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Preface

During the past decades important breakthroughs have been made in the treatment
of rheumatoid arthritis (RA). First, the implementation of low-dose methotrexate
and other conventional disease-modifying anti-rheumatic drugs was introduced
as an effective treatment. Second, it was recognized that early immunomodula-
tory treatment is crucial for controlling the disease and its long-term destructive
effects more effectively. Parallel advances in research on the pathogenesis of RA
and cytokine biology converged in identifying tumor necrosis factor (TNF) as a
key factor in inflammation and matrix destruction. The concept arose that elevated
TNF concentrations at the sites of inflammation were driving disease pathology,
and the removal of excess TNF from sites of inflammation became a therapeutic
goal. Clearly, TNF blockade has revolutionized the treatment of RA, as well as
other immune-mediated inflammatory diseases. Anti-TNF treatment results in clini-
cal benefit in a significant proportion of the patients, and it has provided proof of
concept for the principle of targeted therapy.

Despite the impressive disease-modifying effects of the TNF blockers, not all
patients respond, and patients who exhibited an initial response may lose response
due to the development of anti-drug antibodies (human anti-chimeric antibodies
and human anti-human antibodies, respectively) and perhaps as a result of escape
mechanisms related to the disease process. In fact, the majority of the patients still
have disease activity in at least one or two actively inflamed joints. In addition,
there have been numerous reports of moderate to severe adverse events associated
with their continuous use. There is also still some uncertainty as to how long the
available anti-rheumatic biologicals can be continuously employed as RA therapies.
Thus, there is still a huge unmet need in the current management of RA.

New therapeutic options would include new targeted therapies, perhaps com-
binations of biological therapies, targeting of synovial fibroblasts, individualized
therapies determined by personal profiles of clinical features and biomarkers, and
local treatment for persistent joint disease.

The aim of this book is to highlight advances regarding new therapeutic targets
in RA. Obviously, not all therapeutic targets that are currently under investigation

xi



can be discussed in one book. Therefore, a choice has been made that will allow
insight into targeted therapies with novel mechanisms of action that have recently
entered the market. In addition, we present examples of new therapeutic strategies
that are in preclinical or clinical development. The first three chapters are devoted
to new treatments interfering with B cells, T lymphocyte costimulatory pathways
and the interleukin (IL)-6 receptor. These chapters summarize the clinical effects
and mechanism of action of new anti-rheumatic treatments that have been shown
to be effective (rituximab, abatacept, and tocilizumab) and discuss new related
approaches. Rituximab, abatacept, and tocilizumab have become useful additions
to the available treatments for RA and, together with the TNF blockers, they have
also paved the way for the development of new targeted therapeutic strategies.
These biological treatments have raised the bar considerably for the efficacy of new
treatments, but the fact that roughly one third of the patients does not respond to
currently available treatments leaves a major challenge in RA research.

The next six chapters review data on new approaches that have, in part, been
tested in patients with RA, but where there is still uncertainty about the clinical
effects, or where the results of clinical trials have not yet been published: e.g., tar-
geting IL-1, IL-15, IL-17, IL-18, chemokines, and signaling pathways. Chapter 10
describes oncostatin M, a pleiotropic cytokine with potential utility as a treatment
for inflammatory arthritis; clinical trials aimed at blocking this cytokine may be
expected in the near future. Chapter 11 is dedicated to a fundamentally different
approach: targeting the epigenetic modifications of synovial cells, which is still in
the preclinical phase. Finally, chapter 12 provides a more general perspective of the
lessons learned from the use of targeted therapies with regard to the utility of animal
models of RA, clinical trial design, pharmacodynamics, immunobiology and key
pathogenic elements of disease.

I am grateful to all contributors to this volume for sharing their expertise from
basic science to clinical trials and vice versa; all of them are key opinion leaders who
work at the cutting edge of the development of innovative therapies for RA. I would
also like to thank Hans Detlef Kliiber of Birkhduser Verlag AG for his patience and
support. I hope all readers will be as thrilled as T am with the exciting developments

in this field.

Amsterdam, October 2008 Paul P. Tak



B cell targets in rheumatoid arthritis

Edward M. Vital, Shouvik Dass and Paul Emery

Section of Musculoskeletal Disease, Leeds Institute of Molecular Medicine, University of
Leeds, Chapel Allerton Hospital, Leeds LS7 4SA, UK

Abstract

B cells are critical to the pathogenesis of rheumatoid arthritis (RA). There is substantial evidence
of the efficacy of depletion of B cells in many patients with RA using the first licensed agent,
rituximab. Recent research has focused on enhancing efficacy using other targets to inhibit B cell
function, including other B cell-depleting antibodies and cytokines critical to B cell function. The
rationale for new B cell targets is discussed, as well as clinical data.

Introduction

B cells are central to concepts of rheumatoid arthritis (RA) pathogenesis as well as
novel therapeutic approaches. The successful use of B cell-depleting therapies has led
to significant insights but many questions remain unanswered. This chapter reviews
the scientific concepts underlying the proposed roles of B cells in RA, related factors
that influence B cell behaviour and RA disease processes, and considers therapies
directed at these targets, both in terms of scientific rationale and clinical results.

