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Summary

Rheumatoid arthritis (RA) is a debilitating chronic inflammatory disease whose charac-
teristic pathology includes swollen, painful, and deformed joints. In recent decades, both
clinical and basic scientific research have tried to determine the factors involved in the
pathogenesis of this common disease. Although the cause of RA is still unknown, several
factors that contribute to RA have been identified. Among these are the discoveries of: sus-
ceptibility genes, disease-causing immune cells, and cytokine and signal transduction net-
works involved in promoting persistence of inflammation. Various therapeutic strategies,
including anti-tumor necrosis factor a therapy, have been developed to target one or
more of these factors. Although none of these therapeutic strategies can actually cure the
disease, some of these novel agents have proven to be more effective than others. This
implies that the success of a therapy is very much dependent on the therapeutic targets
chosen. Therefore, improved understanding of the cellular and molecular events occur-
ring in the rheumatoid joint during the pathogenesis of the disease is particularly impor-
tant if we are to better combined therapeutic strategies. In this article we summarize cur-
rent understanding of the factors that contribute to disease pathogenesis in RA and iden-
tify cellular and molecular events that could drive the development of the disease and
represent potential new therapeutic targets.
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INTRODUCTION

Rheumatoid arthritis (RA) is a common inflammato-
ry arthritis affecting about 0.5-1% of the population
worldwide. The disease is primarily associated with
inflammation within synovial joints. Synovial joints
are composed of bone, hyaline cartilage, synovial
membrane, ligaments, and tendons (Fig. 1a). The
synovial membrane is made up of a cellular inner
layer, the synovial lining (synovium), mainly com-
posed of macrophage-like and fibroblast-like syn-
oviocytes. Virtually all peripheral joints can be affect-
ed by RA, although the most commonly affected
joints are those of the hands, feet, and knees®. In
addition to inflammation of the synovium, expansion
of the synoviocytes leads to thickening of the joint lin-
ing and formation of the so-called pannus tissue,
which invades and destroys local articular structures
and bone (Fig. 1b). The ultimate hallmark of RA is
joint erosion.

Although the precise cause of RA is unknown, it has
been proposed that the initiating event in RA
involves an infectious agent or other environmental
insult. This induces a local inflammatory response by
activating the cells in the synovial lining and recruit-
ing leukocytes into the joint. This leads to the earliest
symptom of arthritis, called synovitis. In most people
such arthritic episodes resolve and the inflammation
subsides, but if this inflammatory response persists in
the joint, then progress to chronic inflammation and
RA occurs. The joint does not normally contain
immune cells, but in RA substantial numbers of vari-
ous leukocytes are seen®. These include B cells,
T cells, macrophages, and neutrophils. As the disease
progresses there is also hyperplasia of the synovial
lining resulting from a marked increase in infiltrating
macrophages and synoviocytes. Various pro-inflam-
matory cytokines as well as degradative enzymes have
also been detected in both the synovial tissues and
the synovial fluid of RA patients. Several therapeutic
agents have been developed, including an anti-tumor
necrosis factor (TNF)-a antibody and an IL-1 recep-
tor antagonist (IL-1Ra), to target these various fac-
tors therapeutically. These drug therapies, although
reasonably successful at ameliorating the symptoms
of RA, have not led to elimination of the disease.
Thus it is important to evaluate the factors that have
been suggested to be important in RA pathogenesis
in order to improve current therapeutic strategy. The
genetic and environmental basis of RA and the inter-
action of cellular and molecular events in the RA
joint is extremely complex, but it is only by taking all
these factors together that we can start to establish
a wider and deeper perspective on the understanding
of the pathogenesis of RA.
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Figure 1. Key features of a normal joint and a rheumatoid joint.
A - a synovial joint is composed of two bones, covered with artic-
ular cartilage at their ends, separated by a joint space filled with
synovial fluid. The joint capsule is composed of the fibrous outer
layer and the inner synovium, which lines the synovial cavity where
articular cartilage is not present. The synovial lining consists of
a thin layer of synoviocytes (fibroblast-like and macrophage-like).
B - a rheumatoid joint has an inflammation of the synovial mem-
brane (synovitis) which is caused by the influx of leukocytes,
including lymphocytes, monocytes, and neutrophils. As the dis-
ease progresses, the synovium may grow considerably larger,
eventually forming tissue called pannus. The ultimate hallmark of
RA is bone erosion.

