receptors on mast cells and basophiles [4, 5].

3. Physiology of autoantibody

3.1. Physiology of antibody

Antibodies are responsible for the humoral type of adaptive immune responses, glycoprotein
structure and produced by B lymphocytes.

Antigens can directly bind to antigen receptors of specific B lymphocytes. The type of revers-
ible bond is non-covalent as; electrostatic attraction, hydrogen bonds, Van der Waals-, charge
interactions and hydrophobic forces. Membrane-bound antibodies (IgM and IgD type) work
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as antigen receptors of B lymphocytes (BLR) and can bind to antigens in proteins, lipids,
carbohydrates and nucleic acids structures. T lymphocytes can react antigens just in protein
structure. For an antigen-presenting cells (APC), there is not any necessity to present antigens
to B lymphocytes. Epitopes antigens recognized by T cells are narrow linear peptides from 8 to
20 amino acids [4, 16, 17].

After binding of antigens to the receptors that are membrane- bound antibodies; IgM and IgD
type, B lymphocyte become activated. The clonal expansion which means proliferation of
antigen specific cells follows the activation of B lymphocytes and they differentiate into
antibody-secreting effector cells. The specificity of the naive B cell membrane-bound antibody
receptors is same with the secreted free antibodies. During their differentiation period, some B
cells may differentiate to produce antibodies with different heavy chain classes (or isotypes)
called as heavy chain class (isotype) switching. After switching, different effector functions can
be monitored. Repeated exposure to an antigen leads to the production of antibodies with
increasing capacity to bind the antigen; called as affinity maturation [4, 18].

Antibodies responses are classified into two based on the requirement for T cell help; as
T-independent or T-dependent

3.1.1. Antibody responses to T-independent antigens

If the structure of antigens is non-protein as polysaccharides, lipids, nucleic acids and others
antibody responses evoke without the helper T cells participation. These non-protein antigens
cannot bind to MHC molecules consequently cannot be detected by T cells.

For immunoglobulin receptor mediated signal transduction in B lymphocytes, the bringing
together of two or more antigen molecules in an aggregate (cross-linking), or repeating epi-
topes of one antigen molecule is needed for antigen binding to membrane bound antibody of
the B cell. Multivalent epitope (multiple identical epitopes) as in polysaccharide and lipid
antigen can make cross-link many antigen receptors on a specific B cell consequently stimulate
proliferation, differentiation and antibody production of B lymphocytes [4, 19].

3.1.2. Antibody responses to T-dependent antigens

Most soluble protein antigens cannot make cross-link because they do not contain multivalent
epitope so cannot stimulate their proliferation and differentiation of B lymphocytes. Antigen-
presenting cells process and helper T lymphocytes remember the protein [5].

Stimulations of two or more protein antigens lead at least three changes in B lymphocytes to
improve the interaction of these B cells with helper T lymphocytes.

The changes are:
1. Increased expression of B7 co-stimulator,
2. Increased expression of cytokine receptor

3. Reduced expression of chemokine receptors.
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The T cell activation by B cell requires antigen recognition and co-stimulation:

1. Antigen recognition: B lymphocytes work as antigen-presenting cells (APCs); B lympho-
cytes may bind, internalize and process the antigen protein, and present multiple different
peptides of that protein to T lymphocyte.

2. Co-stimulation: The helper T cells are stimulated by B7 molecules as co-stimulator expressed
by B cells.

CD40 ligand (CD40) and cytokines are expressed by CD4+ helper T lymphocytes after activa-
tion. CD40 ligand; a surface protein delivers the co-stimulatory signal in B cells and interacts
with CD40 on the surface of B lymphocytes. Attachment of CD40 and cytokines stimulate B
cell clonal expression and antibody production. Class switching and affinity maturation are
also stimulated by helper T lymphocytes [4, 5, 19].

After B lymphocytes proliferation and differentiation into antibody-secreting plasma cells, the
antibodies enter the blood through lymphoid follicle. Some plasma cells move to bone marrow,
live at the bone marrow for months or years and continue to produce antibodies afterwards
antigen is removed. These antibodies supply a rapid response when they meet with same
antigen. The humoral immune response decreases physiologically by time because of
programmed B cell death. But a small number of activated cells differentiate into memory
cells, which “freeze” in a state for a very long time [4, 18, 19]. When the body encounter with
the same antigen, the memory cells quickly change into antibody-secreting plasma cells and
produce immunoglobulins. The two advantages of memory cells;

1. Shorter reaction day: instead of five or more days, it takes one or two.

2. B memory cells differentiate with class switch and somatic hypermutation so in case of
reinfection, only memory cells with higher affinities and class switch are selected which are
completely same with the B cell receptors of the original infection. Recurring antigen stimula-
tion causes to helper T lymphocytes increase consecutively antibody increase with heavy chain
class switching and affinity increase [17, 19].

3.2. Stimuli for generation of autoantibody

Failure of immunologic tolerance can cause the development of autoimmunity. With a genetic
background, intolerance can be triggered by environmental factors as sunlight, drugs,
chemicals, and infectious agents [5].

1. Genetic factors: Immunologic tolerance failure is multifactorial and genetic factors are just
one of the cause. For example, the relative risk of having autoimmune disease is 5-50 times
higher in siblings of affected individuals than in unrelated ones. Multiple genes; mostly
MHC predispose to autoimmune disease and genetic predisposition is detected in many
autoimmune diseases. For example, individual with HLA-DR4 gene can be suffered from
rheumatoid arthritis but not everyone [5, 6].

2. Environmental factors: Infections can cause the autoimmune diseases by activating self-
reactive lymphocytes. The mechanism is like that an infection lead to a local immune
response and activation of APCs. Activated APCs secretes co-stimulators - cytokines and
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stimulate self-reactive T cells which react with self-antigens in the tissue [4]. Some peptide
antigens of microbes are similar to self-antigens, so leads to cross-reactions; called as
molecular mimicry [6]. For example; the antibodies against Porphyromonas gingivalis; a
periodontal pathogen were increased before RA onset and had a relation with RA [20-23].

Microorganisms related autoimmune diseases are listed in Table 2.

Sun lights can trigger lupus diseases. Many drugs as procainamide, hydrocarbon pristine,
hydralazine, chlorpromazine, methyldopa, quinidine, minocycline and nitrofurantoin can trig-
ger autoimmunity or autoimmune disease through ANAs and ANCAs. Many chemical agents
include heavy metals as mercury, gold, and cadmium, pesticides, herbicides, hydrazine can
trigger autoimmunity [5].

In organ-specific autoimmune diseases, such as thyroiditis, type 1 diabetes mellitus and pri-
mary biliary cirrhosis, autoantibodies can be stimulated by infection of the target organ,
through molecular mimicry [16, 24]. In systemic autoimmune diseases, such as systemic lupus,
autoantibodies can be triggered by genetic factors. For example; a nuclear autoantibodies
produced by antigenic drive from excessive release of death cells antigens and enhanced by
intrinsic abnormalities in B or T cells [16, 24].

3.3. Production of autoantibody

3.3.1. Immunologic tolerance

The immune system can differentiate self from non-self [5]. Immunologic tolerance is lack of
response to self-antigens that encounter with lymphocytes [6]. The recognition of self is a
special set of immune events that all constituents of the organism take a role and may be
interrupted by environmental and genetic factors [25-29]. There are three possible immune
responses according to antigen type, after antigen encounter with the lymphocytes which has
the receptors for a specific antigen;

1. Active immune response: Due to the active lymphocytes and antigen type is called immu-
nogenic. For example, most of non-self-antigens

2. Tolerance: Due to inactive or killed lymphocytes and antigen type is called tolerogenic. For
example, self-antigens

Microorganism Related autoimmune diseases
Streptococcus pyogenes Rheumatoid fever

Escherichia coli Primary biliary cirrhosis
Shigella spp. Reiter syndrome

Hepatitis B Multiple sclerosis

Coxsackie B4 Type 1 diabetes mellitus
Cytomegalovirus Scleroderma

Table 2. Infections related with autoimmune diseases.
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3. Ignorance: The antigen cannot either stimulate immunity or induce tolerance. This situa-
tion is called as ignorance. For example, self-antigens [4, 5].

Immune tolerance is set of immune events, operating both at central immune organs and
peripheral ones.

1. Central tolerance happens at immature T and B lymphocytes encounter self-antigens in the
thymus and bone marrow.

2. Peripheral tolerance happens at mature lymphocytes encounter self-antigens in peripheral
tissues [4, 5].

3.3.2. T lymphocyte tolerance
3.3.2.1. Central T lymphocyte tolerance

The immature T cells die by apoptosis, whenever encounter with self-high avidity protein
antigens in the thymus. The immature lymphocytes in the thymus can recognize both self
and non-self-antigens. If a self-antigen high in concentration and avidity meet with immature
lymphocyte, lymphocytes receives signals that trigger apoptosis, finally dies. This is known as
negative selection. Since the self-protein antigens are expressed mainly in thymus because of
transcription factor responsible called AIRE (for autoimmune regulator), they are high in
concentration [4, 19].

Some lymphocytes which escape from negative selection, mature to dangerous self-reactive
T cells with CD4+ T and CD8+ T. They recognize self-antigens through class I and II MHC
molecules [4, 18, 19].

And some other develop into regulatory T cells which regulate mostly suppress both naive and
memory T cell responses by a cell to cell contact and by down-regulating the expression of
cytokines and co-stimulatory molecules on the antigen-presenting cells. Unfortunately this is
not antigen specific reaction [4, 5, 18, 19].

3.3.2.2. Peripheral T lymphocytes tolerance

1. Anergy: Anergy is the functional inactivation of T lymphocytes occurs whenever level of
the co-stimulators (second signals) is not enough for T cell activation. If level is enough, the
co-stimulatory signal which is taken by CD80 and CD86; interaction of molecules
expressed on the surface of APC or B cells, reacts with CD28 (or other receptors) on the T
cell surface. If T cells with receptors for the self-antigens encounter with sufficient level of
self-antigens (signal 1) but do not receive sufficient signal 2, they may induce long-lived T
cell anergy [4, 5, 18, 19].

2. Deletion: Activation-induced cell death: Repeated activation of mature T lymphocytes by
repeated encountering with the same antigen cause apoptosis and this is called deletion or
activation-induced cell death [4, 18].
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3. Immune suppression: Autoreactive mature T Iymphocytes that encounter with self-antigen
may develop into regulatory cells which suppress the self-reactive lymphocytes response
[4, 18, 19].

3.3.2.3. B cell tolerance

If the self-antigens are in structure of polysaccharides, lipids and nucleic acids antigens, they
must induce tolerance in B cell and prevent autoantibody production [4]. The B cell tolerance is
a set of actions and finally ends with the depletion of or inactive autoreactive B cells. These
processes occur at the every stage of B cell [30, 31].

3.4. Central B cell tolerance

When immature B cells encounter with self-antigens in the bone marrow, the B cells are killed
and the process is called as negative selection [4].

When immature B cells recognize self-antigens in the bone marrow, they may activate their
genes of antibodies and start to express a new light chain. These light chains bind to the
previously produced Ig heavy chain to produce a new antigen receptor. This process is called
receptor editing. The mechanisms of B cell tolerance are multifaceted and may involve receptor
editing, controlled migration, and limited availability of BAFF, CD22, Siglec-G, miRNA, and
follicular regulatory T cells [30-33].

3.4.1. Peripheral B cell tolerance

When mature B lymphocytes encounter with high concentration of self-antigens and B cells
producing antibodies that bind with high affinity to self-antigens in peripheral lymphoid
tissues, they become anergic; functionally inactivation. T cell-independent antigens can trigger
strong signals in the B cell. If it is not strong, the B lymphocytes become anergic [30, 34, 35].

3.5. Role of natural autoantibody

Roles of self-reactive B cells are changing according to binding affinities to self-antigens. If self-
reactive B cells produce antibodies with high affinity, they undergo elimination or anergy. But if
self-reactive B cells produce antibodies with medium or low affinity, they may escape from
anergy, even in non-autoimmune individuals [30, 34, 35].Therefore, a significant proportion of
immunoglobulins in healthy individuals are made by these autoantibodies. Most of the medium/
low affinity antibodies are multireactive and recognize both self and non-self-antigens [30, 35].
They are called as natural antibodies or natural autoantibodies [16, 17, 36]. Because of their
multireactivity, the natural antibodies take an important role in the first part of defense against
infections [16, 37] and natural autoantibodies in the development of the B cell repertoire [38].

Most of natural autoantibodies are IgM isotype, polyreactive with moderate and low affinity.
Therefore, they bind to several unrelated antigens. Also there are natural mono-reactive anti-
bodies [16, 36, 39, 40]. Natural autoantibodies are expressed mostly by CD5+ B1 cell which is

21
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the most common B lymphocytes in the neonatal period and in marginal zone B cells [41, 42].
These B1 lymphocytes actively present antigens [43] and also play an important role in the
pathogenic autoantibodies production of some autoimmune diseases, as rheumatoid arthritis,
Sjogren syndrome, primary antiphospholipid syndrome and systemic lupus [44].

In the infantile periods as an evolutionary process, proteins participate mainly in the building
and protection of the organism from non-self and self-antigens. During evolution period, these
proteins are highly preserved as the autopolyreactive IgM natural autoantibodies (Nabs)
produced mainly by B-1 CD5p cells [25, 41] and also after class switch, polymeric and mono-
meric IgG isotype antibodies are produced by mostly B2 cells [25, 45].

Natural antibodies take critical roles; such as:
1. Differentiation self from foreign

2. Recognition of self

At evolution period, autopolyreactivity

First line defense against non-self-antigens; bacterial and viral infections [46].

U

Regulate the immune system protect the system against tolerance breakdown and the
autoimmune diseases.

6. Maintain tissue balance [47]: Up or down regulation of immunotolerance leads to suscep-
tibility/ progressive or protective role in disease as chronic inflammatory disease [48],
cancer [49], cardiovascular disease [50], and certain neurodegenerative conditions [33, 34].

7. Clearance of tissue and cell debris after degradation [51]; Most diseases is resulting the
destruction of tissues/cells which leads to the continuous antigens release. Natural auto-
antibody recognizes antigens in cell debris and can react with specific antigens of target
tissues. In case of chronic inflammation, more natural autoantibody can be stimulated and
some autoantigens can mutate to xenoantigens; after these mutations, more specific path-
ogenic or protective antibodies can be produced [52].

During cell death, some multiple intracellular enzymes as nucleases and proteases are activated
which cause the numerous cellular molecules cleavage; as a consequence, some hidden antigens
are exposed and called as ‘neoepitopes’ or neodeterminants. Most of the neoepitopes are
undergo to tolerance, but some undergo modification; as cleavage, phosphorylation and oxida-
tion. The self-antigens released by dying cells can be changed by ultraviolet light, oxidation or
cleavage by granzyme B [53] delivered by cytotoxic T cells and this change can lead to autoim-
mune responses. In rheumatoid arthritis, cyclic citrullinated peptides autoantibodies (anti-CCP
antibodies) are one of a neoepitope secondary to inflammation [54]. Citrulline is formed by
deamination of the arginine amino acid during inflammation/oxidative stress or apoptosis.

3.6. Generation of pathogenic autoantibody

In specific autoimmune diseases, some of autoantibodies could be detected before beginning of
the disease. For example; in SLE, rheumatoid arthritis, type I diabetes, limbic encephalitis and
primary biliary cholangitis [55].
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Changing from preclinical to clinical autoantibody has certain steps. In genetic predisposed
individuals, autoantibodies are produced by autoreactive cells. These preclinical autoanti-
bodies can stay for months or even years in these individuals. Under proper environmental
conditions, the autoreactive cells would be activated and proliferated. Then, they produce
large amounts of autoantibodies and inflammatory cytokines, which lead to tissue injury and
the clinical symptoms are observed [6].

Natural autoantibodies can provide the templates for the higher-affinity and class-switched
pathogenic autoantibodies, under appropriate conditions [16].

Production of pathogenic autoantibody:

1. Somatic hypermutation: Each antibody can bind at least 2 (IgG, IgD and IgE isotypes) —
maximum 10 epitopes (IgM isotype) of an antigen, which has identical epitopes and are close
enough. If the multiple antigen-antibody bind each other, the total strength of the bond is
much greater than a single one. This is called the avidity of the interaction. The molar concen-
tration of an antigen needed to occupy half the available antibody molecules in a solution is the
dissociation constant (Kd) and used for expression of affinity. The lower the Kd means the
higher the affinity. In a primary immune response, produced antibodies have a Kd in the range
of 107°-10~? M and after encountering with repeated antigens, the affinity can rises up to 10~
11 M. This increase in antigen-binding strength is called affinity maturation or somatic
hypermutation [4]. Mostly point mutations in the genes responsible for variable regions of
antibody are detected [16]. They happen in the germinal centers of secondary follicles and AID
enzyme that initiate them [17].

2. Class switching: The membrane bound IgM and IgD the antigen receptors of naive B
lymphocytes. After stimulation, the antigen specific clone B lymphocytes may proliferate and
differentiate into antibody-secreting cells. Some of these B cells may secrete IgM, and some
others may produce antibodies of other heavy chain classes. The change in Ig isotype produc-
tion is called heavy chain class switching. The V regions remains same, specificity of B cells
maintains [4].

The exons encoding the constant regions of all antibody classes on chromosome 14, are placed
with p (for IgM) nearest to variable region segments, followed by v (IgG), a (IgA) and ¢ (IgE).
By a successful VDJ rearrangement, first the nearest constant region which is p is used,
resulting in the production of IgM [17]. Unmutated or minimally mutated recombined VD]
gene sequences encode the multi and monoreactive natural IgM antibodies/autoantibodies
[56]. AID deaminates cytidines in immunoglobulin VD] and switch-region DNA, then ssDNA
nicks, gaps or double-strand breaks are generated. Repair of these lesions involving error-
prone translesion DNA polymerases are made by the B cell DNA and this results in insertions
of point mutations or resolution of double-strand breaks, and hence, class-switch DNA recom-
bination [57]. After class switch with the same variable region, these cells can express IgG if the
exons encoding the y constant region; IgA if it is a constant region; and IgE if it is & constant
region. T-lymphocytes and other cells release cytokines influence isotype of class switch [17].

Unmutated natural IgM autoantibodies expressed by B1 cells provide the ‘templates’ for the
high-affinity and class-switched IgG and/or IgA autoantibodies which can cause autoimmune
diseases [49, 58, 59]. Anti-DNA, anti-insulin and anti-IgG (RF) autoantibodies are pathogenic
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high-affinity autoantibodies that undergo somatic hypermutation, class-switch DNA recombi-
nation and antigen driven clonal selection detected at systemic lupus, type 1 diabetes and
rheumatoid arthritis patients [60]. Somatic hypermutation and class-switching [56, 60, 61]
including the expression of activation-induced cytidine deaminase (AID) [62] are associated
with the expansion of B-2 cells.

Class switch and somatic hypermutation are initiated by the same enzyme, AID, in the
germinal centers of secondary follicles parallelly [17].

3. Somatic diversity: Somatic recombination: Antibodies are capable of binding a wide variety of
antigen, since variable region of antibody molecules forms a flat surface field into different
shapes. The epitopes or determinants are the parts of antigens that are recognized by antibodies
based on sequence (linear determinants) or shape (conformational determinants). Some hidden
antigen molecules are exposed after a physicochemical change, called as neodeterminants [4].

Diversity of antibodies is generated by the genetics arrangement of antibody production; unique
molecular random generator. The variable region of an immunoglobulin is formed by both the
heavy and the light chain which are carried on different chromosomes [5]. The variable portion of
the heavy chain is encoded in separated gene segments of three types, V (variable; the number of
gene segments is 65), D (diversity; 27) and ] (joining; 6). A complete heavy chain variable region
exon is randomly cobbled together by juxtaposing one V, one D and one ] segment by a cut and
paste process at the DNA level by an enzyme complex containing RAG-proteins (recombination
activating gene) which excises intervening DNA, and normal DNA repair proteins directly rejoin
the segments. Light chain genes have just V and ] segments, not D [17]. In summary, the diversity
of antigen binding is achieved by mostly V genes and their combination with different D and |
genes. Different antibodies are produced by four different mechanisms as; randomly combining
V-(D)-] segments, randomly combining heavy and light chain, imprecise joining and somatic
hypermutation [4, 17]. Somatic diversity is performed during central B cell intolerance.

4. Genetic abnormalities: Some genetic alterations results clinical autoimmune disease but some
alterations are influenced by environmental factors. For example; single gen knockout and
overexpression lead to clinical autoimmune disease while most of the autoimmune disorders
are polygenic. Three examples of spontaneous or induced genetic alterations lead to clinical
diseases [16].

a. Abnormal survival of autoreactive lymphocytes: Mutations in Fas/CD95 causes over
expression of the B cell stimulator BLyS; BAFF and the antiapoptotic regulator Bcl-2 which
leads the abnormal survival of autoreactive lymphocytes. It causes an autoimmune
lymphoproliferative syndrome/Canale Smith syndrome in humans [16, 63],

b. Defective removal of apoptotic cells: A group of proteins as Mer and serum opsonins (e.g.,
natural IgM antibodies, Clq, serum amyloid P component [SAP] and milk fat globulin
epithelial growth factor-8 [MFGES]) [64] take role in the removal of apoptotic cells. In Mer
deficiency, macrophages take a proinflammatory signal not an anti-inflammatory one for
ingestion of apoptotic cells. If there is a defective clearance of apoptotic cells in surface
IgM, Clq, SAP and MFGES, clearance of apoptotic cells leads to postapoptotic necrosis
and/or through lack of engagement with specific inhibitory receptors on the phagocyte. In
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MFG-ES8 deficiency, apoptotic cells accumulate in germinal centers and in Cl1qg-deficiency,
apoptotic cells accumulate in the kidney. These deficiencies cause lupus-like diseases [16].

c¢. Breakdown in the regulation of B cell or T cell activation threshold: If threshold regulators
of cbl-b, PD-1 and Zap-70 and the SLAM cluster in T cells, and Lyn and FcyRIIb in B cells
change genetically, failure of peripheral immune system could happens. If lymphocytes
are more easily activated, they produce more auto-antibodies as in systemic lupus. Muta-
tions of Zap-70 lead to production of RFs as in rheumatoid arthritis [16, 65]. PD-1-defi-
ciency causes lupus in C57BL/6 and myocarditis in BALB/c.

There is some signature autoantibodies cause autoimmune diseases as anti-endomysial anti-
bodies (EMA), anti-gliadin antibodies (AGA). But there is not a specific antibody detected yet
in several autoimmune diseases, as psoriasis [6].

Lymphocytes and APC are strongly activated by type I interferons (interferon-a and {3) [66].
Patients with systemic lupus have elevated levels of interferon and autoantibodies as anti-
DNA and Sm/RNP. By binding to chromatin which contains DNA or to Sm/RNP which
contain small nuclear RNAs, they enter cells through the FcyR or B cell receptor. The intracel-
lular Toll-like receptor is activated by nucleic acid which leads to production of interferon and
activation of immune system. The protein antigen stimulates T cells, probably are responsible
for the specificity of the immune response. These are called Toll hypothesis [67].

3.7. Systemic versus organ-specific autoimmune disease

Autoimmune disease can be classified as systemic or organ specific. Systemic autoimmune
diseases (Table 3), involve multiple organs or tissues, whereas organ specific autoimmune

Disease Organ(s) involved Autoantibodies
Systemic lupus Joints, skin, nervous system, kidneys, blood cells, heart, Anti dsSDNAb
erythematosus lungs Anti Sm b
Anti ribosomal P b
Anti RNA helicase
Rheumatoid arthritis Joints, blood, vessels, lungs Anti citrullinated peptides b
Rheumatoid factor
Sjogren’s syndrome Exocrine glands (salivary and lacrimal glands), Anti Ro60 (S5-A)
kidneys, nerves Anti Ro52
Anti La (SS-B)
Scleroderma Skin, blood vessels, GI tract, lungs, kidneys Anti topoisomerase I b
Anti fi brillarin (U3 RNP) b
Anti RNA polymerase I b
Anti RNA polymerase III b
Polymyositis Muscles, lungs tRNA synthetases
(Histidyl, alanyl, threonyl, glycy],
etc.) b

Signal recognition particle b

Table 3. Some systemic autoimmune diseases.
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Disease Organ(s) involved Autoantibodies
Hashimoto’s thyroiditis Thyroid Thyroid peroxidase
Thyroglobulin
Graves’ disease Thyroid Thyroid-stimulating hormone receptor
Addison’s disease Adrenal glands 2I-hydroxylase

Type I diabetes

Pemphigus vulgaris
Bullous pemphigoid
Vitiligo

Goodpasture’s syndrome
Myasthenia gravis
Multiple sclerosis

Pernicious anemia

Pancreatic islet cells

Skin

Skin

Skin melanocytes
Kidneys, lungs
Nervous system
Nervous system

Gastric parietal cells

Glutamic acid dehydrogenase,
insulin
islet cell antigens

Desmoglein 3

230 kDa hemidesmosomal antigen
Unknown melanocyte antigens
Type VII collagen

Acetylcholine receptor

Unknown myelin antigens

Parietal cell antigens,

intrinsic factor
Primary biliary cirrhosis Bile ducts Dihydrolipoamide acyltransferase and other antigens b

Autoimmune hepatitis Liver Smooth muscle antigens (F-actin)

Table 4. Some organ-specific autoimmune diseases.

diseases (Table 4), involve a single organ or tissue. Almost all organs can be affected by either
systemic or organ-specific autoimmune disease [5].

4. Function of autoantibodies; mechanism of protection and cause of
diseases?

The antibodies’” Fab regions bind to antigens and can block/stimulate the effects of them and
the Fc regions can bind to many cells of immune system as phagocytes and complement and
activate diverse effector mechanisms to eliminate these antigens; Fcy-R (for IgG), Fca-R (for
IgA), Fea/p-R (for IgA and IgM), Fce-R (for IgE). The effective binding of antigen-antibody
occurs after recognization several IgG molecules. The affinity of the binding is too low with a
single, free antibody. Bigger immune complexes by antigen and several Fc parts of antibodies
causes to rapid internalization for phagocytosis and antigen clearance. Heavy chain class
switching and affinity maturation enhance the protective functions of antibodies. There is an
exception to this rule in mast cells and eosinophils, just binding a free (meaning non-antigen-
complexed) IgE is enough because of their high-affinity Fc-e-receptors [4, 17].

4.1. Some examples for the functions of antibodies and autoantibodies

1. Neutralization of foreign and self-antigens: Antibodies bind to block, or neutralize the
activity of foreign or self-antigens [4].
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2. Opsonization and phagocytosis: Complex of antibodies with foreign and self-antigens
promote their ingestion by phagocytes (opsonization). When IgG1 and IgG3 isotype anti-
bodies bind to a foreign or self-antigen, their Fc regions bind to a high affinity receptors called
FcyRI (CD64), which are on neutrophils and macrophages. The binding of antibody Fc tails to
FcyRI results in opsonization of antigenic molecules into a vesicle called a phagosome, where
fuse with lysosomes and activates the neutrophil or phagocytes. The activated ones produces
in their lysosomes, large amounts of reactive oxygen intermediates, nitric oxide, and proteo-
lytic enzymes, all of them together destroy the ingested antigenic cells [4].

3. Antibody-dependent cellular cytotoxicity (ADCC): Natural killer (NK) cells produce an Fc
receptor called FcyRIIl, which binds to IgG antibodies. The activated NK cells discharge their
granules, which contains proteins that kill the opsonized targets [4]

4. Activation of the complement system: Antigens without antibody, as part of innate immune
response to infection, and antigens with antibody, as part of adaptive immunity can activate
the complement system. The complement system takes role in the elimination of opsonized
antigens [4]. Examples; activation of complement causes diseases at kidneys of systemic lupus
and lupus nephritis patients, fetal loss associated with the antiphospholipid syndrome [68, 69],
autoantibody administration into the transgenic K/BxN mouse of rheumatoid arthritis [70], in
glucose-6-phosphate isomerase patient. In the NZB/W F1 murine model of immune-complex-
mediated lupus nephritis, mice lacking the FcyRy chain were protected from nephritis, indi-
cating a critical role for FcyRs in tissue inflammation [71].

5. Mucosal immunity.

6. Pro-inflammatory and anti-inflammatory effect: natural polyautoreactive IgM antibodies
can protect from autoimmune diseases [30]. Also IgG isotype autoantibodies has an anti-
inflammatory capacities, according to their IgG subclass and the extent of glycosylation/
sialylation of the Fc glycan linked to Asn297 [71, 72]. These properties regulate the binding of
antibody to a different Fc-receptors [72]. The receptors as FcyRI (CD64), FcyRIIIA (CD16a),
and FcyRIIIB (CD16b) mediate activating signals, but also FcyRIIA and FcyRIIB (CD32)
mediate inhibiting signals. Glycosylated/ sialylated different IgG isotypes antibodies bind to
Fc-receptors for activating and inhibiting with different affinities [72]. According to glycosyla-
tion/sialylation patterns and IgG subclass determine, an autoantibody produces FcyR-
mediated either pro- or anti-inflammatory functions [73]. So glycosylation of autoantibody
can be an important regulator of autoimmune disorders [74]. While IgG isotypes produced
with T cell-dependent reactions were poorly sialylated causes pro- inflammatory, a high degree
of sialylation that mediates anti-inflammatory properties [75]. Activated B cells and plasma
cells regulate both T cell differentiation into follicular helper T cells and cytokine profiles [76].
By stimulation of TLR, B lymphocytes produce different cytokines to dendritic cells [77].
Denderitic cells are the most important antigen-presenting cells to T cell. B cell also present the
antigen to T cell and so promote the proliferation of activated T lymphocytes, the development
of robust T effector responses, and normal T cell memory compartments [78]. TLR-signals in
murine B cells promote IFN-y production from T cells and control antibody isotype switching
to IgG2 in vivo [77]. The cowork of activated B and T cells is crucial for the antibody responses
and their outcome as pathogenic potential, that is, the antibody class and glycosylation/
sialylation pattern.
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Testing of autoantibodies is diagnostic criteria in many diseases. But, also autoantibodies could
be detected in healthy individuals [79]. Since isotype/subclass and glycosylation pattern is
critical for the pathogenic potential of a particular antibody, it could be helpful for the diag-
nostic analysis. Pathogenic autoantibodies could be produced either by continuous formation
of short-lived plasma cells or through the formation of long-lived plasma cells, or both [80].
Therapeutic treatment available nowadays could suppress B cell activation and short-lived
plasma cell, while do nothing to long-lived plasma cells [81].

By contrast, mice with FeyRIIb knocked out spontaneously develop a lupus like disease [71].
Different isotypes antibodies have different affinities for the four FcyRs. IgG2a has higher
affinity for FcyRIV, leading to inflammatory responses, whereas IgG1 selectively engages
FcyRIlb, leading to inhibitory responses [30]. There is a similar relationships with human
FcyRs and that the ability to protect or induce inflammation will change according to the
isotype of the autoantibody and FcyR engaged.

7. Removal of cell debris: Natural autoantibodies takes role in the removal of cell debris during
inflammation, and autoantibodies to inflammatory cytokines have protective functions against
inflammation [82].

4.2. Mechanisms of autoimmune tissue injury

Immune responses can cause tissue injury and disorders called as hypersensitivity diseases.
Hypersensitivity is a term of excessive or aberrant immune responses [4]. Tissue damage in
autoimmune diseases can occur through several mechanisms, which are similar to three of the
classical types of hypersensitivity reactions [5]:

1. Type II (caused by autoantibodies reactive with cell surface or matrix antigens):

Antibodies against cell and tissue may cause tissue and disease. IgM and IgG antibodies
activate the phagocytosis of cells by binding to complement and Fc receptor- mediated leuko-
cyte [4]. The reactions are caused by antibodies against self-protein antigens. Autoantibodies
generated against cell surface antigens/extracellular matrix proteins may be cytotoxic (type
ITA) or agonistic/antagonistic (type IIB). Autoantibodies to cell surface antigens may initiate
cell destruction by complement- mediated lysis (cell destruction), phagocytosis, or antibody-
dependent cell-mediated cytotoxicity (ADCC) [5]. At Table 5, some examples of antibody-
mediated diseases are given.

Disease Target antigen Mechanism

Pemphigus vulgaris Proteins in intercellular junction of =~ Antibody-mediated activation of proteinase, disruption of
epidermal cell intercellular adhesion

Autoimmune Erythrocytes membrane antigen Opsonization and phagocytosis of erythrocytes

hemolytic anemia

Myasthenia gravis Acetylcholine receptor Antibody inhibits acetylcholine binding

Table 5. Antibody-mediated diseases.
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2. Type III (caused by immune complexes):

Autoantibodies can bind to circulating antigens and form immune complexes that deposit in
vessels, tissues and cause tissue injury. Injury is mainly due to leukocyte recruitment and
inflammation [4]. Autoantibodies can cause disease by forming immune complexes with the
circulating antigens. Immune complex formation is a normal process to remove antigens and
to phagocyte through Fc or complement receptors so are prevented their deposition. The
efficiency of uptake of immune complexes by either Fc receptors or CR1 is proportional to the
number of IgG molecules associated in the complex [5]. At Table 6, some examples of immune
complex mediated diseases are given.

3. Type IV (delayed-type hypersensitivity, mediated by T cells):

T cell-mediated disease is caused by CD4 T lymphocytes or by killing of host cells by CD8
CTLs [4]. T cells recognize protein antigen-presenting cells in the context of class II major
histocompatibility complex (MHC) molecules and produce the cytokines interferon y (IFN-y),
interleukin 3 (IL-3), tumor necrosis factor (TNF) a, TNF-B, and granulocyte-macrophage
colony-stimulating factor (GM-CSF). Elaboration of “TH1 (a subset of helper T cells) cyto-
kines” leads to macrophage recruitment and activation, enhanced expression of adhesion
molecules, and increased production of monocytes by the bone marrow [5]. At Table 7, some
examples of T cell-mediated diseases are given.

Disease Target antigen Mechanism

Systemic lupus erythematosus DNA, nucleoproteins Complement and Fc region mediated
Polyarteritis nodosa Hepatitis B surface antigen Complement and Fc region mediated
Poststreptococcal glomerulonephritis Streptococcal cell wall antigen Complement and Fc region mediated

Table 6. Immune complex mediated diseases.

Disease Target antigen Mechanism
Rheumatoid arthritis Antigen in joint synovium T cell mediated
Type I diabetes mellitus Islet cell antigen T cell mediated

Table 7. T cell-mediated diseases.

Author details

Neval Yurttutan Uyar
Address all correspondence to: nevaluyar@gmail.com

Mehmet Ali Aydinlar Acibadem University, Istanbul, Turkey

29



30 Autoantibodies and Cytokines

References

[1]

[2]

(3]

[4]

[6]

[7]

8]

[%]

[10]

[11]

[12]

[13]

[14]

[15]

Bach JF. The effect of infections on susceptibility to autoimmune and allergic diseases. The
New England Journal of Medicine. 2002;347:911-920. DOI: 10.1056/NEJMra020100

Vento S, Cainelli F. Autommune diseases in low and middle income countries: A
neglected issue in global health. The Israel Medical Association Journal. 2016;18(1):54-55

Eaton WW, Rose NR, Kalaydjian A, Pedersen MG, Mortensen PB. Epidemiology of auto-
immune diseases in Denmark. Journal of Autoimmunity. 2007;29:1-9. DOI: 10.1016/j.
jaut.2007.05.002

Abbas AK, Lichtman AH. Basic Immunology-Functions and Disorders of Immune Sys-
tem. 2nd ed. Saunder; 2004. p 300. ISBN:0-7216-0241-X

Zabriskie ].B. Essential Clinical Immunology. 2nd ed. Cambridge; 2009. p 362. ISBN-13
978-0-521-51681-5

Ma W, Chang C, Gershwin ME, Lian Z. Development of autoantibodies precedes clinical
manifestations ofautoimmune diseases: A comprehensive review. Journal of Autoimmu-
nity. 2017;83:95-112. DOI: 10.1016/j.jaut.2017.07.003

Cruz GI et al. A Child's HLA-DRB1 genotype increases maternal risk ofsystemic lupus
erythematosus. Journal of Autoimmunity. 2016;74:201-207

Ji J, Sundquist J, Sundquist K. Gender-specific incidence of autoimmune diseases from
national registers. Journal of Autoimmunity. 2016;69:102-106

Long H et al. The critical role of epigenetics in systemic lupus erythematosus and autoim-
munity. Journal of Autoimmunity. 2016;74:118-138

Teruel M, Alarcon-Riquelme ME. The genetic basis of systemic lupus erythematosus:
What are the risk factors and what have we learned. Journal of Autoimmunity. 2016;74:
161-175

Bao Y, Cao X. Epigenetic control of B cell development and B-cell-related immune disor-
ders. Clinical Reviews in Allergy and Immunology. 2016;50(3):301-311

Floreani A, Leung PS, Gershwin ME. Environmental basis of autoimmunity. Clinical
Reviews in Allergy & Immunology. 2016;50(3):287-300

Meroni PL, Penatti AE. Epigenetics and systemic lupus erythematosus: Unmet needs.
Clinical Reviews in Allergy and Immunology. 2016;50(3):367-376

Selmi C. Autoimmunity in 2015. Clinical Reviews in Allergy and Immunology. 2016;51(1):
110-119

Wu HJ et al. Critical link between epigenetics and transcription factors in the induction of
autoimmunity: A comprehensive review. Clinical Reviews in Allergy and Immunology.
2016;50(3):333-344



[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

Structure, Physiology, and Functions of Autoantibodies
http://dx.doi.org/10.5772/intechopen.76020

Elkon K, Casali P. Nature and functions of autoantibodies. Nature Clinical Practice.
Rheumatology. 2008 September;4(9):491-498. DOI: 10.1038/ncprheum0895

Helmberg A. Immune system and immunology [Internet]. 2014. Available from: http://
www.helmberg.at/immunology.htm

Us A.D. Temel Immunoloji ve Seroloji. 1st ed. Hipokrat Kitabevi. P367. ISBN:978-605-
9160-39-1

Levinson W. Review of Medical Microbiology and Immunology. 14th ed. Lange; 2013.
p818. ISBN:978-0-07-184574-8

Uhlig T, Hagen KB, Kvien TK. Current tobacco smoking, formal education, and the risk of
rheumatoid arthritis. The Journal of Rheumatology. 1999;26(1):47-54

Heliovaara M et al. Smoking and risk of rheumatoid arthritis. The Journal of Rheumatol-
ogy. 1993;20(11):1830-1835

Kharlamova N et al. Antibodies to Porphyromonas gingivalis indicate interaction between
oral infection, smoking, and risk genes in rheumatoid arthritis etiology. Arthritis &
Rhematology. 2016;68(3):604-613

Johansson L et al. Concentration of antibodies against Porphyromonas gingivalis is
increased before the onset of symptoms of rheumatoid arthritis. Arthritis Research &
Therapy. 2016:18

Kaklikkaya N, Kasifoglu N, Saribas Z, Sener B, Tagkinoglu T, Yurttutan Uyar N. Klinik
Ornekten Sonug Raporuna Uygulama Rehberi. 2nd ed. Caglayan offset; 2016. p152. ISBN:
978-605-84108-4-8

Avrameas S, Selmi C. Natural autoantibodies in the physiology and pathophysiology of
the immune system. Journal of Autoimmunity. 2013;41:46-49. DOI: 10.1016/j.jaut.2013.
01.006

Miller FW, Alfredsson L, Costenbader KH, Kamen DL, Nelson LM, Norris JM, et al.
Epidemiology of environmental exposures and human autoimmune diseases: Findings
from a National Institute of Environmental Health Sciences Expert Panel Workshop.
Journal of Autoimmunity. 2012;39:259-271

Selmi C, Leung PS, Sherr DH, Diaz M, Nyland JF, Monestier M, et al. Mechanisms of
environmental influence on human autoimmunity: A National Institute Of Environmental
Health Sciences Expert Panel Workshop. Journal of Autoimmunity. 2012;39:272-284

Miller FW, Pollard KM, Parks CG, Germolec DR, Leung PS, Selmi C, et al. Criteria for
environmentally associated autoimmune diseases. Journal of Autoimmunity. 2012;39:
253-258

Germolec D, Kono DH, Pfau JC, Pollard KM. Animal models used to examine the role of
the environment in the development of autoimmune disease: Findings from an NIEHS
expert panel workshop. Journal of Autoimmunity. 2012;39:285-293

31



32 Autoantibodies and Cytokines

[30] Ralf J, Ludwig RJ, Vanhoorelbeke K, Leypoldt F, Kaya Z, Bieber K, McLachlan SM,
Komorowski L, Luo ], Cabral-Marques O, Hammers CM, Lindstrom JM, Lamprecht P,
Fischer A, Riemekasten G, Tersteeg C, Sondermann P, Rapoport B, Wandinger KP, Probst C,
Beidaq AE, Schmidt E, Verkman A, Manz RA, Nimmerjahn F. Mechanisms of autoantibody-
induced pathology. Frontiers in Immunology. 8:603. DOI: 10.3389/fimmu.2017.00603

[31] Pelanda R, Torres RM. Central B-cell tolerance: Where selection begins. Cold Spring
Harbor Perspectives in Biology. 2012;4:a007146. DOI: 10.1101/cshperspect.a007146

[32] Gonzalez-Martin A, Adams BD, Lai M, Shepherd ], Salvador-Bernaldez M, Salvador JM,
et al. The microRNA miR-148a functions as a critical regulator of B cell tolerance and
autoimmunity. Nature Immunology. 2016;17:433-440. DOI: 10.1038/ni.3385

[33] Miiller J, Nitschke L. The role of CD22 and Siglec-G in B-cell tolerance and autoimmune
disease. Nature Reviews Rheumatology. 2014;10:422-428. DOI: 10.1038/ nrrheum.2014.54

[34] Tiller T, Tsuiji M, Yurasov S, Velinzon K, Nussenzweig MC, Wardemann H. Autoreactivity in
human IgG+ memory B cells. Immunity. 2007;26:205-213. DOI: 10.1016/j.immuni.2007.01.009

[35] Wardemann H, Yurasov S, Schaefer A, Young JW, Meffre E, Nussenzweig MC. Predomi-
nant autoantibody production by early human B cell precursors. Science. 2003;301:1374-
1377. DOL: 10.1126/science.1086907

[36] Avrameas S. Natural autoantibodies: From ‘horror autotoxicus’ to ‘gnothi seauton’. Immu-
nology Today. 1991;12:154-159

[37] Carroll MC. The lupus paradox. Nature Genetics. 1998;19:3-59. [PubMed: 9590274]

[38] Yurasov S, Nussenzweig MC. Regulation of autoreactive antibodies. Current Opinion in
Rheumatology. 2007;19:421-426. [PubMed: 17762605]

[39] Spalter SH, Kaveri SV, Bonnin E, Mani JC, Cartron JP, Kazatchkine MD. Normal human
serum contains natural antibodies reactive with autologous ABO blood group antigens.
Blood. 1999;93:4418e24

[40] Ravindranath MH, Kaneku H, El-Awar N, Morales-Buenrostro LE, Terasaki PI. Anti-
bodies to HLA-E in nonalloimmunized males: Pattern of HLA-Ia reactivity of anti-HLA--
E-positive sera. Journal of Immunology. 2010;185:1935e48

[41] Baumgarth N. The double life of a B-1 cell: Self-reactivity selects for protective effector
functions. Nature Reviews. Immunology. 2011;11:34e46

[42] Tiller T, Tsuiji M, Yurasov S, Velinzon K, Nussenzweig MC, Wardemann H. Autoreactivity
in human IgGp memory B cells. Immunity. 2007;26:205e13

[43] Tumas-Brundage KM, Notidis E, Heltemes L, Zhang X, Wysocki L], Manser T. Predomi-
nance of a novel splenic B cell population in mice expressing a transgene that encodes
multireactive antibodies: Support for additional heterogeneity of the B cell compartment.
International Immunology. 2001;13:475e84



[44]

[45]
[46]

[47]

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

(58]

[59]

Structure, Physiology, and Functions of Autoantibodies
http://dx.doi.org/10.5772/intechopen.76020

