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Molecular and cellular mechanisms of joint
destruction in rheumatoid arthritis: two cellular
mechanisms explain joint destruction?

Steffen Gay, Renate E Gay, William J Koopman

Rheumatoid arthritis (RA) is a chronic
systemic disorder of unknown aetiology. Most
of its serious and debilitating sequelae derive
from progressive destruction of joints.
Although early and late stages of this disease
may involve distinct processes, the affected
joints of symptomatic patients character-
istically exhibit overlapping manifestations of
three pathobiological phenomena (fig 1):
(1) Inflammation appears to be the basis of joint
pain and several systemic manifestations. A
large number of inflammatory mediators,
including arachidonic acid metabolites, vaso-
active amines, and neuropeptides, have been
identified in the affected joints of patients with
RA, and cytokines such as tumour necrosis
factor cx and interleukins 1 and 6 (IL-1 and -6)
have been implicated in the perpetuation of
rheumatoid synovitis.1 2
(2) Abnormal cellular and humoral immune
responses represent another hallmark of RA.
Autoantibodies, particularly rheumatoid
factors (RFs) and antibodies directed against
collagen type II, are often present.3 Moreover,
accumulation of T lymphocytes, particularly
those expressing the CD4+, CDw29 (UCHL
1 +/4B4+) memory phenotype of the helper-
inducer subset, occurs in the synovium. Some
of these T cells express activation markers on
their surfaces. Evidence pointing to a critical
role for activated T cells in the pathogenesis of
RA has fostered the development of several
new therapeutic strategies.4
(3) Synovial hyperplasia is characterised by
proliferating, synovial cells with a transformed
appearance5 and large numbers of infiltrating
macrophages.6

The conundrum of RA has puzzled
researchers for decades. What is the initial step
in the pathogenesis of the disease? The
association of certain major histocompatibility
complex (MHC) class II molecules with RA
has been repeatedly demonstrated (see below).
As MHC class II molecules are known to
function in the restricted presentation of
antigenic peptides to CD4+ T cells,7 in the
shaping of the CD4+ T cell receptor
repertoire,8 as well as the presentation of
superantigens to CD4+ cells,9 the T cell is
presumed to have a central role in the
pathogenesis of RA. Harris, for example, has
suggested that T cells are associated with 'stage
1' of the disease. 0 On the other hand, Firestein
and Zvaifler have challenged the importance of
T cells in RA based on observations that only

Figure 1 Overlapping manifestations of three
pathobiological phenomena present in the affectedjoints of
patients with symptomatic rheumatoid arthritis.

negligible levels of T cell specific lymphokines
(for example, IL-2, IL-3, IL-4, interferon y,
and tumour necrosis factor I3) can be detected
in rheumatoid joints." The latter data can be
accommodated by an alternative hypothesis-
namely, that induction of RA is favoured by a
'hole' present in the T cell repertoire of
susceptible subjects, which results in impaired
handling of an aetiologic agent(s), such as a
virus. It is of interest in this regard that patients
with AIDS expressing HLA-B35 respond to
HIV-I with a more accelerated clinical course
than patients with AIDS lacking this
phenotype. 12
With regard to the role of inflammation in

the pathogenesis of RA (fig 1), our laboratory
has been investigating approaches suitable for
detecting early evidence of joint destruction,
such as the presence of collagen type II
fragments in synovial fluid and serum.
Although these studies were aimed at the
development of an indicator system for
monitoring disease activity, they also provided
insights into the cellular basis of joint
destruction in RA. Surprisingly, we found that
the presence of collagen type II fragments in
synovial phagocytes did not correlate with the
number of white blood cells in the synovial
fluid,'3 suggesting that cartilage destruction
in RA may proceed through pathways
independent of classic inflammation. Indeed,
increasing evidence indicates that synovial cells
with a transformed appearance participate in
the cartilage/bone destruction characteristic of
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RA. In this review we discuss recent findings
supporting roles for both T cell dependent
immune responses and hyperplastic synovial
cells in the pathogenesis of RA.

