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PREFACE

The field of immunoregulation by cytokines and chemokines has witnessed a
remarkable progress over the last decade. The number of cytokines, chemokines
and cytokine/chemokine receptors has dramatically increased and their physiologi-
cal functions explored to an extent that was unforeseable a few years ago. Techno-
logical advances in genomics and genetic engineering in rodents have provided a
wealth of information on cytokines and chemokines that spills over into different
fields of biology and pathology. This book is an attempt to caprure current knowl-
edge on the role of cytokines and chemokines in autoimmunity by focusing on
some of the most prevalent organ-specific or systemic autoimmune disorders that
affect humankind. The lessons taught by research in the disorders dealt with in
this work are likely applicable to other, less prevalent (albeit arguably as equally
important) autoimmune disorders. Diseases not touched upon here include, for
example, mysasthenia gravis, autoimmune thyroid diseases, autoimmune disor-
ders resulting from immune complex deposits and other, where cytokines and
chemokines undoubtedly also play a role.

This book is divided into 3 parts and contains 15 chapters written by world-
class experts in their respective fields. Part I has two chapters. Chapter 1 provides
an overview on the role of different cytokines and chemokines in autoimmunity,
as a summary of what is discussed in depth in other chapters of the book (for
specific autoimmune disorder or groups of disorders). Chapter 2 is a detailed syn-
opsis of the function, genomics and structure of the known cytokines, chemokines
and respective receptors. Part II is divided into four chapters that deal with the
“genetics and mechanisms of action” of cytokines and their receptors in the con-
text of autoimmunity. Part I1I groups nine chapters exploring the role of different
cytokines and chemokines in various autoimmune disorders, including discus-
sions on the proven and potential use of cytokines, chemokines or inhibitory re-
agents (i.e. antibodies or soluble receptors) in the clinic. The reader will realize
that, as key communicators in immunobiology, cytokines and chemokines are
promising targets for the prevention and/or therapy of autoimmune disorders. It
will also become obvious to the reader that despite the enormous progress made to
date, our knowledge in this area remains limited. It is my hope that this book will
appeal to basic immunologists interested in clinical implications of cytokine and
chemokine biology, as well as to clinicians interested in gaining an in depth un-
derstanding of the role of cytokines and chemokines in the pathogenesis and/or
treatment of the autoimmune disorders that affect their patients.

Lastly, I would like to take this opportunity to thank the authors of this book
for contributing their valuable time and expertise in preparing the different chap-
ters. I am grateful to each of them for writing outstanding, thorough reviews of
their respective areas of expertise. -

Pere Santamaria
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PART 1: AUTOIMMUNE DIseAsES, CYTOKINES AND CHEMOKINES

CHAPTER 1

Cytokines and Chemokines in Autoimmune
Disease: An Overview

Pere Santamaria

Introduction

utoimmune diseases result from complex interactions among different immune cell
Arypes, including both T and B lymphocytes and professional antigen-presenting cells,

such as macrophages and dendriric cells. These cellular interactions result in auto-ag-
gressive responses that target a number of different cell types in different tissues and organs in
a relatively large number of autoimmune disorders. Although the etiology of most autoim-
mune diseases is unknown, recent years have witnesed important advances in our understand-
ing of how the different immune cell types involved in autoimmunity communicate with one
another, how they trigger autoimmune inflammation and how they cause tissue damage. As
key elements of this communication network, cytokines and chemokines orchestrate the re-
cruitment, survival, expansion, effector function and contraction of autoreactive lymphocytes
in autoimmunity. The different Chapters of this book detail the role of different cytokines and
chemokines in specific autoimmune disorders. In this Chapter, I highlight the contributions of
individual cytokines and chemokines to multiple autoimmune diseases as discussed in detail
throughout the book."'* The reader is referred to specific Chapters for details.