Roy B, Shukla S, Lyszkiewicz M, Krey M, Viegas N, Duber S, et al. Somatic hypermutation
in peritoneal B1b cells. Molecular Immunology. 2009;46:1613e9

Notkins AL. Polyreactivity of antibody molecules. Trends in Immunology. 2004;25:174-179

Zhou ZH et al. The broad antibacterial activity of the natural antibody repertoire is due to
polyreactive antibodies. Cell Host & Microbe. 2007;1:51-61

Shoenfeld Y, Toubi E. Protective autoantibodies: Role in homeostasis, clinical importance,
and therapeutic potential. Arthritis and Rheumatism. 2005;52:2599-2606

Chen Y, Khanna S, Goodyear CS, Park YB, Raz E, Thiel S, et al. Regulation of dendritic
cells and macrophages by an anti-apoptotic cell natural antibody that suppresses TLR
responses and inhibits inflammatory arthritis. Journal of Immunology. 2009;183:1346-1359

Toubi E, Shoenfeld Y. Protective autoimmunity in cancer (review). Oncology Reports.
2007;17:245-251

de Faire U, Frostegard J. Natural antibodies against phosphorylcholine in cardiovascular
disease. Annals of the New York Academy of Sciences. 2009;1173:292-300

Grabar P. Some considerations of the problem of auto-antibody formation. Texas Reports
on Biology and Medicine. 1965;23(Suppl. 1):278-284

Zelenay S et al. Physiopathology of natural auto-antibodies: The case for regulation.
Journal of Autoimmunity. 2007;29:229-235

Casciola-Rosen L et al. Cleavage by granzyme B is strongly predictive of autoantigen
status: Implications for initiation of autoimmunity. The Journal of Experimental Medicine.
1999;190:815-826. [PubMed: 10499920]

Klareskog L et al. Genes, environment and immunity in the development of rheumatoid
arthritis. Current Opinion in Immunology. 2006;18:867-875

Arbuckle MR et al. Development of autoantibodies before the clinical onset of systemic
lupus erythematosus. The New England Journal of Medicine. 2003;349(16):1526-1533

Harindranath N et al. Structure of the VH and VL segments of polyreactive and
monoreactive human natural antibodies to HIV-1 and Escherichia coli 3-galactosidase.
International Immunology. 1993;5:1523-1533. [PubMed: 8312222]

Diaz M, Casali P. Somatic immunoglobulin hypermutation. Current Opinion in Immu-
nology. 2002;14:235-240. [PubMed: 11869898]

Carroll MC, Prodeus AP. Linkages of innate and adaptive immunity. Current Opinion in
Immunology. 1998;10:36-40. [PubMed: 9523108]

Zhang M, Carroll MC. Natural antibody mediated innate autoimmune response. Molecu-
lar Immunology. 2007,;44:103-110. [PubMed: 16876247]

33



34 Autoantibodies and Cytokines

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

Mantovani L et al. Human rheumatoid B-la (CD5+ B) cells make somatically
hypermutated high affinity IgM rheumatoid factors. Journal of Immunology. 1993;151:
473-488. [PubMed: 7686945]

Casali P, Schettino EW. Structure and function of natural antibodies. Current Topics in
Microbiology and Immunology. 1996,210:167-179. [PubMed: 8565555]

Honjo T et al. AID: How does it aid antibody diversity? Immunity 2004;20:659-668.
[PubMed: 15189732]

Straus SE et al. An inherited disorder of lymphocyte apoptosis: The autoimmune lymphopro-
liferative syndrome. Annals of Internal Medicine. 1999;130:591-601. [PubMed: 10189330]

Peng Y et al. The role of IgM antibodies in the recognition and clearance of apoptotic cells.
Molecular Immunology. 2005;42:781-787. [PubMed: 15829266]

Sakaguchi N, et al. Altered thymic T-cell selection due to a mutation of the ZAP-70 gene
causes autoimmune arthritis in mice. Nature. 2003;426:454-460. [PubMed: 14647385]

Theofilopoulos AN, et al. Type I interferons (alpha/beta) in immunity and autoimmunity.
Annual Review of Immunology. 2005;23:307-336. [PubMed: 15771573]

Martin DA, Elkon KB. Autoantibodies make a U-turn: The toll hypothesis for autoanti-
body specificity. The Journal of Experimental Medicine. 2005;202:1465-1469. [PubMed:
16330812]

Monach PA et al. The role of antibodies in mouse models of rheumatoid arthritis, and
relevance to human disease. Advances in Immunology. 2004;82:217-248. [PubMed: 14975258]

Baxendale HE, et al. Natural human antibodies to pneumococcus have distinctive molec-
ular characteristics and protect against pneumococcal disease. Clinical and Experimental
Immunology. 2008;151:51-60. [PubMed: 17983446]

Clynes R, et al. Uncoupling of immune complex formation and kidney damage in auto-
immune glomerulonephritis. Science. 1998;279:1052-1054. [PubMed: 9461440]

Bolland S, Ravetch JV. Spontaneous autoimmune disease in Fc(gamma)RIIB-deficient mice
results from strain-specific epistasis. Immunity. 2000;13:277-285. [PubMed: 10981970]

Nimmerjahn F, Ravetch JV. Anti-inflammatory actions of intravenous immunoglobulin.
Annual Review of Immunology. 2008;26:513-533. DOI: 10.1146/annurev. immunol.26.
021607.090232

Anthony RM, Ravetch JV. A novel role for the IgG Fc glycan: The anti- inflammatory
activity of sialylated IgG Fcs. Journal of Clinical Immunology. 2010;30(Suppl 1):59-514.
DOI: 10.1007/s10875-010-9405-6

Goulabchand R et al. Impact of autoantibody glycosylation in autoimmune diseases.
Autoimmunity Reviews. 2014;13:742-750. DOI: 10.1016/j.autrev.2014.02.005



[75]

[76]

[77)

(78]

[79]

(80]

(81]

(82]

Structure, Physiology, and Functions of Autoantibodies
http://dx.doi.org/10.5772/intechopen.76020

Hess C et al. T cell-independent B cell activation induces immunosuppressive sialylated
IgG antibodies. The Journal of Clinical Investigation. 2013;123:3788-3796. DOI:10.1172/
JC165938

Fillatreau S, Gray D, Anderton SM. Not always the bad guys: B cells as regulators of
autoimmune pathology. Nature Reviews. Immunology. 2008;8:391-397. DOI: 10.1038/
nri2315

Barr TA, Brown S, Ryan G, Zhao ], Gray D. TLR-mediated stimulation of APC: Distinct
cytokine responses of B cells and dendritic cells. European Journal of Immunology. 2007;
37:3040-3053. DOLI: 10.1002/eji.200636483

Crawford A et al. Primary T cell expansion and differentiation in vivo requires antigen
presentation by B cells. Journal of Immunology. 2006;176:3498-3506. DOI: 10.4049/
jimmunol.176.6.3498

Nagele EP et al. Natural IgG autoantibodies are abundant and ubiquitous in human sera,
and their number is influenced by age, gender, and disease. PLoS One. 2013;8:e60726.
DOI: 10.1371/journal.pone.0060726

Manz RA, Hauser AE, Hiepe F, Radbruch A. Maintenance of serum anti-body levels. Annual
Review of Immunology. 2005;23:367-386. DOL: 10.1146/annurev. immunol.23.021704.115723

Mumtaz IM, et al. Bone marrow of NZB/W mice is the major site for plasma cells resistant
to dexamethasone and cyclophosphamide: Implications for the treatment of autoimmu-
nity. Journal of Autoimmunology. 2012;39:180-188. D0i:10.1016/j.jaut.2012.05.010

Wildbaum G, et al. Beneficial autoimmunity to proinflammatory mediators restrains the
consequences of self-destructive immunity. Immunity. 2003;19:679-688. [PubMed: 14614855]

35






Chapter 3

Autoantibodies: Key Mediators of Autoimmune
Infertility

Kaushiki M. Kadam, Purvi Mande and
Asmita Choudhury

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.73899

Abstract

Autoimmune diseases have gender bias with predominance in females, autoimmune infer-
tility (AI) being no exception. This chapter will focus on Al in females with brief reference to
the same in males. Autoimmune diseases have established protocols for detection and
management of ensuing infertility, however similar protocols for unexplained infertility
[tubal blockage, endometriosis, premature ovarian insufficiency (POI), undiagnosed under-
lying autoimmune disease (Sjogren’s syndrome, IBS, celiac disease) and tubal blockage] are
not established. Endometriosis and PO, in particular, have autoimmune etiology yet lack
specific and sensitive biomarkers for accurate diagnosis. If autoantibodies are indeed diag-
nosed, then treatment regimen focuses on Al which has known adverse effects. The detec-
tion of natural antibodies as autoantibodies presents a viable alternative to organ specific
biomarker panel for better management of AL

Keywords: autoantibodies, premature ovarian insufficiency, endometriosis, autoimmune
infertility

1. Introduction

As per immunculus concept, natural antibodies (NAbs) are formed in response to gut microflora
and environment in addition to self-antigens through feedback network to maintain homeostasis
[1-3] bridging innate and adaptive immune response. Thus, any chronic inflammation com-
bined with compromised central tolerance can culminate into autoimmune disease [4]. However,
autoimmune diseases have gender bias with prevalence in females owing to ‘autoimmune X
chromosome’ and autoimmune infertility (Al) is no exception [5]. Concomitantly, reproductive
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autoimmune failure could result from an activated immune system or by anti-ovarian antibodies
(AOA) alone as described in endometriosis patients [6]. Other reproductive disorders such as
PO, polycystic ovary syndrome (PCOS), unexplained infertility, and repeatedly unsuccessful
IVE attempts may be responsible for the pathophysiology of preeclampsia or spontaneous
abortions and may also have presence of multiple autoantibodies (AAbs) [7-11].

Immune dysregulation is the cause of unexplained or idiopathic infertility in 20-30% of
infertile couples [12]. Al is diagnosed when spontaneously synthesized antibodies bind or
react with sperm/oocyte to prevent any one or several events: fertilization, acrosome reaction,
capacitation or embryo implantation. Despite much research into organ specific biomarkers,
no specific and sensitive biomarkers have been identified making detection of Al elusive.
Organ-specific autoimmune disease gets treated using established protocols without sufficient
consideration for fertility of women. Detection of AAbs mandates management of endometri-
osis, POI and other idiopathic infertility as an autoimmune disease with the treatment having
adverse effects. This chapter will focus on Al, briefly in males but mainly in females, to
include:

1. autoantigenic targets identified in female infertility with special emphasis on endometri-
osis and PO,

2. current understanding of effect of autoantibodies using animal models of disease,
3. including (AAbs) as diagnostic tools: current practices and

4. future research.

2. Male autoimmune infertility: anti-sperm antibodies (ASA)

Sperm are specialized haploid cells with autoantigenic and isoantigenic potential. Thus, ASA
can be present in blood, semen, follicular fluid and cervicovaginal secretions affecting sperm
movement, capacitation, fertilization and embryo implantation [13, 14]. ASA are far more
frequent than oocyte antibodies.

In testis, the Sertoli cells through tight junctions form the impervious blood-testis barrier of
two compartments: basal and adluminal. Basal compartment, which houses spermatogonia
and young spermatocytes, is connected to vasculature through phagocytic Sertoli cells, which
in turn act as antigen presenting cells to induce tolerance. The adluminal surface housing
sperm undergoing meiosis and spermiogenesis is segregated from vasculature. Thus leakage
of autoantigens from basal compartment can potentially generate ASAs. However, the exact
mechanism of ASA generation is still unclear [13]. In some cases, Human Leucocyte Antigen
system is associated with ASA and Al [15]. In 0.9-4% of normal fertile adult males as well as
pre-pubertal boys, ASA are found in blood serum, seminal plasma, or directly attached to
sperm surface indicating these to be NAbs generating confusion on their role in human
infertility [16, 17].
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Very few ASA are sperm specific [18] and never directed to multiple organs (except in ani-
mals). These can appear more frequently due to testicular failures: cryptorchidism, unde-
scended testes, mobile testes and orchitis (especially due to infectious diseases such as
mumps). Additionally, varicocele increases the risk of ASA production by two-fold [19]. The
reduced testosterone levels due to altered Leydig cell function in undescended testes could
theoretically result in reduced T regulatory cells and compromised central tolerance, however,
exact mechanism is unclear. Elevated ASA could lead to low sperm count or low progressive
motility. Hence, surgery at an early age, followed by steroid therapy to suppress immune
reaction is recommended to prevent future infertility in cases with testicular failure.

ASA could be against carbohydrate moieties and sperm antigens example integral membrane
proteins (exposed due to undescended testes) mainly through molecular mimicry. Natural
ASA are reported in rodents due to sperm antigenic ‘leak’ to ensure immune tolerance. ASA
are generally associated with genital tract infections. Vasectomy induces AAbs to antigens of
mature human sperm [20, 21] with HLABw22 and A28 having increased predisposition post
vasectomy [22]. Incidence reported is 61% pre- and 73-80% post-vasectomy. Antigens could be
of either testicular or epididymal origin (epididymal maturation) with Abs directed to acro-
some, equatorial and postacrosomal regions, tail midpiece and sperm nucleus. This could be
due to sperm leakage in either the vas or cauda epididymis [21]. AutoAbs to FA-1 antigen
(44%) and protamine (28%) seen post vasectomy in sera (none in seminal plasma) with preva-
lence of reduced fertilization rate in vitro. These were either of IgG, M or A subclass [23]. Post
vasectomy ASA are seen only in serum while in seminal plasma and ejaculate post
vasovasostomy. Fertile men with no ASA before vasovasostomy will show ASA that can affect
sperm count [24, 25]. Further, there is no overlap of ASA between infertile men, post vasec-
tomy [26] and post vasovasostomy. However, there are conflicting reports on their influence on
pregnancy rate [27, 28]. Table 1 enlists ASA in men with autoimmune infertility.

High titers of IgA-ASA found in seminal plasma of infertile men bind sperm head and impair
fertilizing ability, the IgG elicit opsonization, and IgM from vaginal washings of vaginitis cases
reduce fertilization by 44% [13]. ASAs directed to surface antigens are clinically relevant since
they affect semen quality (not morphology or count) by any one of: premature acrosome
reaction making the sperm moribund, sperm agglutination leading to impairment in cervical
mucus penetration, opsonization through female genital tract via complement pathway.

ASA may aid sperm capacitation with no adverse effects on sperm-oocyte fusion. However,
ASA binding outer acrosomal membrane proteins are washed away during procedure and do
not affect IVF-intracytoplasmic sperm injection (IVE-ICSI) outcomes unlike those in females
which are reported to reduce cleavage rate [47-49], with multiple autoantigenic targets neces-
sary for Al [50].

Typically in women, the mucosal immunity protects entire reproductive tract up to Fallopian
tubes against incoming sperm or any microbes. Thus vaginal and cervical secretions may
contain ASA due to multiple semen exposures causing autoantigenicity to seminal fluid pro-
teins. In rare cases of Human Seminal Plasma Allergy, first exposure can elicit antibodies [51]
though it is not always associated with infertility [52, 53].
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Autoantigen Body fluid  Function Reference
compartment

Nuclear autoantigenic sperm protein (NASP) Serum Lowers fertilization rate [29]

histone binding

Protamines Serum - [30]

DNA polymerase Seminal - [31]
plasma

YLP 12 peptide Serum acrosome reaction, union of sperm- [32]

oocyte

HSP70, 70-2 and 90 Serum Acrosome reaction [26]

Disulfide isomerase ER60 - - [26]

Sperm agglutination antigen-1 (SAGA-1) - - [33]

Alpha enolase Serum - [34]

Rab GDP-dissociation inhibitor beta -

Elongation factor 2 -

Human G-phosphogluconate dehydrogenase, -

decarboxylating

GAPDH-2 -

L-Lactate dehydrogenase C chain -

ATP synthase beta chain mitochondrial precursor -

Proacrosin binding protein sp32 Seminal -

CRISP-2 plasma -

ESP Serum Intra-acrosomal [35]

SAMP 32 [36, 37]

SAMP14/ PH-20/hyaluronidase [38]

AKAP 3 Fibrous sheath of the principal piece of  [39]

CABYR the sperm tail [40-42]

RSP44 A radial spoke protein present in the [43]

axonemes of both sperm tail and cilia

FSP95 Fibrous sheath antigen [44]

SLLP1 Intra-acrosomal protein [44]

Zona pellucida [8]

FSH [45]

hESP Serum Sperm-egg binding and fusion [46]

Table 1. List of autoantigens in men with autoimmune infertility.

ASA in females are of IgG, IgA and IgE subtypes in blood, lymph and cervical-vaginal mucus
[50]. IgA antibodies in the cervical secretions can bind and agglutinate sperm with eventual
clearance by circulating macrophages while the predominant IgG [54] can lead to opsonization
and local clearance of antibody-antigen complexes. The uterus and Fallopian tubes are also
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protected by circulating macrophages and NK cells that clear the incoming sperm. Thus sperm
coated with IgA-ASA are unaffected unlike those by IgG which are opsonized and cleared via
macrophages. Both subtypes in the mucus individually affect fertilization alone while a com-
bination significantly affects fertilization rate [55-58].

IgA alloantibodies to FSH are seen in some normal fertile women and can be produced during
tolerance to partner antigens (sperm proteins and shared maternal antigens) through semen
[59, 60]. Patients with increased intestinal permeability in bowel inflammatory disease show
higher production of ASA through molecular mimicry or epitope sharing between intestinal
microbes and spermatozoa [61]. An upregulated normal mucosal immune response could lead
to the elevated levels of anti-FSH IgA antibodies in IVF patients. Another possible explanation
could be a deficit in producing antibodies that neutralize anti-FSH immunoglobulins, which
has been noted in patients who produce ASA [62]. These results together suggest that the
elevated values of anti-FSH IgA in IVF patients could represent a failure in mucosal tolerance
in the genital tract, which could be genetically determined [12] (Table 2). Enlists ASA detected
in sera of women.

2.1. Diagnostic approaches and treatment modalities for couples with ASA

Presence of ASA in serum of seminal fluid binding to sperm outer membrane antigens and
thereby altering fertilization rate are relevant, is inversely correlated with pregnancy and not a
good indicator of pregnancy outcome. Testing for ASA is indicated for men with genitourinary
infections (e.g., Chlamydia) or acquired genital tract obstructions. Nevertheless, these ASA
may not always hinder pregnancy.

Sexually active homosexual individuals who have also undergone pelvic surgery should be
advised to test for ASA [69]. Routine semen samples can be tested for sperm bound antibodies
by IgG-mixed antiglobulin reaction (IgG-MAR [70]), immunobead test (IBT) [71] or sperm-
MAR test [72]. However, none of the available diagnostic tests quantitate, are neither effective
nor specific [73, 74]. Hence, instead of ineffective generalized immunosuppressive therapy
IVE-ICSI should be considered [75-79].

Post vasovasostomy couples are advised IVF for pregnancy depending on body mass index
and age which affect serum testosterone levels as well as ASA in men. In these cases, IVF may
be beneficial only after testing for hypogonadism and serum testosterone levels [80]. ASA post

ASA Body fluid compartment Function Reference
80 kDa protein Serum - [63, 64]
BS 17 - [65]
rSMP-B - - [66]
Acrosin Serum Sperm-oocyte interaction [67]

H-Y antigen Secondary recurrent miscarriage [68]

Table 2. List of autoantigenic targets against sera of women with ASA.
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vasovasostomy can cause necrospermia and deteriorate sperm count hence IVF-ICSI using
testicular sperm is an option [81].

3. Female autoimmune infertility

Women are prone to autoimmune diseases due to hormonally dictated cytokine and chemokine
milieu [82] often leading to other autoimmune dysfunctions [83] including reproductive autoim-
mune failure. Gleicher and co-workers [6] postulated that endometriosis could be an autoim-
mune disease and studies from our lab show 30% prevalence [84]. Commonly seen serum AAbs
are anti-phospholipid, anti-nuclear, anti-thyroid, anti-annexin V, anti-prothrombin, anti-laminin,
anti-ZP (Table 3 for entire list), with the high level of NK cells as the risk factors but not as those
pathognomonic [85]. However, none of the AAb biomarkers tested were effective [86]. A recent
study reported better sensitivity of 6 new biomarkers [87]. With detection of AAbs to steroid
producing cells and thyroglobulin in cases with concomitant adrenal or thyroid disease in PCOS,
itis now considered an autoimmune disease. However, anti-ovarian antibodies were reported in
only one study [7, 88] with no clarity on their role in PCOS pathogenesis [89]. Organ-specific
AADs such as ovary, adrenal and thyroid (endocrine autoimmune) disease are reported to cause
infertility due to premature ovarian insufficiency (POI) [90].

Both PCOS and endometriosis are also causative factors of POI. 40-60% women with endome-
triosis possess anti-ovarian Abs in addition to anti-endometrial Abs [103]. Several AAbs to
non-organ specific targets are seen in women with unexplained infertility [104]. Further, 22%
of patients with SLE show anti-corpus luteum antibodies and elevated FSH levels typical of
POI [57] and 60% POI cases are of autoimmune origin [105, 106]. POl is typically detected late
with both non-organ and organ-specific antibodies in conjunction with an autoimmune dis-
ease thus evading a specific and accurate biomarker for diagnosis and prognosis [107, 108].
Whether AAbs are causative of or a by-product of underlying disease is unclear.

Nevertheless, elaborate animal models of the disease as well as case studies have provided
relevant data. Day three neonatal thymectomy mouse model showed that multi-organ auto-
immune disease prevails. Immunization with a single antigen causes oophoritis alone while
those to multiple antigens completely compromises ovarian function. Additionally, concomi-
tant presence of the autoantigens was mandatory [109].

Efforts to identify target autoantigens based on discovery of an ovary specific autoantigen by
ELISA, immunofluorescence or immunohistochemistry approach were unfruitful. This inter-
ference was due to non-specific reactivity of natural albumin antibodies [110]. Attempts to
identify target autoantigens using sera and proteomics approach were fruitful enough to
identify several somatic proteins: alpha actin, alpha actinin-4, heat shock proteins 70 and 903
in 30% of POI and 26% of IVE-ET failure cases [100, 111, 112]. Of these, 47% cases showed
presence of AAbs to HSP90[3. Reactivity of these antibodies was seen against several follicular
components (Table 4). Note, besides oocyte the corpus luteum seems to be a major cellular
target while HSP90P the molecular target contributing to early POI (bold and italics in Table 4)
[111]. AAbs to MATER led to assuming it to be an ovary specific target [113] however, these
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Autoantibodies Compartment Reference
Zona pellucida (ZP3, ZP2) Peritoneal, follicular fluids, cervical-vaginal [50]
mucus

Anti-phospholipid

Anti-cardiolipin

Anti-HAL

Anti annexin 5

FSH, p-subunit

17a-hydroxylase, desmolase (P450-side chain cleavage)
3p-hydroxysteroid dehydrogenase
21-hydroxylase

Antinuclear autoantibodies (ANA)
SMOOTH muscle autoantibodies (SMA)
Anti-endometrial Abs

Thyroid peroxidase

Alpha enolase

Aldehyde dehydrogenase

Syntaxin 5

Cancer antigen 125 (CA125)

Cancer antigen 19.9 (CA19.9)
Serine/threonine-protein kinase (PDIK1L)
Selenium binding protein 1

Heat-shock protein 90-f3

LH receptor

a-Actin

a-Actinin-4

HSPAS5 (HSP70)

Stomatin-like protein 2

Tropomodulin 3 (TMOD3)
Tropomyosin 3 (TPM3)

Double stranded DNA

Angiotensin II type 1 receptor agonistic autoantibodies

Cervical, serum

Serum
Peritoneum
Serum [9, 12, 91-93]
[94]
[95]
[86]
[96]
Serum [97]
[98, 99]
Serum [100, 101]
[84, 87]
- [89]
Serum [102]

Table 3. List of autoantigenic targets against sera of women with reproductive infertility.

AAbs were also seen in idiopathic hypoparathyroidism cases only in context of autoimmune
polyendocrinopathy-candidiasis-ectodermal dystrophy syndrome [114].

Though a 75-90% accuracy was observed in ELISA assays using immunodominant epitopes
from the identified targets, the AAbs were also present in normal population, highlighting the
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Condition Age at detection Cellular target Molecular target
POI 22 Oocyte, theca, corpus luteum 90

33 Oocyte, corpus luteum 30

38 45, 90

24 90, 97

33 Oocyte, theca, corpus luteum 97

39 Oocyte, theca 90

33 Theca 120

38 Oocyte 90

33 Ooplasm and nucleus of oocyte, theca

35 Oocyte 55

36 97

35 Oocyte of primordial follicle 70,75

32 Oocyte 70

35 Granulosa, corpus luteum 30, 45
IVE-ET 29 Oocyte, corpus luteum 97

28 120

39 30, 90

32 Oocyte 120

34 50, 75, 90

30 Oocyte, granulosa 80, 97

28 Oocyte 120

31 Theca 45,97

29 Oocyte 90, 120

32 30, 50, 90

90
33 Oocyte 90, 97
30 Zona pellucida 45

Table 4. List of antigens and cellular targets detected using sera of women with premature ovarian insufficiency (POI)
and in vitro fertilization-embryo transfer (IVF-ET); compiled from [97].

fact that these were NAbs. These were also validated to induce aPOI in a mouse model. The
immunodominant epitopes tested were able to induce POI and alter ovarian cytoarchitecture.
Folliculogenesis was severely affected at each developmental stage with gross lack of mature
Graafian follicles and a persistent corpus luteum [101].

AAbs to a single immunodominant epitope (EP6) HSP90B led to 9% dissociated oocyte-
cumulus complexes, granulosa cells undergoing apoptosis, 48% empty follicles, and 12%
degenerated follicles. These animals demonstrated significant pre- and post-implantation loss
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with concomitant decrease in fertility index along with an increased polymorphonuclear cell
infiltration of the ovarian follicles. The infiltration may have contributed to generation of
antibodies against the EP6 peptide [115, 116].

In normal physiological inflammatory processes like ovulation, follicular atresia, corpus
luteum regression and tissue remodeling, the ovarian leukocytes like T cells and macrophages
play an important role [117, 118]. Interestingly, NAbs especially, IgM play a role in clearing
apoptotic cells, maintaining B cell homeostasis, inflammation, atherosclerosis and autoimmu-
nity. Any drop in IgM levels is associated with ineffective clearance of apoptotic cells culmi-
nating into autoimmune disease. Alternatively, strong and persistent recognition of apoptotic
cells by such NAbs may overactivate the immune system and cause chronic inflammation [3].
Corticosteroid treatment resolves the ensuing infertility [119]. However, there are no random-
ized controlled trials (RCT) to date. Our animal studies showed high dose corticosteroid was
better able to rescue fertility in mice immunized with immunodominant epitopes of HSPA5
(Table 5). An interesting finding was the epitope spreading observed: AAbs to HSPA5 cross-
react with immunodominant epitope (EP6) of HSP90p at high titer [120]. Thus, autoreactivity
to HSP90PB could have diagnostic and prognostic value.

Thyroid autoimmunity is commonly found with other systemic autoimmune diseases [121,
122] and is associated with anti-phospholipid syndrome (APS) due to anti-phospholipid anti-
bodies [123] which in turn mediate recurrent miscarriages common to APS [124]. Thus women
with thyroid autoimmunity and APS have greater risk of recurrent miscarriages mandating
screening for anti-phospholipid antibodies. AAbs to ANA (12%), ANCA (20%), AECA (24%),
ACLA (8%), anti-dsDNA (0%), f2 microglobulin (14%), and anti-HLA antibodies (10%) have
been reported among Indian RSA patients [125]. This indicates that women with thyroiditis,
endometriosis, SLE, APS also run the risk of repeated miscarriages.

At least 20-30% of POI cases have an additional autoimmune disorder [126] including several
endocrinopathies, thyroid diseases, Addison’s disease, rheumatoid arthritis and polyglandular

AutoAb target Cellular target Effecton  Delayin  Preimplantation Fertility  Effect of
estrus vaginal loss reduction corticosteroid
cycle plug treatment

Alpha actinin-4 Ooplasm, theca and Not 30% 24% 32% 44%

corpus luteum determined

HSPA5 Ooplasm, granulosa, - 44%

theca and corpus luteum

Alpha actin Ooplasm, granulosa and 30% 36.4%

theca,

HSP90-beta (EP6)  Granulosa cells, Not Not

developing embryo significant ~ determined

MATER/NALP5 oocytes of later-stage Not
(parathyroid small follicles determined
autoantigen)

Table 5. Effect of autoantibodies on fertility and extent of rescue with corticosteroid therapy.
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syndrome with greater prevalence of thyroid autoimmunity (14-27% at initial diagnosis) and
thyroid peroxidase AAbs [127, 128]. At least 10% women with Addison’s disease manifest
AAbs to 21- or 17-hydroxylase and autoimmune oophoritis [129]. Thyroid peroxidase anti-
bodies (TPO Abs) are also prevalent in PCOS cases. Thus, these along with HSP90B could be
included in an antibody detection panel.

In women with endometriosis, use of biomarkers including CA-125 for diagnosis of endome-
triosis was prohibited [130, 131]. However as per recent guidelines, use of biomarkers has been
recommended for both diagnosis and disease monitoring [132] and is still a researchable area.
Anti-endometrial antibodies exist but their sensitivity and accuracy varies from 0 to 100%
[131, 133, 134].

3.1. Treatment modalities and management of autoimmune infertility

Endometriosis management guidelines are valid for women with mild to moderate disease
and do not recommend hormonal therapy for managing ovulation to improve fertility rate
[135]. Despite reduction in ovarian function, one time laparoscopic operation to remove endo-
metriosis and improve pregnancy rates is often recommended [136, 137]. Adjunctive hormonal
therapy is prohibited pre- or post-surgery to improve pregnancy rates [138]. Intra uterine
insemination along with controlled ovarian stimulation is recommended 6 months post-
surgery since it shows similar pregnancy rates as that of women with unexplained infertility
[139]. ART can also be recommended especially in cases of tubal factor or male factor infertility
as controlled ovarian stimulation does not increase chances of recurrence of endometriosis
after IVF/ICSI [140-143] however, it may not always be effective [144, 145].

POI seems to be an end-stage disease in women with an autoimmune disorder since it is
detected at a late stage when the ovary has been substantially ravaged with little scope for
fertility management. Thus treatment options for fertility management of women with POI are
limited. Counseling for early marriage and pregnancy to complete the family is applicable only
in case of early diagnosis or known familial origin. Other options include egg donation and
IVE-ICSI or surrogacy. The women are administered corticosteroids in case of known autoim-
mune disease diagnosis and advised IVF-ICSI when AAb titers fall. However, this is not an
option since it entails risk of osteoporosis and iatrogenic Cushing’s syndrome [119]. In most
cases, adoption is the only option along with psychological counseling and cardiovascular and
bone health management of hypoestrogenism effects [146].

Additionally, there should be efforts to increase awareness among reproductive endocrinolo-
gists to recommend testing for undiagnosed autoimmune disease to couples on a case basis
before embarking on ART-IVF [147].

4. Future research

Presence of AAbs is hallmark of autoimmune disease with no clarity on their role in disease
pathogenesis and ensuing Al. With few exceptions these are not organ-specific indicating them
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to be NAbs [148-151]. Obtaining clarity on role of AAbs will guide further treatment modali-
ties for patients with AI [93, 101, 152]. Global high dose immunosuppressive therapy seems
to be the only effective option for autoimmune reproductive failure despite its shortcomings
[153, 154].

Targeted interventional therapy by inducing antigen-specific tolerance is another option [155, 156].
Till such a time as a definitive therapy is available, pan autoimmune disease diagnostic panels can
be designed using autoantigenic targets (recombinant proteins or peptides) such as 32-glycopro-
tein I and HSP90p (EP6) [151, 157-159] followed by management with corticosteroid therapy. A
loss of reactivity to key autoantigens (predetermined to affect ovarian function) would serve as
biomarkers to better manage immunosuppressant therapy.

5. Conclusion

The very lack of any organ-specific biomarker till date along with the preponderance of NAbs
indicates that warped self-tolerance would lead to Al. AAbs in females alone appear to be
significant in Al Fertility studies need to be undertaken to gauge effect of such AAbs identi-
fied thus far and immunodominant epitopes gleaned could prove useful to design a pan
autoimmune disease diagnostic peptide array to manage Al Global immunosuppressant
therapy and IVF-ICSI are the only current hope for such couples.

Acknowledgements

The work was co-funded by Indian Council of Medical Research and Dept. of Biotechnology,
Govt. of India.

Conflict of interest

None.

Author details

Kaushiki M. Kadam'*, Purvi Mande? and Asmita Choudhury2
*Address all correspondence to: kaushikikadam@gmail.com

1 National Institute for Research in Reproductive Health, Indian Council of Medical Research,
Mumbai, India

2 Department of Medicine, UMass Medical School, Worcester, MA, United States

47



48 Autoantibodies and Cytokines

References

(1]

(2]

(3]

(5]

(6]

[11]

[12]

Poletaev A, Boura P. The immune system, natural autoantibodies and general homeo-
stasis in health and disease. Hippokratia. 2011;15(4):295-298. PMCID: PMC3876841

Silosi I, Silosi CA, Boldeanu MV, Cojocaru M, Biciusca V, Avramescu CS, Cojocaru IM,
Bogdan M, Folcuti RM. The role of autoantibodies in health and disease. Romanian
Journal of Morphology and Embryology. 2016;57(2):633-638. PMID: 27833954

Panda S, Ding JL. Natural antibodies bridge innate and adaptive immunity. Journal
of Immunology. 2015;194:13-20. DOI: https://doi.org/10.4049/jimmunol.1400844. PMID:
25527792

Weiss G, Goldsmith LT, Taylor RN, Bellet D, Taylor HS. Inflammation in reproductive
disorders. Reproductive Sciences. 2009;16(2):216-229. DOI: 10.1177/1933719108330087.
PMID: 19208790

Gleicher N, Kushnir VA, Barad DH. Prospectively assessing risk for premature ovarian
senescence in young females: A new paradigm. Reproductive Biology and Endocrinol-
ogy. 2015;13:34. DOI: 10.1186/512958-015-0026-z. PMID: 25906823

Gleicher N, El-Roeiy A, Confino E, Friberg J. Is endometriosis an autoimmune disease?
Obstetrics & Gynecology. 1987;70(1):115-122. PMID: 3110710

Fénichel P, Gobert B, Carré Y, Barbarino-Monnier P, Hiéronimus S. Polycystic ovary
syndrome in autoimmune disease. Lancet. 1999;353(9171):2210. PMID: 10392989. DOI:
10.1016/S0140-6736(99)00256-1

Forges T, Monnier-Barbarino P, Faure GC, Béné MC. Autoimmunity and antigenic
targets in ovarian pathology. Human Reproduction Update. 2004;10(2):163-175. PMID:
15073145. DOI: 10.1093/humupd/dmh014

Geva E, Amit A, Lerner-Geva L, Lessing JB. Autoimmunity and reproduction. Fertility
and Sterility. 1997;67(4):599-611. PMID: 9093180

Matarese G, de Placido G, Nikas Y, Alviggi C. Pathogenesis of endometriosis: Natural
immunity dysfunction or autoimmune disease? Trends in Molecular Medicine. 2003;
9(5):223-228. PMID: 12763528

Reimand K, Talja I, Metskiila K, Kadastik U, Matt K, Uibo R. Autoantibody studies of
female patients with reproductive failure. Journal of Reproductive Immunology. 2001;
51(2):167-176. PMID: 11543855

Haller-Kikkatalo K, Salumets A, Uibo R. Review on autoimmune reactions in female
infertility: Antibodies to follicle stimulating hormone. Clinical & Developmental Immu-
nology. 2012;2012:762541. PMID: 22007255. DOI: 10.1155/2012/762541

Restrepo B, Cardona-Maya W. Antisperm antibodies and fertility association. Actas
Urologicas Espatiolas. 2013;37(9):571-578. PMID: 23428233. DOI: 10.1016/j.acuro.2012.11.003



Autoantibodies: Key Mediators of Autoimmune Infertility 49
http://dx.doi.org/10.5772/intechopen.73899

[14] Vazquez-Levin MH, Marin-Briggiler CI, Veaute C. Antisperm antibodies: Invaluable
tools toward the identification of sperm proteins involved in fertilization. American
Journal of Reproductive Immunology. 2014;72:206-218. PMID: 24863647. DOI: 10.1111/
ji. 12272

[15] Omu AE, Al-Qattan F, Ismail AA, Al-Taher S, Al-Busiri N. Relationship between
unexplained infertility and human leukocyte antigens and expression of circulating
autogeneic and allogeneic antisperm antibodies. Clinical and Experimental Obstetrics
& Gynecology. 1999;26(3—4):199-202. PMID: 10668156

[16] Lu]JC, Huang YF, Lu NQ. Antisperm immunity and infertility. Expert Review of Clinical
Immunology. 2008;4(1):113-126. PMID: 20477591. DOI: 10.1586/1744666X.4.1.113

[17] Filippini A, Riccioli A, Padula F, Lauretti P, D'Alessio A, De Cesaris P, Gandini L, Lenzi
A, Ziparo E. Control and impairment of immune privilege in the testis and in semen.
Human Reproduction Update. 2001,7(5):444-449. PMID: 11556490

[18] Dorr H, Bohring C, Krause W. Are antisperm antibodies indeed sperm-specific?
Andrologia. 2005;37:185-187. PMID: 16266397. DOI: 10.1111/j.1439-0272.2005.00675.x

[19] Bozhedomov VA, Lipatova NA, Rokhlikov IM, Alexeev RA, Ushakova IV, Sukhikh GT.
Male fertility and varicocoele: Role of immune factors. Andrology. 2014;2:51-58. PMID:
24285668. DOL: 10.1111/.2047-2927.2013.00160.x

[20] Phadke AM, Padukone K. Presence and significance of autoantibodies against sperma-
tozoa in the blood of men with obstructed vas deferens. Journal of Reproduction and
Fertility. 1964;7:163. PMID: 14139599

[21] Tung KSK. Human sperm antigens and antisperm antibodies. I. Studies on vasectomy
patients. Clinical and Experimental Immunology. 1975;20:93-104. PMID: 1106922

[22] Law HY, Bodmer WF, Mathews JD, Skegg DC. The immune response to vasectomy and
its relation to the HLA system. Tissue Antigens. 1979;14(2):115-139. PMID: 386565

[23] Naz RK, Deutsch ], Phillips TM, Menge AC, Fisch H. Sperm antibodies in vasectomized
men and their effects on fertilization. Biology of Reproduction. 1989;40:163-173. PMID:
2804205

[24] Kay DJ, Clifton V, Taylor JS, Boettcher B. Anti-sperm antibodies and sperm profiles in
re-anastomosed men. Reproduction, Fertility, and Development. 1993;5:135-139. PMID:
8234889

[25] Royle MG, Parslow JM, Kingscott MM, Wallace DM, Hendry WEF. Reversal vasectomy:
The effects of sperm antibodies on subsequent fertility. British Journal of Urology. 1981;
53:654-659. PMID: 7032642

[26] Bohring C, Krause W. Differences in the antigen pattern recognized by antisperm anti-
bodies in patients with infertility and vasectomy. The Journal of Urology. 2001;166(3):
1178-1180. PMID: 11490318



50 Autoantibodies and Cytokines

[27]

(28]

[29]

[30]

[31]

[32]

(33]

[34]

[35]

[36]

[37]

(38]

Meinertz H, Linnet L, Fogh-Andersen P, Hjort T. Antisperm antibodies and fertility after
vasovasostomy: A follow-up study of 216 men. Fertility and Sterility. 1990;54(2):315-321.
PMID: 2379630

Lu WH, Liang XW, Gu YQ, Li H, Wu ZG, Chen ZW. The relationship between changes
of serum antisperm antibodies before and post vasovasostomy and pregnancy rate.
Zhonghua Nan Ke Xue. 2006;12(1):32-35, 38. PMID: 16483155

Batova IN, Richardson RT, Widgren EE, O'Rand MG. Analysis of the autoimmune
epitopes on human testicular NASP using recombinant and synthetic peptides. Clinical
& Experimental Immunology. 2000;121(2):201-209. PMID: 10931132

Samuel T, Linnet L, Riimke P. Post-vasectomy autoimmunity to protamines in relation
to the formation of granulomas and sperm agglutinating antibodies. Clinical and Exper-
imental Immunology. 1978;33(2):261-269. PMID: 102476

Higgins PJ, Witkin SS, Bendich A. Inhibition of human seminal fluid DNA polymerase
by an IgG fraction of seminal plasma from vasectomized men. Journal of Reproduction
and Fertility. 1978;54(1):97-102. PMID: 101659

Naz RK, Packianathan JLR. Antibodies to human sperm YLP12 peptide that is involved
in egg binding inhibit human sperm capacitation/acrosome reaction. Archives of
Andrology. 2000;45(3):227-232. PMID: 11111871

Diekman AB, Norton EJ, Westbrook VA, Klotz KL, Naaby-Hansen S, Herr JC. Anti-
sperm antibodies from infertile patients and their cognate sperm antigens: A review.
Identity between SAGA-1, the H6-3C4 antigen, and CD52. American Journal of Repro-
ductive Immunology. 2000;43(3):134-143. PMID: 10735589

Domagata A, Pulido S, Kurpisz M, Herr JC. Application of proteomic methods for
identification of sperm immunogenic antigens. Molecular Human Reproduction. 2007;
13(7):437-444. PMID: 17507387. DOI: 10.1093/molehr/gam026

Wolkowicz MJ, Shetty ], Westbrook A, Klotz K, Jayes F, Mandal A, Flickinger CJ, Herr
JC. Equatorial segment protein defines a discrete acrosomal subcompartment persisting
throughout acrosomal biogenesis. Biology of Reproduction. 2003;69:735-745. PMID:
12773409. DOL: 10.1095/biolreprod.103.016675

Hao Z, Wolkowicz M]J, Shetty ], Klotz K, Bolling L, Sen B, Westbrook VA, Coonrod S,
Flickinger CJ, Herr JC. SAMP32, a testis-specific, isoantigenic sperm acrosomal
membrane-associated protein. Biology of Reproduction. 2002;66(3):735-744 11870081

Rao J, Herr JC, Reddi PP, Wolkowicz MJ, Bush LA, Sherman NE, Black M, Flickinger CJ.
Cloning and characterization of a novel sperm-associated isoantigen (E-3) with defens-
ing and lectin-like motifs expressed in rat epididymis. Biology of Reproduction. 2003;
68(1):290-301. PMID: 12493725

Shetty ], Wolkowicz M]J, Digilio LC, Klotz KL, Jayes FL, Diekman AB, Westbrook VA,
Farris EM, Hao Z, Coonrod SA, Flickinger CJ, Herr JC. SAMP14, a novel, acrosomal



Autoantibodies: Key Mediators of Autoimmune Infertility 51
http://dx.doi.org/10.5772/intechopen.73899

membrane-associated, glycosylphosphatidylinositol-anchored member of the Ly-6/uro-
kinase-type plasminogen activator receptor superfamily with a role in sperm-egg inter-
action. The Journal of Biological Chemistry. 2003;278(33):30506-30515. PMID: 12788941

[39] Mandal A, Naaby-Hansen S, Wolkowicz M]J, Klotz K, Shetty ], Retief JD, Coonrod SA,
Kinter M, Sherman N, Cesar F, Flickinger CJ, Herr JC. FSP95, a testis-specific 95-
kilodalton fibrous sheath antigen that undergoes tyrosine phosphorylation in capaci-
tated human spermatozoa. Biology of Reproduction. 1999 Nov;61(5):1184-1197. PMID:
10529264

[40] Naaby-Hansen S, Mandal A, Wolkowicz MJ, Sen B, Westbrook VA, Shetty J, Coonrod
SA, Klotz KL, Kim YH, Bush LA, Flickinger CJ, Herr JC. CABYR, a novel calcium-
binding tyrosine phosphorylation-regulated fibrous sheath protein involved in capacita-
tion. Developmental Biology. 2002;242(2):236-254. PMID: 11820818