B cells develop from haematopoietic stem cells in the bone marrow (BM). They
then migrate through the blood to perifollicular, germinal centre and memory com-
partments in lymphoid tissue, while developing through maturation and activation
stages. Mature naive B cells exit the BM to enter blood and express CD20 while in
the circulation; they can also be identified on the basis of their lack of expression for
CD27 and variable expression of CD38 (from low to none). Following migration
to lymph nodes and germinal centres, naive B cells become activated and develop a
memory phenotype, now expressing CD27* but not CD38. After further differentia-
tion, memory cells become plasmablasts and return to the BM to become plasma
cells. Their phenotype is now CD27** and CD38**. The fate of plasma cells is a
matter of some debate (Fig. 1). The life span of plasma cell varies from a few days
to several months, and plasma cells have been divided in two categories, short lived
and long lived [1]. The switch from antibody binding to secretion of antibody marks
the final transition from B cells to plasmablasts and plasma cells.

New Therapeutic Targets in Rheumatoid Arthritis, edited by Paul-Peter Tak
© 2009 Birkhduser Verlag Basel/Switzerland 1
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Expression of surface markers and BLyS/APRIL receptors during B cell development.

Antibody secreted by plasma cells has a number of functions. It may directly
attack (or stimulate) an antigen; alternatively, binding to antigen may draw in effec-
tor mechanisms of the innate immune system such as opsonisation, complement
activation and antibody-dependent cellular cytotoxicity (ADCC). However, it is the
production of autoantibody by B cells that is thought to lie at the heart of some
autoimmune diseases, including RA. Therapies have so far focused on B cell deple-
tion; but while effective in many patients, clinical responses are variable. It is also
clear that changes in autoantibody levels do not necessarily correlate with response
and relapse. It remains unclear whether better efficacy may be achieved by enhanc-
ing depletion further or whether the pattern of eventual B cell repletion is key or,
indeed, whether these are linked. Newer therapies in development are attempting
to modulate B cell activity rather than simply depleting B cells. These issues are
discussed below.

The role of B cells in RA

Current hypotheses of pathogenesis of RA focus on autoantibody production,
immune complex generation and the roles of B cells in inflamed synovium. These
are discussed below.
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Immune complexes in RA

The role of immune complexes as inducers of inflammation in RA was inferred
based on their presence in the joint and the consumption of complement specifi-
cally in the joints [2, 3], as well as evidence from animal models of inflammatory
arthritis. More recently, the distribution of macrophage FcyRIIla in normal human
tissues was found to closely correlate with the pattern of tissue involvement in RA
[4]. Binding of this receptor to immune complex gives rise to inflammatory media-
tors including TNF-o and IL-10¢ [5]. Animal models of immune complex-mediated
arthritis, such as the anti-glucose-6-phosphate isomerase antibodies of the K/BxN
mouse, are dependent on the FcyRIIl and complement cascade system [6]. Comple-
ment component production and activation have been demonstrated in the syn-
ovium of rheumatoid, but not osteoarthritis patients [7].

The role of rheumatoid factor

Rheumatoid factor (RF) is present in more than 80% of patients with RA, and
may be detectable in the synovium (but not the blood) of some “seronegative RA”
patients [8]. Low-affinity “physiological” RF is produced transiently in infectious
disease, in which it may facilitate clearance of immune complexes by causing aggre-
gation into larger complexes [9, 10]. In addition to this effect, RF-producing B cells
may bind immune complexes containing foreign antigen and present it efficiently to
T cells, thus receiving T cell help without needing the presence of an autoreactive,
Fc-specific T cell [11]. High-affinity RF-producing B cells that occur in RA may
survive and proliferate by a similar mechanism [12].

An early observation in RA was the correlation of the titre of IgM RF with
synovial complement consumption [2, 3]. Although IgM RF is most frequent, class-
switched RFs are also found, especially in patients with higher RF titres. IgG RFs
are able to self-associate, particularly in the joints where there is a relative paucity of
normal immunoglobulin (Ig) but large numbers of RF-producing plasma cells [13].
Self-associated IgG RF has also been hypothesized to contribute to pathogenicity of
immune complexes in RA by forming smaller, dimeric complexes that evade clear-
ance by complement in blood and access the joint more easily [14].

