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Abstract

Events that occur in rheumatoid arthritis synovial tissues are responsible for the signs and
symptoms of joint inflammation and for the eventual destruction of articular and periarticular
structures that lead to joint dysfunction and disability. The three most abundant cell populations in
RA synovium are synovial macrophages (type A synoviocytes), synovial fibroblasts (type B
synoviocytes) and infiltrating T lymphocytes. Other important cell populations include B
lymphocytes, dendritic cells, plasma cells, mast cells and osteoclasts. Our current understanding of
rheumatoid arthritis is moving beyond previous concepts that view this disease as the consequence
of a specific and focused humoral or cellular autoimmune response to a single autoantigen. Rather,
a new view of rheumatoid arthritis is emerging, which seeks to understand this disease as the
product of pathologic cell—cell interactions occurring within a unique and defined environment,
the synovium. T lymphocytes in rheumatoid arthritis synovium interact closely with dendritic
cells, the most potent antigen-presenting cell population in the immune system. T cells also
interact with monocytes and macrophages and cytokine-activated T cells may be, especially,
suited to trigger production of the important cytokine TNFa by synovial macrophages. Recent
evidence also suggests a potent bidirectional interaction between synovial T cells and synovial
fibroblasts, which can lead to activation of both cell types. An important role for synovial B
lymphocytes has been emphasized recently, both by experimental data and by results of clinical
interventions. B cells in synovium can interact with fibroblasts as well as with other cells of the
immune system and their potential role as antigen-presenting cells in the joint is as yet
underexplored. Rheumatoid arthritis synovium may be one of the most striking examples of
pathologic, organ-specific interactions between immune system cells and resident tissue cell
populations. This view of rheumatoid arthritis also leads to the prediction that novel approaches to
treatment will more logically target the intercellular communication systems that maintain such
interactions, rather than attempt to ablate a single cell population.
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1. Introduction

The hallmark lesion of rheumatoid arthritis (RA) is synovial inflammation—synovitis—that
leads to erosion and destruction of cartilage, bone and periarticular structures. While the
etiology of RA remains unknown and controversy persists concerning the role of humoral
and cellular autoimmunity in the pathogenesis of RA, substantial insight has been achieved
into the processes and molecular mediators that characterize the synovial biology of RA. RA
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synovium contains a variety of cell types many of which are listed in Table 1. No single cell
population is capable of causing RA, although aggressive fibroblasts from RA pannus
possess autonomous tissue invasive properties, even after extraction from established
synovial lesions. It has become increasingly clear that interactions among the important cell
populations in the RA synovium not only define many aspects of the synovial biology of this
disease, but also offer targets for therapeutic interventions.

Interactions between cell populations in RA synovium can be thought of as falling into two
classes: first, interactions mediated by secreted molecules, such as cytokines and second,
cognate cell—cell interactions that require direct contact between two different types of cells
and that alter the activation or differentiation state of one or both of the cell types. Some of
these interactions that are relevant to the pathogenesis of RA are listed in Table 2. This
review will focus on interactions between lymphocytes in RA synovium and the other key
cell populations, such as dendritic cells, monocyte-macrophage cells and synovial
fibroblasts and will emphasize recent findings.

2. Interactions between synovial dendritic and T cells

Dendritic cells are, especially, powerful initiators of immune responses, even when present
in small numbers. In RA, dendritic cells are actually abundant both in synovial tissue and in
synovial fluid. Attention, therefore, has been directed at possible roles of dendritic cells in
initiation and perpetuation of rheumatoid synovitis (recently reviewed in Ref. [1]). Cells
with dendritic morphology were initially recognized in RA synovial tissue over 2 decades
ago. Key observations were made in 1982 by Klareskog et al. who proposed that RA
synovitis was a delayed-type hypersensitivity reaction generated by the interaction of
synovial dendritic and T lymphocytes [2]. These dendritic cells, which were noted to be
functionally similar to Langerhan cells of the skin, were partially purified and were shown to
be powerful immune stimulators.

Subsequently, such cells were also found in synovial fluid, comprising as many as 5% or
more of RA synovial fluid mononuclear cells. Synovial fluid dendritic cells were capable of
attracting a cluster of T lymphocytes and activating antigen-specific T cell responses. In
synovial tissue, dendritic cells were found within both large and small lymphoid aggregates
adjacent to vascular structures. These cells express a variety of co-stimulatory ligands
known to be important in interactions with T lymphocytes.