T cell responses in rheumatoid arthritis
Evidence implicating T cells in the
pathogenesis of RA includes the afore-
mentioned strong association between RA and
DR alleles sharing a common amino acid
sequence motif in the third hypervariability
region of their DRI 1 chains'4; the prominence
of T cells in synovial mononuclear cell
infiltrates,'5 10-15% ofwhich characteristically
express activation markers such as the
interleukin 2 receptor (IL-2R) 16; apparent
efficacy of T cell directed treatments in RA,
including cyclosporin'7 and experimental
monoclonal antibodies to CD4'8-20; and
resolution of pre-existing RA in patients
developing AIDS.2' 22
What are T cells responding to in RA?

Although a definitive answer remains elusive,
some insights have emerged from molecular
studies of T cell receptor diversity in affected
joint tissue. Using a quantitative polymerase
chain reaction technique, Paliard and
colleagues noted expansion of V314+ T cells
in the synovial fluid of each of nine patients
with active RA, despite low expression of V,B 14
among peripheral blood T cells in these
patients.23 Sequence analyses disclosed
oligoclonality of V 14 transcripts in RA
synovial fluid. In contrast, enhanced
expression of V 14 was not found among
synovial fluid T cells in three arthritic controls
(two with Reiter's disease, one with psoriatic
arthritis). The results were interpreted as being
consistent with an initial activation of VP 14+
T cells by a superantigen followed by local
expansion of certain VP 14+ T cell clones by
antigens present in the joints of these
rheumatoid patients. More recently, Uematsu
and coworkers analysed the synovial fluid T
cell receptor repertoire of a patient with RA
using an inverted polymerase chain reaction
approach.24 This powerful technique obviates
the need for V region specific or V region
consensus primers, a source of potential bias.
Although considerable heterogeneity of
synovial fluid T cell receptor Vao and VP gene
usage was noted, a modest two- to threefold
enrichment (relative to peripheral blood) of
Vf2 1 and VI331 transcripts was detected in
this patient.

Reasoning that analysis of activated T cells
might be more informative, Howell et al
isolated IL-2R+ synovial T cells from five
patients with RA and found V13, V314, and
V317 were expressed in most of the synovial
samples.25 Dominant rearrangements were
seen within these V13 families (unlike
peripheral blood), consistent with oligoclonal
expansion of activated T cells. Evidence
indicating oligoclonal expansion of IL-2
responsive synovial T cells in RA has also been
obtained using restriction fragment analysis,
but patterns of Vot and V,B gene expression
were not examined in that report.26

Preferential expression of particular VP
families among synovial T cells in RA is
consistent with exposure to a superantigen(s).
Apparently conflicting results regarding
patterns ofT cell receptor VP expression in RA
might reflect the dominant influence of
different superantigens. Indeed, distinct
patterns of selective VP family activation have
been shown for different streptococcal27 and
staphylococcal28 toxin superantigens. The
parallel increase in V13, VP 14, and VP 17 seen
among activated synovial T cells in some
patients with RA is of particular interest as
these VP families exhibit considerable
sequence homology, especially in the fourth
complementarity determining region, impli-
cated as the VP binding site for several super-
antigens.29"31 That this pattern of VP family
expansion might reflect the influence of a
superantigen is supported by the finding that
Mycoplasma arthritidis mitogen activates
human T cells bearing VP3 and V 17.32
While a role for superantigens in local T cell

activation in RA is an attractive hypothesis, it
is difficult to reconcile the available T cell
receptor repertoire data with that explanation
alone. Oligoclonal expansion seen in the
aforementioned studies is more consistent with
local antigen induced responses. Recent
evidence from a study of autoimmune thyroid
disease supports this view. Restricted T cell
receptor V gene expression has been convin-
cingly shown among intrathyroidal T cells of
patients with autoimmune thyroid disease,33
and, clearly, a substantial fraction of these T
cells is reactive with thyroidal antigens.34