[41] Sen B, Mandal A, Wolkowicz MJ, Kim YH, Reddi PP, Shetty ], Bush LA, Flickinger CJ,
Herr JC. Splicing in murine CABYR and its genomic structure. Gene. 2003;310:67-78.
PMID: 12801634

[42] Kim YH, Jha KN, Mandal A, Vanage G, Farris E, Snow PL, Klotz K, Naaby-Hansen S,
Flickinger CJ, Herr JC. Translation and assembly of CABYR coding region B in fibrous
sheath and restriction of calcium binding to coding region A. Developmental Biology.
2005;286(1):46-56. PMID: 16139264

[43] Shetty ], Klotz KL, Wolkowicz M]J, Flickinger CJ, Herr JC. Radial spoke protein 44
(human meichroacidin) is an axonemal alloantigen of sperm and cilia. Gene. 2007;
396(1):93-107. PMID: 17451891. DOI: 10.1016/j.gene.2007.02.031

[44] Mandal A, Klotz KL, Shetty ], Jayes FL, Wolkowicz M], Bolling LC, Coonrod SA, Black
MB, Diekman AB, Haystead TA, Flickinger CJ, Herr JC. SLLP1, a unique, intra-
acrosomal, non-bacteriolytic, ¢ lysozyme-like protein of human spermatozoa. Biology
of Reproduction. 2003;68(5):1525-1537. PMID: 12606493

[45] Westhoff WE, Slootstra JW, Puijk WC, Kuperus D, Flinterman JF, Schaaper WM, Oonk HB,
Meloen RH. Detection of epitopes on follicle-stimulating hormone and FSH antiserum-
induced suppression of bioactivity of follicle stimulating hormone and luteinizing hor-
mone. Journal of Reproductive Immunology. 1996,30(2-3):133-149. PMID: 8816329

[46] Wolkowicz MJ, Digilio L, Klotz K, Shetty ], Flickinger CJ, Herr JC. Equatorial segment
protein (ESP) is a human alloantigen involved in sperm-egg binding and fusion. Journal
of Andrology. 2008;29(3):272-282. PMID: 17978344

[47] Francavilla F, Santucci R, Barbonetti A, Francavilla S. Naturally-occurring antisperm
antibodies in men: interference with fertility and clinical implications. An update. Fron-
tiers in Bioscience. 2007;12:2890-2911. PMID: 17485267

[48] Mandelbaum SL, Diamond MP, AH DC. Relationship of antisperm antibodies to oocyte
fertilization in in vitro fertilization-embryo transfer. Fertility and Sterility. 1987;47:644-
651. PMID: 3552746



52 Autoantibodies and Cytokines

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

Tian X, Zhang L, Wu Y, Yang C, Liu P. Relationship between serum antisperm anti-
bodies and anticardiolipin antibodies and clinical pregnancy outcome in an in vitro
fertilization and embryo transfer program. Chinese Medical Journal. 1999;112(1):34-36.
PMID: 11593637

Brazdova A, Senechal H, Peltre G, Poncet P. Immune aspects of female infertility.
International Journal of Fertility & Sterility. 2016;10(1):1-10. PMID: 27123194

James DW. Pernicious vomiting of pregnancy due to sensitivity to semen. Western
Journal of Surgery, Obstetrics, and Gynecology. 1945;53:380-382

Ebo DG, Stevens W, Bridts C, De Clerck L, Bernstein I. Human seminal plasma anaphy-
laxis (HSPA): Case report and literature review. Allergy. 1995;50:747-750. PMID: 8546271

Weidinger S, Ring J, Kohn F. IgE-mediated allergy against human seminal plasma. Chem-
ical Immunology and Allergy. 2005;88:128-138. PMID: 16129942. DOI: 10.1159/000087830

Johansson M, Lycke N. Immunology of the human genital tract. Current Opinion in
Infectious Diseases. 2003;16:43-49. PMID: 12821829

Clarke GN, Lopata A, McBain JC, Baker HW, Johnston WI. Effect of sperm antibodies in
males on human in vitro fertilization (IVF). American Journal of Reproductive Immu-
nology and Microbiology. 1985;8:62-66. PMID: 4025668

Matson PL, Junk SM, Spittle JW, Yovich JL. Effect of antispermatozoal antibodies in
seminal plasma upon spermatozoal function. International Journal of Andrology. 1988;
11:101-106. PMID: 3286524

Junk SM, Matson PL, Yovich JM, Bootsma B, Yovich JL. The fertilization of human
oocytes by spermatozoa from men with antispermatozoal antibodies in semen. Journal
of In Vitro Fertilization and Embryo Transfer. 1986;3:350-352. PMID: 3805851

de Almeida M, Gazagne ], Jeulin C, Herry M, Belaisch-Allart J, Frydman R, Jouannet P,
Testart J. In vitro processing of sperm with auto-antibodies and in-vitro fertilization
results. Human Reproduction. 1989;4:49-53. PMID: 2708503

Hegde UC, Ranpura S, D’Souza S, Raghavan VP. Immunoregulatory pathways in preg-
nancy. Indian Journal of Biochemistry & Biophysics. 2001;38(4):207-219. PMID: 11811615

Luboshitzky R, Kaplan-Zverling M, Shen-Orr Z, Nave R, Herer P. Seminal plasma
androgen/oestrogen balance in infertile men. International Journal of Andrology. 2002;
25(6):345-351. PMID: 12406366

Dimitrova D, Kalaydjiev S, Mendizova A, Piryova E, Nakov L. Circulating antibodies to
human spermatozoa in patients with ulcerative colitis. Fertility and Sterility. 2005;84(5):
1533-1535. PMID: 16275264. DOI: 10.1016/j.fertnstert.2005.05.041

Naz RK, Ahmad K, Menge AC. Anti-idiotypic antibodies to sperm in sera of fertile
women that neutralize antisperm antibodies. The Journal of Clinical Investigation.
1993;92(5):2331-2338. PMID: 8227348. DOI: 10.1172/JCI116837



Autoantibodies: Key Mediators of Autoimmune Infertility 53
http://dx.doi.org/10.5772/intechopen.73899

[63] Bandivdekar AH, Gopalkrishnan K, Garde SV, Fernandez PX, Moodbidri SB, Sheth AR,
Koide SS. Antifertility effect in rats actively immunized with 80kDa human semen
glycoprotein. Indian Journal of Experimental Biology. 1992;30:1017-1023. PMID: 1293024

[64] Bandivdekar AH, Vernekar V], Moodbidri SB, Koide SS. Characterization of 80 kDa
human sperm antigen responsible for immunoinfertility. American Journal of Reproduc-
tive Immunology. 2001;45(1):28-34. PMID: 11211944

[65] Wei SG, Wang LF, Miao SY, Zong SD, Koide SS. Fertility studies with antisperm anti-
bodies. Archives of Andrology. 1994;32(3):251-262. PMID: 8074581

[66] Koide SS, Wang L, Kamada M. Antisperm antibodies associated with infertility: Proper-
ties and encoding genes of target antigens. Proceedings of the Society for Experimental
Biology and Medicine. 2000;224:123-132. PMID: 10865226

[67] Veaute C, Furlong LI, Bronson R, Harris JD, Vazquez-Levin MH. Acrosin antibodies and
infertility. I. Detection of antibodies towards proacrosin/acrosin in women consulting for
infertility and evaluation of their effects upon the sperm protease activities. Fertility and
Sterility. 2009;91(4):1245-1255. PMID: 18439585. DOI: 10.1016/j.fertnstert.2007.12.072

[68] Nielsen HS, Wu F, Aghai Z, Steffensen R, van Halteren AG, Spierings E, Christiansen
OB, Miklos D, Goulmy E. H-Y antibody titers are increased in unexplained secondary
recurrent miscarriage patients and associated with low male : Female ratio in subse-
quent live births. Human Reproduction. 2010;25(11):2745-2752. PMID: 20823116. DOI:
10.1093/humrep/deq242

[69] Marshburn PB, Kutteh WH. The role of antisperm antibodies in infertility. Fertility and
Sterility. 1994;61:799-811. PMID: 8174713

[70] Jager S, Kremer ], van Slochteren-Draaisma T. A simple method of screening for
antisperm antibodies in the human male: Detection of spermatozoan surface IgG with
the direct mixed agglutination reaction carried out on untreated fresh human semen.
International Journal of Fertility. 1978;23:12-21 30704

[71] Bronson R, Cooper G, Rosenfeld D. Membrane bound sperm-specific antibodies: Their
role in infertility. In: Vogel H, Jagiello G, editors. Bioregulators in Reproduction. New
York: Academic Press; 1981. pp. 521-527

[72] Combhaire FH, Hinting A, Vermeulen L, Schoonjans F, Goethals 1. Evaluation of the direct
and indirect mixed antiglobulin reaction with latex particles for the diagnosis of immuno-
logical infertility. International Journal of Andrology. 1987;11:37-44. PMID: 3258588

[73] Nikolaeva MA, Kulakov VI, Korotkova IV, Golubeva EL, Kuyavskaya DV, Sukhikh GT.
Antisperm antibodies detection by flow cytometry is affected by aggregation of antigen-
antibody complexes on the surface of spermatozoa. Human Reproduction. 2000;15(12):
2545-2553. PMID: 11098024

[74] Hjort T. Antisperm antibodies. Antisperm antibodies and infertility: An unsolvable
question? Human Reproduction. 1999;14:2423-2426. PMID: 10527960



54  Autoantibodies and Cytokines

[75]

[76]

[77]

(78]

[79]

(80]

(81]

(82]

[83]

(84]

[85]

[86]

(87]

Kamischke A, Nieschlag E. Analysis of medical treatment of male infertility. Human
Reproduction. 1999;14(Suppl 1):1-23. PMID: 10573021

Nagy ZP, Aragona C, Greco E. Results of ICSI in the treatment of male immunological
infertility. Andrologia. 1999;31:316-317. PMID: 10526648

Check ML, Check JH, Katsoff D, Summers-Chase D. ICSI as an effective therapy for male
factor with antisperm antibodies. Archives of Andrology. 2000;45:125-130. PMID:
11111859

Mardesic T, Ulcova-Gallova Z, Huttelova R, Muller P, Voboril J, Mikova M, Hulvert J.
The influence of different types of antibodies on in vitro fertilization results. American
Journal of Reproductive Immunology. 2000;43:1-5. PMID: 10698033

Lombardo F, Gandini L, Dondero F, Lenzi A. Antisperm immunity in natural and
assisted reproduction. Human Reproduction Update. 2001;7:450-456. PMID: 11556491

Hinz S, Rais-Bahrami S, Kempkensteffen C, Weiske WH, Miller K, Magheli A. Effect of
obesity on sex hormone levels, antisperm antibodies, and fertility after vasectomy rever-
sal. Urology. 2010;76(4):851-856. DOI: 10.1016/j.urology.2010.01.055. PMID: 20430424

Chavez-Badiola A, Drakeley A], Finney V, Sajjad Y, Lewis-Jones DI. Necrospermia,
antisperm antibodies, and vasectomy. Fertility and Sterility. 2008;89(3):723.e5-723.e7.
PMID: 17612533. DOI: 10.1016/j.fertnstert.2007.04.007

Smith-Bouvier DL, Divekar AA, Sasidhar M, Du S, Tiwari-Woodruff SK, King JK,
Arnold AP, Singh RR, Voskuhl RR. A role for sex chromosome complement in the
female bias in autoimmune disease. The Journal of Experimental Medicine. 2008;205(5):
1099-1108. PMID: 18443225. DOI: 10.1084/jem.20070850

Tuohy VK, Kinkel RP. Epitope spreading: A mechanism for progression of autoimmune
disease. Archivum Immunologiae et Therapiae Experimentalis (Warsz). 2000;48(5):347-
351. PMID: 11140461

Gajbhiye R, Suryawanshi A, Khan S, Meherji P, Warty N, Raut V, Chehna N, Khole V.
Multiple endometrial antigens are targeted in autoimmune endometriosis. Reproductive
Biomedicine Online. 2008;16(6):817-824. PMID: 18549691

Gleicher N, Barad D. Unexplained infertility: Does it really exist? Human Reproduction.
2006;21(8):1951-1955. PMID: 16684842. DOI: 10.1093/humrep/del135

Nisenblat V, Bossuyt PM, Shaikh R, Farquhar C, Jordan V, Scheffers CS, Mol BW,
Johnson N, Hull ML. Blood biomarkers for the non-invasive diagnosis of endometriosis.
Cochrane Database of Systematic Reviews. 2016,;1(5):CD012179. PMID: 27132058. DOI:
10.1002/14651858.CD012179

Gajbhiye R, Bendigeri T, Ghuge A, Bhusane K, Begum S, Warty N, Sawant R, Padte K,
Humane A, Dasmahapatra P, Chauhan A, Khan S. Panel of autoimmune markers for
noninvasive diagnosis of minimal-mild endometriosis. Reproductive Sciences. 2017;
24(3):413-420. PMID: 27485360. DOI: 10.1177/1933719116657190



Autoantibodies: Key Mediators of Autoimmune Infertility 55
http://dx.doi.org/10.5772/intechopen.73899

[88] Mobeen H, Afzal N, Kashif M. Polycystic ovary syndrome may be an autoimmune
disorder. Scientifica (Cairo). 2016;2016:4071735. PMID: 27274883. DOI: 10.1155/2016/
4071735

[89] Petrikova ], Lazurova I, Dravecka I, Vrbikova ], Kozakova D, Figurova ], Vaczy Z,
Rosocha J. The prevalence of non-organ specific and thyroid autoimmunity in patients
with polycystic ovary syndrome. Biomedical Papers of the Medical Faculty of the Uni-
versity Palacky, Olomouc, Czech Republic. 2015;159(2):302-306. PMID: 25485530. DOI:
10.5507/bp.2014.062

[90] Hoek A, Schoemaker ], Drexhage HA. Premature ovarian failure and ovarian autoim-
munity. Endocrine Reviews. 1997 Feb;18(1):107-134 Review. PMID: 9034788

[91] Mathur S, Peress MR, Williamson HO. Autoimmunity to endometrium and ovary in
endometriosis. Clinical and Experimental Immunology. 1982;50(2):259-266. PMID: 6759000

[92] Ulcova-Gallové Z, Bouse V, Svabek L, Turek J, Rokyta Z. Endometriosis in reproductive
immunology. American Journal of Reproductive Immunology. 2002;47(5):269-274. PMID:
12148541

[93] Zou SH, Yang ZZ, Zhang P, Song DP, Li B, Wu RY, Cong X. Autoimmune disorders
affect the in vitro fertilization outcome in infertile women. Zhonghua Nan Ke Xue. 2008;
14(4):343-346. PMID: 18481429

[94] Poppe K, Glinoer D, Van Steirteghem A, Tournaye H, Devroey P, Schiettecatte ],
Velkeniers B. Thyroid dysfunction and autoimmunity in infertile women. Thyroid.
2002;12(11):997-1001. PMID: 12490077. DOI: 10.1089/105072502320908330

[95] Sarapik A, Haller-Kikkatalo K, Utt M, Teesalu K, Salumets A, Uibo R. Serum anti-
endometrial antibodies in infertile women—Potential risk factor for implantation failure.
American Journal of Reproductive Immunology. 2010;63(5):349-357. PMID: 20132165.
DOI: 10.1111/5.1600-0897.2010.00808.x

[96] Yu-RiceY, Edassery SL, Urban N, Hellstrom I, Hellstrom KE, Deng Y, Li Y, Luborsky JL.
Selenium-binding protein 1 (SBP1) autoantibodies in ovarian disorders and ovarian
cancer. Reproduction. 2017;153:277-284. PMID: 27965399. DOI: 10.1530/REP-16-0265

[97] Pires ES, Meherji PK, Vaidya RR, Parikh FR, Ghosalkar MN, Khole VV. Specific and
sensitive immunoassays detect multiple anti-ovarian antibodies in women with infertil-
ity. The Journal of Histochemistry and Cytochemistry. 2007;55(12):1181-1190. PMID:
17652265. DOL: 10.1369/jhc.7A7259.2007

[98] Wheatcroft NJ, Toogood AA, Li TC, Cooke ID, Weetman AP. Detection of antibodies to
ovarian antigens in women with premature ovarian failure. Clinical and Experimental
Immunology. 1994;96(1):122-128. PMID: 8149656

[99] Moncayo H, Moncayo R, Benz R, Wolf A, Lauritzen C. Ovarian failure and autoimmu-
nity. Detection of autoantibodies directed against both the unoccupied luteinizing hor-
mone/human chorionic gonadotropin receptor and the hormone-receptor complex of



56 Autoantibodies and Cytokines

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

ovine corpus luteum. The Journal of Clinical Investigation. 1989;84(6):1857-1865. PMID:
2592563. DOLI: 10.1172/JCI114372

Mande PV, Parikh FR, Hinduja I, Zaveri K, Vaidya R, Gajbhiye R, Khole VV. Identifica-
tion and validation of candidate biomarkers involved in human ovarian autoimmunity.
Reproductive Biomedicine Online. 2011;23(4):471-483. PMID: 21890413. DOI: 10.1016j.
rbmo.2011.06.013

Mande PV, Thomas S, Khan S, Jadhav S, Khole VV. Immunization with ovarian
autoantigens leads to reduced fertility in mice following follicular dysfunction. Repro-
duction. 2012;143(3):309-323. PMID: 22143970. DOI: 10.1530/REP-11-0221

Kobayashi Y, Yamamoto T, Chishima F, Takahashi H, Suzuki M. Autoantibodies iso-
lated from patients with preeclampsia induce soluble endoglin production from tropho-
blast cells via interactions with angiotensin II type 1 receptor. American Journal of
Reproductive Immunology. 2015;73:285-291. PMID: 25376533. DOI: 10.1111/aji.12340

Komorowska B. Autoimmune premature ovarian failure. Prz Menopauzalny. 2016;15, 4:
210-214. PMID: 28250725. DOI: 10.5114/pm.2016.65666

Cervera R, Balasch ]. Bidirectional effects on autoimmunity and reproduction. Human
Reproduction Update. 2008;14(4):359-366. PMID: 18499707. DOI: 10.1093/humupd/dmn013

Luborsky JL, Visintin I, Boyers S, et al. Ovarian antibodies detected by immobilized
antigen immunoassay in patients with premature ovarian failure. The Journal of Clinical
Endocrinology and Metabolism. 1990;70:69-75. PMID: 2104631. DOI: 10.1210/jcem-70-1-69

Lebovic DI, Naz R. Premature ovarian failure: Think ‘autoimmune disorder’. Sexuality,
Reproduction & Menopause. 2004;2(4):230-233

Betterle C, Dal Pra C, Mantero F, Zanchetta R. Autoimmune adrenal insufficiency and
autoimmune polyendocrine syndromes: Autoantibodies, autoantigens, and their appli-
cability in diagnosis and disease prediction. Endocrine Reviews. 2002;23:327-364. PMID:
12050123. DOI: 10.1210/edrv.23.3.0466

Ebrahimi M, Akbari Asbagh F. Pathogenesis and causes of premature ovarian failure:
An update. International Journal of Fertility & Sterility. 2011;5:54-65. PMID: 24963360

Bagavant H, Thompson C, Ohno K, Setiady Y, Tung KS. Differential effect of neonatal
thymectomy on systemic and organ-specific autoimmune disease. International Immu-
nology. 2002;14(12):1397-1406. PMID: 12456587

Pires ES, Parte PP, Meherji PK, Khan SA, Khole VV. Naturally occurring anti-albumin
antibodies are responsible for false positivity in diagnosis of autoimmune premature
ovarian failure. The Journal of Histochemistry and Cytochemistry. 2006 Apr;54(4):397-
405 Epub 2005 Nov 14. PMID: 16286665

Pires ES, Khole VV. A block in the road to fertility: Autoantibodies to heat-shock protein
90-beta in human ovarian autoimmunity. Fertility and Sterility. 2009 Oct;92(4):1395-1409.
DOI: 10.1016/j.fertnstert.2008.08.068 Epub 2008 Nov 19. PMID: 19022436



[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

Autoantibodies: Key Mediators of Autoimmune Infertility
http://dx.doi.org/10.5772/intechopen.73899

Pires ES, Choudhury AK, Idicula-Thomas S, Khole VV. Anti-HSP90 autoantibodies in
sera of infertile women identify a dominant, conserved epitope EP6 (380-389) of HSP90
beta protein. Reproductive Biology and Endocrinology. 2011;9:16. DOI: 10.1186/1477-
7827-9-16. PMID: 21272367

Tong ZB, Nelson LM. A mouse gene encoding an oocyte antigen associated with autoim-
mune premature ovarian failure. Endocrinology. 1999;140:3720-3726. PMID: 10433232.
DQI: 10.1210/end0.140.8.6911

Tomar N, Kaushal E, Das M, Gupta N, Betterle C, Goswami R. Prevalence and signifi-
cance of NALP5 autoantibodies in patients with idiopathic hypoparathyroidism. The
Journal of Clinical Endocrinology and Metabolism. 2012;97(4):1219-1226. PMID:
22278434. DOI: 10.1210/jc.2011-3093

Choudhury A, Khole VV. HS5P90 antibodies: A detrimental factor responsible for ovarian
dysfunction. American Journal of Reproductive Immunology. 2013;70(5):372-385. PMID:
23662883. DOI: 10.1111/aji.12136

Choudhury A, Khole VV. Immune-mediated destruction of ovarian follicles associated
with the presence of HSP90 antibodies. Molecular Reproduction and Development.
2015;82(2):81-89. PMID: 25653208. DOI: 10.1002/mrd.22428

Bukulmez O, Arici A. Leukocytes in ovarian function. Human Reproduction Update.
2000;6:1-15. PMID: 10711825

Wu R, Van der Hoek KH, Ryan NK, Norman R]J, Robker RL. Macrophage contributions
to ovarian function. Human Reproduction Update. 2004;10:119-133. PMID: 15073142.
DOI: 10.1093/humupd/dmh011

Kalantaridou SN, Braddock DT, Patronas NJ, Nelson LM. Treatment of auto-
immune premature ovarian failure. Human Reproduction. 1999;14(7):1777-1782. PMID:
10402388

Kadam KM, Mande PV, Gawas N, Ahire S, Khole VV. Autoantibodies to heat-shock
protein, HSPAS5, and epitope spreading: High-dose dexamethasone therapy rescues
ovarian function in experimental autoimmune ovarian insufficiency mouse model.
American Journal of Reproductive Immunology. 2016;75:580-593. PMID: 26840828.
DOI: 10.1111/aji. 12494

Antonelli A, Ferrari SM, Corrado A, Di Domenicantonio A, Fallahi P. Autoimmune
thyroid disorders. Autoimmunity Reviews. 2015;14(2):174-180. PMID: 25461470. DOI:
10.1016/j.autrev.2014.10.016

Robazzi TC, Adan LF. Autoimmune thyroid disease in patients with rheumatic diseases.
Revista Brasileira de Reumatologia. 2012;52(3):417-430. PMID: 22641595

Versini M. Thyroid autoimmunity and antiphospholipid syndrome: Not such a trivial
association. Frontiers in Endocrinology. 2017;8:175. PMID: 28785243. DOI: 10.3389/
fendo.2017.00175

57



58 Autoantibodies and Cytokines

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

Souza SS, Ferriani RA, Santos CM, Voltarelli JC. Immunological evaluation of patients
with recurrent abortion. Journal of Reproductive Immunology. 2002;56:111-121. PMID:
12106887

Shankarkumar U, Pradhan VD, Patwardhan MM, Shankarkumar A, Ghosh K. Autoan-
tibody profile and other immunological parameters in recurrent spontaneous abortion
patients. Nigerian Medical Journal. 2011;52(3):163-166. PMCID: PM(C3213746. DOI:
10.4103/0300-1652.86126

Petrikova ], Laztrova I. Ovarian failure and polycystic ovary syndrome. Autoimmunity
Reviews. 2012;11(6-7):A471-A478. PMID: 22154711. DOI: 10.1016/j.autrev.2011.11.010

Goswami R, Marwaha RK, Goswami D, Gupta N, Ray D, Tomar N, Singh S. Prevalence
of thyroid autoimmunity in sporadic idiopathic hypoparathyroidism in comparison to
type 1 diabetes and premature ovarian failure. Journal of Clinical Endocrinology and
Metabolism. 2006;91(11):4256-4259. PMID: 16895958. DOI: 10.1210/jc.2006-1005

Nelson LM. Clinical practice. Primary ovarian insufficiency. The New England Journal
of Medicine. 2009;360:606-614. PMCID: PMC2762081. DOL: 10.1056/NEJMcp0808697

Kifor O, Moore FD Jr, Delaney M, Garber ], Hendy GN, Butters R, Gao P, Cantor TL, Kifor
I, Brown EM, Wysolmerski J. A syndrome of hypocalciuric hypercalcemia caused by
autoantibodies directed at the calcium-sensing receptor. The Journal of Clinical Endocri-
nology and Metabolism. 2003;88(1):60-72. PMID: 12519831. DOI: 10.1210/jc.2002-020249

Mol BW, Bayram N, Lijmer JG, Wiegerinck MA, Bongers MY, van der Veen F, Bossuyt
PM. The performance of CA-125 measurement in the detection of endometriosis: A
meta-analysis. Fertility and Sterility. 1998;70:1101-1108. PMID: 9848302

May KE, Conduit-Hulbert SA, Villar ], Kirtley S, Kennedy SH, Becker CM. Peripheral
biomarkers of endometriosis: A systematic review. Human Reproduction Update. 2010;
16:651-674. PMID: 20462942. DOI: 10.1093/humupd/dmq009

Dunselman GAJ, Vermeulen N, Becker C, Calhaz-Jorge C, D’'Hooghe T, De Bie B,
Heikinheimo O, Horne AW, Kiesel L, Nap A, Prentice A, Saridogan E, Soriano D, Nelen
W. ESHRE guideline: Management of women with endometriosis. Human Reproduc-
tion. 2014;29(3):400-412. PMID: 24435778. DOI: 10.1093/humrep/det457

May KE, Villar ], Kirtley S, Kennedy SH, Becker CM. Endometrial alterations in endo-
metriosis: A systematic review of putative biomarkers. Human Reproduction Update.
2011;17(5):637-653. PMID: 21672902. DOI: 10.1093/humupd/dmr013

Fassbender A, Burney RO, DF O, D’'Hooghe T, Giudice L. Update on biomarkers for the
detection of endometriosis. BioMed Research International. 2015;2015:130854. PMID:
26240814. DOI: 10.1155/2015/130854

Hughes E, Brown ], Collins ]], Farquhar C, Fedorkow DM, Vandekerckhove P. Ovula-
tion suppression for endometriosis. Cochrane Database of Systematic Reviews. 2007:
CD000155. PMID: 17636607. DOI: 10.1002/14651858.CD000155.pub2



[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

Autoantibodies: Key Mediators of Autoimmune Infertility
http://dx.doi.org/10.5772/intechopen.73899

Nowroozi K, Chase JS, Check JH, Wu CH. The importance of laparoscopic coagulation
of mild endometriosis in infertile women. International Journal of Fertility. 1987;32:442-
444. PMID: 2891631

Jacobson TZ, Duffy JM, Barlow D, Farquhar C, Koninckx PR, Olive D. Laparoscopic
surgery for subfertility associated with endometriosis. Cochrane Database of Systematic
Reviews. 2010:CD001398. PMID: 20091519. DOI: 10.1002/14651858.CD001398.pub2

Yap C, Furness S, Farquhar C. Pre and post-operative medical therapy for endometriosis
surgery. Cochrane Database of Systematic Reviews. 2004:CD003678. PMID: 15266496.
DQI: 10.1002/14651858.CD003678.pub2

Werbrouck E, Spiessens C, Meuleman C, D'Hooghe T. No difference in cycle pregnancy
rate and in cumulative live-birth rate between women with surgically treated minimal to
mild endometriosis and women with unexplained infertility after controlled ovarian
hyperstimulation and intrauterine insemination. Fertility and Sterility. 2006;86:566-571.
PMID: 16952506. DOI: 10.1016/j.fertnstert.2006.01.044

D’Hooghe TM, Denys B, Spiessens C, Meuleman C, Debrock S. Is the endometriosis
recurrence rate increased after ovarian hyperstimulation? Fertility and Sterility. 2006;86:
283-290. PMID: 16753162. DOI: 10.1016/j.fertnstert.2006.01.016

Benaglia L, Somigliana E, Vercellini P, Benedetti F, lemmello R, Vighi V, Santi G, Ragni
G. The impact of IVF procedures on endometriosis recurrence. European Journal of
Obstetrics, Gynecology, and Reproductive Biology. 2010;148:49-52. PMID: 19800161.
DOQI: 10.1016/.ejogrb.2009.09.007

Benaglia L, Somigliana E, Santi G, Scarduelli C, Ragni G, Fedele L. IVF and
endometriosis-related symptom progression: Insights from a prospective study. Human
Reproduction. 2011;26:2368-2372. PMID: 21715451. DOI: 10.1093/humrep/der208

Coccia ME, Rizzello F, Gianfranco S. Does controlled ovarian hyperstimulation in
women with a history of endometriosis influence recurrence rate? Journal of Women's
Health (2002). 2010;19:2063-2069. PMID: 20831441. DOI: 10.1089/jwh.2009.1914

Bianchi PH, Pereira RM, Zanatta A, Alegretti JR, Motta EL, Serafini PC. Extensive
excision of deep infiltrative endometriosis before in vitro fertilization significantly

improves pregnancy rates. Journal of Minimally Invasive Gynecology. 2009;16(2):174-
180. PMID: 19249705. DOI: 10.1016/j.jmig.2008.12.009

Papaleo E, Ottolina ], Vigano P, Brigante C, Marsiglio E, De Michele F, Candiani M.
Deep pelvic endometriosis negatively affects ovarian reserve and the number of oocytes

retrieved for in vitro fertilization. Acta Obstetricia et Gynecologica Scandinavica. 2011;
90:878-884. PMID: 21542809. DOI: 10.1111/j.1600-0412.2011.01161.x

Webber L, Davies M, Anderson R, Bartlett ], Braat D, Cartwright B, Cifkova R, De Muinck
Keizer-Schrama S, Hogervorst E, Janse F, Liao L, Vlaisavljevic V, Zillikens C, Vermeulen N.
ESHRE guideline: Management of women with premature ovarian insufficiency. Human
Reproduction. 2016;31(5):926-937. PMID: 27008889. DOI: 10.1093/humrep/dew027

59



60 Autoantibodies and Cytokines

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

Klonoff-Cohen H. 2017. https://www.fertstertdialog.com/users/16110-fertility-and-steril-
ity/posts/19876-klonoff-cohen-consider-this

Dighiero G, Lymberi P, Holmberg D, Lundquist I, Coutinho A, Avrameas S. High
frequency of natural autoantibodies mice in normal Newborn. Journal of Immunology.
1985;134(2):765-771. PMID: 4038410

Dighiero G, Guilbert B, Fermand JP, Lymberi P, Danon F, Avrameas S. Thirty-six human
monoclonal immunoglobulins with antibody activity against cytoskeleton proteins, thy-
roglobulin, and native DNA: Immunologic studies and clinical correlations. Blood. 1983;
62(2):264-270. PMID: 6409187

Savitskaya YA, Duarte C, Marin N, Téllez R, Alfaro A, Ibarra C. Identification of circu-
lating natural antibodies against endogenous mediators in the peripheral blood sera of
patients with osteoarthritis of the knee: A new diagnostic frontier. Journal of Molecular
Biomarkers & Diagnosis. 2012;3:135. DOI: 10.4172/2155-9929.1000135

Zhen X, Qiao ], Li R, Wang L, Ping L. Serologic autoimmunologic parameters in women
with primary ovarian insufficiency. BMC Immunology. 2014;15:11. PMID: 24606591.
DQI: 10.1186/1471-2172-15-11

Cline AM, Kutteh WH. Is there a role of autoimmunity in implantation failure after in-
vitro fertilization? Current Opinion in Obstetrics & Gynecology. 2009;21(3):291-295.
PMID: 19469047

Boumpas DT, Chrousos GP, Wilder RL, Cupps TR, Balow JE. Glucocorticoid therapy for
immune mediated diseases: Basic and clinical correlates. Annals of Internal Medicine.
1993;119:1198-1208. PMID: 8239251

Boumpas DT, Austin HA 3rd, Vaughan EM, Yarboro CH, Klippel JH, Balow JE. Risk for
sustained amenorrhea in patients with systemic lupus erythematosus receiving inter-
mittent pulse cyclophosphamide therapy. Annals of Internal Medicine. 1993;119(5):366-
369. PMID: 8338289

Otsuka N, Tong Z-B, Vanevski K, Tu W, Cheng MH, Nelson LM. Autoimmune
oophoritis with multiple molecular targets mitigated by transgenic expression of mater.
Endocrinology. 2011;152(6):2465-2473. PMID: 21447630. DOI: 10.1210/en.2011-0022

Zhang D, Tu E, Kasagi S, Zanvit P, Chen Q, Chen W. Manipulating regulatory T cells: A
promising strategy to treat autoimmunity. Immunotherapy. 2015;7:1201, 11. PMID:
26568117-1211. DOI: 10.2217/imt.15.79

Vojdani A. Antibodies as predictors of complex autoimmune diseases. International
Journal of Immunopathology and Pharmacology. 2008;21:267-278. PMID: 18547471.
DOQI: 10.1177/039463200802100203



Autoantibodies: Key Mediators of Autoimmune Infertility 61
http://dx.doi.org/10.5772/intechopen.73899

[158] Busnelli A, Paffoni A, Fedele L, Somigliana E. The impact of thyroid autoimmunity on
IVF/ICSI outcome: A systematic review and meta-analysis. Human Reproduction
Update. 2016;22(6):775-790. PMID: 27323769. DOI: 10.1093/humupd/dmw019

[159] Unuane D, Velkeniers B, Anckaert E, Schiettecatte ], Tournaye H, Haentjens P, Poppe K.
Thyroglobulin autoantibodies: Is there any added value in the detection of thyroid
autoimmunity in women consulting for fertility treatment? Thyroid. 2013;23(8):1022-

1028. PMID: 23405888. DOI: 10.1089/thy.2012.0562






Section 2

Cytokines and Interferons







Chapter 4

Cytokines and Interferons: Types and Functions

Vinicius L. Ferreira, Helena H.L. Borba,
Aline de F. Bonetti, Leticia P. Leonart and
Roberto Pontarolo

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.74550

Abstract

This chapter aims to describe and review the main important cytokines types (notably
interferons), including their biological activities, functions and structures. As a high
number of molecules are available, synthesis of the most important cytokines, includ-
ing tumor factor necrosis, interferons and interleukins will be presented. Here we also
describe the relationships between those cytokines with some autoimmune diseases that
are promoted by them.

Keywords: biological function, cytokines, interferon, tumor factor necrosis, interleukins

1. Introduction

Cytokines are a cell-signaling group of low molecular weight extracellular polypeptides/
glycoproteins synthesized by different immune cells, mainly, by T cells, neutrophils and
macrophages, which are responsible to promote and regulate immune response (i.e. activity,
differentiation, proliferation and production of cells and other cytokines). These polypeptides
act on signaling molecules and cells, stimulating them toward sites of inflammation, infec-
tions, traumas, acting on primary lymphocyte growth factors and other biological functions.
Cytokines may act in the site where they are produced (autocrine action), in nearby cells
(paracrine action) or in distant cells (endocrine action). In this sense, they are important in
the development and regulation of immune system cells. Different types of cytokines had
been discovered, including chemokines, interferons (IFN), interleukins (IL), lymphokines and
tumor necrosis factor (TNF) [1-4].
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In this chapter, we describe and review different cytokines. They will be categorized accord-
ing to their type, followed by presentation of their function and a brief scope: IFN (IFN-a,
 and v), IL (IL-1, IL-2 and others), TNF (TNF-a and TNE-f) and others. A brief explana-
tion of different cytokines activities also will be done, comprising pro- and anti-inflammatory
action, cellular immune responses and performance in hematopoiesis. Methods to reach these
objectives include a literature search in the most relevant sources of information, including
PubMed/Medline, Scopus and Web of Science databases.

As key results, this chapter will provide a better understanding on cytokines types and func-
tions, with organized concepts about this subject. As we aim to provide a comprehensive
review of the available data regarding cytokines, this chapter will be a valuable source of
information for readers who seek a thorough and structured synthesis on this topic.

2. Interferons

Interferon family represents a widely expressed group of cytokines. It includes three main
classes, designated as type I IENs, type II IFN and type III IFNs. The two main type I IFNs
includes IFN-« (further classified into 13 different subtypes such as IFN-«a1, -a2, -a4, -a5, -a6,
-a7,-a8, -al0, -a13, -al4, -al6, -a17 and -a21), and IFN-f3. The term interferon derives from the
ability of these cytokines to interfere with viral replication. Type I IFNs present a potent anti-
viral effect by inhibiting viral replication, increasing the lysis potential of natural killer (NK)
cells and the expression of MHC class I molecules on virus-infected cells, and stimulating the
development of Th1 cells. During an infectious process, this type of interferon becomes abun-
dant and is easily detectable in the blood. On the other hand, type II IFN has only one repre-
sentative, IFN-y. This cytokine plays a major role is macrophage activation both in innate and
adaptive immune responses. Type III IFNSs, also denoted IL-28/29, present similar biological
effects to type I IFN, playing an important role in host defense against viral infections [5-8].

2.1. History

Interferon was the first described member of the class of protein molecules now known as
cytokines. Nowadays, interferons are well known to participate in innate immune system,
mediating responses against viral infections. This role of the IFNs was first described in the
1930s, when a research conducted by Hoskins demonstrated that rabbits previously infected
by the herpes simplex virus were protected against subsequent infections by the same type of
virus. In 1937, a few years after Hoskins” experiment, Findlay and MacCallum showed that
the virus-infected animals were also resistant to infections caused by antigenically different
viruses, corroborating and complementing the existing evidence regarding IFNs functions at
that time. Their findings, however, were only confirmed in 1957, when Isaacs and Lindenmann,
through cell cultures research, demonstrated that cells infected by a virus had the ability to
produce a protein that could make other cells resistant to other viruses. Glasgow, in 1966,
theorized that the interferon production was not limited to primary infection by viruses, and
that this cytokine might play a role following re-infection. Therefore, the concept of “immune
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induction” of interferon became well established by the end of the 1960s. The early 1970s were
marked by two milestone studies, which confirmed the existence of two different categories
of interferons, which differed physicochemically and biologically: the immune-induced inter-
feron (currently known as type II IFN) and the classical virus-induced interferon (currently
known as type I IFN). In 1980, the terms IFN-a and IFN-f3 arose to designate the “classi-
cal interferons”, which had been obtained in pure forms exhibiting homogeneity. Albeit the
“immune-induced interferon” had not been obtained in pure form at that time, it was recog-
nized that this molecule was different from IFN-a and IFN-{, being, therefore, designated as
IFN-v. Despite the markedly difference of this cytokine when compared to IFN-a and IFN-{,
IFN-y was originally classified in the IFN family due to its ability to ‘interfere’ with viral
infections, which characterizes the original definition of IFNs. In the last decade, a third type
of IFN (type III IFN) has been described, the IFN-A. This type is also referred as interleukins
IL-28A and B (IFN-A2 and IFN-A3, respectively), and IL-29 (IFN-A1) [8-11].

2.2. Pathways of induction and major roles of interferons

There are several isotypes of type I IFNs. In humans, there are multiple forms of IFN-a, only
one type of IFN-p and additional isotypes, as IFN-9, IFN-¢, IFN-«, IFN-t and IFN-w (IFN-0
and IFN-t have been only described in pigs and cattle). This sort of cytokines presents similar
structure, binding to the same cell surface receptor, and they are coded by a family of linked
genes located on the human chromosome 9 [7, 12].

Type I IFN synthesis is induced by microbial challenge (i.e., viral and bacterial infections or
microbial nucleic acids exposure) when the pattern recognition receptors (PRRs) sense these
microorganisms. These receptors can be found in the cytosol or in the endosome. Once a virus
infects a cell, the cell activates signals that lead to phosphorylation, dimerization and passage
to the nucleus of the interferon response factor 3 (IRF3). Along with IRF3, other transcription
factors, such as nuclear factor kappa B (NF-kB) and activator protein 1 (AP-1), activate the
transcription of IFN- gene. After this process, secreted IFN-{3 binds to the interferon receptor
(IFNAR) on the surface of the infected cell, producing an autocrine signaling to mobilize other
interferon response factors and alter gene expression patterns to provide interferon response.
Besides autocrine signaling, IFN-{3 also binds to the interferon receptor expressed by neigh-
boring non-virus infected cells, acting in a paracrine manner to promote interferon response
in order to help these cells to resist viral infection [5, 13, 14].

Interferon response comprises a series of reactions that alter the expression of a variety of
human genes. These reactions are mediated by the binding with type I interferon receptors,
which consists of the IFNAR1 and IFNAR?2 transmembrane proteins, and two associated cyto-
plasmic tyrosine kinases, the Janus kinase 1 (Jak1) and tyrosine kinase 2 (TyK2). In addition to
IRE3, another transcription factor induced by interferon response is interferon response factor 7
(IRF7), which is responsible to initiate IFN-a transcription without the need of NF-«kB and AP-1.
The canonical pathway that mediates the biological effects of IFNs corresponds to the Janus
kinase/signal transducer and activator of transcription (JAK/STAT) pathway. Both the antivi-
ral and inflammatory effects of IFN-a/IEN- are specifically mediated by STAT1 and STAT2.
This pathway, however, does not work in isolated manner. It extensively communicates with
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other signal transduction pathways, therefore recruiting several effector molecules to promote
a potent effect against viral infections, antiproliferative and antitumor activities, in addition to
the immunomodulatory effects. In healthy individuals, these type I IFN genes are strictly regu-
lated, with almost no constitutive IFN-a production [7, 15, 16].

A high number of cells produce IFN-a and IFN-{, including macrophages, fibroblasts, and
endothelial cells, specialized leukocytes, called interferon-producing cells (IPCs), or natu-
ral interferon-producing cells, secrete up to 1000 times more interferon than the others after
microbial challenge. These cells, also known as plasmacytoid dendritic cell (pDCs), are pres-
ent in the blood, comprising less than 1% of the total peripheral blood mononuclear cells. In
terms of morphology, they are similar to plasmocytes, another type of cell responsible for
the massive production of this cytokine. IPCs express toll-like receptors (TLRs) 6, 7, 9 and 10,
which are critical components of innate immunity, acting as pathogen sensors. Toll-like recep-
tors act on innate immunity cells by detecting conserved patterns of pathogenic microorgan-
isms. These cells, when activated by these receptors, lead to maturation of antigen-presenting
cells and production of inflammatory cytokines. Hence, IPCs become responsive to a variety
of viral infections through quick secretion of massive amounts of type I IEN. In other words,
these cells can produce substantial amounts of type I IFN in response to stimulation with a
wide range of DNA and RNA viruses, which signal through TLR9 and TLR?, respectively.
During an antiviral immune response, therefore, IPCs are able to promote the function of NK
cells, B and T cells, and myeloid dendritic cells through type I IEN. IPCs still differentiate into
a unique type of mature dendritic cell, which allows the direct regulation of the function of T
cells and links innate and adaptive immune responses. This process occurs at a later stage of
viral infection [11, 17-20].

The whole process mentioned above can be summarized through the following explanation.
On the first day after stimulation by viral infection (microbial challenge), IPCs produce mas-
sive amounts of type I IFN. On the following 2 days, IPCs differentiate into a type of dendritic
cell called a plasmacytoid dendritic cell, which maintains the ability to produce interferon.
During the infection process, these cells cluster into the T cell areas of the draining lymph
nodes. Although there is some similarity between plasmacytoid dendritic cells and myeloid
dendritic cells (known as conventional dendritic cells), it is believed that plasmacytoid den-
dritic cells do not have a substantial involvement in T cell activation in adaptive immunity,
which is the main function of conventional dendritic cells. Therefore, in the context of innate
immunity, conventional dendritic cells produce relatively small amounts of type I IEN, but
produce large amounts of IL-12, a cytokine that interacts with type I IFN to activate the NK
cell response to viral infection [7, 11].