Dendritic cells have been proposed to be critical for the development of the architecture of
inflamed RA synovium, which can vary from an appearance similar to a lymph node to a
diffuse lymphocytic infiltrate. The entry of dendritic cells and their positioning within
synovial tissue may be dependent on specific chemokines, such as CXCL12. This
chemokine binds to the receptor CXCR4 and hoth are highly expressed in perivascular and
sublining regions of RA synovium.

Secretion of cytokines by dendritic cells can skew the nature of the T cell immune response.
Th1-inducing cytokines include IL-12, IL-23 and IL-27. IL-23, discovered recently, may be
of particular importance because of its ability to induce expression of IL-17,a T cell
cytokine capable of activating synovial fibroblasts to express pro-inflammatory and tissue-
destructive mediators. Dendritic cells are also one of the sources of IL-1, IL-6 and TNFa.,
important pro-inflammatory cytokines that are targets of biologic therapeutic agents in RA.

A critical question is the nature of the autoantigens or foreign antigens to which the immune
response is directed and focused in RA. A wide variety of such antigens are known to be
capable of preferentially stimulating T cells, especially, synovial compartment T cells in
RA. The association of RA with the HLA-DR4(0401) Class Il MHC allele has raised the
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possibility that specific MHC molecules present arthritogenic antigens and initiate or
perpetuate RA. However, a variety of other mechanisms to explain the association of RA
with MHC alleles have been proposed and none has yet been proven. Whichever antigens
turn out to be most important, it is likely that dendritic cells are the most critical antigen-
presenting cell population involved in initiating these responses. An, especially, intriguing
issue is the location of such responses: does RA begin in the joints or begin systemically
with immune responses triggered by events in other tissues?

3. Monocyte activation by T cells in RA

Infiltrating T cells and macrophages reside in close proximity in the inflamed RA synovium.
This intimate association provides many opportunities for interactions between the cells
[3,4]. Evidence supporting T cell participation in TNFa production comes from experiments
in which depletion of CD3+ cells from RA synovial cell cultures resulted in decreased
TNFa production, whereas depletion of CD3+ cells from OA cultures did not [5]. These
observations suggest that T cells have a direct impact on TNFa induction in RA joints. To
further investigate the role of T cells in TNFa production, T cells activated by a cytokine
cocktail (Tck) [6] were used, as a model for RA T cells, to stimulate monocytes. Tck were
able to induce TNFa from monocytes via a cell—cell contact-dependent mechanism that
mimicked RA T cells, but differed from T cells activated through their TCR and CD28 [5].
Another study indicates that Tck can also induce production of the anti-inflammatory
cytokine IL-10 by M-CSF-treated monocytes (i.e. macrophages) [7]. These studies imply
that RA synovial T cells are similar to bystander-activated Tck in their phenotype and their
effects on monocyte/macrophage cytokine production.

The receptor activator of nuclear factor xB ligand (RANKL) has been detected in RA
synovial tissue. RANK/ RANKL interactions are necessary for the differentiation of
osteoclasts from monocytic precursor cells. RANKL was found to localize specifically to
CD3+ CD4+ cells and not other mononuclear cells, in synovial histological sections [8]. In
the same study, T cells activated with PHA upregulated RANKL and effectively induced
monocytes to differentiate into osteoclasts [8]. Although this system induces RANKL on T
cells using the lectin PHA, it provides evidence for a potentially important pathogenic
mechanism in synovium.

4. T cell activation by monocytes

T cell homeostasis is thought to be aberrant in RA. Using in vitro co-cultures of autologous
RA or normal T cells with monocytes, it was found that the mechanism of homeostatic
proliferation differed between the two T cell types [9]. While both RA and normal T cells
exhibited proliferation when co-cultured with autologous monocytes, blockade of MHC |1
with antibody inhibited proliferation in normal T cell controls. In contrast, RA T cells
showed diminished proliferation when TNFa was blocked. The required TNFa was
determined to be membrane bound, as separation of RA T cells and autologous monocytes
by transmembrane inserts prevented proliferation. It is also interesting to note that psoriatic
arthritis T cells show homeostatic proliferation similar to normal controls (i.e. dependence
on MHC I1) and distinct from RA T cells [9]. It would seem that T cells can induce TNFa
from monocytes and that this TNFa can then send a proliferative signal to the T cells.