Little information, however, exists about the
specificity of synovial T cells in RA. This issue
is complicated by evidence that only a fraction
of synovial T cells in RA seems to be activated
(for example, those cells bearing IL-2R).
Nonetheless, it is intriguing that Londei and
colleagues found that about 12% of T cell
clones, isolated from two synovial samples
obtained at an interval of 21 months from the
same joint of a patient with RA, were reactive
with collagen type II.35 The epitope specificity
of T cells reactive with collagen type II in RA
is unknown. A DR7 restricted CD4+ T cell
clone directed against type II collagen, isolated
from a healthy subject, recognised an epitope
spanning amino acids 271-285 of the otl(II)
chain located in cyanogen bromide frag-
ment 11 of the molecule.36 Interestingly,

t 1 (II)-cyanogen bromide fragment 11 is thus
far the only collagen II fragment clearly shown
to be arthritogenic in animal studies. Heat
shock proteins are also an attractive target
antigen for T cells in RA. These evolutionarily
conserved proteins are often the dominant
target antigens for immune responses directed
against a broad array ofmicroorganisms. In the
case of adjuvant arthritis, T cells reactive with
an epitope contained in the 65 kilodalton heat
shock protein of Mycobacterium tuberculosis can
transfer the disease and presumably cross react
with an as yet unidentified autoantigen in joint
tissue of recipients.37 38 Local expression of
human 65 kilodalton heat shock protein has
been shown in inflamed rheumatoid
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synovium.39 Cytotoxic T cell clones cross
reactive with Mycobacteria bovis and human 65
kilodalton heat shock protein have been
isolated from the joints of patients with RA40;
however, the frequency of T cells reactive with
the mycobacterial 65 kilodalton heat shock
protein seems to be similar in both peripheral
blood and synovial fluid of patients with RA.4"
Thus a role for T cells reactive with heat shock
proteins in the pathogenesis of RA remains
unproved.

T cell migration into rheumatoid
synovium
Expression of cell adhesion molecules on
endothelial cells and complementary ligands
on the surface of circulating leucocytes seems
to have a critical role in determining the site of
leucocyte emigration and the nature of the
leucocytes migrating into an inflammatory
lesion. Butcher has proposed that leucocyte-
endothelial cell recognition requires at least
three steps: primary adhesion (transient),
leucocyte activation, and activation dependent
binding with subsequent leucocyte trans-
migration.42 This model implies that the
specificity of endothelial cell/leucocyte inter-
actions is determined by unique combinations
of adhesion molecule/ligand interactions
operating at each step. Although the adhesion
molecule/ligand pairs taking part in the
leucocyte/endothelial cell primary adhesion
event, also referred to as 'rolling', have not
been fully elucidated, it seems that selectin/
carbohydrate ligands mediate this event in the
case of neutrophils.43 4 Interestingly, synovial
endothelial cells isolated from patients with RA
constitutively express endothelial leucocyte
adhesion molecule type 1 (ELAM-1) and
upregulate expression of this selectin after
exposure to IL-1.45
Kavanaugh and colleagues obtained

evidence that the interaction of leucocyte
function associated antigen 1 (LFA-1) with
its ligand, intercellular adhesion molecule 1
(ICAM-1), probably has a key role in trans-
endothelial migration of T cells.46 ICAM-1
is also expressed on isolated rheumatoid
synovial endothelial cells and is subject to
regulation by IL-1.4s Binding of T cells to
endothelial cells in the absence of expressed
LFA-1 occurred through the interaction ofvery
late antigen 4 (VLA-4) and its ligand, vascular
cell adhesion molecule 1 (VCAM-1).46 More
recently, Oppenheimer-Marks et al extended
these observations by demonstrating that
VCAM-1/VLA-4 interactions predominately
mediate binding of T cells to endothelial cells
exposed to IL-1, whereas LFA-1/ICAM-1
interactions are crucial to subsequent
transendothelial migration of the T cell.47
The predominance of memory T cells in

rheumatoid synovium had been thought to
reflect in situ activation of T cells. Enhanced
surface expression of integrins (including
VLA-4) on memory (CD45RO+) T cells as
compared with virgin (CD45RO-) T cells,
however, would be expected to lead to selective
migration of memory cells into the inflamed