IFNs, besides being first line of defense against viral infections, play important roles in
immunosurveillance for malignant cells. More specifically, type I interferons present a potent
antiviral activity, which is associated with several physiological changes. For ease of under-
standing, the role of type I interferons, in which IFN-a and IFN-{3 are the major actors, can be
divided in three main functions. Firstly, these cytokines stimulate resistance to viral replica-
tion in all cells through cellular genes activation, with the consequent destruction of the viral
mRNA and inhibition of the viral proteins translation. Secondly, they promote an increase in
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ligands to NK cell receptors expression in virus-infected cells. Thirdly, they lead to NK cells
to eradicate virus-infected cells [8§, 21, 22].

NK cells are lymphocytes of innate immune system, which provide defense against viral
infections by secreting cytokines (mainly IFN-y) and killing infected cells. When IFN-a or
IFN-{ bind to interferon receptors on circulating NK cells, these are activated and directed
to infected tissues, where they attack virus-infected cells. It is possible to say that NK cells
play, in innate immune response, similar functions than cytotoxic T cells in adaptive immune
response [23, 24].

Type II and type III IFNs do not share homogeneity with type I IEN in terms of induction,
and the signaling pathways are, therefore, through their own receptors. Nevertheless, the
signal pathways involved with type I IFN and type II IFN, as well as the target genes used
by these cytokines, somewhat overlap. IFN-y receptor (IFNGR) is composed by two struc-
turally homologous polypeptides that belong to the type II cytokine receptor family, named
IFN-YR1 and IFN-yR2. IFN-y (originally designated as macrophage-activating factor) binds
and induces dimerization of the two receptor chains. This process leads to the activation of
JAKI1 and JAK2 kinases and, subsequently, to the phosphorylation and dimerization of STAT1,
which stimulates the transcription of several genes. The genes induced by this cytokine encode
several different molecules that mediate the biological activities of IFN-y [5, 14, 25].

Unlike IFN-at or IFN-(, the gene that encodes IFN-vy is located on the human chromosome 12.
This unique specimen of type I IEN is the primary cytokine involved in macrophage activa-
tion (named as classical activation) and plays a critical role in immunity against intracellular
microorganisms. In innate immune system, IFN-y is the main cytokine produced by NK cells,
acting as a mediator of innate immunity. Despite belonging to the interferon family, IFN-y
does not produce a potent antiviral effect, running primarily as an activator of effector cells
of the immune system. In adaptive immunity, IFN-y is produced by T cells in response to
antigen recognition, and its secretion is increased by IL-12 and IL-18. In addition, B cells and
professional antigen-presenting cells (e.g., monocyte/macrophage and dendritic cells) are also
involved in this cytokine production. While IL-12 and IL-18 control the production of IFN-y
by promoting its synthesis, IL-4 and IL-10 correspond to the negative regulators of type Il IFN
production [5, 8, 25].

Regarding biological activities, both type I and type I IEN are essential in the immediate cel-
lular response to viral infections. IFN-y acts on immune cell activation and induction of the
major histocompatibility complex (MHC) molecules, which is important at a later stage of the
response. Thus, this cytokine establishes an antiviral state for long-term control, coordinating
the transition from innate to adaptive immunity. IFN-y plays a role in macrophage activa-
tion, triggering microbicide effector functions in these cells. Macrophages activated by IFN-y
promote more intensive pinocytosis and phagocytosis, in addition to an improved microbial
killing ability. Furthermore, IFN-y acts as a cell growth inhibitor and presents the ability of
triggering apoptosis [25, 26].

In summary, in the early stages of infection, NK cells are the main producers of IFN-y,
whose major role is macrophage activation. Once activated, macrophages release cytokines
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that participate in T cells activation, therefore initiating the adaptive immune response. After
being produced and entering the infected site, the effector T cells become, in turn, the main
source of IFN-y and cell-mediated cytotoxicity. Besides the effects on host defense, IFN-vy is
also involved in the protection against tumor development [5, 26].

Type I IEN (IL-28/29 or IFN-A), likewise type I IFN, present antiviral activity. Type III IFN
is subdivided in IFN-A1 and IFN-A2/3, which are expressed in identical patterns. The signal-
ing pathway related to IFN-A is similar to IFN-a/IFN-$, involving mechanisms relying on
IRFs and NF-kB actions, with the last one playing an essential role in regulating type III IFN
expression. Nevertheless, the expression of IFN-A is more flexible when compared to type I
IFN, once it also involves independent actions of NF-kB and IRFs, allowing the production of
this cytokine in response to a wider range of stimuli. Most classes of virus and some bacterial
products induce IFN-A expression, and almost all cell types, mostly pDCs, produce type III
IFN after virus infection. However, different from the other types of IFN, macrophages are not
involved in IFN-A expression. Regarding biological activities, IFN-A acts as the first line in host
defense against viral infections, besides regulating innate and adaptive immune responses.
Recently, a new member of the Interferon Lambda family was identified, the IFN-A4. This
cytokine presents strong antiviral activity and has been recently described to be related to
hepeatitis C treatment failure. Several in vivo studies have shown that IFN-A can be developed
as a potent antiviral agent, covering a wide spectrum of viral infections, with the additional
benefit of not promoting the unwanted pro-inflammatory effects of IFN-«a [6, 27-29].

2.3. Interferons and related diseases

The first sign that type I IFN was somehow involved with human autoimmune diseases came
from the observation of an increased incidence of autoantibodies and autoimmune diseases
after type I IFN treatment. Hence, when considering the indication of IFN-a therapy for some
conditions (e.g., hepatitis C virus infection), it is important to scrutinize the presence of autoan-
tibodies in the patient, since they may increase the risk for autoimmune disease development
with this kind of treatment [14]. As previously mentioned, pDCs are responsible for producing
high levels of type I IFN in response to nucleic acid-containing immune complexes through the
activation of TLRs 7 and 9 [11]. These immune complexes are prevalent in autoimmune condi-
tions, such as systemic lupus erythematosus (SLE), which makes this process highly relevant
for the development of autoimmunity. It has been described that, in autoimmune diseases,
several key immune effector cells, such as B cells, T effector cells and regulatory T cells are
modulated by IFN-a. Hence, type I IEN plays a substantial role in this kind of condition [16].

Regarding type II IFEN, IFN-y may contribute to the pathogenesis of autoimmune diseases,
such as systemic lupus erythematosus, multiple sclerosis and type I diabetes mellitus. The
role of this cytokine in autoimmune diseases (both in promoting and suppressing the condi-
tion) has been shown in several mouse models. The administration of IFN-y at very early
stages of experimental autoimmune encephalomyelitis exacerbates the disease, while its
administration at a later stage reduces disease severity. Hence, the absence of biomarkers that
could indicate the best stage of the disease to initiate IFN-y treatment consists in a limiting
factor for its therapeutic use [25, 26, 30]. This subject will be reported in the topic “Cytokines
and autoantibodies”.
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Due to the ability to increase immune response, type I and type II IFN have been explored
in clinical trials as treatments for several conditions. It has been found that these cytokines
are involved with the improvement of several conditions, such as hepatitis B and C virus
infections, autoimmune diseases and certain types of leukemia and lymphomas. Hence, this
class of cytokines, which play a paramount role in the immune system, consist of valuable
treatment strategy. Still, in order to obtain full advantage of the therapeutic potential of inter-
ferons, further researches are needed to elucidate the core mechanisms of their effects [31, 32].

3. Tumor necrosis factor

Tumor necrosis factor (TNF) is a cytokine that had the name derived from it discovery in
1975 as a molecule that caused in vitro necrosis of tumors. Shortly thereafter, it was observed
that TNF expression was promoted by immune system cells. These discoveries were impor-
tant to a posterior characterizing of the TNF superfamily and the TNF receptor superfamily,
which has more than 40 members, being the most outstanding TNF-a (commonly named as
TNF) and TNF-$ (also named Iymphotoxin), but also including cytokines and membrane
proteins that have similar sequence homologies and a homotrimeric pyramidal structure
(e.g. CD40 ligand, FAS ligand, OX40 ligand, GITR ligand and other several proteins). The
binding of this family of cytokines with their respective receptors triggers especially inflam-
matory reactions [33-37] .

TNE-p, a type II transmembrane protein, is an important key in the development of lymph
nodes and Peyer’s patches, and also for the maintenance of secondary lymphoid organs. The
expression of TNF-f3 is mainly stimulated by lymphocytes. TNF-a will be better described in
the following topics [38, 39].

Although it were discovered many receptors along the decades, two are best known: TNFR1
(55 kD) and TNFR2 (75 kD). Both receptors are plasma membrane trimmers, while TNFR1 is
expressed by most human cells and TNFR2 is mainly produced by immune system cells. It is
important to mention that TNFR2 have a higher affinity to TNF. They are related to inflam-
matory reactions, so that a cytokine bind to the receptor, it induces the recruitment of proteins
that are important for the process [35, 40] .

3.1. Expression and structure of tumor necrosis factor alpha

The production of this cytokine is performed by different cells from the immune system,
which includes T cells, NK cells, macrophages and monocytes. The stimulus for TNF expres-
sion includes different factors, such as bind to pathogen lipopolysaccharide (LPS) and other
parts with toll-like receptors (TLRs), and also by other cytokines, highlighting IFN-y [33, 35].

It is primary secreted as a nonglycosylated type II membrane protein arranged as homotri-
mer. TNF membrane releases a trimeric soluble cytokine (a polypeptide that weighs around
17-kDa with triangular pyramid shape) through proteolytic cleavage by metalloprotease
TNF-converting enzyme, and this is the circulating form that is found in blood plasma, and
that allows a potent capacity to displacement in the body, thus it endocrine function. It is not
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well defined but from three of these circulating TNF it is possible to polymerize them form-
ing one 51-kD polypeptide which facilitates the binding of the cytokine with three receptors
simultaneously [37, 41, 42].

3.2. Tumor necrosis factor alpha biologic functions

TNF have a lot of physiologic multifunction including immune and inflammatory roles and
the survival and death of different cells. The main function of cytokine is to attract and acti-
vate immune cells to sites of infections and to destroy pathogens, such as bacteria and virus.
In this context, TNF stimulate vascular endothelial cells to express adhesion molecules (e.g.
selectins and ligands for leukocyte integrins) that allows immune system cells to connect the
wall of blood vessels. Additionally, complementing the inflammatory response, TNF induces
the production of chemokines that increase the affinity of leukocyte to their ligands, the
expression of IL-1 and to activate microbicidal functions of immune system cells. For all TNF
importance in the inflammatory reaction, if low quantities of this cytokine are presented in
the local, the containment of the infection may be impaired [33, 37, 41-43].

TNF is also well known to act in inflammatory reaction of some autoimmune diseases,
such as rheumatoid arthritis and inflammatory bowel disease. Errors in this production are
responsible for a considerable number of autoimmune, neoplastic and other diseases. Under
these conditions, the treatment of these diseases are based on biologic agents targeting TNF,
and thus looking for reducing the number of available TNF molecules or to block it receptors
[33, 35, 40].

TNF also promotes necrosis of tumor cells by inducing programmed cell death, a cyto-
lytic potential. The activation of apoptosis mechanism is mediated by TNFR1, by stimulat-
ing the recruitment of death signaling proteins, such as Fas-associated protein with death,
TNFR-associated factor (TRAF)-1 and TNFR-associated death domain protein (TRADD).
These intracellular proteins are responsible for the release of other proteins such as pro-
caspase-8, which in it activated form activate caspase-3, caspase-6, caspase-7 and other cyto-
solic substrates. These proteins induce genomic DNA degradation and cell death through
interacting with latent DN Ase. Evidences also suggest that TNF have the capacity to induce
carcinogenesis and to stabilize tumors, an event that it is opposite of the previous explained,
by DNA mutations and it mechanism of repair (i.e. genotoxic potential). This is possible due
to the activation of NF-kB in tumor cells and by promoting production of IL-6 (a tumor-pro-
moting cytokine), both facilitate metastasis and cancer cells to escape from immune system
defense [35, 40-42].

There are other biological events and actions caused by TNF. When this cytokine is produced
in large scale, such as in severe infection, it may induce shock or decrease of blood pressure
due to reducing vascular muscle tone and myocardial contractility. Additionally, in high con-
centrations TNF can reduce blood glucose concentration, and cause intravascular thrombo-
sis (by decreasing anticoagulant capabilities of the endothelium). TNF is also known as an
endogenous pyrogen because it promotes fever by stimulating hypothalamus cells to produce
prostaglandins [33, 40].
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4, Interleukins

Interleukins (ILs) are a group of secreted proteins with diverse structures and functions.
These proteins bind to receptors and are involved in the communication between leukocytes.
They are intimately related with activation and suppression of the immune system and cell
division. The interleukins are synthesized mostly by helper CD4" T lymphocytes, monocytes,
macrophages and endothelial cells [5, 44, 45].

Interleukins are named as IL plus a number. Previously, different names were used to refer to
the same IL. For instance, IL-1 was called lymphocyte-activating factor, mitogenic protein or T
cell replacing factor III. In order to standardize the nomenclature, in 1979, during the Second
International Lymphokine Workshop, the term interleukin was introduced. After that, the inter-
leukins started being named consecutively according to the date of their discovery [44, 46, 47].

There have been identified 40 interleukins so far and some of them are further divided into
subtypes (e.g. IL-1a, IL-1@). These ILs are grouped in families based on sequence homology
and receptor chain similarities or functional properties [5, 44, 48, 49].

In this section, a brief description of various ILs will be presented. Focus will be given to the
families of interleukins 1 and 2.

4.1. The interleukin-1 family

Interleukin-1 family is composed by 11 cytokines: 7 ligands with agonist activity (IL-1qa,
IL-1p3, IL-18, IL-33, IL-36a, IL-36@ and IL-36Y), 3 receptor antagonists (IL-1Ra, IL-36Ra and
IL-38) and 1 anti-inflammatory cytokine (IL-37) [44, 50].

The interleukin-1 family started with only two components: IL-1a, IL-1p3. Over the years,
new IL with similar behavior and/or structure were discovered and added to the family.
All the agonists members of this family show pro-inflammatory activity. These cytokines
share a common C-terminal three-dimensional structure with a typical 3-trefoil fold consist-
ing of 12-B-strands connected by 11 loops, and have identical positioning of certain introns.
Considering that, it is plausible to affirm that they probably arose from the duplication of a
common ancestral gene [45, 51, 52].

All members of the family except IL-18 and IL-33 have genes encoding on chromosome 2 in
a 400 kb region in human species. Despite the fact that all the cytokines are extracellular,
they are synthesized without a hydrophobic leader sequence and are not secreted via reticu-
lum endoplasmic-Golgi pathway, with the exception of IL-1Ra. The secretion mechanism of
the other members of the family is still not known. These cytokines bind to closely related
receptors, and many of the encoding genes are clustered in a short region of chromosome 2.
The receptors contain extracellular immunoglobulin domains and a toll/IL-1 receptor (TIR)
domain in the cytoplasmic portion [45, 52].

In order to become active, both IL-1a and IL-1{3 bind to the ligand-binding chain type I (IL-1R1).
Then, the co-receptor, termed the accessory protein (IL-1RAcP), is recruited, and together they
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form a heterodimeric complex. The signaling that will culminate in a variety of inflammatory
activities is initiated by the recruitment of the adaptor protein MyD88 to the toll-IL-1 receptor
(TIR), which is followed by the phosphorylation of kinases, the translocation of the nuclear
factor kappa B (NF-kB) to the nucleus and the expression of inflammatory genes [50, 51].

Both IL-1a and IL-1 have precursor forms. The precursor of IL-1a is present in the epithelial
layers of the gastrointestinal tract, lung, liver, kidney, endothelial cells and astrocytes; and it
is capable of binding to the IL-1R1 and initiating the signaling cascade, essentially after cell
death by necrosis (e.g. myocardial infarction and stroke). On the other hand, the precursor of
IL-1p is not active and does not bind to the receptor. It requires a cleavage to become in the
active form [44, 50, 51].

IL-1p is highly involved with autoimmune, infectious, degenerative and, especially, with
autoinflammatory diseases. An important part of autoinflammatory diseases is caused by
genetic defects in innate inflammatory pathways, and usually show their signals early in life.
The first disease classified as autoinflammatory was tumor necrosis factor receptor associ-
ated periodic syndrome (TRAPS). Other examples are familial Mediterranean fever and adult
and juvenile Still disease. This group of diseases promptly responds to the treatment with
IL-1p blockade, with few exceptions. In many autoinflammatory diseases, there is a state of
increased release of IL-1f3. The precursor is converted to the active form through the action of
Caspase-1. This enzyme is also found in the inactive form in tissue macrophages and dendritic
cells, and requires conversion by autocatalysis to become active. However, it is in the active
form in circulating human blood monocytes. The release of IL-1{3 from blood monocytes in
highly controlled and takes several hours in healthy subjects. In patients with an autoinflam-
matory disease, more mature IL-1(3 is released when compared to healthy subjects, which
leads to exacerbated inflammation. Despite of this group of diseases being characterized by
severe inflammation, the amount of IL-1f released is not much greater than that released from
healthy subjects. Currently, human anti-IL-1f3 monoclonal antibody is being developed to treat
autoinflammatory diseases. Canakinumab was approved by Food and Drug Administration
(FDA) in 2009 for the treatment of cryopyrin-associated periodic syndromes (CAPS). In 2016,
Canakinumab was also approved for treating TRAPS, hyperimmunoglobulin D syndrome
(HIDS)/mevalonate kinase deficiency (MKD) and familial Mediterranean fever (FMF) [50, 51].

IL-1Ra is a receptor antagonist. It is synthetized by the same cells that produce IL-1a and IL-13
(monocytes, macrophages, dendritic cells and others). The binding of IL-1Ra to the receptor
does not involve conformational change and, hence, the co-receptor IL-1RAcP is not recruited.
IL-1Ra regulates the activity of IL-1. However, to efficiently block the IL-1 response, it has to
be in an amount approximately 100-folds greater than the agonists cytokines. Anakinra is a
recombinant version of IL1-Ra used in the treatment of rheumatoid arthritis [44, 53].

IL-18 is synthetized as an inactive precursor, and, similarly to IL-1f, it needs cleavage by
caspase-1 to become in the active form. The precursor form is present in almost all cells of
the human body, likewise IL-1a. Usually diseases related to IL-18 appear when there is an
imbalance between the amount of IL-18 and IL-18 binding protein, which is responsible for
limiting the level of activity of IL-18. This cytokine is released usually from dying cells, once
again like IL-1«x [51, 54].
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IL-18 was first described as “IFN-y-inducing factor”, because it was discovered as an inducer
of IEN-y production. However, alone, IL-18 does not induce the production of considerable
amounts of IFN-y. For that to happen, it has to act in association with IL-12. IL-18 promotes
TH, and Th, cells responses, and also induces IL-13 production in T cells and NK cells together
with IL-2. It also enhances NK toxicity by promoting the expression of Fas ligand in NK cells.
IL-18 is involved in several autoimmune diseases, in myocardial infarction, metabolic syn-
dromes and others [44, 55].

IL-33 is an alarmin cytokine, rapidly released upon cellular damage. It is involved mainly
in type 2 immunity and inflammation. It acts in Th,, in innate lymphoid cell-2 (ILC2), and in
activated M2 polarized macrophages. This cytokine is expressed by keratinocytes, epithelial
and endothelial cells, and monocytes. IL-33 is produced as a precursor, but, contrary to IL-1,
caspase-1 transforms it in an inactive cytokine. The precursor is active and other proteases can
cleavage it in more potent forms. IL-33 induces Th, response binding to ST2 and next recruit-
ing IL-1RacP. The activity of IL-33 is controlled essentially by the binding to soluble ST2 and
soluble IL-1RACcP. Levels of increased soluble ST2 are present in various inflammatory dis-
eases, such as systemic lupus erythematosus and rheumatoid arthritis [44, 50, 56].

IL-36a, IL-36f and IL-36y are receptor agonists, while IL-36Ra is a receptor antagonist that
blocks the activation of the receptor and competes with IL-36, acting as a regulator. These cyto-
kines are included in the interleukin-1 family because they share homology to the first mem-
bers of the family. Their homology to IL-Ra and IL-1p varies from 20 to 52%. Furthermore,
IL-36p and IL-36y have the core 12-fold, 3-trefoil structure and lack a signal peptide, particu-
lar features of IL-1 family. All these cytokines need an N-terminal processing to become in
the active form, but the enzyme responsible for this process is still not known. IL-36 cytokines
are predominantly found in skin cells, and that is why they are related with several skin dis-
orders, such as psoriasis. After binding to the receptor (IL-36R and IL-1RAcP co-receptor),
dendritic cells are activated and participate in the polarizing of T-helper responses [50, 52, 57].

Different from the other members of the family, IL-37 is an anti-inflammatory cytokine, and
reduces innate inflammation as well as acquired immune responses. Its presence has already
been reported in skin, tonsils, esophagus, placenta, breast, prostate and colon. There are five
different isoforms of IL-37: IL-37a, IL-37b, IL-37c, IL-37d and IL-37e, expressed in different
locations of the human body. So far, IL-37b, which contains a 123-strand trefoil, typical of
the IL-1 family, appears to be the most biologically active, and therefore the object of the
majority of studies. IL-37 suppresses the production of pro-inflammatory cytokines, such as
IL-1A, IL-6, CC chemokine ligand (CCL-12), colony-stimulating factors (CSF-1 and CSF-2),
chemokine ligand-13 (CXCL-13), IL-1§3, IL23-A and IL1RA, and also inhibits dendritic cell
activation [58-60].

IL-38 is the most recent member of the Interleukin-1 family, identified in 2001. It binds to the
same receptor that the IL-36 cytokines, IL-36R. However, it acts as an antagonist, similarly to
IL-36Ra. Therefore, IL-38 acts reducing inflammatory response. IL-38 shares 41% homology
with IL-1Ra and 43% with IL-36Ra. This cytokine is present in skin, tonsil, thymus, spleen,
fetal liver and salivary glands. The properties and biological activities of IL-38 are still being
studied [52, 61, 62].
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4.2, Interleukin-2 family

The IL-2 cytokine family, also known as the common y-chain family, is composed by ILs 2, 4,
7,9, 15 and 21. All these ILs bind to the common vyc receptor, also called CD132. These cyto-
kines act as growth and proliferation factors for progenitors and mature cells [44, 63].

IL-2 is the first member of the common y-chain family, previously known as T cell growth
factor. This cytokine is mainly produced by CD4* and CD8" T cells, but can be also expressed
by dendritic cells and NKs. The IL-2R is composed by three subunits (CD25, CD122 and com-
mon yc), all necessary to binding to IL-2. IL-2 acts in the development of regulatory T (Treg)
cells, as a B cell growth factor, stimulates antibody synthesis and promotes proliferation and
differentiation of NK cells and T helpers. IL-2 has been extensively used as an anti-cancer
therapy [44, 63-65].

IL-4 is produced by Th, cells, basophils, eosinophils and mastocytes. It has two receptors:
IL4-R type I, which binds only to IL-4 and is composed by CD124 (IL-4rx) and CD 132; and
type II, which binds to IL-4 and to IL-13, and it consists in IL-4Ra and IL-13Ra1. These recep-
tors are spread all over the human body. IL-4 is known to play several different roles, regu-
lating allergic conditions and activating the immune response against extracellular parasites
(B cell class switching to IgE). It is the main cytokine to stimulate development of Th, cells.
Dupilimab is an IL-4 receptor antagonist approved in 2017 by FDA for treatment of eczema
[44, 66, 67].

IL-7 is a homeostatic cytokine. It can be found essentially in T cells, progenitors of B cells and
bone marrow macrophages. As the other members of the family, its receptor (IL-7R) consists
in the common vy-chain fraction, along with another unit, the IL-7Ra (CD127). IL-7 is involved
in the survival and proliferation of thymocytes and in the development of naive and memory
B and T cells, mature T cells and NKs. Deficiencies related to IL-7 result in immunodeficiency,
autoimmune diseases and leukemia [44, 68].

IL-9 is mainly produced by Th, cells, but it is also expressed in less amounts by eosinophils
and by mastocytes of asthmatic patients. Its receptor, IL-9R, is composed by the CD132 and
IL-9Ra units. IL-9 is a potent growth factor for T cells and mastocytes, and some of it activi-
ties include the inhibition of cytokine production by Th, cells, IgE production, and mucus
secretion by bronchial epithelium. Recently, a new subset of effector T cells was discovered,
Th,, and it is believed that it is intimately related with IL-9 production. IL-9 is associated
to allergic diseases and protection from helminthic infections. This cytokine can be found
in elevated amounts in Hodgkin lymphoma, hence, IL-9 antagonists are being studied as a
potential treatment for this disease [44, 69, 70].

IL-15 is structurally homologous to IL-2. The receptor, IL-15R, is composed by the CD132
subunit common to the family, and also by IL-15Ra and IL-2R chains. IL-15 is produced
by keratinocytes, skeletal muscle cells, monocytes and activated CD4" T cells, in response to
signals that trigger innate immunity. IL-15 has some identical functions to IL-2, such as T cell
activation and stimulation of NK cell proliferation, but it also involved with CD8* memory
cell, NK cell, and NKT-cell homeostasis. Increased levels of IL-15 were reported in autoim-
mune disorders, such as rheumatoid arthritis, psoriasis and celiac disease [44, 71].
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IL-21is produced by T cells, NKT cells and Th, . The receptor, IL-21, is present in various parts
of the human body and consists in CD132 and IL-21R. This cytokine is involved with B cells
functions, and also increases the proliferation of CD8* T cells, NK cells and NKT. IL-21 is cur-
rently being studied as anti-cancer therapy [44, 64].

5. Other cytokines

In addition to the aforementioned cytokines, other also deserves attention, such as chemo-
kines. The chemokines represent a large family of structurally homologous cytokines that
stimulate leukocytes movement and regulate the migration of them from the blood to tissues,
in a process named chemotaxis. They control homeostatic immune cells, such as neutrophils,
B cells, and monocytes, trafficking between the bone marrow, blood and peripheral tissues.
Therefore, they can be classified as chemotactic cytokines [33, 72].

There are about 50 human chemokines, classified into 4 families according to the location of
N-terminal cysteine residues. The two major families are CC and CXC chemokines, in which
the cysteine residues are adjacent on CC family, and are separated by one amino acid on CXC
family. In general, members of CC chemokines are chemotactic for monocytes, and a small
subset of lymphocytes, while CXC chemokines are more specific for neutrophils. The best-
known chemokine is IL-8, or CXCL8, which belongs to the CXC chemokine family, and is
responsible for neutrophil recruitment and for the maintenance of the inflammatory reaction.
On the other hand, the monocyte chemoattractant protein-1 (MCP-1) or CCL2, and CCL11 or
eotaxin, are examples of CC chemokines, which acts on recruitment of a variety of leukocytes,
but especially monocytes, and eosinophils, respectively [33, 73, 74].

The chemokines receptors are expressed on all leukocytes and are divided in two groups: G
protein-coupled receptors with seven-transmembrane a-helical segments, and atypical recep-
tors, which appear to attenuate inflammation by scavenging chemokines, independently of G
protein. Each receptor subtype is capable of binding to various chemokines of the same fam-
ily, and a single chemokine can bind to more than one receptor. Despite of this factor, a lot of
chemokines presents a great tissue and receptor specificity [72, 73].

Chemokines can be produced constitutively in various tissues, and are responsible for regu-
lating the traffic of leucocytes, especially lymphocytes, through peripheral lymphoid tissues.
However, the best-known activity of chemokines is the involvement on inflammatory reactions.
Recruitment of macrophages, neutrophils and T cells to the site of inflammation is strongly
stimulated by chemokines. In fact, they represent a secondary pro-inflammatory mediator that
is induced by primary pro-inflammatory mediators, such as IL-1 or TNF. In general, members
of the chemokines family induce recruitment of well-defined leukocyte subsets, differently of
the classic leukocyte chemoattractants. They induce the movement of leukocytes, and conse-
quently promote their migration to a specific local, by stimulating actin filaments [33, 72-74].

Beyond the involvement of the chemokines on acute inflammatory reactions, and the regula-
tion of the traffic of leukocytes through peripheral lymphoid, independently of the presence
of inflammation, some kind of chemokines can promote angiogenesis and wound healing,
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associated mostly with CXC family, while other are involved in the development of diverse
nonlymphoid organs [73, 74]. They also have an important role in the priming of naive T cells,
in effector and memory cell differentiation, and in regulatory T cell function [72].

Besides chemokines, there are cytokines that stimulates hematopoiesis, such as the colony-
stimulating factors (CSFs), which contributes to the growth of progenitors of monocytes,
neutrophils, eosinophils and basophils, as well as activating macrophages. Immune and
inflammatory reactions uses leukocytes, due to the recruitment induced by some kinds of
cytokines, so new must be produced [73, 74]. Additionally, the GM-CSF (granulocyte-macro-
phage colony-stimulating factor) and M-CSF (macrophage colony-stimulating factor) have,
like some other cytokines, a pro-inflammatory action, and exhibit a connexon between the
expression of them and TNF, IL-1, IL-23 and IL-17 [75].

Finally, other cytokines can be highlighted: TGF-{3, LIF, Eta-1 and oncostatin M. The TGF-3
is responsible for the chemoattraction of monocytes and macrophages, but also it has an anti-
inflammatory effect, by inhibiting the lymphocyte proliferation. LIF and oncostatin M induce
the production of acute-phase protein, while Eta-1 stimulates the production of IL-2, and
inhibits the production of IL-10 [73].

6. Cytokines and autoantibodies

On this topic, the association between the cytokines and autoimmune diseases will be
reviewed, but emphasis will be given to these ones: systemic lupus erythematosus, type 1
diabetes mellitus, multiple sclerosis, vitiligo and heart failure.

The impossibility of differentiating between own and non-own (strange) could result in the
synthesis of antibodies against the components of the organism (autoantibodies), which could
be extremely deleterious [73]. The organism is characterized by a failure of the normal mecha-
nism of self-tolerance, resulting in reactions against one’s cells, in the absence of any present
infection or another cause, known as autoimmunity, and the diseases caused by this phenom-
enon are referred as autoimmune diseases [33, 76].

The pathogenesis of autoimmune diseases involves mainly the genetic susceptibility, and
previous infections. In relation to infections, it is observed a recruitment of leukocytes
into the affected tissue, resulting in the activation of tissue antigen-presenting cells (APC).
Consequently, these APCs express costimulators and secrete T cell-activating cytokines, con-
tributing to the breakdown of T cell tolerance. Therefore, the infection promotes the activa-
tion of T cells that are not specific for the pathogen, in a process called bystander activation.
Additionally, microbes may engage toll-like receptors (TRLs) on dendritic cells, resulting on
production of lymphocyte-activating cytokines, leading to the autoantibody production. This
process was demonstrated in mouse models, and its influence in human autoimmune dis-
eases remains unclear [33].

The systemic lupus erythematosus (SLE) is an autoimmune disease, characterized by the
involvement of immune complexes formed from autoantibodies and their specific antigens
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that are responsible for the clinical manifestation, especially glomerulonephritis, arthritis
and vasculitis. The peripheral blood lymphocytes of patient presents an excessive produc-
tion and response to type 1 IFNSs, but the involvement of this cytokines on the development
of the diseases is still uncertain [33]. In these patients, for instance, serum IFN-a and IFN-a-
induced gene expression are frequently observed, implying that the molecular pathogenesis
of this condition is mediated by type I IFN. It has also been shown that IFN-y serum levels are
increased in SLE patients, and in mouse models, the receptor of this cytokine was necessary to
the disease development. The massive amount of circulating IFN correlates to disease severity,
which is likely to be triggered by excessive pDC activation. Recently, clinical trials evaluating
anti-IFN-a monoclonal antibodies for SLE have been conducted, exhibiting promising results.
Moreover, a trial evaluating a monoclonal antibody that binds IFN-y was conducted, but
no significant improvements in the efficacy outcome measures were observed. Additionally,
a recent study demonstrated that keratinocytes may participate on the pathophysiological
of the cutaneous manifestation of the SLE, by increasing cell apoptosis and producing pro-
inflammatory cytokines, especially IL-23, IL-12, IL-6, IL-17, (Th17-related cytokines), IL-10
and TFG-{ [16, 30, 77, 78].

In parallel, another autoimmune disease widely studied that involves cytokines, besides sev-
eral other factors, is the type 1 diabetes mellitus. This disease is characterized by pancreatic
(3 cells destruction, which it is due to hypersensitivity reactions mediated by CD4* TH 1 cells
reactive with islet antigens, the effect of cytotoxic T lymphocyte on lysis of islet cells, and
local production of cytokines, especially TNF, IL-1, IL-21 and IEN-a. In some cases, the islets
show cellular necrosis and lymphocytic infiltration, consisted of both CD4* and CD8" cells.
Remaining islet cells often express class I MHC molecules, an effect of local production of
INF-y by the T cells [33, 73, 79]. The onset of young age of this disease may be associated with
upregulation of growth factors, especially GM-CSF and IL-7. Other mediators overexpressed
are the pro-inflammatory cytokine IL-1B, the regulatory cytokine IL-10, IL-27, and some Th17
cytokines (IL-17, IL-21, IL- 23). Additionally, patients that involve to ketoacidosis, a serious
complication of the disease, have a tendency for higher IL-8 and IL-10 levels [80].

In the same way, it stands out the rheumatoid arthritis, a chronic and systemic autoimmune
disease described as a progressive disability on joints, particularly of the fingers, shoulders,
elbows, knees and ankles that can promote systemic consequences like cardiovascular, pul-
monary and skeletal disorders. It is characterized by the production of autoantibodies, like
rheumatoid factor, cytokines, chemokines, hyperplasic synovium, osteoclastogensis and
angiogenesis. The pro-inflammatory cytokines IL-1a/B, IL-8, IL-6, TNF-a, INF-y and some
CSFs are responsible for the pathogenesis of this disease, and are involved with the intracel-
lular molecular signaling pathway that causes chronic inflammation on synovial membrane.
These cytokines, especially TNF-a, activates the leukocytes endothelial cells and synovial
fibroblasts, and stimulates the production of collagenases that are responsible for the destruc-
tion of the cartilage, ligaments and tendons of the joints. Therefore, monoclonal antibody
drugs, such as anti-TNF are approved for treatment of this disease [33, 75, 76, 81].

It is also believed that bone destruction in rheumatoid arthritis is due to overexpression of the
TNF family cytokine receptor activator of nuclear factor KB (RANK), an essential mediator
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that promotes maturation and activation of osteoclasts [33, 76]. Therefore, the cytokines on
rheumatoid arthritis promote the autoimmunity, the destruction of joint tissue and maintain
the synovial inflammation [82].

The multiple sclerosis is a neurodegenerative autoimmune disease of high mortality in
adults, characterized by a chronic inflammation in the central nervous system with second-
ary demyelination due to leukocyte and cytokines infiltration of brain tissue and spinal cord.
Clinical manifestations are weakness, paralysis and ocular symptoms [33, 73]. A recent study
proposed the role of Thl lymphocytes in the pathogenesis of the brain inflammation, with
several cytokines involvement. Th1 lymphocytes produces mainly IFNy (type II IEN) that is
responsible for the production of other pro-inflammatory cytokines, and chemoattractants,
such as IL-2, IFNy, CC chemokines, like CCL5, CCL11 and CCL27 and CXC chemokines,
especially CXCL1 and CXCL10. On the other hand, lower levels of circulating type I IFN are
observed. Therefore, unlike SLE, multiple sclerosis treatment involves the administration of
IFN-B. Additionally, an upregulation of CCL27 was found in cerebrospinal fluid of multiple
sclerosis patients, demonstrating the possibility of its involvement on activation and migra-
tion of autoreactive immune effectors in the brain, and consequently a potential contribution
for the pathogenesis of this disease [83].

Vitiligo, is another autoimmune disease, characterized by the skin depigmentation, which
is associated to the production of antibodies against the melanocytes, and it is more fre-
quent in patients that have other autoimmune diseases, like Grave’s disease [73]. A variety of
cytokines are increased in vitiligo patients in relation to healthy people. A recent systematic
review demonstrated an association between the expression of some kind of cytokines in
vitiligo skin, especially INF-y, TGF-@, IL-1p, IL-17, and the chemokines CXCL9, CXCL10 and
CXCL12. IFN-y and IL-1p are closely related to the pathogenesis of vitiligo, but serum TGF-3
and IL-17 are more abundantly expressed in relation to the others [84].

Finally, another disease that has the participation of cytokines on its pathogenesis is the
heart failure, a chronic disease characterized by a cardiac impairment due to hyperten-
sion, myocardial infarction, arrhythmias and other heart diseases. A recent evidence
showed the involvement of the adaptive immune system in the development and pro-
gression of heart failure, which is related to high mortality in adults. T cells, particularly
TH1, and TH17 and B1 lymphocyte, contribute to the pathologic chronic inflammation,
and cell migration. The inflammatory component of this disease, which has a closely rela-
tion to the morbidity and mortality, are the cytokines, including TNF-a, TNF-g, IL-1,
IL-6, IL-7, IL-10 and IFN-y, chemokines and cardiac autoantibodies. Those factors are
associated with cardiomyocyte death and tissue remodeling by fibrosis, contributing to
the left ventricle dysfunction, and consequently to disease progression. In detail, initially
the dendritic cells and other antigen-presenting cells can process specific proteins of the
myocardial tissue and theirs contact with memory B cells promotes the release of auto-
antibodies, and consequently activates pro-apoptotic pathways, by antigen-dependent
cell cytotoxicity, and complement-mediated cell cytotoxicity in health myocytes. Another
characteristic of the pathogenesis of heart disease is the production of inflammatory
mediators by B cells, such pro-inflammatory cytokines (TNF-a and IL-6) and chemokines,
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which recruit monocytes involved with inflammation and heart remodeling, beyond the
activation of T lymphocytes, leading to the production of other specific inflammatory
cytokines (IFN-y and IL-2) [73, 85].

Selective immunosuppression of B-lymphocytes may be a promising therapeutic on acute
and chronic heart failure, as the blockage of the immune medjiators, such cytokines, once they
are involved to the propagation of the disease [85].

In sum, different kinds of cytokines are involved on autoimmune diseases, which plays an
important role especially on inflammatory process, and contributing to the pathogenesis, in
most cases. Studies have been performed, in order to establish the association between cyto-
kines and the evaluation of these diseases, with the objective of developing therapeutic strate-
gies, such as anti-TNF for rheumatoid arthritis.

7. Conclusion

In this chapter, the main aspects regarding the different types of cytokines and their main
functions were reviewed. Hence, the comprehensive and fundamental role of cytokines in
the immune system could be thoroughly investigated. Additionally, the contribution of these
molecules to the development of diseases, particularly related to autoimmunity, as well as its
use as treatment approach for some clinical conditions was explored.
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Abstract

The immune system’s ability to distinguish self from nonself is essential for initiating host
defense against microbial antigens and protection of self-antigens from autoimmune-
associated destruction. Virus infections have been implicated in the initiation of multiple
human autoimmune diseases. This chapter aims to summarize the main principles for
some specific viral infections and the subsequent production of autoantibodies resulting
in the initiation, progression, and perpetuation of autoimmune diseases. Various mecha-
nisms by which virus infections can induce autoimmune responses including molecular
mimicry and epitope spreading are discussed with respect to these viruses, and evidence
implicating virus infections in the pathogenesis of various human autoimmune diseases
is reviewed. A better understanding of the viral origin of autoimmune diseases is an
important step in the identification of high-risk patients as well as designing prevention
and disruption strategies.

Keywords: autoimmune disease, autoimmunity, virus, Epstein-Barr virus,
cytomegalovirus, hepatitis B virus

1. Introduction

An autoantibody is an antibody produced in response to a constituent of one’s own cells
or in other words produced against self-antigens such as nucleic acids, proteins, carbohy-
drates, lipids, and other multimolecular complexes. Autoantibodies may be organ-specific or
systemic and are a characteristic feature of autoimmune disease (AD). Autoantibodies may
also be produced as a result of different causes such as cancer, infection, or drug-related reac-
tions [1]. The diagnosis and classification of autoimmune diseases (ADs) depends on serum
autoantibodies out of which some specific ones have a prognostic significance and are thus

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgIEN



92 Autoantibodies and Cytokines

used as markers to determine disease activity. Prior to clinical manifestation of an established
AD, asymptomatic individuals may carry autoantibodies for many years. In such cases, the
serological detection of these antibodies exhibits a strong predictive value [2-5].

2. Autoantibodies in viral disease

It is well established that there is often an association of transient, low-titer, polyspecific auto-
antibodies with common viral infections [6]. Autoantibodies may be detected in a variety of
viral illnesses including hepatitis A, B, and C, parvovirus B19, enteroviruses, cytomegalovirus
(CMV), and Epstein-Barr viruses (EBV) [1, 7-11]. Infectious agents have been implicated as an
initial environmental trigger of AD in general, and in the induction of autoantibodies specifi-
cally [12-17]. It has been suggested that transient autoimmune responses are induced by acute
viral infections in children and adults. Such responses may include generation of transient
autoantibodies of typically low titer. The progression of such an immune state to an established
autoimmune disease is rare [6, 18] as usually virally induced autoantibodies typically resolve
with time. Hence, it may be difficult to differentiate autoimmune disease and self-limited illness.

Some of the commonly tested autoantibodies in viral infections include antinuclear antibod-
ies (ANAs), antibodies directed against DNA, antibodies against proteins that bind to nucleic
acidsi.e. extractable nuclear antibodies (ENA), those directed against phospholipids, and anti-
neutrophil cytoplasmic antibodies (ANCAs). In addition to these, the immune system may
produce antibodies specific to certain tissues or organs (e.g., against hepatic, renal, gastric,
intestinal, thyroid, pancreatic, muscular, testicular, dermatological, or neurological tissues).
Also, the tendency of some viral infections to induce inflammatory responses in a variety of
organ systems may also result in the development of autoimmune conditions. Hepatitis C and
B virus, human immunodeficiency virus, parvovirus B19, cytomegalovirus, and Epstein-Barr
virus appear to be associated with autoantibodies more commonly than other viruses.

2.1. Mechanism

The mechanisms responsible for the generation of autoantibodies as a result of viral infections
remain unclear. A few proposed mechanisms include cross-reactivity between viral proteins
and autoantigens [19], molecular mimicry [16, 17, 20], and the induction of apoptosis of virus-
infected cells [21], all leading to the production of autoantibodies. Another theory suggests
that autoantibodies are anti-idiotypic antibodies to antiviral antibodies [22]. However, molec-
ular or antigenic mimicry between microbial proteins and self-components (i.e., proteins,
carbohydrates, or DNA epitopes) remains the most likely mechanism of autoimmunity post
viral infection [20, 23].

3. Viruses and autoimmunity

The existence of autoantibodies that do not induce tissue damage is known [19]; however, most
of them are known to have clear pathogenic effects [24]. Pathogenic effects can vary from modu-
lation of the biological activities such as cytotoxicity, phagocytosis and cell surface receptor
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binding, immune complex (consisting of viral antigen and antiviral antibodies)-mediated dam-
age, and even lysis of the cell [24]. Although investigations into the relationship between viruses
and the development of autoantibodies are ever continuing, we will focus on three different
viruses that appear to be associated more commonly with autoimmunity than other viruses:
Epstein-Barr virus (EBV), hepatitis B virus (HBV), and cytomegalovirus (CMV).

3.1. Epstein-Barr virus

Epstein-Barr virus (EBV) is a double-stranded DNA member of the gamma-herpesvirus family
and is considered to be one of the most sinister members of the herpesvirus family. It usually
infects young adults, adolescents, or children. EBV attacks and persists in B lymphocytes and
based on viral antigen expression is known to exhibit up to four types of latency (latency 0-3).
Upon reactivation from latent to lytic stage, the production of a large number of infectious
virions leads to host cell lysis.

Autoantibodies can be detected during infectious mononucleosis, the symptomatic primary
infection of EBV, and various other lymphoproliferative diseases caused by EBV [8, 25]. In
some circumstances, it is known to cause many different systemic autoimmune diseases.
However, the most widely understood relationship between this infamous infecting agent and
another autoimmune disease is between EBV and systemic lupus erythematosus (SLE), which
is often exhibited through a high prevalence of the virus in the sera of patients. Although
several viral pathogens have been known to be associated with SLE, Epstein-Barr virus is
considered to be one of the most important environmental factors in the etiology of this auto-
immune disease. The serological correlation has been well established over the years [26] with
modern diagnostic methods producing similar results [27].