GENETIC FACTORS AND RA

The fast development of human genome research has
provoked enthusiasm to identify susceptibility genes
that can directly impact on molecular pathways
involved in the pathogenesis of diseases such as RA.
Epidemiology studies of RA have revealed that RA is
exceptionally rare in much of sub-Saharan Africal>?,
and also has relatively low prevalence in South-East
Asia, China, and Japan’. In contrast, it is relatively
common in certain American-Indian populations, such
as the Pima (5%) and Chippewa Indians (7%)*" .
Relatives of people with RA also have an increased
risk of developing the disease, and siblings of severe-
ly affected RA patients are at the highest risk. These
observations suggest a role for specific genes in RA
disease pathogenesis. Over the decades, strategies for
identifying these susceptibility genes include linkage
analysis, linkage disequilibrium mapping, and identi-
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fication of candidate genes, which can be associated
with disease by determination of functional polymor-
phisms within them. These efforts have led to the dis-
covery of several susceptibility genes that influence RA
disease development. Among these, major histocom-
patibility complex (MHC) class II, which is located on
chromosome 6, has been shown to be consistently asso-
ciated with RA®. Human leukocyte antigens (HLA)
DR, DP, and DQ are located in the MHC class II
region, and people with the DRB1 allele, particularly
with the subtypes DRB1%0401 (Dw4), DRB1*0404 and
*0408 (Dwl14), and DRB1*0405 (Dwl15), have an
increased susceptibility to development of RA.

Besides MHC molecules, genes for proteins that have
relevant inflammatory functions have also been found
to associate with RA. One of these is the TNF gene.
TNF-a is an important pleiotropic mediator of inflam-
mation, and excessive production of TNF-a and other
pro-inflammatory cytokines, such as interleukin (IL)-1,
IL-6, and granulocyte macrophage colony-stimulating
factor (GM-CSF), are associated with pathology in
RA?. Much effort has focussed upon defining the
polymorphisms in these genes that could lead to the
excessive production of these inflammatory cytokines
in RA patients. Nine single-nucleotide polymorphisms
associated with the TNF-a gene have been identified
so far. Some of these polymorphism lie within the
5’-regulatory region that regulates TNF-0 gene tran-
scription”. However, whether the polymorphism in
TNF-a contributes to RA independently or via linkage
to some other primary factor has yet to be defined.

Although the genetic studies have provided invalu-
able information on factors that could contribute to
pathogenesis, they have not been able to explain the
primary cause of RA or allow identification of those
people who will succumb to RA in later life. This is
partly because RA, like many other diseases, has
a polygenic basis. This makes the genetics approach to
predicting the disease very complicated. There could
also be many other genes that are associated with RA
that have yet to be discovered. In addition, non-genet-
ic environmental factors also have an impact on the
development of RA, demonstrated by the relatively
low concordance rate for monozygotic twins
(<25%)" *. This suggests that other factors should
not be neglected when considering events that lead to
the chronic inflammation so characteristic of RA.

ROLE OF IMMUNE CELLS IN RA

Synovial B cells and T cells

The role of B lymphocytes in RA was proposed early
on since the first factor found to correlate with the

pathogenesis of RA was the so-called “rheumatoid
factor” (RF). RF is predominantly an IgM isotype
antibody specific to the Fc portion of immunoglobu-
lins. This observation led to the view that RA might
be an autoimmune disease caused by auto-reactive B
cells, which produce pathogenic auto-reactive anti-
bodies®. The primary pathogenic potential of RF in
RA has been found to be the immune complexes
formed by RFs which fix complement and release
chemotatic factors such as C5a. As a result, inflam-
matory cells, such as neutrophils, are recruited to the
rheumatoid joint where they are activated to engulf
immune complexes and release proteolytic enzymes,
causing tissue destruction. Although this hypothesis
has been supported by many studies, it was later dis-
covered that many normal individuals and patients
with other chronic inflammatory diseases also pro-
duce RF%, suggesting that the mere presence of the
auto-antibody is insufficient to cause RA.