synovium of patients with RA.48 49 Indeed,
CD45RO+ T cells adhere better to endothelial
cells than do CD45RO- cells.50 Retention of
these cells in the synovium is probably
enhanced by subsequent interactions between
adhesion molecules and matrix molecule
ligands such as VLA-4 and fibronectin. Local
release of cytokines such as IL-1 and IL-8 with
consequent upregulation of endothelial cell
adhesion molecules probably promotes
differential binding and transmigration of
memory T cells into rheumatoid synovium. It
is therefore likely that a substantial fraction of
infiltrating cells in RA may be 'innocent
bystander' cells, a possibility which may
explain the aforementioned difficulty in
detecting T cell derived cytokines in
rheumatoid synovium. That only a fraction of
synovial T cells in RA is activated may at least
partially explain difficulties in identifying
consistent patterns of T cell receptor V region
gene usage among unselected synovial T cells.
Emerging evidence indicates that adhesion

molecules can also function as costimulatory
receptors for T cells (and other cells such as
monocytes and neutrophils). Engagement of
several integrins potentiates T cell proliferation
induced by cross linking of the T cell receptor/
CD3 complex on T cells.5' 5 Binding of the
a5p 1 integrin to fibronectin induces
expression of AP- 1, a transcription factor
necessary for IL-2 gene expression.54 Another
integrin, otvI3, functions as a costimulatory
molecule for IL-4 production in -yi T cells.55
Thus interactions between T cell integrins and
their respective matrix molecule ligands can
exert important influences on the activation
and function of these cells.

T cell proteases
Transendothelial migration of activated T cells
involves as yet less defined proteolytic
processes. Specialised granules within the
cytoplasm of cytolytic T lymphocytes contain
a unique set of proteins that are responsible for
the cytolytic activity of these cells (for review,
see ref 56). The major constituents are the
pore-forming protein perforin (cytolysin) and
several highly homologous serine proteases,
termed granzymes. With regard to the
molecular mechanisms involved in the
migration of T cells through vascular
endothelial basement membranes, we were
able to show that T cell specific serine
proteinase 1 (granzyme A) partially degrades
basement membrane collagen type IV by
cleavage of the ot2(IV) chain within the native
molecule,57 raising the possibility that this
protease may facilitate the movement ofT cells
through vascular basement membranes into
inflammatory foci. Interestingly, both CD4+
and CD8+ lymphocytes from the synovial fluid
of patients with RA express perforin and
granzyme A.58

Humoral responses in RA
As RF is characteristically present in the serum
and synovial fluid of about 80% of patients
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with RA, efforts have been directed towards
delineating the molecular basis of expression of
this prototypic autoantibody in RA. Whether
polyclonal or antigen driven mechanisms
contribute to RF expression in RA remains
uncertain; however, RF present in
autoimmune MRIJlpr mice exhibits patterns
of variable region somatic mutations most
consistent with an antigen driven response.59
Similar conclusions have been reached for
antibodies to DNA also present in these mice.60
A useful approach for studying the molecular
basis of RF expression in man has been the
development of structurally defined mono-
clonal antibody anti-idiotypic reagents. Two
such monoclonal antibodies, designated
17. 10961 and 6B6-6,6' recognise distinct VKIII
light chain idiotopes expressed by about two
thirds of IgMK RF paraproteins.63 The 17- 109
and 6B6-6 cross reactive idiotopes (CRIs) are
probably encoded by distinct germline VK
genes designated Humkv 32564 and Humkv
32865 respectively. 6B6-6 CRI (+) light chains
are members of the VKIIIa sub-subgroup,
whereas 17*109 (CRI) (+) light chains are
members of the VKIIIb sub-subgroup.61 63