Identification of a specific viral antigen that induces production of SLE-specific autoantibodies
has proven to be difficult as the sera of patients with SLE can often exhibit more than 100 dif-
ferent autoantibodies [28]. Mechanisms responsible for EBV-associated SLE include molecular
mimicry, bystander activation, and epitope spreading [29]. Molecular mimicry remains the most
well-established method by which EBV infection is known to cause SLE [30]. EBV-associated
autoimmunity is thus known to be caused by cross-reacting viral and endogenous proteins. It
has also been well investigated that the immune response against EBV and EBV nuclear anti-
gen 1 (EBNA-1) is different between patients with SLE and healthy controls. Whereas healthy
controls maintain a partial humoral response and generally do not produce long-standing
cross-reactive antibodies, patients with SLE exhibit humoral immune response to EBNA-1 with
the generation of cross-reactive antibodies only in susceptible individuals [30]. Autoantibody
complexes may also arise due to binding between SLE-specific autoantigens Sm and Ro and cir-
culating anti-EBNA-1 antibodies, due to structural similarities. Furthermore, epitope spreading
as a result of autoantibody complex accumulation will result on overt clinical disease [31, 32].
Apart from Ro and Sm, EBNA-1 may also elicit creation of anti-dsDNA, another SLE-associated
autoantibody, also via molecular mimicry [32].

Another hypothesis suggests that B cells expressing the EBV-encoded protein latent membrane
protein 2A bypasses normal tolerance checkpoints and induces hypersensitivity to Toll-like recep-
tor stimulation, further activating anti-SmB cells through the B-cell receptor/Toll-like receptor
pathway. Eventually, this leads to increased proliferation or differentiation of antibody-secreting
cells or both [33]. A third hypothesis suggests that during primary infection, autoreactive B cells
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become infected by EBV and proliferate to become latently infected memory B cells. Since they
express virus-encoded antiapoptotic molecules, these become resistant to normal B-cell homeosta-
sis-associated apoptosis [34]. These impaired B cells activate autoreactive T cells which similarly
fail to undergo apoptosis as they receive a costimulatory survival signal from infected B cells. The
autoreactive T cells expand to produce cytokines, which recruit other inflammatory cells, resulting
in target-organ damage and chronic autoimmune disease [35].

The association of EBV with rheumatoid arthritis is less clear. Patients with RA have higher
levels of anti-EBV antibodies than healthy controls. Additionally, EBV-specific suppressor
T-cell function is defective in rheumatoid arthritis, and patients with rheumatoid arthritis
have a higher EBV load in peripheral blood lymphocytes. However, there is no clear evidence
for the creation of rheumatoid arthritis-specific autoantibodies [36]. It has been proposed that
EBV can, perhaps, play a role in the citrullination of autoantigens or the formation of auto-
antibodies such as anticyclic citrullinated peptide, but this theory remains to be proven [37].

Graves’ disease is another autoimmune disease which is the most common cause of hyperthy-
roidism. It has been hypothesized by Nagata et al. that the reactivation of persisting Epstein-
Barr virus in B lymphocytes induces differentiation of host B cells into plasma cells [38]. B
cells infected with EBV possess thyrotropin receptor antibodies (TRAbs) on the surface of
immunoglobulins (Igs) [39]. EBV reactivation induces these TRAb+EBV+ cells to produce
TRADs. Activation of B cells infected with the virus by polyclonal B cell activation leads to the
production of Igs through plasma cell differentiation. This may be induced by EBV reactiva-
tion. EBV-LMP1 enables B cells to produce every isotype of Ig. Thus, it has been hypothesized
that EBV rescues autoreactive B cells to produce autoantibodies, which contribute to the
development and exacerbation of autoimmune diseases including Graves’ disease [38].

3.2. Cytomegalovirus

Human cytomegalovirus (HCMV) or cytomegalovirus (CMV) is a large double-stranded DNA
prototypic pathogenic member of the beta-subgroup of the herpesvirus family. Certain features
attributed to the cytomegalovirus, like lytic replication in several different tissues, its lifelong
persistence through periods of latency and reactivation, an extraordinarily large proteome,
considerable manipulation of adaptive and innate immune systems, and its worldwide preva-
lence in human populations, make it a prominent candidate for involvement and exacerbation
of autoimmune abnormalities [40]. Cytomegalovirus is known to be a leading cause of mental
retardation and congenital hearing loss, and CMV infection is known to induce several autoim-
mune disorders in mice that resemble abnormalities in SLE [41]. It has also been implicated in
the development and/or progression of SLE in humans [42]. Additionally, CMV has been associ-
ated with many other autoimmune diseases such as inflammatory bowel disease [43], diabetes
mellitus [44, 45], systemic sclerosis [46], antiphospholipid syndrome [47, 48], and rheumatoid
arthritis. The relationship between CMV infection and accelerated atherosclerosis [49, 50] is
unclear, as conflicting data have been reported, and thus requires further investigation. A clear
relationship between HCMV seroprevalence and disease has not been established. A higher
prevalence of HCMV IgG antibodies would be expected in patients suffering from specific types
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of autoimmune diseases if HCMYV is a causative agent for the onset of autoimmunity. The UL83-
encoded pp65 matrix protein has been linked to autoantibodies in SLE patients [40]. Studies have
found either higher HCMV-specific IgG titers [51] or higher frequencies of HCMV infection in
patients with SLE [51, 52]. Moreover, in SLE patients with higher HCMV-specific IgG titers, more
frequent autoantibodies could be detected [53, 54]. However, a clear cause-and-effect relation-
ship between CMV infection and the creation of autoantibodies has yet to be ascertained. In a
study of patients with SLE and some other autoimmune diseases such as Sjogren’s syndrome,
antiphospholipid syndrome, systemic sclerosis, biliary cirrhosis, polymyositis, or different types
of vasculitis, a higher prevalence of CMV-associated IgM antibodies was detected [52]. The role
of CMV in the pathogenesis of various autoimmune diseases requires further investigation.

3.3. Hepatitis B virus

Hepatitis B virus (HBV) is a small partially double-stranded circular DNA virus that replicates in
the liver cells. This hepatotropic virus is classified in the Hepadnaviridae family. HBV remains
one of the major causes of liver disease, varying in severity from person to person [53-56]. The
most common autoimmune diseases associated with chronic HBV infection are membranous
glomerulonephritis and systemic necrotizing vasculitis [57]. HBV uses active immune evasion
strategies that target the adaptive response responsible for the elimination of HBV virus [55, 58].
CD4 T cells or helper T cells produce cytokines and are involved in the efficient development of
effector cytotoxic CD8 T-cell antibody production by B cells. HBV-infected hepatocytes are cleared
by CD8 T cells through both cytolytic and noncytolytic mechanisms, leading to a reduction in the
levels of circulating virus. The B-cell antibody production neutralizes free viral particles and can
also prevent infection or reinfection [55]. Liver injury during the acute and chronic phases of viral
hepatitis may be caused by T-cell responses. HBV-specific CD8" T cells play a double role. On the
one hand, the HBV-specific CD8" T cells are vital in the clearance and control of the virus, but on
the other hand, when overall antiviral immunity is not robust enough to clear the viruses, liver
tissue damage may occur through different pathways, including perforin-mediated cytotoxicity
and Fas ligand/Fas-mediated apoptosis [59, 60]. Thus, liver damage in patients with chronic HBV
infections may be a result of autoreactivity.

Antibodies against the asialoglycoprotein receptor-R have been reported in patients with
chronic HBV [60]. The occurrence of antiasialoglycoprotein receptor-R antibodies in patients
with moderate and severe chronic active hepatitis suggests that these antibodies are related to
progressive liver damage development in patients with HBV infection rather than as simply
a response to tissue damage. Either the host’s immune response to virus-infected hepatocytes
could result in liver damage [61] or this may be the effect of virus-induced apoptosis [21].
Autoantibodies produced as a direct result of this damage may be of various different kinds
such as antiasialoglycoprotein receptor-R [60], antinuclear antibody [61], smooth muscle anti-
body [62, 63], antimitochondrial antibody [62], microsome antibody [62], rheumatoid factor
[41], and proliferating cell nuclear antigen [61]. These autoantibodies bind to liver and kidney
tissue and are directed against microsomal targets (expressed in estrogen receptor of these two
organs) [64]. Further investigations are required to determine the cause-and-effect relationship
between HBV and the generation of autoantibodies.
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4. Conclusions

Viruses remain just one of the many etiological factors such as environmental stimuli, infec-
tion, genetic predisposition, cytokine activity, etc., which contribute to the development
of autoimmune disease. Of the many mechanisms by which an infecting agent can induce
an autoimmune reaction, molecular mimicry is probably one of the most common in viral-
induced immunity. Over time, the development of chronic viral infections contributes to the
development of a defective immune system, the accumulation of which gives rise to overt
clinical illness. Thus, the study of infectious agents that play a role in the pathogenesis of this
process is not only important to identify high-risk patients but also necessary in preventing
the process of disease through medications. Prevention of such autoimmune abnormalities in
general and virus-associated autoimmune phenomena in particular would be a great achieve-
ment in the field of autoimmunity.
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Abstract

Rheumatoid arthritis (RA) is an autoimmune disorder in which increased autoantibody
production and enhanced secretion of pro-inflammatory cytokines are the hallmark of
the disease. A strictly controlled balance of antibody production and proinflammatory
cytokines is the key to the healthy state. A slight tilt in this balance causes proinflam-
matory diseases. In RA there is an increased production of autoantibodies such as rheu-
matoid factor (RF) and anti-citrullinated protein antibody (ACPA), anti-cartilage type II
antibodies, and etc., which have a prominent clinical significance. Furthermore, there is
increased secretion of proinflammatory cytokines such as tumor necrosis factor-o (TNFa),
interleukin-6 (IL-6), interleukin-1 (IL-1) which have an impact of great magnitude on the
RA disease progression and severity. A better understanding of the mechanism of auto-
antibody production and secretion of cytokines together with crosstalk between immune
cells and cytokines can provide us a better insight into the disease pathogenesis as well
disease prognosis and management.

Keywords: theumatoid arthritis, autoantibodies, cytokines, proinflammatory,
pathogenesis

1. Introduction

Autoimmunity arises as a result of failure of immune self-tolerance. The condition may
involve both T and B cells however it has been found that in most autoimmune diseases, T
cells play a pivotal role in both dysregulation and autoimmune aggression, but autoantibod-
ies are also widely produced by B cells. Such autoantibodies play a key pathogenic role in
diseases such as autoimmune hemocytopenias, Grave’s disease, rheumatoid arthritis, type 1
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diabetes and systemic lupus erythemathosus (SLE). Similarly, autoantibodies are also found
in other diseases, where although they may play a minor pathogenic role, but can be used as
valuable diagnostic markers [1-7].

Furthermore, in addition to T cells and autoantibodies, cytokines also play a pivotal role
in development of the autoimmune response. Proinflammatory cytokines have significant
involvement in autoimmune associated damage. This chapter aims to discuss the involve-
ment of autoantibodies and cytokines in the pathogenesis of RA.

Immune system has the capacity to mount an immune response against virtually all foreign
molecules as well as self. However, several mechanisms exist within the human system that
prevent or subdue the response to self-antigens. The immune system has developed a series
of checks and balances that enable it to distinguish dangerous signals from harmless ones
and allow it to respond to foreign or non-self-antigens. When these mechanisms undergo a
breakdown or are overridden, a response directed against self-antigen can occur, resulting in
autoimmune reactions and/or autoimmune diseases [8].

RA is a complex chronic disease, primarily affects the lining of the synovial joints and can
cause progressive disability, premature death, and socioeconomic burdens. The clinical mani-
festations of symmetrical joint involvement include arthralgia, swelling, redness, and even
limiting the range of motion [9].

Autoantibodies have been associated with human pathologies for a long time, particularly
with autoimmune diseases. RA is more frequent in females as compared to males [10]. Organ
specific autoimmune diseases involve single or multiple autoantigens. In RA, presence of
various autoantibodies such as RF and ACPA, and anti-cartilage type II antibodies in serum
and synovial fluid have long been associated with RA severity [11].

The pathological hallmarks of synovitis in rheumatoid arthritis include the proliferation of
resident synovial fibroblasts, new blood vessel formation and the recruitment of a wide range
of leukocytes including B and T lymphocytes, monocytes/macrophages and mast cells; in turn
this leads to synovial hypertrophy and the invasion of cartilage and bone by activated inflam-
matory tissue. Cytokines are fundamental orchestrators of the development and maintenance
of this lesion [12]. RA disorder is a multifactorial disorder other than autoantibodies there are
many other important factors involved such as proinflammatory cytokines such as TNF-o,
IL-6 and IL-1 are key mediators of cell migration and inflammation in RA [13]. Cartilage
degradation in RA occurs when TNF-a, IL-1 and IL-6 activate synoviocytes, resulting in the
secretion of matrix metalloproteinases (MMPs), cathepsins and mast cell proteinases into the
synovial fluid [14, 15]. Cytokines also activate chondrocytes, leading to the direct release of
additional MMPs into the cartilage [14, 15].

Although the availability of advanced drugs and treatment regimes, however the complete
remission of the disease is still not achieved. This chapter shed light on the complex network
of the autoantibodies and proinflammatory cytokines as immune responses in the RA disease
pathogenesis and the development of bio-therapeutics used in RA disorder.
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2. Autoantibodies in RA

Several studies have been demonstrated that levels of disease-related biomarkers (such as
RF and antibodies to citrullinated protein antigen, as well as secretory phospholipase A2,
C-reactive protein (CRP), glycated HSA, and multiple cytokines/chemokines) may be elevated
prior to the onset of symptomatic rheumatoid arthritis [16-24].

These findings suggest that there is a substantial “preclinical” period of RA, during which
detectable immunologic and inflammatory changes are occurring that are related to disease
development. These increased levels of RA related autoantibodies in preclinical RA may be
highly specific for early RA detection [18, 19]. There is a great hope that these autoantibodies
may be used to predict which currently asymptomatic individuals are at sufficiently high risk
for future RA that they may be targeted with preventive therapies.

2.1. Rheumatoid factors

The RA is associated with systemic autoimmunity as evidenced by the presence of serum and
synovial fluid autoantibodies. The first autoantibody to be described in RA was the rheuma-
toid factor (RF) by Waaler in 1940 [25], and it was later found to be directed to the Fc region
of IgG. It is well characterized, although its exact origin still remains unclear. Typically, RF
is of IgM isotype, but IgG and IgA may also occur. IgM RFs are the major RF species in RA
and are detected in 60-80% of RA patients [26]. In the past, RF levels were determined by
classical agglutination reactions; however, sensitivities and specificities depended on the type
of test (e.g., latex fixation test, or Waaler-Rose test using sheep erythrocytes). RF levels were
also determined by nephelometry [27]. RF has been observed in many other autoimmune dis-
eases, such as, in systemic lupus erythematosus, mixed connective tissue disease and primary
Sjogren syndrome, as well as in non-autoimmune conditions, such as in chronic infections
and old age [26]. RF specificity to RA is increased at high titers (e.g., IgM RF > 50 IU/ml)
and with IgA isotypes [26, 28, 29]. High titer RF and IgA isotypes are also associated with
radiologic erosion, extra-articular manifestations and thus, poorer outcomes [26, 28, 30, 31].
The association between high titer RF status and a poor prognosis indicates that RF may have
a role in the pathogenesis of RA. The functions of RFs under normal physiological conditions
were observed as (i) enhancement of immune complex clearance by increasing its avidity and
size, (ii) aiding B cells in uptake of immune complex through efficient antigen presentation
to T cells, and (iii) facilitation of complement fixation by binding to IgG containing immune
complexes [32-34]. RFs with high affinity and high-titer in synovial fluid of RA patients are
considered to exert pathogenic functions and to enhance inflammation and antigen trapping
in joints. However, no clear evidence yet suggests that RFs are involved in the initial events
triggering the disease process of RA. In fact, it is understood that they may themselves be
triggered by RA. Somatic mutations accumulates in RA and the presence of isotype switch-
ing indicate that RF production is T-cell driven, although T cells infiltrate RA synovium [35]
and contain autoreactive clones [36], which were polyclonal and lack specificity for any par-
ticular autoantigen [36, 37]. T-cell clones reactive with autologous IgG were not detected in
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RA patients as yet. Additionally, the function of RF expressing B cells to take up immune
complexes and present trapped antigens to T cells may allow these cells to bypass the need
for specific T cell help and eventually lead to emergence of autoreactive T cells capable of
triggering RF synthesis in the absence of an external antigen [38].

2.2. Anti-citrullinated proteins antibodies (ACPA) in RA

Some other names used to describe ACPA are anti-keratin, antiperinuclear factor antibodies,
antifilaggrin antibodies, or anti-Sa [39]. ACPA have been associated with human pathology
[40] as well as preclinical disease [16, 18, 41]. Latest ELISA assays, exhibited higher specific-
ity (~98%) and sensitivity between 40 and 76% (depending on disease stage) [42]. Recently
proved that there is a potential association of ACPA with conditions like psoriatic arthritis
[43], periodontitis [44], and osteoarthritis [45]. The key difference between ELISA assays was
in the antigens used to detect ACPA. Thus, the diagnostic value of ACAP was established
by demonstrating the significance of using appropriate citrullinated peptide [39, 46, 47].
Consequentially, a highly sensitive noncommercial ELISA, based on protein targets identi-
fied as reactive with ACPA in synovial tissue such as alpha and beta fibrinogen was therefore
developed [48]. The positivity of ACPA for one or both to these two citrullinated peptides
covered all reactivity in RA sera [49].

Citrullinated peptides are generated in response to a posttranslational modification mediated
by peptidyl-arginine deiminase (PAD) enzymes. Multiple antibody isotypes including IgG,
IgA, and IgM directed against these citrullinated peptides are detected in RA [50]. Citrullinated
proteins are present in the synovial fluid of inflamed RA joints, exhibiting that ACPA could
bind to these antigens in the joint and possibly increase local inflammation [51]. A protein
that is commonly targeted by ACPA is Vimentin. In collagen-induced arthritis, mouse models
passive transfer of ACPA cannot cause synovitis, although it can worsen preexistent synovitis
[52]. Therefore, it is suggested that multiple events are necessary for the development of RA.

ACPA causes inflammation via binding to Fc receptors or complement activation. Autoantibodies
are usually glycoproteins that means both Fc and Fab region of the antibody bind to the carbo-
hydrate chains, which is essential for immune effector functions. Compared to IgG antibodies,
the Fc region of ACPA has a lower level of galactosylation and sialylation against recall antigens
[53]. The decreased sialylation of IgG in immune complexes can drive osteoclastogenesis, both
in vitro and in vivo, through altered FcyR signaling. Moreover, it has been found that RA patients
with low levels of ACPA-IgG Fc sialylation displayed lower bone volumes and trabecula num-
bers [54]. Thus, disease pathophysiology could be influenced by the specific Fc glycan signature
of ACPA.

2.3. Autoantibodies against type II collagen

Type II collagen (CII) are abundantly present in joint cartilage [55]. Native CII protein consists
of a triple-helix structure containing three identical o chains. The collagen fibrils contribute
to cartilage integrity by resisting stretching forces caused by hydrophilic proteoglycan mol-
ecules in extracellular matrix of articular cartilage, [56]. The degradation of CII leads to the
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degeneration of cartilage and consequent loss of function in RA patients [57]. Denaturation
of CII also causes separation of « chains and loss of antigenic sites (epitopes) present in the
molecule which are altered due to the disruption of its three dimensional structure [58].
Autoantibodies to both, native and denatured CII, have been reported in RA [59-62]. Varying
levels of anti-CII antibodies were detected in the same patient at different times and also
between patients, suggesting that these antibodies might be associated with specific events
during arthritis development.

Increased anti-CII antibody levels may degrade CII molecules leading to acute inflammation
which is mediated by anti-CII antibody containing surface-bound immune complexes (ICs)
[60], which activates complement system activation and enhanced the production of proin-
flammatory cytokines (TNFa, IL-1f and IL-8) [63], which leads to the inflammation of the
joints and hence cartilage damage. Antibodies have been detected against major CII epitopes
at the site of inflammation, serum and synovial fluid samples from RA patients, supporting
the concept of an increased local immune response to CII in the joints [61].

ClII is found to be arthritogenic in animals and an injection of native CII in adjuvant induces
collagen-induced arthritis (CIA) characterized by antibodies to CII and inflammatory polyar-
thritis [64]. Variability in expression of arthritis is linked to the expression of particular class
II major histocompatibility (MHC) alleles [65] and also depends on an intact immune system.
For example, B cell deficient animals [66] or complement deficient ones [67] are protected.
Moreover, monoclonal antibodies (mAb) to CII derived from mice with CIA can induce col-
lagen antibody-induced arthritis (CAIA) in naive mice. CAIA is a condition characterized
by inflammation, formation of pannus and erosions of bone similar to that observed in RA
[68]. This model disease does not require the help pf T cells and has proven to be an informa-
tive model to better understand how antibodies lead to development of arthritis. Not only
is arthritis not MHC-restricted, but it can be induced in most strains of mice and represents
a model of the effector arm of CIA. However, it depends on the specificity of the antibodies
used. A triplet of arginine-glycine-hydrophobic acids, is a common amino acid motif, shared
by these arthritogenic mAb, which recognize epitopes on CII. These map to surface-exposed
regions on the collagen fibrils that are accessible for antibody binding [68]. These epitopes are
conserved, and are also recognized by antibodies from rats [69-71] and from humans with RA
[70, 72]. Amino acid arginine molecules are present on the surface of the major epitopes on the
collagen fibrils can also become citrullinated [73] and mAb reactive with these citrullinated
epitopes may be arthritogenic themselves, or induce more severe arthritis when injected with
subclinical doses of anti-CII [74]. Antibodies to major CII epitopes could be useful as markers
for the biomonitoring of joint destruction in some patients.

3. Role of cytokines in RA

The network of cytokine in the RA disease is very complex system, with a numerous of cyto-
kines showing pleiotropic actions and many different targets. This network can be divided in
two groups, the pro-inflammatory and anti-inflammatory cytokines. Controlling the balance
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between these two groups is considered as an important therapeutic goal. This chapter pro-
vide an important role of TNF-a in the pathogenesis of RA, leading to the first clinical trials of
a biological therapeutic in this disease. Other than TNF-a we address other cytokines such as
IL-1, IL-6 and IL-23 that might play a role in the disease, together with selected cytokines that
bind a receptor containing the common y-chain (yc) [75].

3.1. TNF-a

TNF-a is a proinflammaotory cytokine and played a key role in RA with its potential to
degrade cartilage [76] and bone [77] in vitro. It has been shown in an experiment that dis-
sociated RA synovial mononuclear cell cultures that TNF-a as well as other proinflammatory
cytokines (IL-1, IL-6, GM-CSF, and IL-8) [78-81] were produced in a five-day culture [82, 83].
When the activity of TNF-a was blocked in these cultures, the spontaneous production of both
IL-1 protein and IL1B mRNA was remarkably decreased and IL-1 bioactivity was neutralized
[82]. This is the evidence that the secretion of all these cytokines is a network and controlled
by hierarchy of their expressions.

Soluble TNF receptors are found in high concentrations in the synovial fluid and serum of
patient with RA [84]. RA patients are found to have high levels of TNF-a in the synovial fluid.
This plays an important role in inflammation and joint destruction, both of which are hall-
marks of RA. Anti-TNF-a therapy induces a shift in the cytokine equilibrium producing more
anti-inflammatory cytokines. Studies have demonstrated dramatic improvement in synovial
inflammation in RA patients after treatment with neutralizing anti-TNF-a Abs or soluble TNF
receptors. They also suggest decreased joint destruction after treatment with IL-1Ra [85].

In a first clinical trial of a TNF-a blocking agent for the treatment of 20 active RA patients
were initiated. Infliximab (Remicade), a chimeric antibody specific for human TNF-a was
used. Signs and symptoms of the RA disease were substantially reduced with the treatment
with infliximab together with decreased levels of CRP in the serum [86]. Other multicentric
placebo-controlled trials were also confirmed the therapeutic efficacy of infliximab when
coadministrated with methotrexate. This led eventually to FDA approval of the drug for the
treatment of RA [87, 88]. After two-year of clinical trial, it was observed that there was a
retardation or arrest of both joint space narrowing and bone erosion due to infliximab and
methotrexate therapy [89]. There were two other drugs etanercept (Enbrel) and adalimumab
(Humira) which are functioned as TNF-a blockers were used in the treatment of RA.

TNF-a is now considered as controlling a wide variety of effector functions relevant to the
pathogenesis of RA, including endothelial cell activation and chemokines production which
causes accumulation of leukocytes [90]; osteoclast and chondrocyte activation, promoting
articular destruction. These all are RA disease pathogenesis spectrum which explains the
broad role of TNF-a blockade in patients. Further, improved therapies targeting TNF-a would
be a potential therapeutics for the treatment of RA.

3.2. Interleukin-1

Each member of the IL-1 family binds with high affinity to specific receptors. Binding of IL-1a
or IL-1 to type I IL-1 receptors (IL-1RI), can is enhanced by an accessory protein, IL-1R-AcP,
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leads to intracellular signal transduction and regulation of gene expression and hence cel-
lular responses [91]. The extent of response of IL-1p in the rheumatoid joint depends on a
few factors such as (1) IL-1p and IL-1Ra have similar affinity for IL-1RI on synoviocytes,
chondrocytes and other cells and hence, the relative concentrations of IL-1f and IL-1Ra are
important in determining the level of cell activation and biological responses, (2) a greater
number of IL-1RII reduces the amount of IL-1p and IL-1Ra, that is available for binding to
IL-1RI. Similarly, soluble IL-1 receptors found in synovial fluid and in the circulation also
decrease the amount of these cytokines available to interact with IL-1RI. The response of IL-14,
as well as to other proinflammatory cytokines, is regulated by various anti-inflammatory and
immunomodulatory cytokines, including IL-4, IL-10, IL-11, IL-13 and transforming growth
factor-f [91, 92].

IL1 causes inflammatory cells to move into the joints and the synovium in RA patients. An
unspecified antigenic trigger is thought to activate the production of IL1 in joints by macro-
phages (lymphocytes, monocytes and transformed fibroblasts) [54, 93]. These cells secrete
proteases and proteoglycans as cellular signals, that may result in pannus formation, which
accumulates in the joints. Destructive enzymes can enter and destroy cartilage and ultimately
degrade and erode bone. Importantly, specifically blocking IL1 is a targeted, rational treat-
ment against the destructive functions of IL1 in RA [54, 94].

Evidence from experimental studies in animal models of arthritis and from an x random-
ized controlled trials in patients with RA indicates that IL-1 plays an important role in RA
pathogenesis, and that IL-1 inhibition with anakinra is effective in slowing further radio-
graphic progression of the disease and hence models significantly reduces bone erosions
and cartilage degradation [14]. It is important to elucidate that, whether slowing radio-
graphic progression with these biological therapies will significantly improve long-term
outcomes in RA.

3.3. Interleukin-6

IL-6 is an essential and multifunctional proinflammatory cytokine of the immune system and
could be a key mediator for the development of many chronic inflammatory or autoimmune
diseases including RA [95, 96].

It is well established that increased levels of autoantibodies are the characteristics of autoim-
mune RA and hence decreased levels of antibody producing B cells are might have a thera-
peutic efficacy demonstrates the impact of B-cell activity on synovial inflammation and joint
damage. IL-6 stimulates B cells to differentiate into plasma cells to produce immunoglobulins
[97]. IL-6 induces B-cell differentiation [98] and it has been established that B-cells induced
antibody production [99].

Neutrophils can be directly activated by IL-6 through membrane-bound receptor IL-6R, which
in turn help inflammation and joint destruction through the secretion of proteolytic enzymes
and reactive oxygen intermediates [100]. An in vitro study with fibroblasts from patients with
RA showed the role of IL-6 in actively encourage the recruitment of neutrophil by activated
fibroblasts. Although untreated fibroblasts were able to recruit neutrophils, it was found that
the recruitment was inhibited in the presence of anti-IL-6 antibody [101].
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Osteoclasts are multinucleated cells formed by the fusion of mononuclear progenitors of
the monocyte and macrophage family. These cells populate the synovial membranes of RA
patients and are concentrated in bones [102, 103]. Macrophage derived osteoclastogenesis
requires the presence of macrophage colony-stimulating factor. It results from the interaction
of the RANK and the RANK ligand (RANKL) [102]. RANKL expression is regulated by pro-
inflammatory cytokines such as TNF-a, IL-1, IL-6 and IL-17 [103].

The principal cause of bone erosion is the pannus, which is found at the interface with car-
tilage and bone. Angiogenesis is an important process in the formation and maintenance of
pannus [104]. Vascular endothelial growth factor (VEGF), is an important angiogenic media-
tor which promotes the migration and proliferation of endothelial cells, as well as inducing
vascular permeability and mediating inflammation [105]. Increased levels of VEGF correlate
with disease activity in RA patients [106]. IL-6 in the presence of sIL-6R increased VEGF lev-
els in cultured synovial fibroblasts from RA patients and anti-IL-6R antibody significantly
reduced VEGF concentration [107].

Blocking antibodies were used with other agents as a combinational therapeutics for the
treatment of RA. A humanized anti-IL-6R monoclonal antibody, tocilizumab (TCZ), used in
a first clinical trial was conducted in patients with established RA [108]. A total of 45 patients
were randomized to receive a single intravenous infusion of TCZ of 0.1, 1, 5, 10 mg/kg
or placebo. Patients in the 5 and 10 mg/kg arms showed rapidly improvement in disease
activity. CRP normalized after treatment in the 5 and 10 mg/kg treated patients confirm-
ing IL-6 as the dominant cytokine in generating the acute-phase response in patients with
RA. Another, double-blind, placebo-controlled trial in 164 RA patients was conducted and
demonstrates that the clinical response was maintained with repeated dosing of TCZ mono-
therapy [109]. A European study CHARISMA, examined the combinational effect of TCZ
with methotrexate (MTX). In the study of 359 RA patients with partial response to MTX, it
was found that TCZ was efficacious as monotherapy or in combination with MTX although
the latter appeared to enhance the benefit of TCZ [110]. There were many other clinical
trials and studies that ensures the use of TCZ alone or in combinational therapies such as
MTX results in sustained improvement in physical function and reduced radiographic joint
damage in RA [111-117].

4. Conclusion

RA is a complex disease that develops through a series of events often referred to as disease
continuum. It is an autoimmune and inflammatory disease that can be further aggravated
with the increased production and secretion of autoantibodies (RF ACPA, anti-cartilage type
IT antibodies) and the secretion of proinflammatory cytokines (TNF, IL-1, IL-6). With a bet-
ter knowledge and understanding of the crosstalk between the molecules involved in RA
disease pathogenesis, it would be easier to identify better markers for RA disease as well as
design and administer specific and efficient therapeutics that can control RA pathogenesis
and deliver long term and permanent remission of the disease.
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Abstract

The presence of certain autoantibodies in the serum of patients facilitates the diagnosis of
particular autoimmune diseases. Some antibodies may also be significant for the progno-
sis of the disease development and internal organs involvement. In the case of Sjogren’s
syndrome, it is known that overactivity of B-lymphocytes leads to the production of a
number of autoantibodies—both markers for pSS (such as antibodies to ribonucleopro-
teins) and nonspecific antibodies (such as rheumatoid factor). The range of autoantibod-
ies found in pSS is constantly expanding, but their significance is not fully established.
At present, only anti-SS-A antibodies are introduced to the criteria for the pSS diagnosis.
However, this does not stop an interest in other autoantibodies and the significance of
their presence for the course of this disease. This chapter outlines the autoantibodies
found in pSS and discusses their importance in clinical practice.

Keywords: primary Sjogren’s syndrome, autoantibodies, clinical association

1. Introduction

Primary Sjogren’s syndrome (pSS) is a chronic, persistent autoimmune disease with predomi-
nant B cells hyperreactivity and with the production of autoantibodies against intracellular
antigens. Autoimmune process taking place in pSS affects exocrine glands primarily, causing
their dysfunction and the development of symptoms of mouth and eye dryness. Through the
formation of infiltrates consisting of different autoreactive cells (e.g., B and T cells, macro-
phages, and dendritic cells), pSS may affect other organs as well as whole systems (e.g., lungs,
respiratory, urinary, and alimentary tract).

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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1.1. Triggering factors

In the pathogenesis of primary Sjogren’s syndrome, certain genetic factors play a significant
role, such as the presence of HLA-BS, HLA-DW3, HLA-DR3, and DRw52 genes or interferon
regulatory factor 5 (IRF 5) gene polymorphism [1, 2]. Not only viral infections have been
recognized as the pSS triggering factors, mainly Epstein-Barr virus (EBV) [3], but also human
T-cell lymphotropic virus type-1 (HTLV-1), cytomegalovirus (CMV), and hepatitis C virus
(HCV) [4, 5]. Bacterial infections Staphylococcus aureus, Chlamydia pneumoniae, Chlamydia tra-
chomatis, M. hominis, U. urealyticum, and H. pylori may also play part in the development of
pSS [6-8]. In many of the autoimmune rheumatic diseases, ultraviolet (UV) radiation is a rec-
ognized factor influencing the activity of the autoimmune process. The UV radiation causes
movement of antigen molecules, bound with/to ribonucleoprotein, between cytoplasm and
cell membrane (S5-A/Ro) and cell nucleus and cytoplasm (SS-B/La). UVB radiation affects
epithelial damage, activates plasma dendritic cells, and increases the risk of their apoptosis
and (risk?) of the IFN signaling pathway activation. Different observations concerning UVA
radiation suggest that it inhibits the production of autoantibodies [9, 10].

The hormonal state of the individual may also play a role in the pSS development. The imbal-
ance of sex hormones and its receptors, dependent on hypothalamic-pituitary-adrenal axis
(HPA or HTPA axis), interferes with the ratio of estrogens to androgens, especially in geneti-
cally predisposed patients [11]. This influences the stimulation of the autoimmune process
and may explain the more frequent occurrence of pSS in women, especially in middle-aged.
In recent years, attention has been paid to the role of the deficiency of dehydroepiandros-
terone (DHEA) and of DHEA-S, its metabolite, in pSS and other autoimmune diseases [12].

1.2. Outline of pathogenesis

As the epithelial cell damage and apoptosis provide basis for the pSS pathogenesis, the first
step of the whole process is the activation of innate immunity, as the virus or bacteria antigen
activates pattern recognition receptors (PRR) via Toll-like receptors (especially TLR 3, 7, 9).
Activation of innate immunity leads, in turn, to the damage of epithelial cells, their apoptosis
and the release of antigens and RNA complexes that strongly stimulate plasmacytoid den-
dritic cells (pDCs). These produce interferon alpha (IFN-a)—a factor strongly stimulating epi-
thelial cells, dendritic cells and neutrophils to produce B-cell activating factor (BAFF) [13-16].
All processes initiating epithelial damage lead to the apoptosis of cells, activation of congeni-
tal and acquired immune systems and the cascade effect of pathophysiological phenomena,
resulting primarily in the overproduction of BAFF and other B-cell stimulating cytokines
including APRIL (proliferation inducing ligand), similar in its actions to BAFF. Both BAFF and
APRIL belong to the tumor necrosis factor superfamily (TNF) [17, 18]. The antigens released
from damaged cells, primarily SS-A and SS-B ribonucleoproteins are targets for B cells and
cause the production of specific anti-55-A/Ro and anti-SS-B/La autoantibodies. Plasmocytoid
dendritic cells also stimulate T lymphocytes, particularly the CD4+ subtype, which is later the
main component of infiltrates in the endocrine glands. The Thl-type immune response is pre-
dominant, with activation of Th17 cells secreting interleukin 17 (IL-17). Th1 cells produce IFN-
v, which, in addition to the increase of BAFF secretion, induces the production of plasminogen
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activator, which—simultaneously with IL-17 —causes the development of local inflammatory
process. As a result of the abovementioned changes, leading to the hyperstimulation of B lym-
phocytes, autotolerance is disturbed and further production of autoantibodies [19].

2. Autoantibodies in primary Sjégren’s syndrome

2.1. Antinuclear antibodies

A primary test for autoantibodies, finding the use in the diagnostics of pSS and other sys-
temic autoimmune rheumatic diseases (SARD), is the determination of anti-nuclear antibodies
(ANAs) [20, 21]. ANA are found in 80-90% of patients with pSS. These antibodies react with
the components of the cell nucleus and are most often tested with indirect immunofluores-
cence (IF) on HEp-2 (human epithelial cell) cell line. In pSS, ANA often occur in higher titers
(above 1:320), but may be also detected in lower titers (1:160) and in the concurrent presence of
other autoantibodies. In Table 1, the prevalence of ANA antibodies in different autoimmune
diseases was presented.

In recent years attention has been paid to the frequent occurrence of dense fine speckled pat-
tern (DFS70) on HEp-2 in both healthy people and patients with ANA associated autoimmune
rheumatic diseases (AARD). DFS70 antibodies bind a ubiquitinated protein called lens epithe-
lium derived growth factor (LEDGF), which occurrence was associated in first observations
[22] with asthma and atopic dermatitis. However, the high prevalence of DFS70 autoantibod-
ies in normal population, without any symptoms of any AARD, was observed. Therefore, in
the case of positive result of the screening for ANA antibodies in individuals without symp-
toms suggestive of a systemic autoimmune rheumatic disease (SARD/AARD), it is advisable
to detect DFS70 antibodies using specific tests (e.g., ELISA/EIA; CLIA/CIA) [23, 24]. Even up
to 1/3 of positive cases for ANA are also positive for DFS70 antibodies [23, 24].

2.2. Extractable nuclear antigens

In 1959, Holman et al. recorded a reaction of sera from SLE patients with extractable nuclear
antigens (ENA) isolated from a crushed calf thymus. This observation confirmed the reaction
of autoantibodies in the SLE sera with soluble nuclear antigens. The nomenclature of ENA
autoantibodies derived from the group, in which they were first described, and corresponds
to the nuclear function of the antigen (RNP) or the name of the patient providing the proto-
type serum (Ro, La, Sm, Jo, Mi), as well as the disease from which the patient suffered (SSA,

Disease SLE SSc pSS MCTD

ANA sensitivity% 95 70-90 50-80 90

SLE —systemic lupus erythematosus; SS, SSc—systemic sclerosis, pSS—primary Sjogren’s syndrome, MCTD —mixed
connective tissue disease.

Table 1. Prevalence of ANA antibodies in different autoimmune diseases [20, 21].
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SSB, SSC, Scl-70, PM-1, PM-Scl) [23]. The set of all ENA includes more than 100 soluble and
cytoplasmic antigens. In clinical practice, until present day, only few of the them are finding
use as a immunological hallmarks of certain autoimmune diseases or being used as immuno-
logical prognostic factors. Among them the most prominent are as follows: anti-RNP (anti-
ribonucleoprotein anti-U(1)RNP), anti-Sm RNP, anti-SSA/Ro, anti-SSB/La, anti-Sm (Smith)
antibody, anti-Scl-70 (anti-topoisomerase antibodies), anti-Jo-1 (anti-histidyl-transfer RNA
synthase antibodies). The pattern of positive and negative results obtained with an ENA
panel should be evaluated in conjunction with all clinical findings. Main autoantibodies and
disease which they are typical to are presented in Table 2. Selected autoimmune diseases
along with their predominant autoantibodies are presented in Table 2. Figure 1 shows a
simplified diagnostic algorithm of immunological diagnosis.

2.3. Characteristics of ENA antibodies and their connection with primary Sjégren’s
syndrome

From 1981, it is known [26] that SS-A/Ro antigens are associated with small cytoplasmic RNAs.
In 1984 Ro60 kD protein was discovered and Ben-Chetrit et al. in 1988 demonstrated second
part of S5-A/Ro complex—a 52 kD protein [25-27]. As we have recently learned, the SS-A/
Ro antigen consists of two different proteins Ro60 and Ro 52, with different gene localiza-
tion: Ro60 is located on chromosome 19, while Ro-52 on chromosome 11. It was also revealed
that these antigens, in physiological conditions, are found in different cell compartments. The
detection of their presence determines different clinical implications. Presently, this problem
needs still further investigation.

55-A/Ro (60KD + 52KD) is a complex present on most cells, including platelets and red blood
cells. It is considered that the anti-S5-A antibody plays a pathogenic role in pSS and its pres-
ence is associated with more severe symptoms, resulting from the involvement of endocrine
glands, lymphadenopathy, larger salivary glandular infiltrates, characteristic vasculitis and
longer duration of the disease [28, 29]. Also the occurrence of interstitial lung disease (ILD) is

Disease. RA PSS MCTD SLE dSSc  1SSc PM DM GPA MPA
Antibodies ACPA Anti- RNP  Anti- Anti- Anti-  Anti-Jo-1  Anti-Ro-52 cANCA pANCA
RE SS-A/ RF dsDNA  Scl-70 CENP- Ro-52 Anti-Mi2
Ro60 . ABC
Anti-Sm .
Anti Other anti-
- Anti-Ro60 synthetase
SS-A/ o
Ro52 antibodies,
° Anti-Mi-2
Anti- .
Anti-SRP
SS-B/ i
LA
RF

RA —rheumatoid arthritis; pSS—primary Sjogren’s syndrome; MCTD —mixed connective tissue disese; SLE—systemic
lupus erythematosus; dSSc—disseminated systemic sclerosis, 1SSc-localized systemic sclerosis; PM—polymyositis;
DM —dermatomyosistis; GPA —granulomatosis with polyangiitis; MPA —microscopic polyangiitis.

Table 2. Autoimmune diseases and main autoantibodies [20-24].
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Hep-2 IIF
AMA

Negative Positive

ANA pattern

Confirmatory assays
or EMAs, dsDNA,
histone

Diseases
associated ANAs

Figure 1. Simplified algorithm of immunological diagnosis of rheumatic diseases [22-24]. ANA —antinuclear antibodies;
DFS70—dense fine speckled pattern antibodies; ENAs—extractable nuclear antigens; dsSDNA —anti-double stranded
DNA antibodies.

associated with the presence of antibodies against SS-A/Ro antigens, primarily Ro52KD and
is associated with a higher degree of inflammatory changes in the salivary glands.

The formation of anti-SS-A is affected by the UV radiation, which increases the expression
of antigens on the cell surface. Anti-S5-A/Ro antibodies are considered as a triggering fac-
tor for photosensitivity in SCLE and NLE, although patients with DLE, but without anti-Ro
antibodies, present skin changes after sun/light exposition as well, probably due to other
pathomechanism (the presence of autoantibodies/immunoglobulins between skin and the
epidermis) [30].

Ro60 antigen attaches to uncoded RNA to form a complex (hY-RNA) that plays a role in inhib-
iting the immune response. Ro52 antigen is a phosphoprotein forming due to stimulation by
viral infection, type I interferon pathway and through Toll-like receptors [28].

2.3.1. Anti-SSA/Ro antibodies

Autoantibody Ro60 has been associated with Sjogren’s syndrome in particular but also occur
in SLE (50%), and subacute cutaneous lupus (SCLE) (60%) and neonatal lupus (NLE) [31].
Anti-Ro antibodies in SLE and SCLE are associated with photosensivity and skin changes
(SCLE, NLE). In SCLE, negative results for ANA screening or finding ANA in low titer do
not exclude the presence of anti-SSA/Ro antibodies (antibody —negative SCLE). Anti-SS-A
antibodies are also found in systemic sclerosis, RA and polymyositis, as well as dermatomyo-
sitis (PM/DM) and autoimmune hepatitis, with antibodies to the Ro52 antigen present more
frequently. Anti-Ro52 antibodies frequently occur in association with anti-Ro60 antibodies,
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especially in the context of SLE, Sjogren’s syndrome, subacute cutaneous lupus and neonatal
lupus congenital heart block [31, 32]. However, the presence of anti-Ro52 alone, without anti-
Ro60, was reported in inflammatory myopathy and in systemic sclerosis. It was also observed,
that anti-Ro52 antibodies are, to larger extent than anti-Ro60, associated with primary biliary
cirrhosis (PBC) and autoimmune hepatitis (AIH) with co-expression of anti SLA antibodies
(soluble liver antibodies) [33].