The prominent infiltration of T cells to the rheuma-
toid synovium has suggested a key role of these cells
in RA. In the past, T cells have been the most fre-
quently targeted cells in the biological therapy of RA
due to the discovery that HLA-DR, a MHC class II
which participates in antigen presentation, is associ-
ated with the disease®. This led to the hypothesis that
specific peptides that bind to the DR proteins in RA
patients were able to promote inflammation and RA.
However, the precise role of HLA-DR in RA could
be more complex, since specific peptides that bind to
the DR proteins in RA patients have not been iden-
tified. It could also be that the susceptibility epitope
is closely linked to other genes in the MHC that are
associated with RA. More recently, as described
below, studies on the role of T cells in RA have
focussed upon their function as drivers of inflamma-
tion via their cellular interactions and cytokine pro-
duction. Brennan et al.® have proposed that the inter-
action of T cells with macrophages is responsible for
the initial production of TNF-a, which drives the ini-
tial stages of the disease. Indeed, as a result of their
work it is TNF-a that is now being successfully tar-
geted for the treatment of RA (see later).

Synovial macrophages

Macrophages are key players in many inflammatory
responses. They are professional antigen-presenting
cells that can activate T cells through their co-stimu-
latory molecules, such as CD80/86, CD40, and ICOS.
Macrophages are numerous in the inflamed synovial
membrane and at the cartilage-pannus junction®,
They show clear signs of activation, such as overex-
pression of MHC class II, production of pro-inflam-
matory cytokines (e.g. IL-1, TNF-a, GM-CSF, IL-6),
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chemokines (e.g. IL-8, MIP-1 and MCP-1), metallo-
proteinases, and neopterin*’. More importantly,
macrophage numbers, as well as the levels of TNF-a
and IL-1f, strongly correlate with disease symptoms
and with joint damage in RA? 60 88,

The increased numbers of macrophages in RA have
been suggested to result from a lack of apoptosis.
Several mechanisms that prevent the apoptosis of
these inflammatory cells have been identified.
Among these, nuclear factor (NF)-kB activation®
and signaling through the PI-3K-AKT pathway®
have been shown to inhibit apoptosis. In addition,
FLIP (FADD-like IL-1B-converting enzyme-in-
hibitory protein) is highly expressed in RA synovial
macrophages, and this is sufficient to prevent Fas-
-mediated apoptosis®. Therefore, therapeutic strate-
gies targeted at inducing apoptosis in macrophages
may be a novel way of treating the disease.

Neutrophils

Neutrophils are the most abundant leukocytes, com-
prising about 60% of total leukocytes in human
peripheral blood. They play a very important role in
acute inflammation, being one of the first cells to be
recruited to the site of inflammation’. Once at the
site of inflammation, they clear infectious agents
mainly through phagocytosis, generation of reactive
oxygen species, and secretion of antimicrobial sub-
stances, including elastase. The latter may cause seri-
ous, nonspecific tissue damage if not tightly regulat-
ed®. In fact, neutrophils have been claimed to be the
main “culprit” in the pathology of several inflamma-
tory diseases, including adult respiratory distress syn-
drome'®. However, over the years the possible role of
neutrophils in rheumatoid arthritis has not been
studied as extensively as those of other leukocytes,
such as macrophages, T cells, and B cells?*. This is
mainly because neutrophils are not usually found in
pannus tissue. The pannus-cartilage interface is
believed to be the site of cartilage destruction and it
is usually heavily infiltrated with macrophage-like
synoviocytes, plasma cells, and T cells.

Although they are absent in pannus tissue, neu-
trophils have been found abundantly in synovial fluid
from patients with active RA%, Interestingly, they are
in an activated state, expressing activation markers
such as CD11b, CD43, and CD63%*. Their activated
state could be explained by the large quantities of
neutrophil chemoattractants, including leukotriene
B4, IL-8, and complement C5a, in the synovial fluid.
Synovial fluid from RA patients also contains high
levels of immune complexes and is a rich source of
various pro-inflammatory cytokines. Most of these

cytokines, such as IL-103, TNF-a, tumor growth factor
B, and IL-6, have been shown to play a critical role in
the pathogenesis of RA™. More importantly, neu-
trophils have been shown, at least in vitro, to be one
of the potential sources of some of these cytokines,
including IL-B and TNF-0'3, and so they themselves
will potentiate inflammation in the joint.