B cells in the RA synovium

The rheumatoid synovium frequently contains infiltrates of B and T lymphocytes.
Their presence, number and histological appearance is, however, variable between
patients, and occurs in other diseases besides RA, so the role of these cells within
inflamed synovial tissue is complex.
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Lymphocytes in the RA synovium are usually arranged in one of three patterns.
The majority of patients have a diffuse lymphocytic infiltrate, but substantial numbers
have aggregates of B and T cells (without follicular dendritic cells) or germinal centre-
like clusters of B and T cells with interdigitating dendritic cells [15-18]. Synovium dis-
playing germinal centre architecture is also characterised by high levels of the cytok-
ines lymphotoxin-o. and lymphotoxin-f and the chemokines CCL21 and CXCL13.
Lymphoid clusters may be surrounded by plasma cells [15, 19] and the presence of
germinal centre-like architecture has been associated with increased synovial produc-
tion of IgG mRNA [20]. Synovial germinal centre-like structures, however, are not
exclusive to RA, and are also observed in diseases not thought to be B cell mediated,
such as ankylosing spondylitis [21] and psoriatic arthritis [22]. The presence of larger
numbers of plasma cells does, however, appear to be more specific for RA [23].

Synovial B cells often have a mutation pattern of antibody genes characteristic
of selection based on antigen specificity and iz situ B cell differentiation [24, 25].
In addition, sharing of T cell receptor sequences between germinal centres within
individual patients is seen [26]. Plasma cells may, therefore, accumulate due to a
local germinal centre reaction; however, in early RA they may also be migrating
towards chemokines such as SDF-1 [27] and CXCL9 [28]. This latter explanation
is also supported by reports of plasma cell infiltration in early arthritis with only
small numbers of synovial B cells and no lymphoid follicles [29].

Although anti-CD20 monoclonal antibodies (mAbs) such as rituximab usually
deplete peripheral blood B cells profoundly, their effect on synovial B cells is far less
consistent, with many patients showing only partial depletion in synovial B cells [30-
32]. The synovium therefore appears to be an important niche through which B cells
may evade depletion. This may relate to dose and tissue penetration of rituximab, but
may also be a function of the microenvironment of the synovium. The factors SDF-1
[33] and BLyS [34] are survival factors for B cells produced in the RA synovium that
may protect them from rituximab-mediated apoptosis, as was found in lymphoid tis-
sue in an animal model [35]. Effectiveness of anti-CD20 mAbs against pathogenic
plasma cells will depend on targeting these cells’ parent lymphocytes and/or cytokines
and chemokines involved in plasma cell generation, survival and homing to the joint
[36]. Although greater synovial depletion of B cells might be associated with better
clinical responses [30], it is not yet clear whether this is related to a downstream effect
of in situ B cell function and short-lived plasma cell generation or whether it merely
reflects reduced B cell trafficking into the joint as a result of reduction of inflammatory
cytokines and chemokines, as occurs in other non-B cell-specific biological therapies.

CD20 as a therapeutic target

CD20 is a 33-37-kDa, non-glycosylated phosphoprotein that is expressed on the
surface of almost all mature B cells. It has been successfully targeted using the mAb
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rituximab in a variety of haematological malignancies and rheumatic autoimmune
diseases. However, the biology of CD20 and the mechanisms of targeting it are not
completely understood. This is in part because CD20 appears to have no natural
ligand and also because CD20 knockout mice display an almost normal phenotype
[37, 38].

The gene for mouse and human CD20 was completely cloned in 1988 [39-42].
It is located at chromosome 11q12-q13 and consists of eight exons and is 16 kbp
long. It is regarded as part of the MS4A gene family [43, 44]. CD20 spans the mem-
brane four times and has two extracellular loops, with the larger thought to contain
a motif vital for antibody binding [45, 46]. Homology between the MS4A genes is
observed in the transmembrane regions and this may suggest that the transmem-
brane regions may be most important for the function of these proteins [46].

Human CD20 expression commences at the early pre-B cell stage and is main-
tained until terminal differentiation into plasma cells [47]. The interaction of tran-
scription factors to control CD20 expression is incompletely understood. However,
it seems that CD20 expression is regulated by both B cell-specific transcription fac-
tors as well as other proteins that are not dependent on any specific stage of B cell
development [46]. After expression, CD20 appears to reside in the cell membrane
as either dimers or tetramers [48, 49]. It has been reported to localise with CD40,
MHC class II and the B cell receptor for antigen (BCR) [50-52]. Both CD20 and
BCR target to microvilli, which are specific membrane protrusions; it has been sug-
gested that this may indicate a combined role for CD20 and the BCR in detecting
antigen and subsequent signalling [53]. However, the precise function of CD20 is not
known. There are only limited numbers of reagents to murine CD20 [37] and most
information has been deduced from the use of mAbs to CD20 on human B cells and
B cell lines. Different mAbs to CD20 produce a variety of different effects, including
enhanced survival [54], activation and proliferation [55, 56], growth inhibition [57]
and cell death [57-62]. Some of these different mAbs have been shown to induce
a range of different calcium flux responses [48] and this may support the notion
that CD20 may be involved in the generation and regulation of calcium transport
triggered by other receptors. The release of calcium from intracellular stores, when
combined with the influx of extracellular calcium via membrane channels leads to
a rise in cytoplasmic calcium levels, which is required for B cell activation. Calcium
flux is observed upon stimulation of the BCR and CD19 and this is reduced in
CD20 knockout mice [37]. It is thought that CD20 may be the ion channel that can
open to allow influx of calcium to replace depleted intracellular stores [63].