Pro-Inflammatory Cytokines

Interleukin-1 (IL-1)

Interleukinl-at (IL-1@) and IL-1p , along with TNF-a. are key inflammatory cytokines in
rheumatoid arthritis (RA),” dermatomyositis and pemphigus.'* In vitro data suggest that IL-1
is also an important effector cytokine in type 1 diabetes (T1D), through a number of direct
(i.e., beta cell toxicity) and indirect means (i.e., by marking beta cells for Fas-dependent de-
struction by autoreactive cytotoxic T-lymphocytes).” IL-1 is also expressed in the central ner-
vous system (CNS) of animals with experimental autoimmune encephalomyelitis (EAE) and
IL-1R antagonsists have been shown to have a moderate therapeutic effect in EAE. IL-1 may
contribute to disease severity, rather than to susceptibility in this animal model.’

Tumor Necrosis Factor-alpha (TNFa)

TNFa has direct cytotoxic effects on the intestinal mucosa in Crohn’s disease and ulcer-
ative coliris but also contributes to the systemic manifestations seen in these diseases. Anti-
TNFa antibodies have shown a clear anti-inflammatory effect in patients with Crohn’s dis-
ease, but the authors raise a note of caution abour the long-term effects of TNFa blockade in
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vivo, particularly in children.'® There is evidence that some animal models of systemic lupus
erythematosus (SLE) produce reduced levels of TNFat . Although the pathogenic role of TNFal
in SLE remains unclear, both Lawerys and Houssiau and Nashan and Schwarz point to the
observation that RA patients treated with anti-TNFa mAb tend ro develop anti-DNA anti-
bodies, and that low TNFa producers have increased suscepribility to develop SLE.">3TNFa
appears to have a pathogenic role in the blister lesions of bullous phemphigoid.' TNFa plays
a critical role in the pathogenesis of RA, and treatment with TNFa and IL-1 blockers offers
the highest degree of protection in animal models.”'" Furthermore, there is evidence indicat-
ing that some TNFa. gene variants are markers of RA severity.?

TNFa isalso a key cytokine in the development of T1D, contributing to beta cell dysfunc-
tion and death, as well as orchestrating antigen-presentation and T-cell activation in situ. The
effects of TNFa in vivo, however, are age-dependent and there is evidence that TNFau can also
have anti-diabetogenic effects.”® TNFa may be key to the breakdown of tolerance to self
antigens in virus-induced diabetes. Interestingly, late expression of TNFa in this model could
restore normal beta cell function, possibly by inducing T-cell apoptosis.'® This dichotomy is a
recurrent issue with other cytokines as well.

TNFa has been suggested to play a divergent role in the development of EAE and MS, by
causing demyelination and fostering the chronicity of the disease (EAE) or by downregulating
the disease process (MS).> Willenborg et al, however, point out the existence of diametrically
opposed views on the effects of TNFat in EAE in the literature, ranging from pro-EAE to anti-
EAE. Some studies have indicated that EAE can be inhibited by TNFa blockade, whereas

studies in humans have suggested that it may increase the number of clinical exacerbations.?

TNF-Related Apoptosis-Inducing Ligand (TRAIL)

Chen and Chen discuss the role of TRAIL in autoimmune responses. TRAIL may contrib-
ute to suppression of autoimmune inflammation, such as autoimmune arthritis and thus may
have therapeutic value in autoimmune diseases.’

RANK-Ligand (RANKL)
RANKL appears to play a critical role in the bone erosion process that occurs in RA and
RANKL blockade in vivo may have therapeutic value.”

TALL-1/BAFF

Lauwerys and Houssiau discuss a role for this tumor necrosis factor family member in SLE.
BAFF is a TNF-family member that induces B-cell proliferation by engaging BCMA or TACI
receptors on B-cells. Autoantibody production and lupus-like syndromes have been noted in
BAFF-transgenic mice, and the levels of TALL/BAFF-1 are elevated in animal models of SLE
and human SLE patients."

Interleukin-2 (IL-2)

IL-2- and IL-2R-deficient mice develop an autoimmune syndrome characterized by
haemolytic anemia and ulcerative bowel disease. The contribution of IL-2 to autoimmune
phenomena may be indirect, i.e., by virtue of the role it plays in T-cell homeostasis.?