The presence of immune complexes and pro-inflam-
matory cytokines may also contribute to the accumu-
lation of neutrophils in synovial fluid. The half-life of
neutrophils is short (8-12 h), but this is greatly
extended by various pro-survival cytokines present in
the synovial fluid. GM-CSF, IL-1f3, TNF, and inter-
feron (IFN)-B present in the synovial fluid are capa-
ble of delaying spontaneous neutrophil apoptosis!'”- '
3% 70. 74 In addition, the synovial environment is
hypoxic, and low pO, is a powerful inhibitor of neu-
trophil apoptosis via the induction of HIF-1a%7. Once
their apoptosis is delayed, neutrophils have a great
potential to inflict tissue damage. They possess
a range of proteinases and hydrolases within their
subcellular granules, as well as the ability to generate
a series of reactive oxygen intermediates (ROIs)%. In
vitro experiments have shown that released ROIs and
granule enzymes can depolymerize long-chain
hyaluronic acid (hyaluronan), a glycosaminoglycan
responsible for the lubricative property of synovial
fluid, into smaller molecules, leading indirectly to
joint damage*®. Recent studies also showed that syn-
ovial fluid neutrophils transcribe and express MHC
class II molecules in RA?!. This suggests their possi-
ble role in the adaptive immune response in RA.

ROLE OF CYTOKINE NETWORKS IN RA

The role of cytokines in RA was not really studied
until the late 1980’s, when new molecular techniques
were available to measure cytokines in RA synovial
tissue and fluid. Through the considerable effort of
many investigators, the cytokines that have a direct
correlation with RA disease have been identified and
these represent potential therapeutic targets.
A broad array of cytokines, including IL-1, IL-6,
IL-15, IL-18, IFN-B, TNF-a, and GM-CSF have been
detected in the joints of RA patients. Among these,
TNF-a and IL-1 have been proven to be the critical
cytokines involved in synovitis in RA in a T cell-inde-
pendent manner?. The key evidence for the impor-
tance of TNF-a in RA is provided by the observation
of the occurrence of severe arthritis in TNF-a-over-
expressing mice, which could be prevented by inhibit-
ing TNF-a*. Drugs that block the activity of TNF-a
have now been shown to improve clinical symptoms
in RA patients® 3% %, Infliximab, adalimumad (both
are antibodies against TNF-a), and etanercept
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(a fusion protein of TNF receptor II) are all now in
large-scale clinical trials, and 60-70% of patients
appear to benefit from these treatments.

Another key pro-inflammatory cytokine, IL-1, has
also been investigated in RA. IL-1 produces its
effects by binding to receptors in the membrane of
target cells. Such effects are regulated naturally by
the IL-Ra’. The higher the concentration of IL-1Ra,
the fewer IL-1 molecules that can bind to the recep-
tor. Conversely, the lower the concentration of IL-
-1Ra, the more IL-1 molecules that can bind to the
receptor, thus causing a greater inflammatory effect.
In patients with RA, the balance between IL-1 and
IL-Ra is disturbed. The level of IL-1 far exceeds that
of TL-1Ra, causing a destructive response’. The
importance of IL-1Ra in regulating the inflammatory
response is suggested by the occurrence of a destruc-
tive arthritis in IL-1Ra-deficient mice*?. The use of
recombinant IL-1Ra (anakinra) has now been
approved for the treatment of RA% '°. However, its
effectiveness in treating the disease, again, is not
absolute.

Besides TNF-a and IL-1, other cytokines, such as
1L-6, IL-15, IL-12, IL-17, and IL-18, have also been
suggested to be associated with RA*>*, The thera-
peutic efficacy of cytokine blockade may be limited
by redundancy in their actions, as the role of one
cytokine may be substituted by that of another.
Acting on more than one cytokine may increase the
percentage of responding RA patients as well as the
degree of individual patient response. In reality it
may be easier to target the signaling pathways that
they employ rather than the cytokine or its receptor
individually.