A variety of anti-CD20 mAbs have now been described. It has been suggested
that these mAbs can be divided into two functional groups [62, 64, 65]. All appear
to be equally effective at inducing ADCC but type I anti-CD20 mAbs, for example,
rituximab, appear to induce much more potent complement-dependent cytotoxicity
(CDC) mechanisms than type II anti-CD20 mAbs. The latter appear to induce more
aggregation and apoptosis [66]. This functional distinction could have implications
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in the mechanism of action of different mAbs targeting CD20 with therapeutic
consequences.

The contribution of various mechanisms of action of anti-CD20 mAbs in lead-
ing to B cell depletion is not completely understood. Four different possibilities
exist: ADCC through effector cells, the involvement of complement (CDC), direct
induction of cell death or growth inhibition and the stimulation of host-adaptive
immunity [46]. The first three of these mechanisms are well supported by evidence
but the last is less so.

The role of effector cells (such as NK cells and macrophages) bearing FcR has
been demonstrated in both animal models [67] and clinical settings in both haema-
tological malignancy and autoimmune disease. It is through the FcR that these cells
interact with the Fc portions of Igs. There are three classes of FcR: FcRI (CD64),
FcRII (CD32) and FcRIII (CD16). FcRIa, FcRIla, FcRIIc and FcRIlla are activating
receptors, which when cross-linked lead eventually to cellular responses such as
phagocytosis and ADCC [68]. FcRIIb is the only inhibitory FcR. Most cells express
both activating and inhibitory receptors, although NK cells only express the former.
In haematological disease, high-affinity antibody binding FcR allotypes correlate
with improved response rates in follicular lymphoma treated with rituximab [69].
Human FcyRIMa has polymorphisms at various positions; at position 158, this
results in either valine (V) or phenylalanine (F) expression. The former has been
associated with improved response to rituximab and greater depletion of B cells. In
individuals with the FcRIIa-158 V/V genotype, increased CD16 expression on NK
cells, rituximab binding and augmented rituximab-dependent ADCC were observed
[70]. In systemic lupus erythematosus, the FcyRIlla genotype has been also been
related to the degree of B cell depletion after rituximab [71].

A variety of sources provide evidence for the role of complement mechanisms in
CD20 immunotherapy. Complement is consumed during rituximab administration
[72], thereby demonstrating that it is activated after therapy. Other experiments
have demonstrated that the sensitivity of lymphoma cells to CDC in vitro is linked
to their resistance to rituximab iz vitro [73]. Systems in which complement has been
removed, e.g. Clg-deficient mice, have also confirmed the role of CDC [74]. Beyond
direct CDC, complement may stimulate opsonisation and may also promote the
activity of effector cells. These mechanisms are being investigated [46].

Several factors affect the potency of CD20 in driving complement mechanisms
on ligation with mAb. CD20 does not appear to be modulated in vitro after such
ligation [75-77] and so complement activation is not adversely affected by down-
regulation of the initial stimulus. However, whether this lack of modulation still
holds in iz vivo situations is less clear [78]. The structure of CD20 is such that
mAb is bound close to the plasma cell membrane and this is also the case for other
potent CDC antigens, such as CD52 [79]. Another important factor appears to be
the mobility and positioning of antibody-antigen complexes in the plasma cell mem-
brane. This draws on the distinction made earlier between different types of mAb



B cell targets in rheumatoid arthritis

to anti-CD20. Thus, type I mAbs induce translocation into Triton X-100 (Tx-100)-
insoluble lipid rafts and are much more potent at activating lytic complement than
type II mAbs, which do not induce such lateral translocation of antibody—antigen
complexes [62] (lipid rafts are highly ordered membrane domains abundant in gly-
cosphingolipids, cholesterol and signalling proteins such as Src kinases).

Anti-CD20 mAbs can also trigger signals leading to cell death or cell arrest [58-
62, 64]. In patients treated with rituximab for B cell chronic lymphocytic leukaemia
(B-CLL), better clinical responses and more extensive depletion of CD20-positive
cells correlated with apoptosis as detected by caspase-3 and -9 processing [80]. The
redistribution of CD20 into lipid rafts may also be of importance. Changes in the
regulation and activity of Src-like tyrosine kinases, which are present in high levels
in that environment, may be important in CD20-induced apoptosis [59]. Other
methods of inducing cell death not related to lipid rafts may also include a certain
degree of CD20 cross-linking, which triggers apoptotic pathways, including caspase
activation [81].

CD20 is an attractive target antigen for a number of reasons. The range of its B
cell expression means that depletion of CD20-positive cells leaves the population of
stem cells and plasma cells intact, ensuring eventual repletion of B cells as well as
IgG levels, at least in the early stages of therapy. The lack of modulation of CD20
also makes it attractive for therapies that may work via CDC and ADCC. These
mechanisms are also aided by the high expression of CD20 (100 000-200 000 copies
on most B cell lines).