Although no unique autoantigen or autoreactive T cell clone has been shown to cause RA,
the association of RA with a restricted set of MHC Il alleles in the Caucasian population is
strong [10]. The autoantigens human cartilage glycoprotein 39 (HCgp39) and human
collagen-type 1l (Hcll) are expressed within RA synovium [11]. Interesting results have
been reported using mice transgenic for RA-associated MHC 11, HLA-DR4 (DRB1*0401).
T cells from this mouse recognize antigens presented by human MHC 1I. T cell clones
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specific for peptides of HCgp39 or Hcll from this mouse were fused to generate T cell
hybridomas, which recognize antigen presented by specific human MHC Il. When human
DRB1*0401 monocytes were loaded with peptides derived from HCgp39 or Hcll, the
corresponding T cell hybridoma was able to recognize the cognate peptide—-MHC 11
complex, but not irrelevant peptide—-MHC Il complexes [11]. This is strong evidence that
moncytes can process and load a functional peptide-MHC Il complex containing
autoantigen.

5. Synovial fibroblast activation by T cells

Early experiments on co-cultures of T cells and fibroblast-like synoviocytes (FLS)
demonstrated that interaction between these cells types could activate FLS. Phorbol
myristate acetate (PMA)-activated T cells triggered IL-1p transcription in FLS and release
of IL-1 into culture supernatants, dependent on interactions between leukocyte functional
antigen-1 (LFA-1/CD11aCD18) and intercellular adhesion molecule-1 (ICAM-1/CD54)
[12]. LFA-1/ICAM-1 interactions are important in T cell adhesion and immunologic
synapse formation between T cells and conventional antigen-presenting cells (APC). It was
noted that resting T cells did not adhere within a time course of 30 min, while PMA-treated
T cells had firm LFA-1/ICAM-1-mediated adhesion. Potential limitations of this study
involve its use of SV-40-transformed FLS lines and PMA treatment of T cells. The
transformed FLS constitutively expressed ICAM-1 at a high level that was uninfluenced by
IL-1pB, suggesting a preactivated state. PMA activation of T cells might not be
physiologically relevant. Nonetheless, this study demonstrates the potential for antigen-
independent interaction of T cells with FLS, leading to inflammatory mediator production.

Work in our laboratory has also focused on the interaction between T cells and FLS. Using
resting T cells as a stimulus, we have documented activation of FLS and release of pro-
inflammatory mediators [13]. We found that autologous or allogeneic resting T cells have
similar activating potential on FLS. This effector function of resting T cells is not restricted
to a particular T cell population. Various subsets of T cells, CD4+, CD8+, CD45R0O+ and
CD45RA+ all had comparable ability to induce synovial fibroblast activation. Activated
FLS showed induction or augmentation of mRNA for stromelysin, IL-6 and 1L-8, gene
products important in joint inflammation and joint destruction. Furthermore, increased
production of IL-6 and IL-8 was quantitated both by ELISA and by intracellular cytokine
staining and flow cytometry. Another striking observation was that the T cell specific
cytokine IL-17 synergized with T cells to activate FLS. These co-culture systems spanned
up to 24 h and no T cell activation was noted, with no upregulation of CD154/CD40L or
CD69. Thus, using resting T cells as a stimulus on untransformed FLS lines, we documented
further evidence of T cell-FLS antigen-independent interactions resulting in induction of an
inflammatory profile of FLS (Fig. 1).

6. Cross-talk between T cells and FLS

Two studies have recently provided further support for a role of T cell activation of FLS in
antigen-independent systems. One study used unstimulated purified T cells [14] and the
other used collagen-type Il (Cll) responsive T cells [15]. Both studies cite the importance of
IL-15 expression by FLS and its upregulation after stimulation by T cells [14,15]. The first
study utilized unstimulated T cells purified from peripheral blood or RA synovial fluid.
After 96 h of co-culture with these T cells, induction of ICAM-1, IL-8, IL-6 and IL-15 was
noted on the FLS [14]. This induction was dependent on cell—cell contact, as evident when
transwell inserts separating T cells from FLS blocked activation. Similarly blockade of
CD69, CD11a, IL-17, TNFa and IFNy also inhibited activation of FLS. Another interesting
observation was that T cells showed signs of activation by induction of CD69, CD25, IL-17,
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TNFa and IFNvy after co-culture with FLS [14]. This is contrary to our findings described
above [13] and the discrepancy is explained by the duration of co-culture (96 h versus 24 h).
T cell responses were blunted by blocking antibodies towards ICAM-1 and 1L-15. When
Cll-activated T cells were used as the stimulus, FLS displayed production of TNFa, IL-15
and IL18 [15]. These Cll-activated T cells were generated by culture of T cells with bovine
Cll and autologous irradiated APC for extended periods. An intriguing observation was that
the increased length of stimulation by CII before co-culture with FLS resulted in increased
IL-17 and IFNy production by T cells.