ROLE OF SIGNAL TRANSDUCTION NETWORKS IN RA

The involvement of multiple signal-transduction
pathways has been investigated extensively in RA
with the aim of finding a potential therapeutic inter-
vention at the intracellular level. To date, several sig-
naling molecules have been identified as potential
therapeutic targets, including NF-kB, a family of
transcription factors involved in regulating genes
central to the inflammatory response®®. NF-kB mole-
cules exist as homo- or heterodimeric complexes in
the cytosol, complexed to their natural inhibitor,
inhibitory kB (IkB). In response to various stimuli,
such as lipopolysaccharide, TNF, and IL-1, IkB is
phosphorylated by IkB kinases (IKKs), which leads
to its degradation by the proteasome. NF-kB can
then rapidly translocate into the nucleus to regulate
gene expression. In the RA synovium the constitutive
activation of NF-kB has been detected in the nuclei

of cells of the intimal lining and vascular endotheli-
um®” 81, NF-kB activation has also been reported in
cultured human synovial fibroblasts, and increased
nuclear levels were observed after IL-13 or TNF-a
stimulation® 7, Transfection of cells from the syn-
ovium with an adenoviral vector encoding IkBa was
shown to inhibit selective cytokine expression, partic-
ularly of TNF and IL-6, and to downregulate the pro-
duction of matrix metalloproteinases (MMPs)?. In
addition, transfection with dominant negative
(dn)IKKS, but not (dn)IKKa, results in the blockade
of TNF-a-induced NF-kB activation and cytokine
production by synovial fibroblasts®. In vivo studies
using arthritis animal models further confirmed the
important role of NF-kB. These studies showed that
NF-kB activation appeared to precede the onset of
disease, and the blockade of NF-kB activation
decreased mediator disease severity!'> 37 8,
Furthermore, intra-articular administration of aden-
oviral (dn)IKKP reduced ongoing inflammation in
rat adjuvant-induced arthritis®.

Besides NF-kB, mitogen-activated protein (MAP)
kinases represent another attractive target for RA, as
they can regulate cell proliferation, apoptosis,
cytokine expression, and MMP production. The
three major family members of MAP kinase are
c-Jun-N-terminal kinase (JNK), extracellular regulat-
ing kinase, and p38 kinase, and they have been
detected in synovial tissue, in an active phosphorylat-
ed form, in RA”. p38 MAP kinase has been shown to
be important in macrophages for the regulation of
cytokine production®®, and some reports have sug-
gested that TNF production is regulated by this
kinase®’. Animal models of arthritis have been used
to test the efficacy of MAP kinase inhibitors and the
data showed a potential for the use of p38 inhibitors
in treating arthritis’. JNK is also a key MAP kinase
involved in the induction of MMP genes in RA. The
use of a JNK inhibitor has been shown to reduce
bone destruction in the rat adjuvant arthritis model®.
The MAP kinases are regulated by upstream kinases
known as MKKs. Both MKK4 and MKK?7 can effec-
tively activate JNK through phosphorylation on tyro-
sine and threonine residues®. Two of these, MKK4
and MKK?7, are increased in RA, especially in the
synovial intimal lining and fibroblast-like synovio-
cytes®.

Another signaling molecule which has been shown to
be up-regulated, both at the mRNA and the protein
level, in the synovial tissue of patients with RA is sig-
nal transducer and activator of transcription-1
(STAT1)* %1, STATT1 is essential for IFN signaling.
Interestingly, type I IFNs (IFN-o and -B) are also
abundant in the RA synovium, mainly produced by
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synovial fibroblasts®’. Type 1 IFNs are believed to
have immunosuppressive functions, including antian-
giogenic effects®. On the other hand, IFN-{3 produced
by synovial fibroblasts can act as a survival factor for
both T cells and neutrophils in the synovial joint
through the STAT1 signaling pathway®” ™. A recent
study has also shown increased active STAT1 mole-
cules in the fibroblast-like synoviocytes in the RA
synovium, suggesting that the expansion of these cells
in the pannus tissue may be mediated by extended
survival via this signaling pathway*’. Our own studies
have shown that IFN-f3 signals through PI-3K and
protein kinase C (PKC)-0 to activate NF-kB and
induce anti-apoptotic signals in T cells and neu-
trophils °*. Therefore the PKC-9 signaling pathway is
another potential therapeutic target in RA. The bio-
logical function of type I IFN in the pathogenesis of
RA is not clear. Despite its detrimental role in pro-
longing the survival of inflammatory cells and stromal
cells in the rheumatoid synovium, some have suggest-
ed the use of IFN-f in the treatment of RA due to its
anti-inflammatory function®. It is possible that type 1
IFN given therapeutically would have quite different
effects from those seen in a localized and inflamed
site such as the synovium. The type I IFN signaling
pathway thus remains as an unproven therapeutic
target for the treatment of RA.