Future research into CD20 as a therapeutic target, particularly in autoimmune
disease, may centre on the antigen itself as well as targeting antibodies. With regard
to the former, questions have been raised about the the presence of a circulating
soluble CD20 (¢cCD20), which may block the binding of rituximab to target cells.
Such ¢CD20 has been detect in patients with non-Hodgkin’s lymphoma (NHL) and
CLL, and to a lesser extent in normal controls [82, 83]. This could also affect the
measurement of rituximab concentrations in pharmocokinetic studies. Many of the
factors influencing the pharmacokinetics of rituximab are incompletely understood.
The initial choices of doses in haematology, which influenced to a degree those
eventually selected in rheumatology, were mostly based on industrial considerations
[84]. Relationships have been reported between rituximab exposure and tumour
response [85] and progression-free survival [86]. In systemic lupus erythematosus
(SLE), the degree of lymphocyte depletion correlated inversely with rituximab con-
centration 2 months after treatment [71]. In both haematological and autoimmune
disease, rituximab pharmacokinetics can be described by a two-compartment model
[84]. This suggests that the expression of CD20 (presumably higher in patients with
tumours than in autoimmune disease) does not affect rituximab pharmacokinetics
and exposure. Thus, the variation in exposure to rituximab is not yet fully explained
but may relate to factors influencing the avidity of rituximab binding, e.g. FcR sub-
types and polymorphisms therein, as described earlier.
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With regard to anti-CD20 mAbs as a group, which antibody is optimal for the
different disease processes it is not yet clear. Rituximab may work mainly via CDC
mechanisms. Complement processes may be most effective in situations where the
target cell is blood borne, allowing good access, i.e. type I anti-CD20 mAbs may be
most suitable. Whether this applies to autoimmune rheumatic diseases is also not
entirely clear and indeed in different diseases, such as RA and SLE, different mAbs
may be useful. In the former, it remains to be seen how well rituximab affects B
cells in compartments other than blood (e.g. synovium) and whether this is relevant
to clinical outcomes; in the latter, which is often associated with complement defi-
ciency or defects, mAbs that act by non-complement-dependent mechanisms may
be more useful. Understanding the cell death pathway more completely will clearly
be of key importance and recent advances demonstrating the possibility that CD20
may be a calcium channel may be of great relevance here. Parallel to this lies further
work in developing different CD20 mAbs and studying the true differences in the
mechanisms by which different mAbs induce cell death.

The BLyS system and its role in RA

The molecules of the B lymphocyte stimulator (BLyS) system seem to have a role at
most, if not all, stages of B cell development. Two related TNF family ligands and
three TNFR family receptors have been described that have complex and sometimes
overlapping binding and function in B cell homeostasis (Fig. 2). The ligands are
BLyS (also commonly called BAFF and TALL-1) [87-90] and ‘a proliferation-induc-
ing ligand’ (APRIL, TALL-2) [91]. These interact with the receptors transmembrane
activator and calcium modulator and cyclophylin ligand interactor (TACI, CD267),
BLyS receptor 3 (BR3, BAFF-R, CD268) and B cell maturation antigen (BCMA,
CD269). BLyS binds strongly to BR3, and more weakly to BCMA. APRIL binds
strongly to BCMA. Both ligands bind TACI equally. The function of individual
components has been elucidated in mouse and human studies.

The ligands BLyS and APRIL are closely homologous and, like other members
of the TNF family, form active soluble homo- and heterotrimers [92-94]. Although
BLyS is predominantly produced by monocytes, macrophages and dendritic cells
[95], there is also evidence of production by neutrophils [96], and in some situations
B cells [97, 98]. The release of BLyS by myeloid cells is stimulated by pro-inflamma-
tory cytokines including interferon (IFN)-y, TNF-o and IL-10 [95, 99].

Functions of BLyS

When mice are treated with BLyS, splenic B cell numbers are increased [87] due to
increased B cell survival [100]. This is mediated by modifying the ratio of expression
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Figure 2

Binding between ligands and receptors of the BLyS/APRIL system. Note that BLyS and APRIL
can also form homo- or heterotrimers that are biologically active (solid lines indicate stronger
binding than the dashed line).

of pro- and anti-apoptotic molecules [101]. BLyS transgenic mice have expansion
of mature B cells in peripheral blood, lymph nodes and spleen. They also develop
hypergammaglobulinaemia, autoantibodies characteristic of human rheumatic dis-
eases including RF, antibodies to nuclear antigens and cryoglobulins, and also renal
immune complex deposition [102, 103]. In contrast, BLyS knockout mice have T1,
but no T2, marginal zone or follicular B cells in the spleen or lymph nodes and no
B2 in the peritoneum and markedly reduced Ig levels [104]. In contrast to mice,
neither transitional nor plasma cells proliferate in response to BLyS in humans, but
mature B cells and plasmablasts do [105]. As well as its role in B cell development
and homeostasis, BLyS is important for normal B cell function in response to anti-
gen. The production of BLyS by dendritic cells under stimulation by CD40L and
IFN-y has been shown to be crucial to induction of class-switch recombination fol-
lowing BCR engagement [106].