7. FLS as APC

Initial experiments using human dermal fibroblasts showed that fibroblasts were poor
generators of allogeneic responses [16]. This defect was not due to inadequate expression of
MHC I, but was due to lack of an accessory molecule that could be provided by
conventional APC. However, it was noted that dermal fibroblasts could stimulate previously
activated allogeneic T cells [16]. Expanding on this work, the capacity of dermal fibroblasts
to function in antigen presentation was evaluated. Dermal fibroblasts were able to process
antigen, but did not function well as APC without accessory cell help [17]. In both of these
studies, INFy was used to induce MHC Il and antigens relevant to RA were not evaluated.
These studies do document fibroblast expression of functional MHC II.

FLS of RA synovium express high levels of MHC Il ex vivo [18], indicating the potential
for antigen presentation by FLS in RA. Early studies suggest that FLS can process antigen
similarly to professional APC [19]. In those experiments, FLS were able to take up and
present various antigens and present them to T cell clones via an MHC Il-restricted
mechanism [19]. This gives support to potential antigen-specific interaction between T cells
and FLS (as APC). However, antigens relevant to RA were not assayed nor were observed
responses robust.

We have also observed MHC Il-dependent signaling between FLS and T cells.
Superantigens activate FLS to secrete inflammatory mediators and potentially participate in
RA pathology. Thus, we assessed the ability of IFNy-treated FLS to present superantigens
to T cells [20]. FLS can indeed present superantigens, inducing resting T cells to proliferate.
T cell proliferation to superantigens was dependent on MHC |1, CD2, LFA-1 and the
cytokine IL-2. This study provides a mechanism for FLS to activate naive T cells, but does
not demonstrate an “antigen-specific” response.

There is also evidence that FLS might not activate T cells, but instead induce anergy [21].
These experiments assessed the APC and allostimulatory functions of FLS. Similar to
previous studies, FLS were able to load antigen onto MHC Il. However, allogeneic
responses depended upon the addition of accessory cells expressing CD80 and blockade of
CD80 abolished the response. When FLS without accessory cells were cultured with T cells,
they adopted a phenotype resembling anergy: upregulation of CD25, reduced proliferation
and reconstitution of proliferation by exogenous IL-2 [21]. Interestingly, CD69 on T cells
was also upregulated after T cell culture with FLS. This study implies that FLS cause anergy
due to a lack of co-stimulatory molecules, but that bystander cells expressing co-stimulatory
molecules could overcome this. The potential for accessory costimulation exists abundantly
within RA synovium due to the close proximity of FLS with B cells, macrophages and
dendritic cells.

8. The role of B cells in RA synovium

Several lines of evidence highlight the important roles played by B lymphocytes in the
pathogenesis of RA. Recent clinical trials, in which B cells have been depleted by antibody
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treatment, have shown efficacy of this approach as treatment for RA [22,23]. In many
patients, the improvements following B cell depletion, include decreased joint swelling and
tenderness and reoccurrence of disease symptoms correlate to regeneration of B cells
[23,24]. Some B cells produce autoreactive antibodies to citrullinated proteins or anti-
immunoglobulin rheumatoid factors that lead to formation of immune complexes and
complement deposition in the joints (reviewed elsewhere in this issue). B cells are also
sources of cytokines that contribute to cellular activation, germinal center formation and
inflammation in rheumatoid synovium. Additionally, B cells may play an important role in
the pathogenesis of RA through cell—cell interaction with T cells, dendritic cells, synovial
nurse-like cells and fibroblasts.