The inhibition of specific signal-transduction path-
ways as a treatment for RA is attractive, but several
difficulties need to be overcome before this could be
realized. The signal-transduction network is extreme-
ly complicated, not only due to the number of mole-
cules involved, but also the cross-talk between differ-
ent signaling pathways. For example, although NF-
-kB inhibition has great potential in treating RA,
a major concern is that blockade of NF-kB could
potentially impair both innate and adaptive immuni-
ty due to its central role in immune responses. In
addition, most molecules have a pleiotropic involve-
ment in different signaling pathways. By inhibiting
a molecule in a particular pathway this could affect
other signaling pathways. Finally, it remains difficult
to develop a pharmacological inhibitor which is spe-
cific to a particular signaling molecule, though the
success of the c-abl inhibitor Gleevec in the treat-
ment of chronic myeloid leukemia’ means that this is
still an aim for many pharmaceutical companies and
research groups.

ROLE OF SYNOVIAL FIBROBLASTS
AND SYNOVIAL MICROENVIRONMENT IN RA

The previous sections have shown the complexity of
RA as a disease and the vast number of potential
therapeutic targets. In this section we add another

level of complexity: the contribution of fibroblast-
-like synoviocytes (FLS) to the pathogenesis of RA,
independent of other immune-competent cells.
Fibroblasts are ubiquitous cells that were previously
considered to be only structural cells with little
intrinsic heterogeneity”. However, an emerging con-
cept is that fibroblasts are not a homogeneous popu-
lation, but rather consist of subsets that have organ-
specific functions. Fibroblasts from different
anatomical regions or even within a single tissue can
display different characteristic phenotypes, which
are stably maintained even with prolonged culture in
Vitro*- 55,82,

One of the characteristics of the onset of RA is the
increased number of FLS synoviocytes and the redis-
tribution of these cells throughout the synovial
joint®. FLS from RA patients are often characterized
as aggressive or “transformed” cells due to their
increased expression of several oncogenes® %,
Numerous studies also showed that these fibroblasts
are clearly distinguishable from fibroblasts derived
from non-diseased joints, from osteoarthritic joints,
or from other tissues (skin or lung fibroblasts)**.
Several studies have demonstrated an increased per-
centage of these cells in S-phase in the rheumatoid
joint, indicating their proliferation advantage'* % ¢,
However, it remains unclear whether RA FLS cells in
culture represent a single population of cells derived
from the synovium that are capable of extensive phe-
notypic deviation, or whether RA FLS cells represent
heterogenous populations of cells, with the expansion
of specific subpopulations depending on the micro-
environment.

The studies of the characteristics and behavior of
fibroblasts in vitro have generated much of the under-
standing of the phenotypic changes they undergo in
RA. Cultured rheumatoid fibroblasts display a stel-
late morphology, enhanced growth, and altered
migratory capacity, and they constitutively overex-
press certain proinflammatory genes, oncogenes,
metalloproteinase, and matrix proteins that facilitate
the localization of immune cells in the joint!®7°, They
express a number of bone marrow stromal cell mark-
ers, such as VCAM-1 and CD157, and constitutively
express cytokines, such as GM-CSF and IL-6°% 7.
Interestingly, FLS cells from some patients also show
overexpression or mutation of the tumor-suppressor
p53, and dominant negative mutations of p53
increased FLS invasive capacity, resistance to apop-
tosis, and the production and release of cytokines and
MMP3% 84 Another characteristic of the “trans-
formed” FLS cells is the expression of CD44-splice
variants, in different splicing combinations®. It was
shown that FLS-expressing variants containing exons
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CD44v7/8 have a proliferative advantage over those
that do not express them””. Importantly, these “trans-
formed” FLS cells have been shown, in mice, to
invade and destroy cartilage even after isolation and
co-implantation with human cartilage under the skin
of SCID mice®?. This elegant study showed that the
transformed phenotype persists even under condi-
tions where inflammatory-inducing agents are
absent. Furthermore, mouse models of arthritis also
revealed that fibroblast precursors in the peripheral
blood can be preconditioned by the synovium prior to
the development of lymphocyte aggregates and the
inflammatory response, implying the critical and
active role of fibroblasts in the early development of
RA%®. These results suggest that the “transforma-
tion” of fibroblasts may have occurred in the early
stage of the disease, which then defines the microen-
vironment that regulates RA pathogenesis.