Functions of APRIL

The function of APRIL is less well understood. APRIL does not have equivalent
in vitro B cell stimulatory properties [107, 108]. APRIL transgenic animals do
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not have an abnormal B cell phenotype or B cell-mediated autoimmune disease as
occurs in BLyS transgenic animals [108]. APRIL knockout animals have apparently
normal immune systems. APRIL does, however, form heterotrimers with BLyS in
patients with autoimmune disease, and may have a role in modulating BLyS func-
tion [109].

BLyS and APRIL receptors

Human transitional, naive, germinal centre and memory B cells in the spleen,
peripheral blood and bone marrow all bind BLyS, but pro-, pre- and immature B
cells do not. Human subsets of B cells differ in their expression of receptor for BLyS
and APRIL, which determines their sensitivity to these ligands (Fig. 1).

In transitional and naive B cells, only BR3 is expressed. Other BLyS receptors are
only expressed on later subsets. Memory B cells bind BLyS by either BR3 or TACI,
but not BCMA [110]. BLyS enhances their survival but not proliferation. After dif-
ferentiating into plasmablasts, BR3 is down-regulated, and TACI and BCMA are
expressed [111]; BLyS also enhances survival of these cells. Terminally differentiated
plasma cells, however, do not express any BLyS receptor nor respond functionally
[110].

BLyS system in RA

Serum levels of BLyS and APRIL are elevated in many rheumatic diseases [112] and
in RA higher levels in synovium confirm that there is local production here [34].
The production and function of BLyS system molecules differs in synovia with dif-
ferent lymphoid architecture [113]. While macrophages produce BLyS in all types of
rheumatoid synovitis, APRIL production (by dendritic cells) is greatest when there
is a germinal centre-like pattern, lower in aggregate synovitis and lowest in diffuse
synovitis. Similarly, although BR3 and TACI are expressed equally in all tissues,
the relatively APRIL-specific receptor BCMA is expressed more strongly in germi-
nal centre or aggregate synovitis than in diffuse synovitis. Treatment of a human
synovium-SCID mouse chimera with TACI-Fc inhibits Ig and IFN-y production
in germinal centre synovitis; it also destroys the germinal centres themselves and
reduces B, T and follicular dendritic cell numbers. In diffuse and aggregate synovi-
tis however, Ig production is not affected by treatment with TACI-Fc, and IFN-y is
actually increased. Thus, the roles of BLyS and APRIL in the rheumatoid synovium
are complex and may vary according to disease subtype.

10
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Agents that target CD20
Rituximab

Data regarding the clinical efficacy and safety of rituximab are largely derived from
three double-blind, randomised, placebo-controlled studies, each of which demon-
strated superiority to methotrexate in control of disease activity [114-116].

In RA, rituximab has been given as a fixed dose (i.e. not determined by surface
area) as two infusions, separated by 14 days. Each infusion comprised 500 mg or
1 g. The first Phase ITa study [115] indicated that the combination of two infusions
of 1 g rituximab with methotrexate (10-25 mg weekly) was significantly better than
methotrexate alone in allowing patients to achieve American College of Rheuma-
tology (ACR) 50 response 6 months after therapy (43% vs 13%, p=0.005). The
REFLEX study [114], which investigated patients who had inadequate response to
anti-TNF therapy, also demonstrated that use of two infusions of 1 g rituximab with
methotrexate was superior to methotrexate alone in achieving ACR20 response
after 6 months (51% vs 18% respectively, p <0.0001).

The Phase Ila study [115] demonstrated that the combination of rituximab with
either methotrexate or cyclophosphamide was significantly better than methotrex-
ate monotherapy in achieving ACRS50 response at 24 weeks and this was main-
tained at 48 weeks. However, the combination of rituximab and methotrexate was
the only one to demonstrate significantly higher frequency of ACR70 response at
24 weeks compared to the control group and has become the standard combination
in subsequent studies. Although rituximab monotherapy was significantly better
than methotrexate monotherapy at 24 weeks (p <0.002), this improvement was no
longer statistically significant at week 48. How methotrexate prolongs the benefits
of rituximab therapy is not yet fully understood. The concomitant use of methotrex-
ate does not appear to affect the duration of B cell depletion [117]. There are case
series that suggest that other disease-modifying anti-rheumatic drugs (DMARDs)
may be safe and effective in combination with rituximab [118], although further
studies are required with such agents.

The initial use of rituximab in RA drew considerably on experience from hae-
matology and so rituximab infusions were preceded by intravenous steroids and
a course of oral steroids was prescribed between infusions. The DANCER study
showed that intravenous steroids significantly reduced the incidence and severity of
acute infusion reactions but neither intravenous nor oral steroids appear to have any
significant effect on efficacy at 24 weeks [116].