2.3.2. Anti-SS-B/La antibodies

Anti-SS-B/La antibodies are less common and usually coexist with anti-SS-A antibodies, and
their presence in other systemic diseases, especially in SLE (25% of patients with TRU), is
associated with skin lesions (erythema, alopecia), inflammation of the serous membranes,
leukopenia, symptoms of dryness and they often coexist with the presence of anti-SS-A anti-
bodies (secondary SS) [28]. Rao et al. have noted that anti-SSB antibodies are important for
the SLE diagnosis. They are associated with cheek erythema, alopecia, serositis, secondary
Sjogren’s syndrome, and hematological changes such as leukocytopenia, thrombocytopenia,
and immunoglobulins elevation. They are often accompanied by the presence of anti-/Ro
or anti-SSA/Ro52 antibodies [34]. These autoantibodies may also be found before the SLE-
specific antibodies can be detected [35].

3. Rheumatoid factor

Rheumatoid factor (RF) is an autoantibody directed against the CH2 and CH3 domains of an
Fc region of a class G immunoglobulin (IgG). RF is produced by plasmatic cells (RF-PCs) that
are formed from B cells activated both dependently and independently of T lymphocytes. Thus,
RF producing B cells (RF-PC) become cells with ability of antigen presentation (APC) and of
binding IgG. As this cascade of events constitutes a method of immune response against the
infectious antigens, the RF production during infections protects the host organism. This phe-
nomenon explains the occurrence of RF in the course of many viral (e.g., HCV, Herpes virus,
and HIV), bacterial (e.g., subacute bacterial endocarditis, Chlamydia pneumoniae, Klebsiella pneu-
moniae, tuberculosis, and syphilis) and even parasitic (malaria, onchocerciasis, and toxoplasmo-
sis) infections. In those autoimmune diseases, in which B-cell hyperactivity occurs, rheumatoid
factors, particularly clinically relevant RE-IgM, also appears [36]. It should be remembered that
RF appears in 4% of a healthy population and its incidence increases with age; after 75 years of
life, RF can be observed even in 10-25% of individuals [37, 38]. The frequency (%) of RF in vari-
ous CTD is presented in Table 3. The primary Sjogren’s syndrome is one of the autoimmune
diseases in which the majority of patients have a rheumatoid factor (some authors report up
from 60 to 90% of patients)—specifically its most common IgM class isotype. The presence of
RF IgM is associated with the occurrence of leukopenia, increased erythrocyte sedimentation
rate (ESR), higher concentration of gamma globulins and lower C4 complement component
concentration. Observations of a positive correlation of the rheumatoid factor with symptoms
of dryness, hypergammaglobulinemia, presence of higher ANA antibody titers, presence of
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Autoimmune connective tissue disease RF frequency%
Primary Sjogren’s syndrome 75-90
Rheumatoid arthritis 70-90

Mixed connective tissue disease 50-60

Systemic sclerosis 20-30

Systemic lupus erythematosus 15-20
Dermato/polymyositis 20

Vasculitis (GPA and MPA) 5-20

Other CTD* as psoriatic arthritis, juvenile idiopathic arthritis, and reactive arthritis 5and <5

Table 3. The frequency of RF in various connective tissue diseases [39].

anti-SS-A antibodies, anti-SS-B, increased ESR and leukopenia were presented in their work
by Witte et al. [39]. The presence of RF in patients with pSS, as well as in other autoimmune
diseases, and in acute infections, indicates the formation of a large number of other antibodies
and the formation of antigen complexes with antibodies. The frequency of RF in various CTD
was presented in Table 3 [39].

4. Other autoantibodies

4.1. Anti-centromere autoantibodies

Anti-centromere antibodies (ACA) are directed to six antigens associated with centromere
(composed of a complex of kinetochore proteins). Currently identified anti-centromere anti-
bodies (CENP) have been assigned designations with letters from A to F. The most common
are CENP-A, B and C. CENP-B is also the most frequently occurring anti-centromere anti-
body in patients with pSS. The incidence of ACA antibody described in the literature ranges
from 3.7 to 4% [40, 41]. This antibody, with a mass of 80 kDa, is a DNA-binding protein
involved in the heterochromatin folding. Anti-centromere antibodies (A, B, C) occur mainly
in limited systemic sclerosis (LSSc) and are associated with the prevalence of telangiectasia,
higher severity of Raynaud’s symptom, lung involvement such as interstitial lung disease
[ILD] and fibrosis [42]. Their relationship between the presence of ACA antibodies and the
involvement of endocrine glands has been demonstrated; in the ACA+ group, anti-SS-A and
anti-SS-B autoantibodies were less frequent [42].

The association of ACA antibodies with non-Hodgkin’s lymphomas (CENP-F) including
MALT lymphomas was also described [43], as well as the case reports of CENP-B presence in
small-cell lung cancer [44].

Interestingly, it has also been demonstrated that the presence of anti-CENP-B antibodies is
associated with prolonged survival in a breast cancer [45].
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4.2. Antibodies against citrullinated proteins

Citrullination is the post-translational process in proteins of deamination/conversion of the
amino acids: arginine into citrulline. ACPA positive sera include antibodies to citrullinated
proteins, such as fibrin and fibrinogen, vimentine (MCV —mutated citrullinated vimentine)
and alpha-enolase (CEP-1).

It is known that arthritis may be one of the clinical symptoms of pSS. However, most of
the pSS patients suffer from arthralgia, and only minority develop non-destructive arthritis.
ACPA antibodies, a main marker of rheumatoid arthritis, are usually present in low concen-
trations in pSS according to various studies they are present in 3-22% of cases [46]. A higher
incidence of arthritis was found in pSS patients with ACPA presence compared to patients
without these antibodies [47]. It seems, however, that patients with pSS and ACPA positive
require further observation toward the development of rheumatoid arthritis [48].

It should also be remembered that smoking and periodontal infection by Porphyromonas gin-
givalis are strong environmental factors stimulating protein citrullination and the emergence
of ACPA antibodies [49].

4.3. Citrullinated alpha-enolase

Citrullinated alpha enolase (CEP-1) is an antigenic target for antibodies against citrullinated
proteins (ACPA). In the Nezos et al. study [50], it was shown that CEP-1 antigen is a major
antigen target in the ACPA positive subgroup of patients with pSS. The frequency of CEP-1
antibody in the RA ACPA positive group was not as high, while it was not found healthy
group at all. The authors drew attention to the link of anti-CEP-1 antibodies presence to
arthritis as well as to renal tubular dysfunction.

4.4. Antibodies recognizing salivary gland and lacrimal gland tissue

In recent years, researchers identified autoantibodies to carbonic anhydrase 6 (anti-CA6 anti-
bodies), anti salivary gland protein 1 (SP-1) and anti-parotid secretory protein (PSP) [51].
These antibodies may emerge before pSS marker antibodies such as S5-A/Ro or SS-B/La and
are associated with a minor focus score; these antibodies also occur more often in patients
who did not have anti-SS-A/Ro antibodies [52]. Interestingly, in Langhe et al. work, anti CA6-
IgA antibodies were detected primarily in patients with long pSS duration; other autoanti-
bodies such as anti-CA6, PSP, and SP1 in IgG and IgM class were more frequently observed
in SSc and MCTD with secondary SS. These autoantibodies do not allow distinguishing
SLE from secondary SS. However, the described study was limited by a small group of SLE
patients [52]. In the literature, some cases have been reported of patients with severe symp-
toms of eye or mouth dryness, in which there was no S5-A/Ro antibodies, but the presence
of anti SP-1 antibody was confirmed [53]. It may suggest, that in case of a patients presenting
unexplained dryness with no serology markers defined in current criteria for pSS, perform-
ing the test for novel, early antibodies to Sp1l and PSP may still be useful for diagnosing
patient’s condition [53].
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4.5. Anti-muscarinic antibodies

Muscarinic 3 receptor (M3R) is found in various places in the body, such as smooth muscles,
the endocrine and the exocrine glands, lungs, pancreas and even the brain. This receptor is
also expressed on pancreatic beta cells, modulating insulin secretion. Activation of the M3R
receptor induces smooth muscle constriction and increase glandular secretions [54].

It has been demonstrated that muscarinic acetylcholine type 3 receptor (M3R) antibodies
are present in the serum of patients with pSS [54]. As it was presented by Kovacs et al., M3R
antibodies are found in up to 90% of subjects with pSS [55]. In the group with M3R antibod-
ies, leucopenia was more frequently observed [55]. Immune response to muscarinic receptor
3 plays a role in the pathogenesis of autoimmune sialoadenitis [56] and diabetes mellitus
type 2. MR3 antibodies may be present in other autoimmune diseases and do not allow for
differentiation between primary and secondary Sjogren’s syndrome. The severity of symp-
toms of dryness or dysfunction of the exocrine system in pSS may be related not only to
MR3 antibodies presence but also to other autoantibodies such as, for example, antibodies
to aquaporins [57].

4.6. Autoantibodies to aquaporins

Aquaporins (AQP; water channels) are integral membrane proteins that form pores in
the membrane of biological cells, enabling transport of water between cells. Some genetic
defects of aquaporin genes have been associated with diseases as neuromyelitis optica
(Devic’s syndrome) and nephrogenic diabetes insipidus. First, aquaporin—“aquaporin-1”
was described in 1992 by Peter Agre, until today we know 13 aquaporins, of which four are
best defined [58]. Because of their influence of water transport, aquaporins have an impact
on saliva and tear production and changes in AQP expression may lead to dryness symp-
toms [59, 60]. Aquaporin-4 (AQP4) is found on perivascular and ependymal cells, but it has
also been discovered in sera of patients with NMO and multiple sclerosis. Tzartos and his
colleagues detected aquaporin antibodies (AQP-1, -3, -8, and -9) in pSS patients sera [61].
What is interesting in the pSS group, AQP-4 and AQP-5 antibodies were not present. The
presence of AQP antibodies was associated with more severe xeropthalmia; the authors
suggest potential role of AQ P-Ab in salivary gland secretions. Such hypothesis requires
further research.

4.7. Autoantibodies binding to stathmin-4

Stathmins (STMN) are phosphoproteins which play a role in neuronal development and inter-
act with tubulin. Presently, four stathmins have been identified. Stathmins are upregulated
in a number of cancers and neuropathies [62]. Anti-stathmin-4 antibodies in IgG3 class were
proposed as a biomarker of polyneuropathy and such observations were presented by Duda
et al. in their study. The authors described anti-STMN4 antibodies in 33% of pSS patients
with polyneuropathy (PNP)—vs. 7% of those without PNP—and in 45% of individuals with
vasculitis skin changes (as opposed to 13% in individuals without them) [63].
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4.8. Anti-alpha-fodrin antibodies

Alpha fodrin is an actin-binding, organ-specific protein of the cytoskeleton. Antibodies against
alpha-fodrin are detected in serum samples from patients with primary or secondary Sjogren’s
syndrome especially with sicca symptoms. Some authors suggest that they can be detected
earlier in the course of pSS, sometimes before the emergence of anti SS-A or SS-B antibodies
[64]. These antibodies, in the IgA and IgG class of immunoglobulins, are found in the serum
and salivary glands of patients with pSS. However, other researchers did not describe any
significant sensitivity and specificity of these antibodies [65-67].

4.9. Autoantibodies in saliva that may be relevant in pSS associated with the
development of MALT lymphoma

Major salivary glands are the main extra endocrine glands targeted in pSS and saliva of
patients with pSS is also a source of antibodies and cytokines. Large salivary glands are also
the site for MALT lymphoma development. Investigators are interested in finding biomarkers
in saliva, that allow for early pSS diagnosis, as well as the detection of mucosa associated lym-
phoma (MALT lymphoma). Cui et al. suggest set of three autoantibodies such as anti-cofilin-1
antibodies, anti-alpha enolase and anti-Rho GDP dissociation inhibitor 2(RGI2) antibodies,
which, due to high specificity and sensitivity, may play a role as such biomarkers [68].

5. Autoantibodies in course of pSS —summary

In the current pSS criteria, only anti-55-A/Ro antibodies are taken into account as the most sen-
sitive and specific for pSS diagnosis. Still, the multisymptom picture of this rheumatic disease
compels the search for other immunologic markers of at least equal prognostic importance.

Auto-antibody Clinical findings

Anti-Ro52 kD Interstitial lung disease

Anti-Ro60 kD Hematologic changes, photosensitivity, skin involvement, Raynaud’s phenomena, and
dryness

Anti-SS-B/La Liver (autoimmune disease) PBC

RF Dryness, hypergammaglobulinemia, and leukopenia

ACPA Arthralgia and arthritis

Anti-CENP-B Interstitial lung disease and fibrosis

Novel autoantibodies

Anti-CA6 Dryness and renal tubular acidosis
Anti-PSP Dryness

Anti-SP1 Dryness

Anti-CEP-1 Arthritis and renal tubular dysfunction.

Table 4. Antibodies in pSS and their association with clinical manifestation.
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The occurrence of some of the identified antibodies has been associated with the specific clini-
cal features such as interstitial lung disease, increased eye dryness, increased risk of nephroli-
thiasis and tubular distal acidosis or MALT lymphomas. In Table 4, autoantibodies frequently
occurring in pSS and their association with clinical manifestation were presented.

6. Conclusions

PSS is a still not fully understood autoimmune disease, requiring doctor’s vigilance. Even
despite of a pSS having a mild course for a long time, there is a risk of organs and systems
involvement. As it has been known for many years already, the risk of developing lympho-
mas is particularly increased in pSS patients compared to the healthy population. Although
only one antibody (55-A/Ro) has been included in the pSS diagnostic criteria, a lot of attention
has been paid to new autoantibodies that can help clinicians in patient stratification in the
early stages of diagnosis or may have a prognostic value.
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Abstract

Silica particles cause silicosis (SIL) and represent one of the most typical environmental
and occupational substances that induce autoimmune disorders among the exposed popu-
lation. Anti-nuclear antibody (ANA), anti-Sjogren’s-syndrome-related antigen A (SS-A),
anti-centromere protein B (CENP)-B, and anti-scleroderma (Scl)-70 autoantibodies were
examined in SIL and compared with those in healthy volunteers (HV) and patients with
systemic sclerosis (SSc). Individuals with SIL were prone to autoimmune diseases and some
autoantibodies seemed to be important as an estimation of this condition. Anti-Fas autoan-
tibody found in SIL was functionally capable of inducing apoptosis in Fas-expressing cells,
and this may cause a decrease of regulatory T cells (Tregs) expressing Fas in SIL. Moreover,
responder T cells (Tresps) in SIL seemed to be activated chronically and protected from Fas-
mediated apoptosis. Thus, an imbalance of Tresps (dominant) and Tregs (less) occurred in
SIL. All of these causes of SIL are ready to further develop autoimmune diseases.

Keywords: silicosis, anti-CENP-B autoantibody, anti-Fas autoantibody, apoptosis,
regulatory T cell, responder T cell

1. Introduction

Many environmental and occupational substances such as vinyl chloride, epoxy resins, sol-
vents, pesticides, paraffin/silicone and silica particles cause dysregulation of autoimmunity
[1, 2]. Silica-exposed patients suffer from silicosis (SIL), a condition that is well known to com-
plicate with various autoimmune diseases [3, 4]. Of course, silica exposure produces typical
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distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgIN



136  Autoantibodies and Cytokines

pneumoconiosis [5, 6], which is defined as lung inflammation and fibrosis with scarring in the
form of nodules in the middle to upper lungs. Although various clinical types such as acute,
progressive and chronic SIL are distinguished depending on the exposed dosage of silica par-
ticles and duration, patients clinically exhibit dyspnea, fatigue, cough, chest pain and other
pulmonary symptoms. There are several typical pulmonary complications such as pulmo-
nary tuberculosis, tuberculous pleurisy, pneumothorax, bronchiectasis and lung cancer [7, 8].

In addition to these lung complications, it is well known that the condition of SIL patients
is often complicated with autoimmune diseases. The classical disease is known as Caplan’s
syndrome, complicated with rheumatoid arthritis (RA) [9]. The initial description reported
by Caplan involved 51 cases among coal miners. Thereafter, many epidemiological reports
revealed high odds ratios for the occurrence of RA in SIL [10, 11]. Furthermore, other autoim-
mune diseases such as systemic sclerosis (SSc) [12, 13], systemic lupus erythematosus (SLE)
[14, 15] and anti-neutrophil cytoplasmic antibody (ANCA) positive vasculitis/nephritis [16, 17]
have been reported in case reports and epidemiological investigations.

We have been studying the direct effects of silica particles on human lymphocytes, especially
responder T (Tresp) and regulatory T (Treg) cells [18-20], as well as investigating autoanti-
bodies found in SIL [21-28]. In this chapter, clinical evaluation, epitope search and functional
assays of several autoantibodies found in SIL are described and mechanistic analyses of T cells
exposed to silica particles are conducted.

2. Anti-CENP-B and Scl-70 autoantibodies

The clinical evaluation of anti-centromere protein B (CENP-B) and scleroderma (Scl)-70 auto-
antibodies in SIL patients was performed and reported [29].

Figure 1 shows the titers of anti-nuclear antibody (ANA), anti-Sjogren’s-syndrome-related
antigen A (SS-A) antibody (Ab), anti-CENP-B and anti-Scl-70 (also known as anti-topoisomer-
ase I) Abs in healthy volunteers (HV), SIL and SSc. All subjects were Japanese. 19 HV [median
age = 46.0 years old (y.o.); mean + standard deviation (SD) = 44.8 + 8.6 y.o.; male:female
(M:F) = 8:11], 20 SIL [median age = 73.5 y.o0.; mean = SD = 74.9 + 5.4; male:female (M:F) = 19:1]
and 25 SSc [median age = 65.0 y.o.; mean * SD = 62.3 + 12.1; male:female (M:F) = 3:22] were
included in the study. All SIL were brickyard workers in Bizen City, Okayama prefecture,
Japan, and were diagnosed according to the ILO 2000 guideline for pneumoconiosis. They
were clinically followed in Kusaka Hospital or Hinase Uragami lin according to Japanese law
regarding the medical care of pneumoconiosis patients. The amount of free silica inhaled by
these patients was estimated as high as 40 to 60% as determined from the work environment.
These individuals did not show any symptoms of autoimmune diseases such as sclerotic
skin, Raynaud’s phenomenon, facial erythema or arthralgia. The SSc patients were diagnosed
and monitored by the Department of Dermatology, Kawasaki Medical School Hospital,
Kurashiki, Japan [29].

As shown in Figure 1A, investigation of the titers of ANA in HV, SIL and SSc revealed that a few
SIL cases showed a higher titer of ANA, but there was no statistical significance. Not surprisingly,
most of the SSc cases showed significantly higher ANA (compared to HV and SIL). Interestingly,
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titers of anti-Sjogren’s-syndrome-related antigen A (SS-A) in SIL and SSc were higher than those
of HV (Figure 1B). SS-A may be detected not only in Sjogren’s syndrome, but also in other autoim-
mune diseases such as SSc and SLE. However, it may be interesting to note that SIL without any
symptoms related to autoimmune diseases exhibited a higher titer for anti-SS-A Ab. Although
clinical evaluation of anti-SS-A Ab in SIL has not been investigated, it is worth mentioning that
SIL showed a pre-clinical status for autoimmune diseases as indicated by various epidemiological
studies [9-17].
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Figure 1. Comparison of titers for anti-nuclear antibody (ANA), anti-SS-A antibody (Ab), anti-CENP-B Ab and anti-
Scl-70 Ab among healthy volunteers (HV), silicosis cases (SIL) and patients with systemic sclerosis (SSc). Except for
ANA, titers are shown as logarithmic values. Statistical significance was examined using the student T-test and p <0.05
was defined as significant. All titers were measured using a multiplex ELISA kit for ANA.
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The evaluation of SSc showed that anti-CENP-B and anti-Scl-70 Abs were typical autoanti-
bodies. Anti-CENP-B Ab is usually thought to be found in SSc cases with a type of localized
skin lesion. On the other hand, SSc cases positive for anti-Scl-70 Ab are regarded as a gener-
alized type with diffuse and extensive skin lesions [30-32]. Our results shown in Figure 1C
(anti-CENP-B Ab) and 1D (anti-Scl-70 Ab), for both Abs, demonstrated that there were clear
breaks between positive and negative (close to levels of HV) cases in SSc. Regarding SIL, anti-
CENP-B Ab was significantly higher than that in HV with the highest case whose titer was
just as high as the positive case in SSc [29]. However, there was no case that showed higher
anti-Scl-70 Ab in this series of SIL cases [29].

Thus, the clinical evaluation of anti-CENPN Ab in SIL was performed [29]. There was no correla-
tion with other immunological or respiratory parameters in SIL such as titer of ANA, immuno-
globulin (Ig) G, Ig A, Ig M, age, radiological classification of SIL (PR: profusion ratio), exposure
years, percentage vital capacity (VC), forced expiratory volume 1.0 (SEC) (FEV1.0 (%)) or forced
expiratory flow at 25% of vital capacity divided by body height (V25/H) except positive for
anti-Scl-70 Ab titers, although anti-Scl-70 titers were similar to the those of HV. Factor analysis
was performed using these immunological and respiratory clinical parameters [29]. As a result,
anti-CENP-B Ab was found to contribute to the second and fourth factors. Factor 2 (17.7% con-
tribution ratio) comprised the titer indices of anti-CENP-B and Scl-70 Abs, Ig G and age, all with
positive values. This factor is understood as an immunological factor with aged patients show-
ing a tendency for higher antibodies and Ig G. The fourth factor with a 13.2% contribution ratio
was formed by the titer index of anti-CENP-B Ab with a negative value, the anti-Scl-70 autoan-
tibody with a positive value, in addition to the Ig A level with a positive value. As found in the
analyses of individual correlations, the titer index of anti-Scl-70 Ab and Ig A showed a positive
correlation. This fourth factor indicated that even though the titer index of anti-Scl-70 autoanti-
body was located in the range of HV, among these titers, there is a correlation with Ig A and this
tendency was the opposite of that observed for the titer index of anti-CENP-B auto-Ab. Thus,
even with lower levels of titers, higher SIL cases with anti-CENP-B or anti-Scl-70 Ab differed as
both Abs were divided in subtypes of SSc. Taken together, both Abs, especially anti-CENP-B
(as well as anti-SS-A Ab), may indicate a pre-clinical status for forthcoming manifestations of
autoimmune disease in SIL [29].

3. Autoantibodies against apoptosis-related molecules

Our previous reports indicated that autoantibodies against molecules related to apoptosis,
Fas and caspase-8, were found in SIL [26-28]. These molecules may be expressed when cells
in the body progressed to apoptosis in physiological as well as pathological situations.

Regarding anti-caspase-8 auto-Ab, although HV and cases comprised a different series from
the aforementioned volunteers and cases, anti-caspase-8 auto-Ab was detected in 70% of
HYV, 62% of SIL, 90% of SSc and 60% of SLE cases, using four fragments of caspase-8 protein
[26]. As a result, the positivity was not unique to autoimmune diseases and SIL. It was easily
detected even in sera of HV. The report that revealed these positivities for anti-caspase-8 auto-
Ab examined the epitope mapping. The epitopes were widely spread from the death effector
domain to caspase regions and there was no specific epitope expressed in specific disease
types such as SSc, SLE, SIL or HV [26].
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Figure 2. Anti-Fas auto-Ab was found in ca. 25% of SIL. The function of anti-Fas auto-Ab was examined using sister
human myeloma cell lines, KMS-12PE and KMS-12BM. Only Fas-expressing KMS-12PE proceeded onto apoptosis when
cultured with sera from SIL which revealed the highest titer for anti-Fas auto-Ab. Since anti-Fas auto-Ab seems to be
functional, regulatory T cells (Tregs) in SIL with this auto-Ab may fall into apoptosis, given the higher expression of Fas
in Tregs from SIL compared to responder T cells (Tresps) from SIL or Tregs from HV. As a result, an imbalance of Tresps
(dominant) and Tregs (less) will occur.

The anti-Fas auto-Ab was also found in SIL cases [28]. This was detected as 23.1% in SIL, 53.3%
in SLE and 46.7% in SSc, but not detected in HV. For the anti-Fas auto-Ab, epitope mapping
was also performed and there was no special site, with epitopes being widely spread from
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the cysteine-rich domain (CRD) in extracellular sites to the death domain in intracellular sites.
However, in contrast to anti-caspase-8 auto-Ab (caspase-8 is an intracellular molecule), anti-
Fas-auto-Ab can bind to the Fas molecule which is present on the cell surface and, if this auto-Ab
is functional, cells presenting Fas/death receptor may be induced toward apoptosis. Thus, we
examined whether anti-Fas auto-Ab is functional, whereby it can cause cell death and growth
inhibition in Fas-expressing cells [28]. For this purpose, two myeloma cell lines established in
our laboratory, called KMS-12PE and KMS-12BM, were employed which were sister cell lines
derived from the same Japanese myeloma patients [33]. KMS-12PE was derived from an earlier
stage of patients and from pleural effusion, while KMS-12BM was derived from the terminal
stage and from bone marrow. Interestingly, Fas expression was higher in KMS-12PE, but very
scant in KMS-12BM [28, 33]. Thus, we incubated both cell lines with sera from SIL which showed
the highest titer for anti-Fas auto-Ab. As a result, KMS-12PE progressed to apoptosis, but 122BM
did not [28]. From these analyses, anti-Fas auto-Ab functions to induce apoptosis against Fas-
expressing cells. From our previous study [34], it was found that Tregs in SIL expressed higher
levels of Fas molecules compared to Tregs derived from HV. Taken together, if SIL patients pos-
sessed anti-Fas auto-Ab in their serum, Tregs may easily proceed to apoptosis and be reduced
[34]. The imbalance of Tregs and Tresps (dominant Tresps and less Tregs) is a typical situation
that induces the occurrence of autoimmune disorders. Thus, functional anti-Fas auto-Ab is a key
molecule involved in dysregulation of autoimmunity (Figure 2).

4. Other autoantibodies and silicosis associated with autoimmune
diseases

Some reports have identified anti-desmoglein auto-Ab in SIL [21, 22]. Thus, SIL showed vari-
ous auto-Abs against ANA, Scl-70, CENP-B, SS-A, Fas and caspase-8. How are these various
auto-Abs manifested in SIL without any autoimmune symptoms? As mentioned above, Tregs
may be reduced in SIL, especially SIL with anti-Fas auto-Ab. Therefore, what about Tresps? If
the imbalance defined by dominant Tresps and less Tregs is important for the onset of auto-
immune diseases, what kinds of alterations were found in Tresps derived from SIL?

We found that there were many T cell activation markers in SIL, such as higher soluble interleu-
kin (IL)-2 receptor [34], higher program death (PD)-1 expression in Tresps (T helper (Th) 4 cells)
as well as Tregs [35], and an in vitro assay showed that Tresps expressed CD69 as the earliest
activation marker of T cells when peripheral blood mononuclear cells (PBMCs) were cultured
with silica particles [36]. In addition to this evidence of chronic activation of Tresps, there were
many inhibitors of Fas-mediated apoptosis present in SIL serum, for example, soluble Fas (sFas)
[37] and Fas-alternatively spliced variants (lacking the transmembrane domain, but maintain-
ing the Fas-ligand binding domain) [38]. Additionally, PBMCs from SIL showed higher decoy
receptor 3 (DcR3; which acts similar to sFas binding with trail-apoptosis induced at the extra-
cellular area) expression compared to PBMCs from HV [39] (Figure 3). Taken together, Tresps
in SIL are stimulated and survive longer by inhibition of Fas-mediated apoptosis. These Tresps
can encounter various self-antigens and force B cells to produce auto-Abs [18-20].
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Figure 3. In addition to various auto-Abs found in SIL, and earlier apoptosis of Tregs in SIL, Tresps in SIL revealed a
chronically activated status with CD69 and PD-1 expression as well as higher serum soluble IL-2 receptor. Additionally,
Tresps in SIL inhibited Fas-mediated apoptosis by excess soluble Fas and similar molecules such as DcR3. Thus, Tresps

in SIL survive longer and encounter various autoantigens.

enhanced.

Moreover, the imbalance between Tresps and Tregs may be
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5. Conclusion

SIL is prone to autoimmune diseases. SIL patients were positive for various auto-Abs such
as ANA, S5-A, CENP-B and Fas. Some auto-Abs possess certain clinical values that reflect
pre-autoimmune status. These auto-Abs are produced from B cells/plasma cells that receive
some commands to generate these Abs from T cells. In T cells in SIL, an imbalance exists
between Tresps and Tregs. Both are chronically activated by long-term silica exposure.
Thereafter, Tresps survive longer and Tregs proceed to apoptosis. However, the cytokine
status in SIL needs to be examined and compared with HV as well as some autoimmune
diseases, SSC, SLE or ANCA-related vasculitis. Additionally, the role and alteration of Th17
cells require investigation from the viewpoint of autoimmune diseases, since these are con-
sidered to be important in modifying autoimmune status and dendritic cells which initially
recognize silica particles.
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Abstract

Aim: the purpose of the actual study was to evaluate, in the third trimester of pregnancy, the
relationship between the formation of anti-inflammatory IL-10 cytokine and several indicators
of moderate and severe preeclampsia. Materials and methods: in the third trimester of gesta-
tion, examination of the biochemical markers of preeclampsia (PE) and maternal IL-10 levels
was conducted in 100 women with pregnancies complicated by varying degrees of preeclamp-
sia and in 100 normotensive patients, hospitalized at the University Clinic of Gynecology and
Obstetrics, Skopje, Republic of Macedonia. Patients with preeclampsia were categorized into
moderate and severe preeclampsia groups according to the degree of preeclampsia. Logistic
regression of the different parameters for the occurrence of severe preeclampsia analysis was
used to determine the predictive value. Results: the regression analysis detected systolic blood
pressure of 160 mmHg or higher, diastolic blood pressure of 100 mmHg or higher, persistent
proteinuria in pregnancy, serum LDH concentration of 450 U/L or higher, and reduced serum
concentrations of IL-10 as significant predictors of severe preeclampsia. Conclusion: signifi-
cantly, lower IL-10 concentrations in maternal serum in patients with severe preeclampsia in
comparison with respective concentrations in patients with moderate preeclampsia can be
considered as major pathognomonic laboratory sign of severe form of preeclampsia.

Keywords: cytokines, indicators, preeclampsia, biochemical markers, prediction

1. Introduction

Preeclampsia (PE), one of the current problems of obstetrics, is a pathological multifacto-
rial syndrome that occurs in the second half of pregnancy and is manifested through a basic
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triad of symptoms: swelling, proteinuria, and hypertension and in severe cases, convulsions
and coma [1, 2]. Preeclampsia remains one of the most sophisticated problems of modern
obstetrics and gynecology. It generally determines the structure of maternal and perinatal
morbidity and mortality. The role of immune mechanisms contributing to the development of
anormal pregnancy is widely discussed. Their involvement in the pathogenesis of pregnancy
complications such as preeclampsia was also noted [3]. The analysis of the scientific literature
reveals the conclusion that many aspects of the pathogenesis of preeclampsia are related with
systemic inflammatory response syndrome with the development of a destructive inflam-
matory process, immune disorders, and the imbalance of cytokine regulation of gestation
processes [4-6].

The role of vascular endothelial damage with the development of generalized arteriolar
spasm as one of the leading mechanisms in the pathogenesis of preeclampsia is supposed to
be significant. However, the relationship between the development of endothelial dysfunc-
tion and disruption of cytokine regulation in different clinical forms of preeclampsia also
requires further research and is currently represented in several scientific works [7].

Proteinuria has been proposed and studied as both an indicator of the severity of the disease
and a predictor of the outcome in preeclampsia. Many clinicians still make major manage-
ment decisions based on the degree of proteinuria in these patients.

Cytokines, such as IL-2, IL-8, and TNF-q, are pro-inflammatory, increased in the blood, in
leukocytes during PE. Elevated concentrations of TNF-a have been observed in the blood
of women with PE [8]. Further studies support the idea of the involvement of the maternal
immune system in the development of preeclampsia which comes from the prim paternity
theory [9]. This hypothesis holds that the risk of developing preeclampsia is highest in the
first pregnancy [10], and a previous normal pregnancy is associated with a lowered incidence
of preeclampsia [11] in the subsequent pregnancy.

In contrast to normal pregnancy, there are indications of increased inflammatory responses
[12] and also of an immune deviation toward Thl in the established preeclampsia preg-
nancy [13]. Roberts et al. [14] were one of the first to suggest that mediators released in
preeclampsia are responsible for the endothelial damage seen in preeclampsia. Subsequent
to the damage, the injured endothelium initiates a dysfunctional cascade of coagulation,
vasoconstriction, and intravascular fluid redistribution that results in the clinical syndrome
of preeclampsia [15].

Numerous studies show that the balance of cytokines has special importance in the regulation
of pregnancy. However, the diagnostic and prognostic significance of breaches in the immune
balance during preeclampsia has not yet been determined.

2. Aim

The purpose of the actual study was to evaluate the relationship between the formation of
anti-inflammatory cytokines and several indicators of moderate and severe preeclampsia in
the third trimester of pregnancy.
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3. Materials and methods

We conducted a prospective study of 50 women with pregnancies complicated by vary-
ing degrees of preeclampsia in the third trimester of gestation with singleton pregnancies
between 28 and 40 weeks’” gestation (+1 week), parity (parity 11-4 and parity > 4), and mater-
nal age (<20 years, 20-35, and >35 years) and in 50 normotensive patients without threatening
signs of hypertension and preeclampsia, hospitalized at the University Clinic of Gynecology
and Obstetrics, Skopje, Republic of Macedonia.

The severity of preeclampsia was determined according to the definition of the WHO Handbook
for Guideline Development, Geneva, 2010. Our inclusion criteria were reproductive age, diag-
nosed moderate and severe preeclampsia based on the criteria for classification at the time of
collection of maternal serum, and the patients’ informed consent for inclusion in the survey.

Exclusion criteria were acute and chronic genital and extra genital diseases (essential hyper-
tension, heart failure, diabetes, morbid obesity, immunodeficiency, systemic diseases, chronic
infectious diseases, genetic pathology).

Patients with preeclampsia were categorized into moderate (m PE) group A and severe (S PE)
preeclampsia group B according to the degree of preeclampsia.

Cytokine levels in the serum were measured by the “sandwich” method of solid-phase
enzyme immunoassay using double antibody. As a standard for comparison of each reaction,
recombinant cytokines were used, which are part of the test—whale.

Statistical data processing was done using the SPSS 13.0 software for Windows.

4. Results

Regarding patients’ distribution by ethnicity, in Table 1, Albanians represented more than half of
the women with preeclampsia as 44% of participants with symptoms of medium and 68% with
symptoms of severe PE. Pregnant Albanians (68%) dominate in the group with normal tension.

The average body mass index (BMI) in the group of pregnant women with preeclampsia was
34.33 + 4.5—that was not significantly higher than tile average body mass of the control group
(32.88 + 3.8) (p = 0.09). The difference between the average BMI of pregnant women with
moderate and severe PE and normotensive patients was significant (F = 3.8, p =0.026). Namely,
pregnant women with severe PE had significant higher average BMI than normotensive preg-
nant women (35.57 + 4.11 vs. 32.88 + 3.8, p = 0.025).

Statistical analysis is showed, not significant differences in the levels of interleukin 10 in
serum between pregnant women with preeclampsia and healthy pregnant women (p = 0.5),
but the difference between moderate preeclampsia, severe preeclampsia, and control group
was highly significant (p < 0.01) due to the lower levels of this interleukin in the severe pre-
eclampsia group comparing moderate preeclampsia in relation to the control and due to the
significant lower values when comparing control in relation to the moderate preeclampsia
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Variable Groups
All PE Moderate PE Severe PE Control (C)
N =50 N=25 N=25 N =50
Age (years) 32.06 +4.8 299+4.7 34.2+3.85 31.8+4.8
mean + SD

AllPE/Ct=0.27p=0.8

mPE/sPE/C; F = 5.5; p = 0.005 post hoc mPE/sPE p = 0.004

Gestational week, mean + SD 3499 +35 355+3.4 34.4+3.6 34.8+3.6
AllPE/C;t=0.2;p=0.8

mPE/sPE/CF=0.6 p=0.5

Ethnicity n %

Macedonian 18 (36%) 10 (40%) 8 (32%) 15 (30%)
Albanian 28 (56%) 11 (44%) 17 (68%) 34 (68%)
Romani 4 (8%) 4 (16%) 0 12%)
BMI mean * SD, range 34.33+45 331+47 3557 +4.1 32.88+3.8
24.2-44 24.2-41 27-44 27-43.9

Al PE/C; t=1.7; p=0.09

Table 1. Age, gestational week, BMI, and IL-10 serum concentration in women with moderate and severe preeclampsia,
and women with normal blood pressure (control group).

group. Average concentrations of IL-10 in serum were 23.2 + 40.7 pg/ml in the total group
of preeclampsia patients, 45.5 + 48.4 pg/ml in the group with moderate preeclampsia, and
0.8 £ 0.4 pg/ml in the group with severe preeclampsia. In patients with normal tension, the
average serum concentration of interleukin 10 was 4.2 + 6.7 pg/ml.

Study data demonstrated that in pregnant women with pregnancy complicated by preeclamp-
sia, the serum concentration of anti-inflammatory interleukin 10 is confirmed as a significant
predictor of the occurrence of severe preeclampsia (Table 2). Increased serum concentrations
of interleukin 10 (in pg/ml) reduced the likelihood of the development of severe preeclampsia
by 89.6% (95% CI 0.016-0.678).

Figures 1-3 show that the results of bivariate analysis are of the relationships between serum
maternal concentration of IL-10 and serum enzyme LDH, creatinine, platelets, proteinuria,
and uric acid.

The obtained values of Pearson’s coefficients indicate negative correlations of interleukin 10 with
LOH and proteinuria, whereas the correlations of 1L-10 with creatinine platelets and uric acid
were positive. However significant correlations were confined between interleukin 10 and plate-
lets as well as between IL-10 and proteinuria. The correlation with the platelet count was positive
which means that significantly higher concentration of interleukin 10 was confirmed in patients
with higher number of platelets in the blood and vice versa. The correlation between interleukin
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Variable B S.E. Wald Sig. Exp(B) 95.0% CI for Exp(B)
Age 0.2 0.086 5.350 0.021 1.221 1.031 1.446
Nulliparity (present) 1.816 1.114 2.657 0.103 6.145 0.692 54.534
Systolic blood pressure 3.711 1.053 12.412 0.000 40.900 5.189 322.371
(2160 mmHg)

Diastolic blood pressure 2.414 0.843 8.192 0.004 11.176 2.140 58.360
(2100 mmHg)

Proteinuria (present) 3.081 1.307 5.56 0.018 21.785 1.682 282.123
LDH > 450 (U/L) 2.066 0.915 5.102 0.024 7.896 1.314 47.433
Albumin (serum) (g/L) -0.239 0.125  3.66 0.056  0.787 0.616 1.006
Creatinine (serum) (umol/L) -0.067 0.035 3.696 0.055 0.935 0.873 1.001
Platelets -0.006 0.013 0.236 0.627 0.994 0.97 1.019
(<150)

IL-10 (pg/ml) -2.324 1.051 4.888 0.027 0.098 0.012 0.768

Dependent variable: severe preeclampsia.

Table 2. Multivariate logistic regression analysis for the factors predictors of severe preeclampsia.
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10 and proteinuria was negative showing that the serum concentration of interleukin 10 was
significantly lower in patients with higher amount of proteins in the urine and vice versa.

5. Discussion

This study demonstrates differences in IL-10 levels in women with preeclampsia compared to
the levels in women with a normal pregnancy outcome.

We found that in pregnant women with preeclampsia the increased serum concentrations of
IL-10 predicted lower likelihood for the development of severe preeclampsia.

Longitudinal studies in mice demonstrate a sequential change in the cytokine profile in serum
including interleukin 10 in peripheral blood and release from spleen elements as pregnancy
advances.

In the second half of pregnancy, IL-10 inhibition in mice is related with fetal growth retardation
[16]. Progesterone has been shown to increase Th2-type responses in T cells [17]. This study dem-
onstrated that there is a significant alteration in the serum concentration of 1L-10 in severe pre-
eclampsia compared with normal pregnancy and in moderate preeclampsia groups of patients.

The regression analysis applied in this study showed diastolic blood pressure of 100 mmHg
or higher, systolic blood pressure of 160 mmHg or higher, persistent proteinuria in preg-
nancy, the serum LDH concentration of 450 U/L or higher, and reduced serum concentra-
tions of IL-10 in maternal serum as significant predictors of severe preeclampsia. While other
variables predicted the development of severe preeclampsia, IL-10 decreased such likelihood.
IL-10 was also found to be negatively correlated with proteinuria and positively correlated
with blood platelets. Significantly higher concentration of IL-10 was confirmed in patients
with higher number of platelets in the blood. The serum concentration of IL-10 was signifi-
cantly lower in patients with higher amount of proteins in the urine.

This study demonstrated platelet count and proteinuria as significant predictors of serum
IL-10 concentration—urine proteins predicting lower serum IL-10 while platelets count pre-
dicting higher serum concentration of interleukin 10.

Other studies suggest a proportional link between the level of proteinuria and adverse
clinical outcomes. In recent study 13,000 pregnant women found significant proteinuria,
defined as 21 or more on dipstick analysis, and it was associated with an increase in pre-
maturity rates, intrauterine fetal growth restriction, and increased neonatal morbidity and
mortality when associated with hypertension [18]. Other studies suggest that it is the presence
of proteinuria rather than the severity, which is associated with poorer outcomes in these com-
plications for mother and stillbirth. There is evidence that even the finding of trace proteinuria
in pregnant women with hypertension is associated with an increase in adverse outcomes.

Taking into consideration changes of anti-inflammatory cytokine concentrations in severe
preeclampsia, the moderate phase can be analyzed as a critical stage in complicated
pregnancy.
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6. Conclusion

Cytokines play critical, essential roles in signaling between cells of the immune system, with
a prolific range of regulatory activities including the stimulation, recruitment, activation,
destroying, and suppression of immune and nonimmune cells.

Analyzing cytokines at the end of pregnancy, last trimester complicated with preeclampsia,
is useful. The moderate phase can be considered a critical stage in preeclampsia that comes to
the most functional strain homeostatic system.

Abbreviation

BMI body mass index
PE preeclampsia

TNF-a tumor necrosis factor-a
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Abstract

Autoantibodies produced against self-antigens, or ‘autoantigens’, result from a loss of self-
tolerance triggered by genetic and/or environmental factors which induce the immune
system to attack the host’s own cells, resulting in a condition referred to as autoimmunity.
In classic autoimmune diseases, it is well established that the pathology relates directly
to the autoantibodies. However, it is increasingly recognised that autoantibodies are also
found in many other disease areas, including cancers, cardiovascular and neurodegenera-
tive diseases, as well infectious diseases such as malaria, albeit in such diseases it is unclear
whether the autoantibodies play a direct role in the pathology or whether they are merely
symptomatic of disease. Irrespective of whether they are causative or symptomatic of spe-
cific diseases though, there is increasing interest globally in exploring the clinical potential
of circulating autoantibodies as diagnostic biomarkers. This chapter provides an overview
of the diagnostic utility of autoantibody biomarkers in a range of disease areas and dis-
cusses their potential utility in disease staging, treatment monitoring and in prediction
of immune-related adverse events. It also provides an overview of traditional and con-
temporary technological approaches to autoantibody biomarker discovery and validation,
focusing on protein microarrays that are ideally suited to this important area of research.