In secondary lymphoid organs, such as lymph nodes, spleen and tonsils, lymphocytes
organize into complex structures called germinal centers (GC). At the center of the GCs are
follicular dendritic cells surrounded by an area rich in B cells. Surrounding the B cell-rich
region is an area containing mostly T cells and dendritic cells (DC) with a mantle zone
between them in which B and T cells interact. The functional importance of GC is to provide
an environment in which rare, antigen-specific cells can encounter APC bearing relevant
antigens, thus, leading to signaling and activation through cell surface interactions and
cytokine networks. Immunoglobulin genes in activated B cells undergo somatic
hypermutation leading to increased antibody affinity for target antigens and B cells
differentiate within GC into plasma cells specialized to secrete antibodies. In addition, the
GC provides an environment in which B cells may take up antigens and become more potent
APCs by upregulating MHC and co-stimulatory molecule expression.

Approximately, 20% of patients with RA develop GC-like structures within the synovial
tissue [25,26]. The mechanisms underlying the neogenesis of GC in RA synovium are
consistent with formation of GC in lymph nodes and spleen. Endothelial cells, synovial
fibroblasts and follicular DC express CXCL13 (BLC), a chemokine involved in attracting B
cells into the GC [26,27]. The B cells, in turn, express lymphotoxins (LT) a and § on their
cell surface, cytokines involved in the activation of follicular dendritic cells, regulation of T
cell attracting chemokines and the structural organization of GC [28,29]. A unique feature of
GC formation in rheumatoid synovium appears to be the dependence on CD40L* /CD8* T
cells, these cells may activate B cells, macrophages and DC through ligation of CD40 on the
cell surface [30].

cell interaction in RA synonium

B-T cell interactions lead to mutual activation, maturation and proliferation. Analysis of a
series of RA patients revealed three distinct patterns of BT cell interaction in rheumatoid
synovium [25]. The majority of patients had a diffuse distribution of T cells in the
synovium. In these patients, very low levels of B cells were found in the synovium despite
the presence of interdigitating DC. Other patients had organized GC as outlined above,
while some patients had small aggregates of T and B cells in the synovium that lacked
follicular DC, and therefore, did not form GC. These patterns of lymphoid organization were
not random since patients with multiple lesions in distinct joints, had the same type of T-B
cell interaction. In order to study the dependency of T cell activation on synovial lymphoid
architecture, Weyand et al. identified three T cell clones from a patient with GC-like
synovial structures [31]. These clones were distributed in separate follicles in distinct
synovial tissue biopsies, which suggested that they were antigen-specific. Adoptive transfer
of these T cell clones to SCID mice engrafted with human synovial tissue revealed that the T
cells could orchestrate intra-synovial, pro-inflammatory cytokine production in MHC Class
I1-matched but not mismatched synovial tissue. Evidence that T-B cell interaction was
required for pro-inflammatory cytokine production was obtained by adoptive transfer to
SCID mice that were engrafted with synovial tissue from patients with the diffuse pattern of
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T cell localization. To confirm the role of B cells in T cell activation in this experimental
model, mice engrafted with GC-like synovial tissue were depleted of human B cells with
anti-human CD20 antibodies prior to adoptive transfer. Pro-inflammatory cytokine
production was reduced by B cell depletion in an antibody dose-dependent manner.
However, the lack of infiltrating T cells into the engrafted synovial tissue that was depleted
of B cells does not allow for determination of whether the essential role of B cells has to do
with a T cell homing defect or with direct cell-cell interaction between T and B cells.

Antigen presentation by human RA synovial B cells has not been as well characterized as
the APC role played by synovial dendritic cells. However, it is likely that B cells specific to
autoantigens or B cells producing rheumatoid factors are able to bind, internalize and
process antigens for presentation to autoreactive T cells in the ectopic germinal centers of
rheumatoid synovium [32,33].

8.2. Other synoviocyte interactions with B cells

The terminal differentiation of B cells into antibody-secreting plasma cells is an antigen-
driven and cytokine-dependent process. Experiments involving microdissection of RA
synovium have demonstrated that B cells clonally expand, develop a memory phenotype and
differentiate into plasma cells within the ectopic germinal centers formed in some RA
patients synovial tissues [34,35]. B cell maturation and differentiation may be driven by
non-lymphoid synoviocytes since antibody secretion and increased surface expression of the
plasma cell markers CD38 and CD44 were observed in co-cultures of tonsillar B cells with
adherent synovial cells from normal individuals and RA patients [36].