Infusion reactions and infections
A pooled analysis with regard to safety has recently been undertaken of 1039
patients in the rituximab RA treatment programme [119]. Over 3 years, rituximab

11
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and placebo-treated patients experienced similar numbers of serious and non-seri-
ous adverse events. Infusion-related events included , pruritus, urticaria, pyrexia,
throat irritation and hypertension. In rituximab-treated patients it is thought that
these reactions are due to cytokine release following B cell lysis. Such symptoms
affected approximately 15% of rituximab-treated patients but it should be noted
that the incidence following the second infusion was much lower. This is presum-
ably because B cell numbers are already significantly reduced by the first infusion. A
small number of patients (< 1%) experienced a serious infusion reaction (anaphylax-
is, bronchospasm, etc). Patients were less likely to experience an infusion reaction
if they received premedication with intravenous corticosteroids and if they received
the lower (500 mg) dose of rituximab. The incidence of infusion reactions declined
with subsequent courses of rituximab (as did all adverse events).

With regard to infections, serious infections (i.e. requiring intravenous antibiot-
ics or classified as serious adverse event) occurred in 7% of rituximab patients com-
pared with 3% of placebo patients. The overall rate of serious infections was 5.03
events/100 patient years. Prolonged peripheral B cell depletion was not associated
with an increased rate of such infections.

In the REFLEX study, differences in ACR20 responses over placebo were signifi-
cant for both seropositive and seronegative patients [114]. Of RF-positive patients,
20% became negative following therapy but despite this these patients displayed
similar clinical responses following subsequent courses of therapy. Seronegative
patients that were positive for anti-citrullinated protein antibodies had similar
responses to seropositive patients, in contrast to patients negative for both antibod-
ies who had lower response rates [120].

B cell depletion, reconstitution and retreatment

Conventional flow cytometry analysis suggests that there is nearly complete deple-
tion of B cells from the peripheral blood following rituximab therapy in all patients.
This being so, there would seem to be no correlation between B cell depletion and
clinical response. However, highly sensitive flow cytometric techniques, developed
to assess disease response in haematological malignancies and known as minimal
residual disease flow cytometry (MRD Flow), has given early indication that B cell
depletion may not be as complete as initially thought [121]. In terms of B cell recon-
stitution, data from the initial Phase IIa study are extensive, with patients now being
followed for up to 2 years. The data suggest that B cells begin to rise between 6 and
12 months after treatment in most patients. Clinical deterioration appears to occur
between 6 and 12 months after the initial infusion [122]. The relationship between
the return of B cells and that of disease activity is not clearly defined. In individual
patients, the phenomenon of B cell counts rising with concurrent disease relapse
is well observed. However, some patients have demonstrated return of B cells in

12
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peripheral blood without relapse. In an open label study, in patients in whom return
of disease was associated with return of B cells, there was a higher proportion of
memory B cells compared to those who underwent B cell reconstitution without
relapse [123].

In the clinical trial setting, patients with relapse of disease following initial response
were identified (on clinical grounds: numbers of swollen and tender joint counts) and
entered into retreatment protocols. Most patients who received retreatment did so
when their B cell levels, although rising, were lower than before their first exposure
to rituximab. Retreatment has generally been well tolerated and effective [124, 125].
The median time between the first and second course of rituximab was 30.9 weeks
for patients who had received prior anti-TNF therapy and 36.7 weeks in those who
had not had prior anti-TNF therapy. The median time between second and third
courses was 30.1 weeks for the former and 43.0 for the latter [126]. Patients gener-
ally received retreatment at levels of disease activity that were lower than at baseline,
hence ACR responses (from original baseline) following the second course were bet-
ter than those seen after the first course and similar when compared with the course
baseline. When EULAR responses are considered, more patients had good responses
and entered low disease states or remission after the second course than the first.

With regards to the safety of repeat courses of rituximab, data are available from
570 patients who have had a second course and 191 who have had a third [124,
125]. For patients who had received anti-TNF previously, the median time to retreat-
ment with a second course was 30.9 weeks and between second and third courses
was 30.1 weeks. These times for patients who had not previously received anti-TNF
were 36.7 and 40.3 weeks, respectively [126]. The rate of infections (including those
deemed serious) did not change significantly with repeated therapy. The incidence of
infusion reactions fell with the second and subsequent courses of therapy. Ig levels fell
with repeated therapy, and after the third course, 23.5% of patients had lower levels of
IgM than normal. However, the rate of serious infections before and after detection of
low IgM did not change significantly (5.1 vs 5.9 per 100 patient years, respectively).

A number of patients from the initial study (45% of those receiving one cycle
of rituximab with continuing methotrexate) did not have worsening of disease that
warranted additional therapy, and improvements in physical function were present
at 2 years after therapy [127, 128]. In the small number of patients who had pro-
longed B cell depletion for up to 2 years after therapy, there was no increase in the
rates of infection. The median duration of B cell depletion in patients who experi-
enced infections was similar to that in patients who did not have infections.

Ocrelizumab
Ocrelizumab is a humanised anti-CD20 antibody [129]. A dose-ranging Phase I/

trial has shown B cell depletion at all doses, with earlier repletion at lower doses.
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Clinical responses were observed across the doses that were improved over placebo.
Further dose-finding studies are being conducted [130].