Keywords: autoantibody biomarkers, protein microarrays, pre-symptomatic diagnosis,
immune-related adverse events

1. Introduction

Autoantibodies are natural antibodies produced against self-antigens, or ‘autoantigens’,
and can induce the immune system to attack host tissues, leading to a condition generically
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referred to as autoimmunity. Classic autoimmune syndromes include systemic lupus erythe-
matosus, theumatoid arthritis, rheumatic heart disease, Graves’ disease, autoimmune hepa-
titis, multiple sclerosis, diabetes, and Sjogren’s syndrome. In such autoimmune diseases, it
is well established that the pathology relates directly to the autoantibodies. However, it is
increasingly recognised that autoantibodies are also found in many other diseases, includ-
ing cancers, cardiovascular diseases, neurodegenerative diseases, as well infectious diseases
such as malaria, albeit in such diseases it is not yet clear whether the autoantibodies play a
direct role in the pathology or whether they are merely symptomatic of disease. Irrespective
of whether the autoantibodies are causative or symptomatic of specific diseases though, there
is increasing interest globally in exploring the clinical potential of circulating autoantibodies
as diagnostic biomarkers and considerable research effort is now being directed to the discov-
ery, quantitation and validation of novel autoantibody-based diagnostic biomarkers in many
different disease areas.

Numerous techniques have been utilised over the last few decades to detect the pres-
ence of autoantibodies in patient samples, not least since autoantibodies are increasingly
thought to represent excellent potential biomarkers for early disease detection. Techniques
that have historically been employed for biomarker identification include western blot-
ting, immunohistochemistry and enzyme-linked immunosorbent assays (ELISA), but these
are being superseded now by newer technologies that offer higher multiplicity as well as
greater sensitivity and specificity. Amongst these newer technologies, protein microarrays
are becoming established now as a powerful means to detect protein expression levels and
to investigate protein-ligand interactions, as well as to probe protein function [1], since
they enable efficient and sensitive, high throughput protein analysis, with large numbers
of technically-replicated measurements being made in parallel using miniaturised assay
formats and minimal sample volumes. These properties of protein microarrays make
them ideally suited to component-resolve and quantify autoantibody profiles in biological
samples.

2. Autoantibodies: a brief overview

2.1. Autoantibody classes

Antibodies are secreted heterodimeric proteins comprising light and heavy chains which
are produced in mammals through recombination of V(D)] segments in developing
B-lymphocytes. At any one time, there are thought to be of the order of 10-10° different
antibody sequences present in human serum. In response to the presence of foreign anti-
gens or pathogens, somatic hypermutation processes drive the affinity maturation of specific
antibody sequences, resulting in the production of high affinity, antigen-specific antibodies.
Affinity-matured antibodies, or immunoglobulins (Igs), are produced by plasma cells and
secreted into the blood stream where they scavenge their cognate antigen for destruction.
Antibodies thus play a crucial adaptive role in mammalian defence mechanisms against
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harmful components that can cause disease. There are five classes of antibodies: IgG, IgM,
IgE, IgD and IgA, which differ in their structures and immune functions. IgG is the major anti-
body class found in blood, has the longest serum half-life of all immunoglobulin isotypes [2]
and contributes directly to a neutralising immune response to extracellular pathogens and
toxins. IgA is also involved in direct neutralisation of toxins, virus and bacteria; however,
it concentrates particularly in mucosal surfaces. IgM, a pentameric immunoglobulin, is the
largest of the antibody classes and is associated with a primary immune response; IgMs are
therefore frequently used to diagnose acute exposure to an immunogen or pathogen [2].
IgD and IgE are found in trace amounts in the blood with short half-lives. IgD remains
membrane-bound and is involved in regulation of cell activation while IgE is associated with
hypersensitivity and allergic reactions [2]. Classical autoantibodies are typically IgMs and
include: anti-nuclear antibodies (ANA), which bind to the nuclear membrane, nucleoplasm,
nucleoli and nuclear organelles of cells [3]; theumatoid factor (RF), which binds with rela-
tively low affinity to the Fc region of IgGs and which is found in the serum of rheumatoid
arthritis (RA) patients [4]; Anti-double-stranded DNA (dsDNA) antibodies, anti-Sm anti-
bodies, antiphospholipid antibodies, anti-Ro, anti-ribonucleoprotein and anti-La Antibodies
which are all frequently found in systemic lupus erythematosus (SLE) patients [4]; and Anti-
Sjogren’s syndrome A (SSA) and -B (SSB) antibodies, which are found in many patients with
Sjogren’s syndrome [4].

2.2. Causes of autoantibody production

In a normal immune response to a foreign antigen, professional antigen presenting cells -
including dendritic cells, B-cells and macrophages — engulf and proteolyse the antigen and
then present antigen-derived peptides on their cell surface in the form of major histocom-
patibility complexes; recognition of complexed peptides by a specific receptor on a T-cell
then triggers the release of cytokines and chemokines, resulting in activation of that T-cell.
Interaction between antigen-specific T- and B-cells subsequently leads to antigen-specific
B-cell proliferation [1, 2]. A portion of those B-cells serve as memory cells, whilst the remain-
der act as effector cells that differentiate into antibody-producing plasma cells responsible for
the production and release of antigen-specific antibodies [5].

Peripheral tolerance mechanisms usually ensure that self-reactive T- and B-cells (i.e. dis-
playing T- or B-cell receptors for self-antigens) are suppressed. However, in certain circum-
stances, peripheral tolerance can be broken, resulting in proliferation of autoantigen-specific
T- and B-cells. Simplistically, peripheral tolerance can be broken for a number of reasons,
for example if the self-antigen is significantly over-expressed in a tissue or if neoantigens
are somehow presented to the host immune system. Such neoantigens can include mutated
peptide epitopes, aberrantly spliced or aberrantly post-translationally-modified epitopes, or
new discontinuous epitopes resulting from misfolding of the antigen. Tolerance defects can
also stem from the downregulation of regulatory T-cells (Tregs) [6], whilst chronic inflam-
matory responses are thought to facilitate the release and exposure of intracellular antigens
to the immune system, resulting in autoantibody production in cancer patients [7], as well as
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increased vasculature permeability, allowing immune cell accumulation at the tumour site
[8]. One consequence of loss of peripheral tolerance can be the production of self-antigen-
specific autoantibodies.

As mentioned above, autoantigens may result from aberrant post-translationally modifica-
tions, including proteolysis, hydrolysis, phosphorylation and oxidation [9]. One such exam-
ple occurs in RA, where patients produce autoantibodies against citrulline-modified proteins,
themselves produced by the enzymatic action of peptidylarginine deiminases (PADs) - cal-
cium-dependent enzymes that catalyse the post-translational hydrolysis of peptidylargi-
nine to peptidylcitrulline. During inflammation, oxidative stress or apoptosis, PAD converts
specific arginine residues on selected proteins into citrulline (a process often referred to as
‘citrullination’), thereby producing neoepitopes that are recognised as non-self, dramatically
altering immunogenicity and autoantibody production in RA patients [10].

Autoantibodies are also produced in response to the uncontrolled released of autoantigens
during cell death processes. Maintenance of tissue homeostasis ordinarily takes place via
clearance of apoptotic and altered cells through phagocytosis- or complement-dependent
mechanisms, inhibition of inflammation, removal of misfolded proteins, and regulation of
autoantibody-producing B cells [11]. However, when clearance mechanisms becomes com-
promised, dead cells accumulate and progress to secondary necrosis, releasing autoanti-
gens as well as pro-inflammatory markers and thereby disrupting immune homeostasis [12]
(Figure 1).

Autoantibody production thus has a multifactorial aetiology in which environmental
and inherited factors interplay in determining the autoantibody profiles of an individual.
Environmental factors associated with autoantibody production include drugs, toxins,
chemicals from personal care products, and infections. Exposure to such agents can result
in modification or mutation of chromosomal DNA sequences, potentially giving rise to
altered gene- and protein expression (which can drive altered post-translational modifica-
tions), as well as to the expression of aberrantly-spliced or mutated form of proteins, all of
which can result in the generation of neoantigens in the exposed tissue and hence to the
production of specific autoantibodies. Furthermore, genetic predisposition or family his-
tory of autoimmune disorders also contributes to one-third of the risk of having increased
autoantibody levels and various genome-wide association studies have shown that the pro-
duction of autoantibodies in SLE [13], RA [14] and Multiple Sclerosis [15] is controlled by
multiple loci.

Although the self-reactivity of autoantibodies can be harmful to host tissues, recent studies
suggest that low-grade self-reactivity also occurs in healthy individuals, implying that cer-
tain autoantibodies may play a role in maintaining immune homeostasis [16] and in protect-
ing against pathogenic processes, by activating innate and acquired immunity to maintain or
restore health status [16]. Natural autoantibodies are predominantly of the IgM class, which
makes sense since IgM is the first antibody to appear when the immune system is triggered
in response to external antigenic exposure. By contrast, circulating naive IgMs arise without
known immune exposure or vaccination [11] but have also been reported to recognise certain
autoantigens in healthy adults as well as in newborn babies [17, 18].
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Figure 1. Key factors that increase antigenic pressure and cause the production of autoantibody in several diseases.

2.3. Gender bias in autoimmune diseases

The term ‘autoimmune disease’ refers to a group of over 80 distinct disorders, the symptoms
and severity of which vary between individuals [19].

There are marked differences in diseases that predominantly affect males or females, as
shown in Figure 2. Generally, females are more susceptible to autoimmune diseases whereas
males show increased susceptibility to non-reproductive cancers. As females tend to have
more responsive and robust immune system compared to their male counterparts, it is there-
fore not surprising that females respond more aggressively to autoantigens and are more
susceptible to autoimmune diseases [20]. Other factors that contribute to the sex bias of auto-
immune diseases include X-chromosomal abnormalities, X-chromosomal inactivation, and
fetal micro-chimerism [20].

2.4. Functional role of autoantibodies in disease

The outcome of aberrant activation of the immune system and inflammatory process is depen-
dent on multiple factors, including the type of affected tissue or organ and the degree of tissue
injury sustained [21]. For example, in type 1 diabetes mellitus, the immune system reacts to
insulin-producing cells in the pancreas. In other examples, tissues of the small intestines are
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Figure 2. Gender-dependent susceptibility to autoimmune diseases, infectious diseases, inflammatory diseases and
cancers.

affected in inflammatory bowel disease, while myelin - a fatty substance that protects nerve
fibres in the brain and spinal cord - is destroyed in Multiple Sclerosis. In RA, connective tis-
sues are affected and in SLE, auto-reactivity usually occurs in skin, heart and lung tissues.
Sjogren’s syndrome occurs when autoantibodies target secretory glands that produce tears
and saliva, causing extreme dryness and other complications [22].

In other diseases, however, the functional role of autoantibodies is less clear. For example, in
neurodegenerative diseases such as Parkinson’s and Alzheimer’s Diseases, increased cellular
toxicity is caused by the accumulation and aggregation of misfolded proteins, which might
also result in the generation of protective autoantibodies in some patients. For example, in
Parkinson’s Disease (PD), the protein alpha-synuclein misfolds and aggregates to form Lewy
bodies; these bodies form in the brain tissues of PD patients and infiltrate the neurons, dis-
rupting signalling process in the brain. A recent study reported that a defined set of epitopes
derived from alpha-synuclein drive cytotoxic T-cell responses in people with PD [23], whilst
another recent study reported a decline in anti-alpha-synuclein autoantibodies in PD patients
compared to controls, suggesting that in some patients anti-alpha-synuclein autoantibodies
might play a protective role [24].

Similarly, in Alzheimer’s Disease (AD), the microtubule-associated protein Tau accumu-
lates and aggregates in neurons causing neuronal degeneration. Tau also accumulates and
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aggregates in Progressive Supranuclear Palsy (PSP), a rare disease often misdiagnosed as
Parkinson’s disease. In AD, Tau causes misfolding of beta-amyloid, leading to amyloid-{3 (A3)
plaque formation and downstream pathology, but in PSP, Tau itself mis-folds and agglomer-
ates. These protein agglomerations subsequently leave the cell, spread throughout the brain
and disrupt the communication between neurons [25]. Interestingly, a recent study identi-
fied an anti-Ap plaque autoantibody in certain aged but cognitively firm individuals that
was absent in AD patients; this autoantibody was cloned and has been shown to selectively
target aggregated A in a mouse model of AD, where it bound parenchymal A and reduced
soluble and insoluble AP in a dose-dependent manner; in Phase 2 clinical trials, this autoan-
tibody, Aducanumab, reduced brain A3 in patients with mild AD, again in a dose-dependent
manner [26], strongly suggesting that anti- Ap autoantibodies play a protective role in healthy
individuals.

In cancers, chronic inflammation is a well-recognised hallmark and it is known that both
cancer and autoimmune diseases can occur in the same individual, albeit in cancer, the
immune response is often suppressed and unable to eliminate altered self-cells, while in auto-
immune diseases it is hyper-activated against specific autoantigens. The act of manipulat-
ing the immune system in different ways, however, suggests a possible link between these
two conditions [21] and it seems likely that inflammatory processes drives both autoim-
munity and malignancy. However, it remains unclear whether it is the underlying autoim-
munity that leads to malignancy (“inflammation-induced cancer”) or whether the immune
responses directed against tumour antigens lead to autoimmune diseases (“tumour-induced
autoimmunity”).

3. Diagnostic utility of autoantibody biomarkers

3.1. Early detection of disease

Autoantibody production is a key indicator of many diseases and has emerged as an impor-
tant tool in predicting onset of a number of diseases. Autoantibodies are in principle detect-
able many years before manifestation of disease or symptoms and have been observed in an
ever-widening range of disease areas, which makes novel autoantibodies attractive plausible
biomarkers for early diagnosis of a broader spectrum of diseases now. Known autoantibody
biomarkers have been reported to predate symptoms in Sjogren’s syndrome, rheumatoid
arthritis, Alzheimer’s disease and cancers, as discussed below:

Sjogren’s syndrome is an autoimmune disease that affects parts of the body which produce
secretions such as tears and saliva. The symptoms overlap with other autoimmune conditions
and can range from mild to severe, causing nausea, fatigue, joint pain as well as excessive
dryness of the eyes and mouth. Autoantibodies attack cells in mucous membranes and mois-
ture-secreting glands of the eyes and mouth, causing dryness, irritation and pain. A study
published in 2015 concluded that autoantibodies are present up to 18-20 years before the
diagnosis of primary Sjogren’s syndrome [27]. A total of five autoantibodies were analysed,
namely antinuclear antibodies, rheumatoid factor and autoantibodies against Ro 60/SSA, Ro
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52/SSA, and La/SSB, with 81% of the patients who became seropositive after diagnosis hav-
ing autoantibodies in pre-diagnostic serum samples. More importantly, these autoantibodies
were present in the earliest available serum sample of 95% of the patients who expressed
autoantibodies before diagnosis and before the onset of first symptoms [27].

RA is a chronic autoimmune disease characterised by inflammation of synovial joints, lead-
ing to joint erosion and deterioration. Rheumatoid factor and anti-cyclic citrullinated peptide
(anti-CCP) are detected in the blood of 80% and 60-70% of RA-affected individuals, respec-
tively. Anti-CCP autoantibodies were detected in some patient sera samples 12-14 years prior
to the development of RA and 34-40% of the RA patients were anti-CCP positive prior to
disease onset [28].

The presence of autoantibodies has also been implicated in AD. Af-autoantibodies were
reported to show promise as an effective blood biomarker for AD and a positive association
between A{-autoantibody titres and cognitive status have been reported [29]. Glial autoan-
tibody markers to glutamate were detected in the plasma of AD patients and, interestingly,
the level of that autoantibody in patients with moderate and severe dementia was 2-fold
higher than that in patients with mild dementia [30]. In addition, autoantibodies to ATP syn-
thase were reported to be found frequently in the sera of AD patients but not in age-matched
healthy subjects or in patients with Parkinson’s disease or atherosclerosis, suggesting anti-
ATP synthase autoantibodies could be a specific biomarker for AD [29].

In addition to autoimmune diseases, multiple studies have described autoantibody produc-
tion prior to cancer diagnosis, including in lung cancer [31], prostate cancer [32] and ovarian
cancer [33]. Autoantibody production in cancer is thought to be a product of immunosurveil-
lance - a process in which the body’s own systems recognise and eliminate abnormal cells
during early tumorigenesis [34] - suggesting that detection of disease-associated autoantibod-
ies may be feasible in the asymptomatic stages of cancer and may predate the clinical signs of
tumour progression by months or years, thus enabling their use in early diagnosis [35].

By way of example, in healthy mammalian cells, cAMP-dependent protein kinase A (PKA)
is an intracellular enzyme, while in most cancers it is secreted into the circulatory system
as ECPKA. The level of ECPKA was found to be elevated in various stages of a wide range
of cancers including bladder, breast, cervical, colon, esophageal, gastric, liver, lung, ovar-
ian, prostate, pancreatic, renal, small bowel, rectal, adenocystic carcinomas, melanoma, sar-
coma, thymoma, liposarcoma, and leiomyosarcoma compared with healthy controls [35].
Extracellular protein kinase A (ECPKA) autoantibody is thus a potential serologic autoanti-
body for early-stage cancers diagnosis since it presents at high levels before surgical removal
of solid tumours and diminishes after tumour removal [36]. An ELISA-based test for anti-
ECPKA IgG was developed and the sensitivity and specificity of this biomarker for detect-
ing 20 different cancers were reported to be 90 and 87% respectively, with the anti-ECPKA
autoantibody being detected in 90% of the patient samples but in only 13% of the control
samples [35].

Autoantibody-based screening for a variety of other cancers has also been carried out in lab-
oratory environments. For example, Xie et al. developed a test platform by combining the
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detection of six autoantibodies directed against prostate cancer with PSA levels, increasing
the accuracy of detection from 65% using PSA alone to 81% with both methods [37]. A similar
outcome was achieved in breast cancer diagnosis using a panel of six autoantigens to detect
ductal carcinoma in situ and lung cancer with specificity of 85 and 92%, respectively [38]. It is
thus evident that having an increased level of specific circulating autoantibodies may reflect
the overall state of the immune response of an individual, whilst the presence of such auto-
antibodies in otherwise healthy individuals might be an indicator of future autoimmune or
other disorders.

3.2. Disease staging and treatment monitoring

An accurate pathology diagnosis is of central importance in precision medicine, since it
should guide choice of the most effective treatment and management regimens. Reliable
biomarkers for monitoring and prediction of disease course, stage and progression will be
therefore invaluable, particularly in therapeutic decision-making to treat disease at an early
stage. Current research has not only established the presence of autoantibodies in several
diseases but has also shown that they have the potential to be used as biomarkers capable
of diagnosis and staging various degrees of pathology. One such example is Type 1 insulin-
dependent diabetes - a chronic autoimmune disease that impairs the insulin-producing beta
cells in the pancreas, preventing the body from producing enough insulin to regulate blood
glucose levels. This disease can be characterised into well-defined stages, and the rate of
progression to symptomatic disease can be predicted with appreciable accuracy [39]. Stage 1
is defined by the presence of two or more islet autoantibodies and progressing at a variable
rate to a second stage of glucose intolerance or dysglycaemia, before becoming clinically
symptomatic (stage 3).

In another example, Cai et al. reported that anti-p53 antibodies develop several years before
the clinical diagnosis of certain cancers and suggested that monitoring the change of serum
p53 antibodies before and after treatment of patients diagnosed with oesophageal carcinoma
with radiotherapy would be useful for evaluating the prognosis and response to the treat-
ment. This study showed that the positive rate of p53-antibodies in patients with oesophageal
carcinoma was related to histological grade, stage of the disease and lymph node metastasis
but not to age, gender, or site of tumour formation. The study also reported a significant dif-
ference in the level of serum p53 antibodies before and after radiotherapy treatment, with the
positive rate of p53 antibodies in patients who responded to radiotherapy being much lower
than the patients who did not respond to radiotherapy [40]. A separate study by Shimada
et al. showed that seropositive oesophageal squamous cell carcinoma patients, whose serum
anti-p53 titre did not decrease after surgery, exhibited worse prognosis than patients who
showed seroconversion. Thus, a correlative study between the level of tumour autoantibodies
and the overall survival outcome of cancer patients (reflected in the change in tumour sta-
tus or tumour burden related to the therapy) could be extremely informative for evaluating
therapeutic interventions [41]. Stage-specific autoantibody biomarkers screening is thus in
principle useful in predicting onset of disease, thereby providing an opportunity to intervene
and delay or prevent the onset of clinical symptoms.
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3.3. Immune-related adverse events

Immunotherapies have been changing the outlook for many cancer patients in recent
years and immune checkpoint inhibitors represent one of several strategies now targeting
the immune system for therapeutic benefits. The immune checkpoint proteins cytotoxic
T-lymphocyte associated protein 4 (CTLA-4) and programmed cell death-1 (PD-1) play
essential roles in central immune tolerance and are prominent targets for cancer vaccines
now since inhibition of CTLA-4 and PD-1 can (re)activate the immune system to target can-
cer cells. Alone or in combination, clinical trials of anti-CTLA-4 and anti-PD-1 antibodies,
such as Ipilimumab, Nivolumab and Pembrolizumab, have shown promising results for
the treatment of melanoma, non-small cell lung-, kidney-, prostate- and head and neck can-
cers, as well as renal cell carcinomas, with reported therapeutic response rates approaching
70% in some cases, albeit positive immunotherapy outcomes remain cancer- and patient-
specific [42].

Ipilimumab was the first anti-CTLA-4 antibody to prolong survival in patients with
advanced melanoma [43, 44], with long term analysis indicating a 3-year survival of 22%
across all patients with sufficient follow-up [45]. Similarly, PD-1 blockade with Nivolumab
or Pembrolizumab has improved survival for metastatic melanoma, non-small cell lung
cancer (NSCLC) and renal cell carcinoma (RCC) patients [46-50]. In one trial, advanced
melanoma patients treated with pembrolizumab showed a response rate of 34% and a
survival rate of 74% [51]. Nivolumab has been reported to result in increased response
rates, survival and progression-free survival when compared to intravenous docetaxel in
NSCLC [52], whilst stage III/IV melanoma patients achieved a partial tumour response,
with a median progression free survival of 172 days, with only 18% experiencing grade 2
or 4 adverse events [53].

Combination check-point inhibitor treatments, targeting both CTLA-4 and PD-1, have also
shown strong promise, with clinical trial data in untreated melanoma patients reporting
objective response rates up to 72% (amongst patients with PD-L1-positive tumours) and with
median progression-free survival of 11.5 months for ipilimumab plus nivolumab, compared
to 2.9 months with ipilimumab alone and 6.9 months with nivolumab alone [54]. However,
high grade immune-related adverse events (irAEs) occurred in 55% of those in the combina-
tion treatment group [54] and similarly high rates of irAEs have been reported elsewhere for
anti-CTLA-4 and anti-PD-1 treatments [55].

Indeed, clinical findings on monoclonal antibody-induced adverse effects in general show
that this is a wider phenomenon across different disease areas [56], which potentially com-
promises the effectiveness of such immunotherapies. Efforts are being channelled therefore
towards predicting and monitoring undesirable immunotoxic effects and a panel of poten-
tial antibodies associated with irAE has been proposed (Table 1). Further exploratory stud-
ies involving autoantibody-based immunotoxicity profiling in immunotherapy patients are
underway to better characterise the role and diagnostic potential of these circulating autoan-
tibodies in irAE.
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Immune-related organ Antibodies
involved
Gastro-intestinal None

Liver

Lung

Endocrine

Skin

Polyarthritis

Renal

Haematologic syndromes

Antinuclear antibodies (ANAs)

Anti-smooth muscle, anti-liver kidney microsomal antibody type 1, anti-liver cytosol
type 1

Antinuclear antibodies (ANAs)

Rheumatoid factor

Anti-centromere

Extractable nuclear antigens (ENA): anti-Sm, anti-RNP: anti-Ro (SSA)
Anti-La (SSB): anti-Scl70, anti-Jo

Anti-GAD, anti-insulin, anti-carbonic anhydrase
Anti-21 hydroxylase

Anti-pituitary

None

Antinuclear antibodies (ANAs)

Anti-ENA: anti-SSA, SSB, Sm

Anti-CCP, complement fractions C3 C4 CH50
Antinuclear antibodies (ANAs)

Complement fractions C3 CA CH50
Anti-neutrophil cytoplasmic (ANCA)
Antinuclear antibodies (ANAs)

Coombs’ erythrocyte test

CCP, cyclic citrullinated peptide; GAD, glutamate decarboxylase; RNP, ribonucleoprotein; Sm, small nuclear
ribonucleoprotein; SSA, Sjogren’s syndrome-related antigen A; Scl, Sclerosis systemic; SSB, Sjogren’s syndrome-related

antigen B.

Table 1. List of proposed potential seromic autoantibodies that can be used for identifying irAEs [55].

4. Classical technological approaches to autoantibody-based
biomarker discovery and validation

4.1. Western blots

Since its introduction in 1979, immunoblotting, or ‘western blotting’, has become a ubiquitous
protein analysis technique in which proteins are separated by electrophoresis according to
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their molecular weight, then transferred onto a membrane before a primary antibody specific
to the protein of interest is used to detect the presence and relative abundance of the target
protein. Conventional western blotting allows detection of specific proteins to the level of
single isotypes. However, it is associated with poor reproducibility, limited mass resolution,
lack of accurate quantitation, low throughput and lengthy time to result, whilst non-specific
cross-reactivity of mono- and poly-clonal primary and secondary antibodies on the blots is an
everyday observation.

Certain modifications have been proposed to improve quantitation of western blots; for exam-
ple, Zellner et al. reported a novel and improved quantitative Western blotting method using
fluorescently labelled secondary antibodies, which extends the dynamic range of quantifica-
tion and improves correlation with the protein amount [57]. Modifications based on simul-
taneous electrophoretic transfer of proteins from multiple strips of polyacrylamide gels to a
single membrane sheet have also been reported to increase the data output per single blotting
cycle by up to 10-fold [58], whilst resulting in reduced immunoblotting-derived signal errors
and improving the overall data accuracy [58]. However, in the context of biomarker discov-
ery, western blotting is typically only used as a validation method rather than as a primary
method of identifying biomarkers.

4.2. Enzyme-linked immunosorbent assay (ELISA)

ELISA, unlike western blotting, is adaptable to higher throughput of samples as it is typically
performed in 96-well microtitre plates whereby plate handling and detection systems can be
automated. ELISA can be used to determine the exact amount of a specific protein in a sample,
making it more readily quantitative as a technique compared to western blotting. The signals
are usually produced by chromogenic reaction that generate a coloured product, which is
quantified by spectrophotometry. There are four types of ELISA — sandwich, direct, indirect
and competitive — which essentially differ in whether the antigen or a capture antibody is
immobilised onto the surface (Figure 3).

In the context of autoantibody detection, the direct and indirect ELISA formats are most com-
monly used, but are better suited to the analysis of a larger number of samples against a
small number of antigens in screening, verification and validation applications rather than as
a primary discovery platform [59]. Furthermore, standard ELISA often has relatively low sen-
sitivity and detection usually depends on enzymatic amplification of signal at the end of the
assay. In addition, ELISA can also give false positives due to cross-reactivity of the detecting
antibodies with other proteins in the sample. As sensitivity and specificity are prerequisites
of any biomarker discovery platform, traditional ELISA may not be the ideal choice when it
comes to identifying biologically relevant and meaningful disease biomarkers.

4.3. Mass spectrometry

The use of mass spectrometry for serum biomarker discovery is in theory straightforward
since results are obtained in the form of identified and quantified proteins that are then com-
pared between pathological and control groups [60]. Recent advances in mass spectrometry
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instrumentation have significantly improved the depth, breadth and reproducibility of pro-
tein identifications in many biological samples, which in turn has aided the identification of
meaningful signatures that have diagnostic potential. However, whilst mass spectrometry is
in general a powerful approach for unbiased biomarker identification, there are some limita-
tions, particularly in serum biomarker discovery, due to the complex nature of serum and its
wide dynamic range of protein concentrations (spanning 12-orders of magnitude), as well
as to the intrinsic mass spectrometry sensitivity (>pg/mL) in detecting analytes which usu-
ally range between 50 pg/mL and 10 ng/mL in serum [60]. Furthermore, mass spectrometry-
based proteomics remains heavily constrained today in its ability to differentiate and assign
function to individual antibody sequences within a large collection of immunoglobulins: this
is partly because the affinity-matured antibody sequences are not germ-line encoded (and
therefore do not appear in the proteome databases that underpin tandem mass spectrometry-
based protein identifications) and is partly because both light and heavy chains are required
for antigen specificity in an immunoglobulin, yet that pairing between light and heavy chain
sequences (as well as the connectivity between the complementary determining regions with
each light and heavy chain) is lost during proteolytic digest before mass spectrometry analy-
sis; moreover, antigen specificity cannot yet be predicted de novo from the primary immuno-
globulin sequence. As a result, mass spectrometry is currently not well suited to the challenge
of autoantibody biomarker discovery [61]; alternative technological platforms are therefore
required to unravel the complexity of the human immunoglobulin repertoire and to detect
and quantify novel autoantibody/autoantigen pairs in biological samples.

4.4. Serologic proteome analysis

Serologic Proteome Analysis (SERPA) is a classical immunoproteomics approach to autoanti-
gen discovery that provides a robust way of screening antibody reactivity profiles in sera from
patients with various diseases. The method — which is essentially an adaption of western blot-
ting - involves separating proteins from a biological sample (e.g. a tissue homogenate or cell
lysate) using 2-dimensional electrophoresis on large format gels and then immunoblotting
with patient or control sera. Unique protein spots identified by following blotting with patient
but not control sera are excised from the gels and identified by mass spectrometry. However,
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the inherently high gel-to-gel variability and relatively low resolving power of individual gels
impacts on the accuracy of spot picking and imposes a limitation due to co-migrating proteins,
which is especially problematic for low-abundance protein targets. Several modifications have
been suggested to address such limitations, including multi-colour fluorescence-based 2-D
gel immunoproteomics approaches [62], but these still do not address the fundamental issues
of the limited resolving power of the gels, the modest limit of detection or the throughput for
SERPA. This technology is thus less widely used for autoantigen discovery now and has been
largely supplanted by newer technologies that are better able to overcome these limitations.

4.5. Serological analysis of recombinant cDNA expression libraries (SEREX)

SEREX is one of the oldest methods for autoantigen discovery and utilises human cDNA
expression libraries to profile autoantibody repertoires. The methodology for SEREX initially
involves generation of a cDNA library from a cancer tissue or tumour cell line, followed by
cloning of that library into a suitable expression vector, clonal separation of the library and
expression of the encoded proteins in Escherichia coli cells grown on solid media. Colonies are
then transferred to a nitrocellulose or PVDF membrane, lysed and the expressed recombinant
proteins blotted with sera from patients and healthy controls. Sero-reactive proteins are then
identified by sequencing the cDNA from positive colonies [63], which makes it more sensitive
than the SERPA method since the latter relies on direct protein identification and is therefore
limited by absolute protein abundance. Furthermore, the clonal separation of the members
of the cDNA expression library provides greater resolving power than the gel-based SERPA
method. However, as with all library-based screening methods, over-sampling is required to
ensure that all members of the library are examined in SEREX: thus, if for example the cDNA
library contains 10* unique clones, then at least 10° colonies would need to be screened for
complete coverage, so even with the advent of colony picking and arraying robots, SEREX
remains a relatively low throughput method.

The first cancer testis antigen, NY-ESO-1, was identified by SEREX by analysing tumour asso-
ciated antigens (TAAs) that elicited a high titre IgG antibody in sera from patients with dif-
ferent types of cancer [64]. SEREX has also been successfully used to identify several TAAs
that generate a humoral immune response in cancers such as those from the kidney, lung,
breast and colon [63]. However, a fundamental limitation of SEREX is that the method lacks
the ability to differentiate or detect post-translational modifications (PTMs) that are likely
to play a significant role in autoimmune diseases [62] and cancers [63]. This approach also
restricts the types of TAAs identified to those that can be expressed in a prokaryotic system
and also effectively excludes TAAs that require folding mechanisms unique to eukaryotes to
achieve the correct conformational epitope for recognition [63]. SEREX may also miss TAAs
that are represented by truncated cDNAs in the library, since the encoded protein may lack
specific epitopes or even whole domains. Furthermore, identification of TAAs is inherently
limited to those that were expressed by the specific patient tumour or cell line from which the
cDNA library was derived, which means that more than one cDNA library may be required to
identify comprehensive set of TAAs for different cancers [63]. In addition, the presence of the
crude prokaryotic cell lysate in every spot can give rise to high background binding in SEREX
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assays. Thus, for many of these reasons, SEREX has largely been superseded now by protein
microarray technologies that are based on purified recombinant proteins.

5. Protein microarrays

Protein microarrays are a versatile, miniaturised platform used to simultaneously character-
ise the biomolecular interactions of thousands of different proteins that are spotted in defined
locations on a solid support; as such, protein microarrays represent a natural technological
evolution from ELISA, SERPA and SEREX. Protein microarrays in principle allow the quan-
titative analysis of binding of a wide variety of analytes - including antibodies, proteins,
DNA, RNA, small molecules, lipids, enzymes as well as peptides - to the arrayed proteins.
The three types of protein microarrays that are commonly used are analytical, functional
and reverse-phase microarrays. Analytical protein arrays, or antibody arrays, are ideal for
quantification of different known proteins in a biological sample, monitoring protein expres-
sion levels and protein profiling in what amounts to miniaturised, highly multiplexed ELISA
assays. Functional protein microarrays can be sub-divided into those based on recombinant
proteins and those based on native proteins and can be used for autoantibody and immune
response profiling, biomolecular interaction profiling and identification of enzyme substrates,
amongst others [1]. Reverse-phase protein arrays are comprised of spots of different crude
tissue homogenates or cell lysates and are suited for detection of known proteins in multiple
tissues/cells based on blotting of the reverse-phase arrays with antigen-specific antibodies. In
general, protein microarrays can be applied in diagnostic and therapeutic research, through
new biomarker discovery for disease staging and monitoring, potential drug-target evalua-
tion and for identification of new drug targets. Of the different protein array types, functional
protein arrays appear best suited to autoantigen discovery and autoantibody profiling and
are discussed in more detail below.

5.1. Recombinant protein production

Different protein production systems can be employed to produce recombinant proteins in
sufficient quantities for protein microarray fabrication. The key problem associated with
recombinant protein production is identifying the best expression system for a particular pro-
tein. To date, there is no universally applicable protein expression system [65]. Each system
has its advantages and disadvantages; therefore, the choice of expression system selection
should be based on the properties of the recombinant protein as well as the scale of expres-
sion required. Although exploring multiple expression systems in parallel sounds enticing,
factors such as protein solubility, yield, speed and cost need to be taken into consideration as
it involves substantial resources. Choosing the right system for protein expression can be par-
ticularly important in obtaining biologically active and functional recombinant proteins [1].

Bacteria, notably E. coli, represent the most commonly used expression systems for protein
production since they give high protein yields at a relatively low cost, require simple and
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rapid culture conditions, and are highly scalable. In addition, many parameters can be altered
to optimise expression levels of protein. However, inefficient disulfide bond formation, insol-
ubility, aggregation and poor folding of proteins have been reported using this method, as
well as very minimal capability in performing post-translational modifications [65].

Expression of proteins in yeast is a common alternative to prokaryotic expression systems
as it is a well-defined and economical eukaryotic expression system. Commonly used yeast
strains include Saccharomyces cerevisiae and Pichia pastoris, although other yeast strains have
also been reported. Proteins expressed using both strains fold efficiently and numerous post-
translational modifications can occur; P. pastoris typically gives better protein yields than S.
cerevisiae [65]. However, a major disadvantage of the yeast expression systems is that they do
not mimic protein glycosylation patterns from mammalian cells, with proteins tending to be
hyperglycosylated due to the presence of large mannose glycans. Furthermore, lysis condi-
tions for yeast are typically harsh and induce many endogenous proteases, meaning that the
extracted recombinant proteins are often significantly proteolysed.

Baculoviruses belong to a diverse group of large double-stranded DNA viruses that infect
many different species of insects as their natural hosts but are highly species-specific and are
not known to propagate in any non-invertebrate host. Baculoviral expression systems yield
good expression levels, especially for intracellular proteins, and typically produce function-
ally active, recombinant mammalian proteins that are properly folded and oligomerised and
which contain correct disulfide bonds, as well as mammalian-like post-translational modifica-
tions, including glycosylation, so are both structurally and functionally similar to their native
counterparts [65].

Mammalian expression systems are preferred by some researchers as they produce more
‘humanised” proteins, with the most biologically-relevant post-translational modifications
and native folding. Amongst the most widely used mammalian cells include HeLa, human
embryonic kidney-derived (HEK293) epithelial cells, Chinese hamster ovary cells (CHOs) and
African green monkey kidney cells (COS). However, mammalian protein expression systems
require more demanding culture conditions compared to other systems [65] so are signifi-
cantly more challenging for high throughput expression purposes.

5.2. Surface chemistry

The microarray surface chemistry plays a critical role in determining protein microarray qual-
ity. Slide surfaces vary: aldehyde and epoxy-derivatized glass surfaces are used for random
attachment through amines, whereas nitrocellulose, hydrogel or metal surfaces for attachment
of affinity-purified proteins. An ideal surface chemistry should resist nonspecific adsorption,
whilst preserving the folded structure of the arrayed proteins [1].

Common challenges associated with slide surface chemistry include high background and
incorrect protein orientation or conformation of proteins, whereby all functional binding
sites are not readily available for interaction. Proteins have various hydrophobic domains
and charged patches, so tend to adsorb non-specifically to most solid surfaces resulting in the
disruption of protein 3-D structure and eventually complete loss of activity. This indirectly
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gives rise to the second issue - the loss of protein conformation upon immobilisation. In par-
ticular, when the functional domains interact excessively with a solid surface, the orientation
of the proteins may be altered or completely lost, resulting in the subsequent disruption of the
functional domains and loss of discontinuous epitopes [66]. Partial or complete denaturation
of proteins on the arrayed surface is also deleterious for downstream autoantibody binding
since it is well known that antibodies tend to bind non-specifically to exposed hydrophobic
epitopes, giving rise to false positive signals in autoantibody profiling assays.

Proteins can be immobilised onto a microarray surface via encapsulation, surface adsorption,
covalent attachment or affinity binding (Figure 4), which are further described below [67].

Encapsulation of a purified protein on a solid surface involves suspending the protein in a
random orientation within a 3D gel pad (e.g. acrylamide or agarose) on an array surface; this
approach provides a high capacity for immobilisation and thereby enhances the sensitivity
of subsequent assays. A drawback of the technique, however, is that the size of the protein
or other ligand applied may restrict diffusion into the gel, resulting in stronger signals at
the periphery of the gel pad. This challenge may be surmounted when using different cross-
linkers that can improve the porosity of the gel pads [68].

Immobilisation of purified proteins via noncovalent adsorption is a straightforward, revers-
ible method that involves protein attachment onto a solid support through weak, non-specific
interactions, including van der Waals hydrophobic interactions and electrostatic interactions.
Commonly used surfaces here include nitrocellulose-coated and amine-terminated glass
slides. Although this approach can provide high protein loading onto the surface, the orienta-
tion of the immobilised protein cannot be controlled, resulting in variable reaction efficiency,
accuracy and reproducibility of the resultant arrays [69]. Furthermore, the underlying sur-
faces tend to be relatively denaturing towards the arrayed proteins [1].

Covalent attachment takes place by chemically cross-linking proteins to the surface through
the nucleophilic residues lysine or cysteine. These residues are cross-linked to surface-bound
ligands that are terminated with aldehyde, epoxy, or N-hydroxysuccinamide moieties.
Irreversible immobilisation of a wide range of proteins to the carrier surfaces are feasible using
covalent attachment, but the non-specific modification of surface residues on the arrayed pro-
tein carries the risk of altering the activity and folded structure of those proteins [70].

Affinity capture is a particularly advantageous way to immobilise proteins, since it circum-
vents many of the limitations of other approaches described above. Typical affinity capture
methods include use of biotinylated, hexa-His-tagged, glutathione S transferase tagged or
Halo tagged recombinant proteins [1], with orientation of the immobilised protein being con-
trolled via the tag, thereby aiding in preserving the structure and function of the arrayed
proteins.

Numerous human protein microarray platforms are available today for autoantibody research,
including Immunome arrays (Sengenics, Singapore), Nucleic Acid Programmable Arrays
(BioDesign Institute, Arizona), Human Protein Atlas Protein Fragment Arrays (SciLifeLab,
Sweden), HuProt arrays (CDI Laboratories, USA) and ProtoArrays (ThermoFischer, USA).
These various human protein microarray platforms have differing protein content and make
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Figure 4. Various methods of protein immobilisation onto a solid support; encapsulation, surface adsorption, covalent
cross-linking and affinity attachment.

different use of the various protein expression systems, surface chemistries and immobilisa-
tion strategies described above, all of which gives rise to differences in technical performance,
as has been reviewed recently [1].

By way of example, proteins on the Inmunome array are expressed in a baculoviral sys-
tem as in-frame fusions to a biotin carboxyl carrier protein (BCCP) folding marker, that itself
becomes biotinylated in vivo or in vitro only when the fusion protein is correctly folded.
Immunome’s surface chemistry is based on a hydrogel polymer that dramatically reduces
non-specific background binding to the array surface whilst providing an aqueous-like envi-
ronment for the arrayed proteins. The hydrogel matrix is derivatised with a low density of
streptavidin molecules that are held away from the underlying array substrate, providing
a selective surface for binding of biotinylated proteins (Figure 5). This helps to ensure that
each protein immobilised on the array retains its native conformation, correctly folding and
functionality on the array surface.
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5.3. Sensitivity and reproducibility

Quantification of autoantibody biomarkers using a protein microarray starts with the pro-
duction of recombinant proteins, printing of the proteins onto a solid support, probing them
with serum or plasma samples and finally capturing interactions using fluorescent-labelled
secondary antibodies. Protein microarrays have thus often been referred to as miniaturised
version of ELISA. Miniaturisation allows a high overall sensitivity as analyte measurement is
conducted while retaining the highest concentration per unit volume attainable for the given
sample, with decreased reaction times due to short diffusion distances [71]. Furthermore,
fluorescent-based signal detection in protein microarrays offers lower limits of detection (as
low as 1 pg/mL; [72]) and greater dynamic range (up to 5 orders of magnitude; [73]) than
colourimetric readouts in typical ELISAs. In addition to their greater sensitivity compared to
ELISA, protein arrays are also superior in terms of multiplexing, as thousands of proteins can
be printed onto glass slides in replicates and analysed simultaneously.

Given the capacity for multiplexing, as well as the high-throughput, low sample consump-
tion, remarkable sensitivity and reproducibility of protein arrays, this platform is rapidly
proving now to be very well suited to the challenges of autoantibody biomarker discovery.
However, when choosing the optimal platform for discovery research, important factors such
as the protein expression system used and the surface chemistry of the platform should be
considered carefully to ensure that only biologically-meaningful autoantibody biomarkers
that have the potential to be translated into clinical use will be discovered.

5.4. Protein microarray-based autoantibody discovery

Microarrays fabricated with proteins derived from tissues or cell-line, or recombinant pro-
teins have been used in many studies to identify potential autoantibody biomarkers for can-
cer, a few examples of which follow.

BCCP-Axyped prossien
- . . 5 Hraptr rramen
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Figure 5. Depiction of the slide surface chemistry of the immunome protein array. Individually-purified BCCP-tagged
proteins are immobilised onto customised hydrogel-coated surfaces such that they retain folded structure and function
in an aqueous environment and behave as if they are in free solution.
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Native protein microarrays: Nam et al. demonstrated the feasibility of manufacturing a native
protein microarray using chromatographic techniques and microarray printing technology.
Here, a crude cell lysate was resolved in 2 dimensions using liquid-based isoelectric focus-
ing followed by reverse-phase liquid chromatography, resulting in 1760 fractions which
were then printed on a nitrocellulose surface and used to screen sera from cancer patients
vs. healthy controls to identify fractions containing cancer-specific reactive autoantigens.
Fractions corresponding to reactive spots were analysed using mass spectrometry to identify
cancer-specific autoantigens, which revealed that 9/15 colon cancer patients, but neither of the
healthy controls, produced autoantibodies against ubiquitin C-terminal hydrolase isozyme
(UCH-L3). Autoantibody production against UCH-L3 was confirmed by Western blot in 19 of
43 (44%) additional colon cancer patients [74].