Interferon-gamma (IFN-y)

Peripheral blood mononuclear cells (PBMCs) from SLE patients tend to produce lower
levels of IFN-y than control PBMC:s ex vivo. Furthermore, exogenous IFN-y increases disease
severity in some animal models of lupus, and IFN-y or IFN-aR blockade have beneficial
effects.'?'® Extensive evidence indicates that IFN-y contributes to the pathogenesis of T1D,
but neither IFN-y nor IFN-y RB-deficient NOD mice are resistant to the disease.”® IFN-y,
however, appears to play a critical role in virus-induced diabetes.'® There is also some evidence
suggesting that INF-y may be necessary for the development of regulatory T-cells and, when
administered systemically for example, inhibits insulitis development.® IFN-y appears to play
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a downregulating role in EAE (possibly by inducing the production of nitric oxide). On the
other hand, IFN-y blockade appears to alleviate recurrent-relapsing MS (RR-MS).}

Interferon-alpha (IFN-a)
IFN-a appears to have a pro-inflammatory effect when expressed as a transgene in beta
cells, but is anti-diabetogenic when administered systemically.”

Interleukin-6 (IL-6)

IL-6 is elevated in ex vivo organ cultures of inflammed colonic mucosa from both ulcerarive
colitis and Crohn’s disease affected patients, and likely contributes to disease pathogenesis by
inhibiting T-cell apoptosis, thereby perpetuating inflammation. Its contribution to pathology
is reflected on the observation that IL-GR blockade suppresses colitis in animal models of in-
flammatory bowel discase.'® There is also consensus in the literature implicating IL-6 in
the development of EAE and possibly MS, but it may have an insignificant effect in
disease pathology.’

Several lines of experimentation in mice have suggested an important role for IL-6 in the
development of islet inflammation, as well as an inhibitory effect on its progression to overt
diabetes, perhaps by inducing regulatory Th2 cells.”

IL-6 may also play a role in the pathogenesis of SLE and systemic sclerosis (SSc). IL-6 is
elevated in sera of SLE and SSc patients and in the cerebrospinal fluid and urine of patients
with cerebral lupus and lupus nephritis, respectively. IL-6 may also have a pathogenic role in
skin lesions of SLE patients, as discussed extensively by Nashan and Schwarz.'? IL-6 blockade
improves disease outcome in (NZB x NZW) F1 mice, and IL-6 administration exacerbates
disease progression.'? IL-6 may also have a pathogenic role in the blister lesions of bullous
phemphigoid.'?

Interleukin-12 (IL-12)

O’Neil and Steidler note that the small intestine of patients with Crohn’s disease contains
elevated numbers of 1L-12-producing macrophages. These cells are rare in ulcerative colitis
lesions and thus may be key to immunopathological differences between these two disorders.
IL-12 may contribute to damage of the gut wall by inducing the activation of matrix
metalloproteinases. Anti-IL-12 therapy has shown promising results in reversing inflammation
in the TNBS-induced model of colitis."*

IL-12 is indispensable for the induction of EAE, as indicated by studies of IL-12-deficient
mice as well as anti-IL-12 mAb-treated animals.

In contrast, there is impaired production of IL-12 in human SLE and murine models of the
disease. As discussed by Lauwerys and Houssiau, IL-12 regulates immunoglobulin and autoan-
tibody production and impaired IL-12 secretion may contribute to the pathogenesis of SLE.'3

IL-12, as a Th1-driving cytokine, appears to play a key role in the initial phases of RA. IL-
12 blockade or IL-12 administration inhibit or accelerate the development of RA, respec-
tively.® The role of IL-12 in diabetogenesis is less clear. On the one hand IL-12 administration
accelerates diabetes development in NOD mice, and anti-IL-12 treatment is anti-diabetogenic
if initiated early, i.e., before development of insulitis. On the other hand, IL-12-deficient NOD
mice develop diabetes, implying that 11-12 is dispensable in diabetogenesis.”*

Interleukin 15 (IL-15)

IL-15 is increased in ex vivo cultures of Crohn’s biopsy samples, but is absent in ulcerative
colitis tissue and may play a role in driving local Thl responses in Crohn’s disease.'® This
cytokine is elevated in the synovial fluid of RA patients and may perpetuate the survival of
autoreactive T-cells and promote the secretion of arthritogenic cytokines such as TNFa and
IL-17. Zheng et al extensively discuss the therapeutic value of IL-15 blockade strategies in
autoimmunity, particularly in RA."!