It is well known that a chronically inflamed joint can
maintain a persistent infiltration of immune-compe-
tent cells. This reflects a distorted homeostatic bal-
ance in the synovial microenvironment between fac-
tors that enhance cellularity (cell recruitment, prolif-
eration, and retention) and those that decrease cellu-
larity (cell death and emigration). In fact, several
studies have demonstrated that the synovial microen-
vironment prevents cell death or apoptosis®> > and
promotes cell retention'> %2, In joints of patients with
active RA, few apoptotic cells are detected.
Furthermore, the synovial fluid from the RA
patients, but not from healthy controls, is capable of
delaying neutrophil apoptosis in vitro®. Although
synovial T cells in RA are highly differentiated
(CD45RO* CD45RB"") and should be highly sus-
ceptible to apoptosis, their death was actively inhibit-
ed. This inhibition of apoptosis has been mediated, at
least partly, by type I interferons (IFN-B) produced
by synovial fibroblasts®’. The same cytokine has also
been shown to delay spontaneous neutrophil apopto-
sis in vitro™. T cells in the rheumatoid joint have also
been found to highly express chemokine receptor
CXCRA4. Interestingly, the ligand for CXCR4, stro-
mal derived factor-1 or CXCL12, is also highly
expressed on synovial endothelial cells. More impor-
tantly, Nanki’s and Buckley’s groups have, indepen-
dently, also shown that factors produced within the
synovial microenvironment were responsible for up-
regulating CXCR4 on infiltrating synovial T cells and
its ligand'!- 2,

These compelling data not only suggest the pivotal
role of the synovial microenvironment, which is
defined by fibroblasts, in modulating the behavior of
the infiltrating cells that accumulate within the
rheumatoid joint, but more importantly provide

another rationale for the development of a pharma-
cological intervention that targets the FLS. Kramer
et al’!, in their recent review, have suggested possible
ways to inhibit the FLS cell cycle with pharmacologi-
cal inhibitors-

CONCLUSIONS AND PROSPECTS

Recent decades have seen great advances in the
understanding of the pathogenesis of RA. Although
the precise cause of RA still remains unknown, which
is perhaps the primary reason why there still is no
cure for this life-altering disease, many factors
involved in this disease pathogenesis have been iden-
tified (Fig. 2). Several therapeutic strategies have
been developed to intervene in these processes,
notably anti-TNF therapies. However, even the best
available therapy at present does not cure RA and
can only not retard progression of the disease in the
majority of the patients. This implies that RA patho-
genesis is extremely complex and is not governed by
one factor. Moreover, the various factors discussed
here may all be involved, but may play their roles dur-
ing different phases of the disease. Therefore, target-
ing therapy at the right factors at the right time (dis-
ease phase) could improve current therapeutic
strategies, and we propose that synovial fibroblasts
are likely to be a major focus of novel therapies in the
coming decade.

Synovial Compartment
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Neutrophils B-ce]ls

“G’?’e’ Synovial macrophages
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N\
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Figure 2. Schematic representation of factors involved in RA. In
early arthritis, several leukocytes are recruited to the synovial com-
partment through a series of specific events involving chemokine-
chemokine receptors. Once in the synovial compartment, these
inflammatory cells will secrete several pro-inflammatory cytokines,
including TNF-a and IL-1p3, which have a pivotal role in the patho-
genesis of the disease. One of the hallmarks of RA is the persis-
tence of these inflammatory cells in the synovial compartment. The
apoptosis of these cells is inhibited by the microenvironment in the
joint. Synovial fibroblasts, which define the microenvironment in
the joint, may have a pivotal role in determining the outcome of the
disease at its early phase.
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