Antibody microarrays: in order to identify prostate cancer-associated autoantibodies, well-
characterised monoclonal antibodies were arrayed onto nanoparticle slides to capture native
antigens from prostate cancer cells, which were subsequently incubated with fluorescently-
labelled IgG from patients with prostate cancer and benign prostate hyperplasia (BPH). The
study revealed that prostate cancer patients had higher autoantibody levels against TLN1,
TARDBP, LEDGF, CALD1, and PARK?7 when compared to patients with BPH. The study con-
cluded that PSA alone produced sensitivity- and specificity-values of 12.2 and 80%, respec-
tively, whereas the collective panel produced sensitivity- and specificity-values of 95 and
80%, respectively [75].

Functional protein microarrays: a cancer antigen microarray, comprising 123 full length, folded,
recombinant tumour-associated antigens expressed in insect cells was used to identify auto-
antibodies that differentiate prostate cancer patients from benign prostatic hyperplasia
(BPH) and other disease controls. The study identified 41 potential diagnostic/therapeutic
antigen biomarkers for prostate cancer and found that autoantibody titres against GAGE1,
ROPN1, SPANX1 and PRKCZ were high in prostate cancer patients, whereas autoantibody
titres against MAGEB1 and PRKCZ were higher in BPH controls. Of the 41 potential antigens
identified, FGFR2, COL6A1 and CALM1 were identified in urine from the same patients by
shotgun proteomics [76].

Functional protein microarrays have also been used to identify autoantibodies against auto-
antigens in a number of other infectious or autoimmune-related diseases, including malaria
and Parkinson’s disease (PD). In malaria, Plasmodium knowlesi infection results in an autoim-
mune-like response in some individuals that has been hypothesised to play a protective role
against malarial infection. Using the Sengenics Immunome protein array comprising 1636
correctly folded human antigens, 24 antigens with high reactivity to serum autoantibodies
were identified, which may serve as potential biomarkers for asymptomatic malaria, mild
malaria, or predictive biomarkers for severe malaria [77].

PD is a chronic and progressive neurodegenerative disorder, and a positive correlation is asso-
ciated with Helicobacter pylori (H. pylori) and PD motor severity. The Sengenics Immunome pro-
tein array was used to screen H. pylori-seropositive PD patients and H. pylori-seronegative PD
patients in a study that identified 13 significant autoantibodies, of which 8 were up-regulated
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and 5 down-regulated in the case group. Identified autoantigens included Nuclear factor I
subtype A (NFIA), Platelet-derived growth factor B (PDGFB) and Eukaryotic translation initia-
tion factor 4A3 (elFA3) [78].

Other protein microarray platforms, including nucleic acid programmable protein arrays
(NAPPA), HuProt arrays, Protoarrays and Human Protein Atlas Protein Fragment Arrays,
have also found utility in autoantibody biomarker discovery applications across a wide vari-
ety of disease areas, including a broad spectrum of cancers and autoimmune diseases, as
well as several neurological disorders and inflammatory disorders, as recently reviewed else-
where [1].

6. Biomarker validation

Biomarkers can be used for variety of purposes including disease prediction, diagnosis
and treatment monitoring. However, while there are thousands of papers reporting dis-
covery of potential biomarkers, very few of these have been validated and approved by
the Food and Drug Administration (FDA) for clinical use (Table 2), despite preliminary
reports of good sensitivity and specificity. This highlights the reality that biomarker vali-
dation is a challenging process with multiple criteria that need to be fulfilled before the
markers can be approved use in clinical settings. There are also multiple stages where
attrition can occur in the validation process, including poor study design, variations in
sample collection, and the simple failure of the biomarkers in blinded validations, as dis-
cussed further below:

A key requirement for all biomarker validation is that the biomarker demonstrates a correla-
tion with specific pathophysiological processes or serves as a surrogate endpoint in a clinical
trial. Diagnostic precision and accuracy are key technical parameters, since inaccurate or vari-
able results, as well as false positive and false negative results, could lead to misdiagnosis that
could bring about unwanted sequelae.

Typical biomarker discovery programs are initially set up as case-control studies, with clearly
defined and well-separated clinical groups. However, in real world settings, the diagnostic
challenge is often not to distinguish diseased from healthy, but to differentiate amongst peo-
ple with similar clinical symptoms but different underlying disorders. As a first step towards
validation therefore, once candidate biomarkers have been identified from an initial discovery
study, a scientifically sound and statistically-powered validation cohort needs to be designed
to test the diagnostic power of the biomarkers in the context of ‘diseased patients” and ‘other
disease’ controls. Power calculations are used to determine the sample size required to iden-
tify reproducible, precise and accurate biomarkers that qualify for clinical utilisation and this
cohort is then typically sub-divided into a training cohort and a larger blinded validation
cohort. Typically, the clinical sensitivity and specificity of a larger set of candidate biomarkers
from the discovery research is first assessed in the training cohort and the best performing
markers that survive are taken forward for further evaluation in the blinded validation cohort.
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Biomarker Cancer type Clinical use Specimen
Pro2PSA Prostate Discriminating cancer from Serum
benign disease
Free PSA Prostate Discriminating cancer from
benign disease
Total PSA Prostate Prostate cancer diagnosis and
monitoring
ROMA (HE4 + CA-125) Ovarian Prediction of malignancy
OVAL1 (multiple proteins) Ovarian Prediction of malignancy
HE4 Ovarian Monitoring recurrence or
progression of disease
Fibrin/fibrinogen degradation Colorectal Monitoring progression of
product (DR-70) disease
AFP-L3% Hepatocellular Risk assessment for
development of disease
CA27.29 Breast Monitoring disease response to
therapy
CA15-3 Breast Monitoring disease response to ~ Serum, plasma
therapy
CA19-9 Pancreatic Monitoring disease status
CA-125 Ovarian Monitoring disease
progression, response to
therapy
Thyroglobulin Thyroid Aid in monitoring
Alpha-fetoprotein (AFP) Testicular Management of cancer
Carcinoembryonic antigen Not specified Aid in management and
prognosis
p63 protein Prostate Aid in differential diagnosis FFPE tissue
c-Kit Gastrointestinal stromal Detection of tumours, aid in
tumours selection of patients
Oestrogen receptor (ER) Breast Prognosis, response to therapy
Progesterone receptor (PR) Breast Prognosis, response to therapy
Her-2/neu Breast Assessment for therapy
Circulating tumour cells (EpCAM, Breast Prediction of cancer Whole blood
CD45, cytokeratins 8, 18+, 19+) progression and survival
Nuclear Mitotic Apparatus protein ~ Bladder Diagnosis and monitoring of Urine
(NuMA, NMP22) disease (professional and home
use)
Alpha-fetoprotein (AFP) Testicular Management of cancer Amniotic fluid
Human haemoglobin (faecal occult ~ Colorectal Detection of faecal occult blood  Faeces

blood) (home use)

Table 2. List of FDA-approved tumour markers commonly used in clinical practice which mainly consist of serum and
plasma biomarkers.
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Statistically-powered validation cohorts often run into hundreds of patients, so obtaining
quality serum or plasma samples in sufficient quantities from a disease cohort, as well as
from matched healthy and other disease controls, can therefore sometimes be a challenge.
Furthermore, biomarker validation is a complex and lengthy process, meaning that the vali-
dation assay methods themselves need to be rapid, robust, reproducible, inexpensive and
easy to setup and run, potentially in different laboratories.

Even after considering the aforementioned factors, it often turns out that the candidate bio-
marker is simply not robust, sensitive or specific enough to penetrate into a clinical setting.
Ideal candidates for multiplexed panels would be markers whose qualitative and/or quan-
titative expression is unique to the disease. However, particularly in the case of cancers,
identifying truly disease specific markers has proved problematic; for example, MAGE-A3
was originally thought to be “tumour specific’ marker but was later found to be detectable
in healthy tissues as well [71]. It is therefore not surprising that biomarkers with early diag-
nostic potential initially obtained in studies conducted in laboratory settings can often not be
confirmed in later clinical validation and screening settings, resulting in high attrition rates
during biomarker validation.

7. Conclusion

Autoantibodies have gained considerable attention in the medical diagnostic field as candi-
date diagnostic and prognostic biomarkers in many different disease areas, since they are
in theory detectable many years before clinical symptoms appear. This particular property
of autoantibodies makes them attractive tools for early diagnosis of disease. However, iden-
tification and validation of autoantibody biomarkers has historically been constrained by
the available technological approaches and the high attrition rates during studies on larger
cohorts.

To increase the success rate in biomarker discovery and validation, the correct technique
as well as the right number of samples and analytes to be used for each phase should be
carefully planned and designed as depicted in Figure 6. The current gold standard for
biomarker validation remains ELISA, which is regularly utilised for confirmatory stud-
ies as it allows a relatively high-throughput of samples and is a versatile and robust
tool. Thus, protein microarray analysis is often compared against the quantitative data of
ELISA assays [79]. However, ELISAs routinely permit only single antigen detection per
well and often require relatively large volumes of samples compared to other more minia-
turised, high-throughput methods. This leaves substantial scope for protein microarrays
to be used in both the discovery and validation of panels of autoantibody biomarkers,
since they represent a sensitive, highly reproducible, multiplexed and high throughput
experimental platform for autoantibody quantitation; this will undoubtedly be aided by
the underlying protein microarray platforms themselves gaining regulatory approval for
use as clinical diagnostics.

181



182  Autoantibodies and Cytokines

Discovery @

Number of Analytes
L
Oualification @
w
Verification
100 - 500
Validation
: many 1000s
Y

Mumber of Sample
Clinical Evaluation &

Figure 6. Phases of biomarker discovery pipeline. Each phase requires different technologies and study design.
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Abstract

The presence of islet autoantibodies (iAbs) is currently the most reliable biomarker for
type 1 diabetes (T1D). The current “gold” standard radio-binding assays that measure
four major iAbs to insulin, IAA, GAD65, IA-2A and ZnTS8, are laborious and do not fit
for large-scale screenings. Around 40% of patients with T1D develop other autoimmune
diseases like celiac disease, autoimmune thyroid disease, and so on. It is highly recom-
mended to screen these closely related autoimmune diseases during T1D screening; how-
ever, there is no method available. Recently, on the platform of extensively validated
high-sensitive and high-specific electrochemiluminescence (ECL) assay, we developed
a multiplex ECL assay to combine up to 10 autoantibody assays into one single well
with 5 pl of blood sample. It not only allows us to combine multiple iAbs into one but
also makes it possible to simultaneously screen T1D and other multiple autoimmune
diseases, which in turn facilitates large-scale screenings in the general population.

Keywords: autoantibody, autoimmune disease, type 1 diabetes, electrochemiluminescence,
multuplex assay

1. Introduction

Type 1 diabetes (T1D), the immune-mediated form of diabetes [1], is increasing worldwide,
3-5% annually [2], with rates doubling every 20 years [3, 4], especially in young children.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
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In the USA, 1.4 million people have T1D and as many have multiple islet autoantibodies
(iAbs) or pre-T1D with normal glucose homeostasis. Of the latter, 84% will progress to clini-
cal diabetes in 15 years with a remarkable consistency across populations [5]. Although T1D
is a T-lymphocyte-mediated autoimmune disease with specific destruction of pancreatic islet
[3-cells, autoantibodies directed against proteins in insulin-producing beta cells [1] are the best
biomarkers for risk prediction and clinical diagnosis. These iAbs usually appear years before
overt clinical disease, and the presence of >2 iAbs [antibodies-directed against insulin (IAA),
glutamic acid decarboxylase (GADA), islet antigen 2 (IA-2A) or zinc transporter 8 (ZnT8A)]
predicts the development of clinical T1D in nearly all affected children [5]. Children at risk
for T1D need to be identified prior to the onset of symptoms to: (1) prevent life-threatening
diabetic ketoacidosis, (2) identify individuals for current and upcoming trials to prevent T1D
and (3) define the onset of islet autoimmunity and its triggers.

Appearance of iAbs is currently the most reliable marker of the autoimmune process lead-
ing to T1D, and it determines the disease risk and marks the onset of autoimmune beta
cell destruction. The presence of iAbs, their number [6-8] and titer [9-11], has being used
extensively to stage diabetes risk and as inclusion criteria into T1D prevention trials [12].
Immunoassays to detect iAbs can be classified into four generations. The first generation is
the indirect immunofluorescence on cryostat sections of the pancreas for islet cell antibodies
(ICA) [13, 14] present in patients’ sera to a variety of autoantigens in islet 3-cells. This assay
requires the pancreas tissue to conduct the measurement and is very limited in the regular
screening. The second generation of iAbs immunoassays is a well-established radio-binding
assay (RBA) which is based on various biochemically defined autoantigens and plays a major
role as the current gold standard assay for all four major islet autoantibodies IAA, GADA,
IA-2A and ZnT8A and ELISAs. Traditional ELISA has been proved not to work well for
any iAbs with less sensitivity and less specific in multiple workshops of Islet Autoantibody
Standardization Program (IASP, previously DASP). However, a modified bridging ELISA
with semifluid-phase interaction between the antibody and antigen has achieved sensitiv-
ity and specificity equivalent to the RBA for the measurement of GADA, IA-2A and ZnT8A
[15-19]. The third generation is a recently developed and extensively validated nonradio-
active iAb assay using electrochemiluminescence (ECL) detection with a higher sensitiv-
ity and higher disease specificity compared to the RBAs [20-25]. The ECL assay has been
demonstrated to be more sensitive and is able to identify the first iAb of “seroconversion”
earlier than RBA by years in young children followed from the birth on pre-T1D who were
followed to clinical diabetes. More remarkably, ECL assay is able to discriminate high-affin-
ity, high-risk autoantibodies from those “low risk,” low-affinity signals generated by RBA
in subjects with single iAb who are less likely to progress to T1D. The fourth generation of
autoantibody immunoassays is to develop a simple multiplexed assay to fit for the needs
of ongoing and future clinical trials to simultaneously screen multiple iAbs and other auto-
antibodies in one single well, which will facilitate high-throughput autoantibody screening
simultaneously for T1D and other multiple relevant autoimmune diseases in large scale of
populations. ECL assay has been illustrated as an excellent platform for a simple multiplex
assay with a superior advantage of high sensitivity and disease specificity. In this chapter,
we mainly focus on the discussion of: (1) two currently most popular assays for iAbs, a gold
standard RBA and a modified bridging ELISA; (2) ECL assay and its comparison with RBA
and (3) development of a simple multiplex ECL assay with all advantages considered.
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2. Radio-binding assay (RBA) and enzyme-linked immunosorbent
assay (ELISA)

At present, four major biochemically defined p-cell autoantigens were well characterized
including IAA [26], GAD65 [27], IA-2 [28] and ZnT8 [29]. Through laboratory proficiency
programs [30, 31] and harmonization efforts [32], RBA, a fluid-phase assay using radiola-
beled antigens and precipitating antibody-antigen complex by Protein A/G Sepharose, has
been well established as a current “gold” standard assay for autoantibodies to all four major
antigens [29, 32, 33].

In RBA, recombinant human insulin is labeled with I-125, while GAD, IA-2 and ZnT8 anti-
gens are expressed from their corresponding recombinant human cDNA and labeled with
355-methionine by coupled in vitro transcription/translation. To assess general implemen-
tation of assay methods and to standardize the iAb assays, the Center for Disease Control
and Prevention (CDC) and Immunology and Diabetes Society (IDS) started organizing the
Diabetes Autoantibody Standardization Program (DASP) workshop in the year of 2000 [34].
Forty-six laboratories in 13 countries participated in the program. The first proficiency evalu-
ation of DASP showed a high concordance in measurement of GADA (r=0.96; p <0.0001) and
IA-2A (r=0.89; p <0.0001) using the new WHO international reference reagent. In contrast,
the workshop demonstrated wide variation among IAA assays, with poor overall perfor-
mance and low sensitivity. IAA assays were improved after the first proficiency evaluation
and the median laboratory assigned sensitivity was 26, 36 and 45% in 2002, 2003 and 2005,
respectively (p <0.0001). However, the IAA assay has proven the most difficult to standardize
with relatively wide discrepancies between laboratories in the IASP workshop and has not yet
achieved a satisfactory level of sensitivity and specificity. There was still remarkable variation
between laboratories and the ranking of IAA levels in patient serum samples was concordant
to AUC (p < 0.001), and the AUC ranged from 0.36 to 0.91 [30]. To facilitate comparison of
quantitative islet autoantibody results between studies, the National Institute of Diabetes
and Digestive and Kidney Diseases (NIDDK) set up an Islet Autoantibody Harmonization
Committee in 2007 to align measurement and reporting of iAbs in all NIDDK-sponsored
studies and several different central laboratories are used [32]. With a few years of combined
efforts, both GADA and IA-2A assays were successfully harmonized with great concordance
as positive or negative between participating laboratories. The IA-2A assay, using a common
threshold of 5 DK units/ml, achieved 64% sensitivity with specificity greater than 99% in all
laboratories. For GADA, using thresholds equivalent to the 97th percentile of 974 control
samples in each laboratory, 1051 (97.9%) of 1074 samples were concordant. ZnT8 is a most
recently identified new islet 3-cell autoantigen, and ZnT8A assay has been well established
through IASP workshop. In combination of current four iAb assays by the standard RBA, the
overall sensitivity is able to cover around 95% in newly diagnosed patients with T1D [29].
To lead to more reproducible identification of individuals at risk of type 1 diabetes and
improve monitoring in long-term prospective studies, some recommendations by the Islet
Autoantibody Harmonization Committee have been applied to current national and inter-
national clinical trials for T1D: (1) confirmation of positive results in a second laboratory is
likely to be valuable to identify discrepancies; (2) laboratories should use common calibrators
against reference standards; (3) the methods used in multiple centers should be compared
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and harmonized to eliminate potential factors that will contribute to discrepancies; (4) a com-
mon set of samples which can provide knowledge of concordance, sensitivity and specificity
including a large number of samples from healthy controls, and patients should be identi-
fied to establish working thresholds of positivity that are similar between the participating
laboratories.

T1D is now able to be predicted by measuring iAbs present in the peripheral blood, and these
iAbs have been used to determine disease risk and onset of autoimmune beta cell destruction.
Almost all children with two or more of these iAbs will progress to clinical diabetes with a
remarkable consistency across populations, while progression to diabetes in children persis-
tently positive for a single iAb is only 15% in 15 years [30], as most of these children have a
low-affinity iAb not associated with disease [35-37].

In summary, the current method most commonly used for screening iAbs is the “gold” standard
RBA, a fluid-phase assay using radiolabeled antigens and immunoprecipitation, to quantify
four major iAbs named IAA, GADA, IA-2A and ZNT8A. These four RBAs are currently able
to cover 95% of sensitivity in newly diagnosed patients with T1D. Through the efforts of iAb
proficiency programs and harmonization consortia, current standard RBA for iAbs have been
greatly improved, but there are still work to be done, especially (1) IAA is not achieved its sensi-
tivity and specificity and (2) there is a low risk prediction in subjects with single iAb positivity.

A direct enzyme-linked immunosorbent assay (ELISA) format (binding of antigen to plate
and detection of bound autoantibody with labeled anti-antibodies) has proven difficult to
develop. To date, only one ELISA-based ElisaRSR™ for GADA, IA-2A and ZnT8A, distributed
by Kronus that utilizes capture of solution-phase antigen by one chain of immunoglobulin
(Ig) while being bound by its other chain to plate-bound antigen has demonstrated sensitivity
and specificity similar to the fluid-phase RBA (www.rsrltd.com). But there is no any ELISA-
based assay that works well for IAA measurement according to IASP workshop [30]. ELISA
assays were found only to detect insulin antibodies induced by exogenous insulin injection
[38], but not natural insulin autoantibodies. Our group reported a high sensitive ELISA-based
competition Europium IAA assay in 2009 [39], and it worked very well for mouse IAA assay,
but unfortunately it did not work at all for human samples, although RBA-IAA assay works
equally well for both human and mouse samples [33].

3. Electrochemiluminescence (ECL) assays

While the current standard RBA for iAbs has been greatly improved through the labora-
tory proficiency programs and harmonization efforts, there are still works in progress. The
IAA assay, especially, has not yet achieved a satisfactory level of sensitivity and specificity.
Importantly, IAA has a high prevalence among young children [36] and is usually the first
iAb to appear in young children [37]. The ability of prospective clinical studies, for example,
The Environmental Determinants of Diabetes in the Young (TEDDY), which aims to identify
triggers of islet autoimmunity, depends on accurate detection of the timing of appearance of
the first iAb to mark the very beginning of islet autoimmunity. We have recently developed
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and extensively validated a new generation of nonradioactive iAb assay using ECL detection,
as we described in the previous section, with an excellent sensitivity and specificity [20-25]
for both IAA and GADA. The assay is based on the principle that interaction of autoanti-
bodies with antigen molecules is in liquid phase, and the detection signals are directly from
the labeled antigen molecules bound to specific autoantibodies without applying the labeled
second antibody (labeled anti-human IgG antibody usually used in conventional ELISA) for
detection, which usually causes a very high background in autoantibody assays with human
samples. As illustrated for ECL assay protocol in Figure 1, autoantibodies in serum help
bridge the Sulfo-tagged antigen molecule to the biotinylated antigen molecule, which will
be captured on the solid phase of the streptavidin-coated plate. Detection of plate-captured
Sulfo-tagged antigen is accomplished with electrochemiluminescence. The fact that the ECL
assay is able to capture all immunoglobulin subgroups no matter IgG, IgM, IgA or IgE allows
this assay a higher sensitivity than current standard RBA based on IgG detection. With the
new ECL assays, we have analyzed thousands of participants in Diabetes Autoimmunity
Study in the Young (DAISY) [21], TrialNet Pathway to Prevention subjects [23] and very
recently TEDDY subjects (unpublished data). Compared with gold standard RBA, the ECL
assays, especially ECL-IAA assays, were demonstrated more sensitive. In DAISY longitudi-
nally follow-up study, we analyzed 427 sequential samples from 63 pre-T1D who were closely
followed to clinical T1D. Nearly all of these children (62/63) were detected ECL-IAA years
before disease onset, including 10 children who were completely IAA negative by RBA-IAA
during the follow-up. Remarkably, 25% of these early longitudinally followed samples during

Autoantibody
In Serum

Sulfo-TAG
Labeled Antigen

Biotin
Labeled Antigen

Streptavidin
Coated plate

Figure 1. Illustration of the bivalent plate capture ECL assay. The antibody in serum will link the Sulfo-tagged antigen to
the biotinylated antigen, which will be captured on the solid phase of the streptavidin-coated plate. Detection of plate-
captured Sulfo-tagged antigen is accomplished with electrochemiluminescence.
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pre-diabetes stage which were positive for ECL-IAA were negative for RBA-IAA (Figure 2).
ECL-IAA were found to antedate the onset of islet autoimmunity in these children by a mean
of 2.3 years (range: 0.3-7.2 years) [21]. The earlier identification of IAA among young chil-
dren was validated from a later TEDDY study cohort (unpublished data). Results from these
studies indicate that this novel ECL-IAA assay is not only more sensitive but also defines the
timing of the initial autoantibody appearance earlier than the previously used RBA-IAA. This
earlier detection and accuracy in timing of onset of islet autoimmunity in young children fol-
lowed from the birth is important to find potential environmental causes of diabetes and our
understanding of the etiology of T1D as the ability to identify triggers of islet autoimmunity,
for example, TEDDY study depends on the sensitivity and validity of iAb assays used to pin-
point the “seroconversion” to islet autoimmunity.

Remarkably, both ECL-IAA and ECL-GADA assays were selectively detecting the positivity
from the high-risk subjects who were followed to progression of clinical T1D or the subjects
who were multiple iAbs positive. In the study of DAISY children [20, 22], we analyzed all
pre-T1D children who were followed to clinical diabetes and all non-diabetic children who
were persistently iAbs positive, either multiple iAbs or single iAb, and compared them with
RBA. Almost all samples positive by RBA (IAA or GADA) were ECL assay positive in children
on pre-T1D or children with presence of multiple iAbs. In contrast, only around 25% of non-
diabetic children with either single IAA or single GADA positive by RBA were ECL positive.
Figure 3 shows positivity of JAA among some children in the DAISY study as an example, per-
sistently expressing IAA with other iAbs (multiple iAbs) or as a single iAb. Panel A: ECL-TIAA

Study on all 63 pre-diabetic children from DAISY

119 + *
+ +

K 24 ’0
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>
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Figure 2. IAA identification in pre-diabetic children by ECL-IAA. The x-axis represents results of ECL-IAA assay and
the y-axis represents results of mIAA RIA assay. About 25% of pre-diabetic samples were positive for ECL-IAA but
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Figure 3. Sera from children in the DAISY study persistently expressing IAA as a single or with multiple iAbs were
analyzed with the ECL-IAA assay. Panel A: ECL-IAA was well correlated with RBA-IAA for all 5 subjects (multiple
follow-up positive for both assays) who were multiple iAbs positive. Panel B: 7/8 subjects with single iAb (IAA only)
were consistently ECL-IAA negative.

was well correlated with RBA-IAA for all five subjects (multiple follow-up positive for both
assays), who were multiple iAbs positive. Panel B: 7/8 subjects with single iAb (IAA only) were
consistently ECL-IAA negative. The antibody affinity study was performed to compare these
IAA or GADA detected by RBA, but differentiated by ECL assay as positive or negative. The
results of affinity analysis discovered that IAA or GADA detected by RBA, but negative with
ECL assay, in children who were absent of other iAbs had low affinity, while IAA or GADA
positive by both RBA and ECL assays had high affinity. Figure 4 illustrates the IAA (panel A)
or GADA (panel B) competition assays with unlabeled proinsulin or GAD65 protein. The IAA
or GADA not detected by the ECL assay required a 10- to 100-fold higher concentration of
unlabeled insulin/proinsulin or GAD65 protein for 50% inhibition of binding of IAA or GADA
to labeled insulin or GAD65 protein. These results demonstrated that both ECL-IAA and ECL-
GADA were able to discriminate high-affinity, high-risk iAbs from those “low risk,” low-affin-
ity signals generated by RBA in subjects who are less likely to progress to T1D. In our later
validation study with a large TrialNet cohort of Pathway to Prevention, identical results were
obtained [23] by characteristics of disease specificity with both ECL-IAA and ECL-GADA. The
study analyzed 3500 subjects in blind with 571 multiple iAbs, 1727 single iAb and 384 pre-T1D
who were followed to clinical T1D later in the study. The ECL assay and RBA were found con-
gruent in pre-diabetics and in the subjects with multiple autoantibodies, but only 24% of single
RBA-TAA (p <0.0001) and 46% of single RBA-GADA (p < 0.0001) were confirmed by the ECL-
IAA and ECL-GADA assays, respectively. With the prospective following up for the subjects
with single IAA or GADA, 51% of RBA-IAA and 63% of RBA-GADA subjects not confirmed
by ECL were found lost their iAbs and became iAb negative after a mean follow-up time of
2.4 years, behaving as “transient” iAb positivity. Only a few subjects converted to multiple
iAbs or progressed to clinical diabetes. In contrast, only small percentages of RBA-IAA and
RBA-GADA confirmed by ECL assays became negative (p < 0.0001 for both IAA and GADA)
during the follow-up as significant number of subjects progressed to clinical diabetes or multi-
ple iAbs. In the study, 2944 subjects were studied with their very first initial screening samples
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Figure 4. Illustration of the IAA (Panel A) or GADA (Panel B) competition assays with unlabeled proinsulin or GAD65
protein. IAA /GADA negative by ECL-IAA / ECL-GADA assay (blue line), compared with IAA /GADA positive by ECL-
GADA/ECL-IAA assay (red line), and required higher concentrations of unlabeled insulin/proinsulin or GAD65 protein
for 50% maximal inhibition, which is consistent with low affinity.

and prospectively followed to clinical T1D during the study period. The positive and negative
predictive values of RBA and ECL assays, in terms of progression to T1D, were analyzed and
compared, and the data are illustrated in Figure 5. The positive predictive values for ECL-IAA
and ECL-GADA were 32 and 24%, significantly higher than those RBA-IAA and RBA-GADA
(21 and 16%, respectively; both p < 0.0001) (panel A). Similarly, the negative predictive values
for ECL-IAA and ECL-GADA were 94 and 96%, significantly higher than those for RBA-IAA
and RBA-GADA (92%; p < 0.05 and 94%; p = 0.007, respectively) (panel B). Compared with
HLA analysis, the highest risk genotype for T1D, HLA-DR3/4, DQB1*0302 was significantly
higher in subjects with IAA or GADA confirmed by ECL than those not confirmed by ECL
assays (p <0.0017 and p < 0.0001, respectively). The frequency of this high-risk HLA genotype
in subjects with either single IAA or GADA not confirmed by ECL assays was found identical
to subjects with negative results for all iAbs, a very low-risk population who are very unlikely
to progress to T1D.

Autoantibody affinity in sequential follow-up samples from their initial positive screening to
their later follow-up with a mean follow-up of 5.3 years were investigated [25] in a subset
of subjects in TrialNet Pathway to Prevention study who were persistent single RBA-IAA or
single RBA-GADA positive confirmed or not confirmed by ECL assays. Among either single
IAA or single GADA subjects, all subjects who were confirmed by ECL assays were found to
have high affinity autoantibodies at their very first initial positive visit. Affinity results stayed
consistent over time. Similarly, those who were negative for ECL assays showed lower affinity
at initial visit and affinity stayed low over time. No converting events from low to high or high



Development of a Simple Multiplex Electrochemiluminescence (ECL) Assay for Screening Pre...
http://dx.doi.org/10.5772/intechopen.75515

Positive Predictive Values Hﬂﬂﬂti;:t l:'r:;ii';ticw 'ﬂlilluﬂs
o (TrialNet Initial Screening) aT% (TrialNet Initial Screening)
172817856
188575
96%
3I0%
95%
1651242
25% 2TAN46 4% 2215
164/TES
93%
20%
2BTITOR a7% 20031242
15%
91%
10% 80%
REAAAA ECL-AA RBA-GADA ECL-GADA H.M-IM ECL4AA RBA-GADA ECL-GADA
po0.0001 pr<0, 0004 P<0.05 p=0.007

Figure 5. Predictive values of IAA and GADA assays in the TrialNet Initial Screening study. A: Positive predictive values
of RIA-IAA and ECL-IAA assays, RIA-GADA and ECL-GADA assays. B: Negative predictive values of RIA-IAA and
ECL-IAA assays, RIA-GADA and ECL-GADA assays. Positive and negative predictive values of ECL-IAA and ECL-
GADA were significantly higher than those of RIA-IAA and RIA-GADA assays, respectively.

to low affinity were seen over time. There were 14 subjects in the group who progressed to
clinical T1D during the study period. All except one were ECL-positive and had a high affinity
for IAA or GADA. These results implicate that a more disease-specific iAb measurement like
ECL assay can identify high affinity iAbs with high disease risk on the early stage of initial
screening. It is generally assumed that the very low risk of those with only a single iAb, either
single IAA or single GADA, spreading of autoimmunity to other autoantigens is needed to
increase risk or marks a stage closer to overt diabetes, and multiple studies of both relatives of
T1D patients and general populations have documented that expression of multiple iAbs are
associated with extreme risk of progression to T1D. The pattern of expression of iAbs detected
by ECL assays predicts both epitope spreading and diabetes risk. Differences in iAbs reactiv-
ity can be assessed prior to epitope spreading consistent with early determination of both

RBA positive, GADA only RBA positive, IAA only

ECL+ (n=107) ECL- (n=78) p-value ECL+ (n=24) ECL-(n=63) p-value
PS6M (mg/dl) 22+90 -19x71 0.001 36+75 -9+70 0.009

Progressed to TID  14.0% (n=15) 1.3% (n=1) 0002  167%(m=4) 0% n=0) 0.005

PS6M is a 6-month progression scale based on worsening of the 30-120-min OGTT glucose.

Table 1. ECL iAb identify progressors to T1D among children and adults with single iAb by RBA.
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epitope spreading and diabetes risk. This is of particular value in children and young adults
who are positive for a single iAb, as demonstrated by TrialNet Pathway to Prevention (Table 1,
J Sosenko, manuscript submitted). Among TrialNet participants who were positive for a single
iAb by RBA, 52% (141/272) were not confirmed by ECL. These ECL-negative subjects showed
no worsening of glycemia and little progression to T1D during a median follow-up of 4.7 years.
In contrast, OGTT glycemia worsened significantly in the ECL-positive single iAb partici-
pants, comparably with the worsening in 90 multiple iAb + subjects (PS6M 23 + 96 mg/dl);
the latter group had a high risk for progression to T1D (30%). The ECL assay can substan-
tially refine the selection of single iAb positive individuals at high risk, who possibly could be
recruited for participation in T1D prevention trials.

Presently, clinical prevention trials in T1D TrialNet study are only selecting relatives of
patients with T1D who have multiple iAbs. It is generally agreed that some clinical interven-
ing on early stages of islet autoimmune processes could result in a better outcome as some
evidence in animal model for prevention [40], but the clinical trial studies using subjects with
single iAb, either single IAA or GADA, are not available since the risk is too low. However,
the subjects with single iAb (IAA or GADA) detected by more disease-specific assays like ECL
assay with the nature of ability to detect high affinity antibodies may qualify for enrollment
into prevention trials as their risk for diabetes is much higher and those with low affinity,
low-risk signals generated by RBA will be removed [20, 22, 23, 25]. On the other hand, sub-
jects found to be negative for ECL assays may benefit from less intensive monitoring in these
longitudinal prospective studies [41] to save the efforts and costs of these studies.

In summary, islet autoimmunity of T1D can be identified at the very beginning of the disease
process by measurements of iAbs. Two major iAbs, IAA and GADA, usually appear earlier
than other iAbs and are often detected in isolation as single iAb in the screening of relatives
and general population. Most of these single iAbs detected by current gold standard RBA are
at low risk, low affinity and non-disease relevant as “biologically” false positives while part
of these single iAbs does represent the early stage of islet autoimmunity in T1D progression.
With more disease-specific assays like an ECL assay method, high-risk and disease-relevant
iAbs are able to be identified at the very beginning of the disease process in subjects with
single iAb before the development of multiple iAbs closer to overt clinical diabetes, which
will be greatly appreciated for clearing the current confusions of single iAb positivity and aid
the T1D clinical trials for both identifying environmental triggers of islet autoimmunity and
intervening with islet autoimmune process on very beginning stage to prevent the disease.
The ECL assay was demonstrated its superiority to RBA in sensitivity and especially ECL-
IAA was able to antedated the onset of islet autoimmunity by years than RBA, which will be
very important to accurately pinpoint the very beginning of islet autoimmunity for identify-
ing the environmental triggers to cause the T1D.

4. Development of a multiplex assay for large-scale screening

At present, many large-scale national and international clinical trials for T1D are in progress, and
multiple candidate interventions are being proposed to abrogate or slow progression of T1D
among iAb positive subjects. A wider screening of iAbs in the general population, especially
in young children, is perspectively in progress or in planning. Currently, four biochemically
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defined iAbs including IAA, GADA, IA-2A and ZnT8A are equally important in prediction and
evaluation of risk of progression to T1D in both relatives of patients with T1D and general popu-
lation. The screening methods using current standard RBA with single iAb measurement are
laborious and inefficient for such a large scale of screening. While significant progress has been
made in standardization of iAb assays and high-throughput technologies, the cost and logis-
tic complexity of currently used methods preclude their widespread use in population-based
screening. The determination of initial iAb positivity is very important, which may represent
the initiation of islet autoimmunity. However, the results of iAb measurement at this early stage
in subjects with a single iAb are not reliable with current standard RBA since the majority of
these single iAb subjects identified by RBA have low affinity antibodies, most of them transient,
and therefore biologically appear to be “false positives” with respect to T1D development as
we discussed earlier. Poor assay specificity is likely to be more problematic for screening pro-
cess in general population with lower frequency of risk for T1D than high risk relative cohort
as in TrialNet Pathway to Prevention we studied. A high-throughput assay technology with
improved disease specificity will be important and necessary.

One in four children at risk for T1D develops islet, celiac, thyroid or rheumatoid autoimmunity
in the DAISY study. Interestingly, there is little overlap of these phenotypes in an individual
child, but this overlap increases with age. The incidence of autoantibodies to thyroid peroxi-
dase (TPOA) surges after the age of 12. Importantly, up to 40% of patients with T1D have an
additional autoimmune condition [42—44]. It is important and urgent to screen biomarkers of
other autoimmune diseases when screening diabetes, simultaneously. Unfortunately, there is
no easy and inexpensive tool to screen for these conditions. With a big effort, all DAISY and
TEDDY study participants are screened for autoantibodies to tissue transglutaminase (TGA)
for celiac disease autoimmunity. Persistent TGA positivity and celiac disease are secondary
endpoints in both studies [45, 46]. DAISY data suggest that, by age 18, at least 7% of the general
population persistently express one or more of the nine autoantibodies: IAA, GADA, IA-2A,
ZnT8A, TPOA, TGA and three other autoantibodies for rheumatoid arthritis, Addison’s dis-
ease and autoimmune gastritis. If confirmed, this would argue for a universal screening. We
have carried out a pilot of such screening for iAbs and TGA, in children of 2-6 years old attend-
ing general pediatric care offices in Denver [47]. Participating parents and providers ranked the
combined screening for iAbs and TGA as more valuable than screening for iAbs alone.

To fit the purpose of large-scale screening in national clinical trials and the general popula-
tion, people are starting to seek a possible method of a multiplexed assay combining multiple
autoantibody assays together in one single well. Recently, a few studies of multiplex antibody
assays were reported with different technologies [48-51], but none of these assay platforms
has neither compared with currently used “gold” standard RBA for its sensitivity and speci-
ficity in T1D study, especially in subjects with risk to T1D, nor validated in an international
Islet Autoantibody Standardization Program (IASP) workshop or in a large cohort of clini-
cal trial. From previous multiple studies, none of the conventional ELISA methods worked
well for any iAb measurements, especially for IAA according to multiple IASP workshop
[30]. Interaction of iAbs with their corresponding antigen proteins in liquid phase will still
be necessary in a multiplex assay setting to achieve a proper sensitivity and specificity and
it is a particularly essential condition for IAA assay. The capacity of specific autoantibody-
antigen binding might be a new consideration with our recent experiences in a multiplex
assay setting, which has never been an issue in any single antibody assay format. Multiple
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autoantibody-antigen interactions share the space within one single well in a multiplex assay
setting, and each of these interactions might need enough number of their own specific anti-
bodies binding to their corresponding antigen proteins to generate a signal strong enough
to be detected, which is particularly important when these autoantibodies are at low levels.

Very recently, a modified ELISA-based ElisaRSR™ 3-Screen ICA™ is now available for research
from the RSR Limited (3-Screen ICA™ ELISA; www.rsrltd.com). It is a combination assay for
measuring GADA, IA-2A and ZnT8A. Its single assay platform was validated at multiple IASP
workshops for its sensitivity and specificity. The 3 Screen ELISA assay measures three autoan-
tibodies either in three separate wells consuming large volume of serum or in one single well
with three assays mixed not able to distinguish which of the three beta cell autoantibodies are
present. The biggest disadvantage of the 3 Screen ELISA is its inability to include IAA measure-
ment in the assay. IAA has a very high rate of positivity in young children and is considered
as the first iAb on early stages of islet autoimmunity as we discussed earlier. Compared with
current single iAb RBA or original single ELISA-based ElisaRSR™ assays, the 3 Screen ELISA
assay definitely has its advantage of higher efficiency [52], but screening with its own without
including IAA measurement will be a big defect and will not be the best way to persume.

With the platform of our newly established ECL assay technology, we recently pub-
lished our study of a multiplex assay to accurately measure four autoantibodies in one
single well [53] with MesoScale Discovery (MSD) QuickPlex 4-Spot plate as illustrated in
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Figure 6. Illustration of ECL 4-spot assay. The 4-spot assay is based on the same mechanism of single ECL assay. Each
biotinylated antigen will be linked by its corresponding linker which will be captured on the solid phase of the pre-
coated plate. Detection of plate-captured Sulfo-tagged antigen is also accomplished with electrochemiluminescence.
4-spot assay is able to accommodate up to 4 autoantibody assays in one well.
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Figure 6. The 4-plex assay was based on the same mechanism of our single ECL assay,
but linker system was introduced. Four interactions of antibody-antigen are, respec-
tively, restrained on each of four specific linker spots within the same well, and the cam-
erais able to catch the signals from four different sources of spots, respectively. With the
limitation of four spots able to accommodate maximum four autoantibody assays in one
well, we selected, on purposely, IAA, GADA, IA-2A and TGA. We included TGA instead
of ZnT8A because (1) ZnT8A is almost always present with other iAbs and ZnT8A alone
is only 1% in subject followed to T1D (8). In two large national clinical trials of TrialNet
and TEDDY, ZnT8A is not included in intial screening, and the ZnT8A assay is only
performed if any of other three iAbs is positive. (2) We want to screen both T1D and
celiac disease as we rationaled earlier. The 4-plex assay retained 100% sensitivity and
100% specificity for all four autoantibodies in terms of positivity identified in patients
versus normal controls compared to the corresponding standard RBA and our single
ECL assays. In early 2015, MSD company released the new U-Plex™ Development Packs
system for creating custom multiplex panels of analytes to replace the QuickPlex 4-Spot
system. With a similar principle of multiplex assay mechanism of QuickPlex 4-Spot sys-
tem, this new system expanded multiplexing up to 10, combining 10 different autoan-
tibody assays in one single well with the same amount of 6 pl serum sample used for a
single ECL assay. The UPlex plate assay system is illustrated in Figure 7 as we currently
used it as an UPlex 8-plex assay. With this new system, we have successfully combined
eight autoantibody assays within one single well including all four iAbs and four other

U-Plex Plate Working Chart

Specific linker-Sireptavidin ﬁ
Biotin labeled antigen |18

Sulfo-Tag labeled antigen ~ zn1s J

Serum autoantibody \Q_

Figure 7. Illustration of UPlex 8-plex plate working chart. 8-plex assay is working on the same mechanism of 4-spot
assay. Uplex can combine up to 10 antibody assays in one well.
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autoantibody assays, TGA for celiac disease, TPOA and autoantibodies to thyroid globu-
lin (ThGA) for autoimmune thyroiditis, autoantibodies to interferon alpha (IFNaA) for
autoimmune polyglandular syndrom-1 (APS-1). With 100th percentile of specificity in
118 healthy normal controls, the 8-plex assay was able to retain 100% sensitivity for all
autoantibodies, and the levels of autoantibodies in 8-plex assay were well correlated
with their corresponding single RBA or ELISA (for IFNaA) in 168 T1D patients. The
further work of assay optimization needs to be done to minimize the interferences of
cross-talking between spots, especially an extreme high signal on one spot overspilled
to a neighboring spot when it should be negative. The UPlex system made it possible
to customize a multiplexed assay according to the needs for screening. It is capable to
screen children simultaneously for T1D and other multiple autoimmune diseases often
happening in childhood. It is also capable to screen adults simultaneously for T1D and
other multiple autoimmune diseases usually seen in adulthood. Such a multiplex ECL
assay technology will retain high assay sensitivity and disease specificity as we dis-
cussed earlier and provide a great tool for a large scale of screening in the general popu-
lation with high efficiency and low cost using only a tiny amount of blood sample. We
expect these multiplex assays with new technologies, be available in clinic and easily
applied for population screening in the near future.

In conclusion, T1D is now predictable by measuring major iAbs. The ECL assay for iAbs is
superior to the current gold standard RBA and other methods in terms of assay sensitivity and
specificity for disease risk prediction. With a rapid increasing rate of disease, large scales of
population screenings are becoming important for the public health. Large percent of patients
with T1D develop other autoimmune diseases, and it has been recommended to screen other
relevant automimmune diseases when screening diabetes autoimmunity simultaneously.
With the advantages of the ECL assay in its nature of high assay sensitivity and high disease
specificity, a simple multiplex assay built on the platform of ECL technology will provide an
excellent tool to not only screen multiple iAbs in one single well, but also screen multiple auto-
immune diseases simultaneously in large scale of populations efficiently and economically.
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