Ofatumumab

Ofatumumab (HuMax-CD20) is a fully humanised anti-CD20 antibody being stud-
ied in follicular NHL and CLL (where it is in late stage development) and has been
used in a dose-ranging Phase I/II trial in RA. It has been well tolerated and 63% of
the patients receiving active drug (20/32) achieved ACRS50 response compared with
none of the placebo patients [131].

Agents that target the BLyS system
Belimumab

Belimumab (Lymphostat-B) is a humanised mAb to BLyS that inhibits its activ-
ity. Results from a Phase II double-blind placebo-controlled trial in RA have been
reported in which 283 patients were randomised to belimumab or placebo. The
primary endpoint of ACR20 was met in 29% of patients in all active treatment arms
compared to 16% in placebo, and there was no dose response [132]. Levels of RF
and Igs were reduced, as were total B cells, but there was an increase in memory B
cells [133]. Plasma cell numbers were not affected.

These disappointing results may be because of overlapping signalling between
other members of the BLyS system or the failure of belimumab to block BLyS/APRIL
heterotrimers. Trials in SLE, however, continue and have shown some evidence of
efficacy.

Atacicept

Atacicept (TACI-Ig) is a fusion protein consisting of the APRIL/BLyS-binding
extracellular portion of the TACI molecule fused to the Fc portion of human IgG1,
and binds both BLyS and APRIL as well as homo- and heterotrimers [109]. It is in
development for the treatment of RA, SLE, and B-CLL. In animal studies it resulted
in a reduction of mature B cells in peripheral blood and lymphoid organs, as well
as a reduction in circulating Ig [134]. In a Phase Ib trial in human RA there was a
reduction in RF and anti-citrullinated protein antibodies as well as serum Ig [135].
The drug had a good safety profile and penetrated inflamed joints, and there was a
trend to improved disease activity.
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BR3-Fc

BR3-Fc is a fusion protein consisting of two polypeptide chains linked by disulphide
bonds, with sequences from the extracellular domain of the human BAFF receptor,
BR3, and the Fc domain of human IgG [136]. Binding of BAFF to soluble BR3-Fc
protein blocks binding to cell-bound BR3, inhibiting B cell activation and resulting
in apoptosis. BR3-Fc reduced B cells in peripheral blood and marginal zone of lym-
phoid tissue as well as follicular B cells in animal studies. Results are available from
a Phase I study in patients with RA [137]. Peripheral blood B cells were reduced and
there was no serious toxicity.

Conclusions

Scientific understanding of the role of B cells in RA has advanced significantly
in recent years. Although RF has long been thought to be of key importance, the
mechanisms by which RF-producing B cells cause directed joint disease as well as
sustained T cell involvement through the continuing presentation of other autoan-
tibody complexes are now better understood. A vicious circle of autoimmunity
develops in RA. B cell depletion with rituximab has been partially successful at
breaking this circle and its clinical efficacy has also shed light on the pathological
mechanisms in RA.

CD20 has been a serendipitous target in RA, in terms of its restricted expres-
sion, allowing B cells to be depleted without directly affecting stem cells or plasma
cells. The action of rituximab via CD20 is generally effective for depletion, although
further understanding of the mechanism of this action might allow enhancement of
rituximabs effects, either on an individual basis or based on disease type. In parallel
with this, further understanding of the pharmacokinetics of rituximab could allow
better dosing regimens. Further study of CD20 will help in the development of other
monoclonal therapies directed against this.

Clinical experience with rituximab has indicated that peripheral B cell depletion
is associated with reduction of disease activity in RA. The factors that influence
response to rituximab — both initially and in terms of duration of response — are
unclear. It is now also recognised that in the vast majority of patients, both periph-
eral B cells and disease activity return. However, the temporal and pathological
links between these two phenomena are incompletely understood. It may be that
the absolute depth of B cell depletion is critical. Alternatively, a specific B cell subset
might need to be eliminated (or be prevented from returning) to achieve durable
clinical response. The effect of rituximab on B cells in compartments other than
peripheral blood is still being investigated. The ultimate therapeutic effect of B cell
depletion may lie in synovium or lymphoid tissue rather than in peripheral blood.
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As B cell depletion becomes more commonplace, attention has turned to meth-
ods of B cell modulation. Targets such as BLyS and APRIL are being more closely
studied and some initial clinical data are available. The variable results so far may
indicate that these therapies may act best as adjunct, possibly to depleting agents.
However, their role needs to be investigated further, particularly as the long-term
consequences of repeated B cell depletion remain unclear, although hypogamma-
globulinaemia is recognised.

The discovery that B cell targeting is effective in RA is of great importance, given
the overall disease burden and the limited therapeutic options available to many
patients. Scientific understanding of B cell pathology as well as therapeutic mecha-
nisms is greatly advancing our understanding of RA pathogenesis. Identification of
B cell targets and development of appropriate therapy is already changing treatment
paradigms in RA and is likely to continue do so.
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