Efforts have also been directed toward
defining CRI shared by heavy chain V regions
of RF paraproteins. For example, monoclonal
antibody G6 recognises a VH 1 CRI encoded by
the germline VH gene closely related or
identical to hv3005.66-69 Another subgroup of
RF contains heavy chains recognised by
monoclonal antibodies LC 1, 5-14, and 6-10;
these CRIs are encoded by a VH4 gene(s) yet
to be precisely identified.70 The demonstration
that a limited number of germline
immunoglobulin V region genes (for example,
Humkv 325 and Humkv 328) encode a
substantial fraction of IgM RF paraproteins
suggested that these V genes might also
contribute to the expression of RF in RA.
Serological analyses of serum RF using
monoclonal antibodies identifying germline
encoded RF associated CRIs (for example,
17 109 and 6B6-6) have indicated that a
substantial proportion of patients with RA
synthesise some RF bearing either the 17-109
or 6B6-6 VKIII CRI.62 71 72 Only a negligible
fraction of RF in individual serum samples,
however, appeared to express either CRI.
These observations are in striking contrast with
the dominance of these idiotopes among RF
paraproteins and suggest either that germline
Humkv 325 and Humkv 328 (or closely related
genes) ericode only a small proportion of RF
in RA or that extensive mutation of genes
encoding RF may occur in the disease.
Circumstantial evidence supporting a role for
somatic mutation in accounting for the low
proportion of 6B6-6 and 17 109 CRI(+) RF in
RA has come from studies of a cDNA library
generated from synovial cell mRNA of a
patient with RA expressing low levels of 17- 109
and 6B6-6 CRI(+) RF in her serum and
synovial fluid.73 Unexpectedly, 27% of K light
chain clones sampled from this patient's
synovial library were drawn from the two
germline V region elements, Humkv 325 and
Humkv 328. These clones showed con-

siderable somatic mutations with a pattern
most consistent with antigen driven selection.73
Unfortunately, the design of this study did not
permit analysis of the specificity of the intact
antibodies using these light chain sequences.
An alternative approach which is being used

to investigate the V region diversity of RF in
RA entails analysis ofV region sequences ofRF
elaborated by cloned B cell lines (or
hybridomas) obtained from healthy controls
and patients with RA. These studies, still in
their infancy, indicate that multiple VH and VL
genes can encode RF in RA. Both essentially
unmodified germline sequences and mutated V
region sequences, consistent with antigen
selection, have been found.69 74-76 It therefore
seems that the highly restricted pattern of V
gene utilisation, seen among RF paraproteins,
is not shared by RF secreting B cell lines
rescued from healthy subjects and patients
with RA. Caution must be exercised in
interpreting these results, however, as the
precise relation between cloned B cell lines and
autoantibody expression in vivo is far from
established.
Although serological studies have the

advantage of directly analysing RF expression
in vivo, they are constrained by the limited
number of monoclonal antibodies recognising
structurally defined CRIs that are currently
available. Moreover, this approach is unable to
distinguish between the influence of somatic
mutation of a particular germline gene (with
consequent loss of germline encoded CRIs)
and the use of alternative germline genes.
Application of both serological and cell line
analyses to investigation ofRF expressed in the
same subject offers the most promise of
ultimately elucidating the genetic origin of RF
in RA. Moreover, such studies should reveal
the relative importance of antigen selection
versus polyclonal activation in expression of
these autoantibodies.

Animal models
One major difficulty in elucidating the early
features and sequence of events in the
pathogenesis of RA has been the lack of an
appropriate animal model. Following the
original discovery in Dr Kang's laboratory that
immunisation of rodents with collagen type II
induces an inflammatory polyarthritis,77
subsequent investigations have shown that the
disease can be transferred by T cell clones, that
T cell deficient animals do not develop
arthritis, and that the disease can be abrogated
with antibodies to CD4 (for review see refs 78
and 79). The direct relevance of the type II
collagen arthritis model to the pathogenesis of
RA remains uncertain, though the presence of
T cells reactive with collagen type II in the
synovium of patients with RA is of interest in
this regard.