Candidate synoviocytes that may drive the development of B cells include follicular
dendritic cells, synovial nurse-like cells and synovial fibroblasts. Follicular dendritic cells
(FDC) are found in synovium of RA patients with ectopic germinal centers and are known to
function in B cell maturation in lymph nodes [26,37]. Lymph node FDC express CD106
(VCAM-1) which is a survival and differentiation factor for GC B cells [38,39]. In addition,
complement decay-accelerating factor (DAF) and complement receptor 2 (CR2) are
important molecules expressed by lymph node FDC that prevent complement deposition and
promote B cell survival [40,41]. FDC also trap antigens at their cell surfaces for long periods
of time allowing them to act as an antigenic sink for B cells [40-42]. To date, only CR2
expression has been reported on the FDC found in RA synovium [37].

Nurse-like cells (NLC) are a subset of stromal cells, distinct from FDC or fibroblasts, that
can be cultured out of the bone marrow and synovial tissue of RA patients [43,44]. RA-
NLC constitutively express IL-6, IL-8 and granulocyte colony-stimulating factor (GCSF)
and upregulate expression of IL-1p and TNFa following co-culture with B cells. These
cytokines are known to be important mediators of inflammation in RA synovium.
Reciprocally, RA-NLC stimulate B cell proliferation, immunoglobulin production,
migration under the NLC monolayer and survival. Cell—cell contact mediated by CD106 was
required for RA-NLC-enhanced migration and survival of B cells, but a non-CD106/CD49d
(VLA-4) cell adhesion mechanism accounts for B cell-induced expression of pro-
inflammatory cytokines IL-6 and IL-8 by RA-NLC [44]. Colocalization of RA-NLC and
synovial B cells in the joint may occur through the chemokine SDF-1/CXCR4 receptor axis
since SDF-1 was produced by a cultured RA-NLC line [44].

Similar effects on B cell migration characteristics, including dependency on SDF-1 and
CD106, were demonstrated in synoviocytes that resembled fibroblasts [45]. Fibroblast-like
synoviocytes express CD106 within the joints of RA patients and upregulate expression of
the B cell survival factors: CD106, DAF and CR2 upon in vitro stimulation with TNF-a and
IFN-7y [46]. RA-FLS express the receptor for LT-p, which is important in formation of
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lymph nodes and ectopic synovial germinal centers and FLS can be stimulated through LT-
alp2, a molecule expressed by synovial B cells, to express cell adhesion molecules, pro-
inflammatory cytokines, chemokines and matrix metalloproteinases [47].

9. Conclusion

The cell—cell interactions that occur in rheumatoid arthritis synovium are multiple, complex
and fundamentally important to the pathogenesis and outcome of this disease. In addition to
the cell populations considered in detail in this review, osteoclasts, chondrocytes, mast cells,
plasma cells and other cell types are important in the events that occur within RA pannus
and in adjacent cartilage and bone. The synovial fluid contains large numbers of neutrophils,
which are critical to inflammatory events that occur outside synovial tissue but within
synovial fluid. RA synovial tissue can be viewed as a prototypical lesion in which cells of
the immune system, ectopically located, interact with a variety of resident tissue cells. It can
also be viewed as a lesion in which the distinct roles of the innate and adaptive components
of the immune response become blurred. For example, T lymphocytes, central cells in the
adaptive immune response, can function in an antigen-independent, innate manner to
activate synovial fibroblasts. On the other hand, the synovial fibroblast, a resident tissue cell
not normally considered to be part of the immune system, can activate T cell responses to
superantigens and perhaps even peptide antigens. Further elucidation of the critical cell-cell
interactions in RA synovium should provide additional therapeutic targets for new biologic
agents and will provide a rational basis for safe and effective combinations of biologic
interventions.
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Fig. 1.
T cell-FLS interaction. Co-culture of RA FLS and purified peripheral blood T lymphocytes
(smaller rounded cells) demonstrates intimate cell—cell contact.
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Table 1

Cellular components of the rheumatoid synovium

Abundant cell populations

T lymphocytes

Macrophage-like (type A) synoviocytes
Fibroblastic (type B) synoviocytes

Other cell populations

Dendritic cells
B lymphocytes
Plasma cells
Mast cells

Osteoclasts

Pathophysiology. Author manuscript; available in PMC 2012 December 31.

Page 13



1X31-)ewiarems 1Xa1-)ew1a1ems

1Xa1-)1ewa1ems

Tran et al.

Table 2

Cell-cell interactions in rheumatoid arthritis synovium

. Leukocyte—endothelial

. T cell-antigen-presenting cell
. Macrophage—fibroblast

. T cell-fibroblast

. B cell-fibroblast
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