Arthritis can also be induced by the
parenteral administration of a group A
streptococcal cell wall peptidoglycan group-
specific polysaccharide.80 This latter model has
provided important insights into the role of
cytokines and growth factors in the regulation
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of synovial cell growth associated with joint
destruction.8' Moreover, this model is of
further interest because an abnormally
functioning hypothalamic-pituitary-adrenal
axis, reflected by low endogenous cortico-
steroid production, contributes to disease
susceptibility.82 A provocative preliminary
report suggests that patients with RA also have
a defective hypothalamic-pituitary-adrenal axis
response to immune stimuli which is not
attributable to chronic inflammation itself as it
was not seen in patients with osteomyelitis.83
With Dr John Mountz, our group recently

developed a superantigen arthritis model using
a T cell receptor VP 8-2 transgenic mouse
in which all T cells are reactive with
staphylococcal enterotoxin 1 by virtue of
expression of the VP 8&2 T cell receptor
transgene.84 The arthritis develops within 20
days of an intra-articular injection of a single
dose of staphylococcal enterotoxin 1; the
recipient lpr transgenic mice exhibit a tolerance
defect in T cells recognising the staphylococcal
enterotoxin 1-MHC class II molecule
complex, which biases the T cell response away
from anergy induction and towards activation.
Presumably, sustained activation of T cells in
this model triggers a chronic inflammatory
response. Interestingly, staphylococcal entero-
toxin A induces expression of IL-6 and IL-8 in
rheumatoid synovial cells.85

Recently, infectious models have been
developed with the hope of providing insight
into the pathogenesis of chronic inflammatory
arthritis. Infectious agents, both bacterial and
viral, have long been known to have the
potential for triggering inflammatory poly-
arthritides. In this regard, caprine arthritis-
encephalitis virus, a lentivirus in the subfamily
of retroviruses, infects cells of the macrophage
lineage in goats and triggers a progressive
arthropathy.86 The Lyme arthritis spirochaete,
Borrelia burgdorferi, has been shown to induce
both a progressive and destructive poly-
arthritis,87 as well as severe systemic lesions in
severe combined immunodeficiency mice.88
These studies may facilitate re-evaluation of
the role of infectious agents in the pathogenesis
of chronic inflammatory arthritis.

Synovial hyperplasia
One major difficulty in elucidating the early
events in spontaneous destructive arthritis has
been overcome by using the MRL-lpr/lpr
mouse strain, because these mice develop a
spontaneous RA-like destruction of articular
cartilage and bone in addition to expressing
RFs and antibodies against collagen type II.89
The initial disease in joints of MRL-lpr/lpr
mice resembles the synovial cells with a
transformed appearance described by
Fassbender in human RA.5 Most strikingly, the
initial proliferation, attachment, and invasion
of these cells into cartilage or bone, or both,
appears in the absence of inflammatory cells
at the sites of destruction, including
polymorphonuclear leucocytes, lymphocytes,
and mast cells. After initial cartilage and bone
destruction, inflammatory cells then appear in

the subsynovium and are largely associated
with the development of vascular lesions
resembling the features of rheumatoid pannus
in the human joint. The pathological
similarities between the joint lesions in MRL-
lpr/lpr mice and human RA prompted us to
undertake a more detailed characterisation of
the synovial cells involved in joint destruction
in RA. Immunohistological studies indicated
that most of the cells with a transformed
appearance (50-70%) in RA seem to be
derived from the monocyte/macrophage (MO)
lineage. A much smaller proportion of cells
(5-10%) proliferates in vitro, particularly large
stellate shaped cells with a transformed
appearance.6 These data suggest that only a
small proportion of the resident synovial cells
in RA proliferates and that most cells in
rheumatoid synovial hyperplasia originate from
bone marrow.6 90 Based on these observations,
a major goal of our laboratory has been to study
the role of transcriptional factors in regulating
synovial cell proliferation and function.

In view of evidence that several cellular
proto-oncogenes have a control role in
regulating cell proliferation and that certain
oncogenes encoding nuclear proteins, such as
myc and myb, cooperate with an activated ras
gene in the transformation of cells,9' we
examined the expression of these proto-
oncogenes in synovial tissue from patients with
destructive RA.6 Ras and myc oncoproteins
could be detected in about 70% of the patients
with RA and were largely restricted to the
synovial cells attached to sites of cartilage and
bone destruction.92 Despite the fact that
cooperation between oncogenes has been
described in other systems,93 it is not
established in rheumatoid synovial cells.
Interestingly, however, the cysteine proteinase
cathepsin L, previously shown to be the major
ras induced protein in ras transformed cells,94
colocalised with ras and myc expression in
about 50% of the cases of RA studied.92
Negligible expression of these oncogenes was
detected in inflammatory osteoarthritis.
Subsequent studies also showed that cathepsin
B occurred at sites of synovial attachment to
cartilage and bone in rheumatoid joints.95 The
secretion of active forms of cathepsins B and
L by ras oncogene-expressing Kirsten virus
transformed fibroblasts96 and the colocalisation
of ras and myc with these cathepsins in RA
suggest that these oncoproteins are involved in
the upregulation of cysteine proteinases in
rheumatoid synovium. Evidence that
cathepsins B and L degrade cartilage collagen
types II, IX, and XI97 and cartilage
proteoglycan aggregates98 suggests that these
proteinases contribute to joint destruction in
RA. Earlier studies have convincingly
implicated collagenase in rheumatoid joint
destruction.99 In this regard, fos and the early
growth response gene 1 (egr-1), an inducible
gene encoding a zinc finger protein containing
two AP-1 binding sites and a sequence
homologous to the response element of the
c-fos promoter,'00 have been identified in
collagenase-producing rheumatoid synovial
lining cells.'01 Although the role of fos, jun, and
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the AP-1 complex in cell proliferation and
transformation is just beginning to emerge,l'02
it is of interest that an AP-1 site and fos are not
only involved in the transcriptional control of
collagenase but have also been implicated in
the basal expression of stromelysin, the other
major metalloproteinase that degrades matrix
proteins. 103

In view of the observations that both in
human RA5 104 and in the spontaneous MRL-
lpr/lpr arthropathyl05 cartilage and bone
erosions occur exclusively at sites of synovial
attachment, it seems likely that a critical cell-
matrix interaction(s) occurs. It is well
established that various cell types express
characteristic patterns of transmembrane
adhesion receptors (see above) which recognise
and interact with specific types of collagen and
collagen associated glycoproteins (for review
see ref 106) and, therefore, it is of current
interest to delineate the molecular and
structural basis of attachment of rheumatoid
synovial cells to cartilage and bone matrix
components. It should be stressed that
fragments of degraded matrix molecules may
also regulate expression of connective tissue
degrading enzymes. This concept was fostered
by the discovery that partially degraded but not
native fibronectin induces collagenase and
stromelysin expression in synovial fibroblasts
following interaction with fibronectin
receptors. 107 These data suggest that the
synthesis of proteolytic enzymes in the
rheumatoid joint is not only under the control
of certain cytokines79 81 but is probably also
regulated by products generated by the
destructive process itself. Both mechanisms
may be crucial to the perpetuation of synovial
inflammation.
Based on the observation that synovial

hyperplasia in RA is associated with a
transformed appearing phenotype of the
proliferating synovial cells expressing ras and

myc oncogenes,'08 we searched for evidence of
transforming factors, especially retroviral
antigens, in the rheumatoid synovium.
Immunohistology showed reactivity with
antibodies against HTLV-I p19 and p24 in the
synovium, but as the same patients were
seronegative for HTLV-I we concluded that
antigens cross reactive with or related to these
HTLV-I constituents were present in the
synovium.'09 Studies in our laboratory
designed to detect collagen fibrils in synovial
fluid,'3 however, led to the unanticipated
detection of virus-like particles within the
dense meshwork of proteinaceous aggregates
present in rheumatoid synovial fluids."0
Subsequent studies, including immuno-
electron microscopy, have shown the presence
in five of eight cases ofRA of spherical particles
200 nm in diameter and a distinct eccentrically
located internal core with an average size of 70
nm, lacking epitopes for HTLV-I p19 and
HIV-I p24 (Stransky G, Aicher W K,
Moreland L W, et al, unpublished data). These
particles bear a striking resemblance to type C
retroviral particles but do not resemble any of
the known human retroviruses, including
particles derived from known endogenous
retroviral structures. "' A retroviral origin for
these particles is not only suggested by their
morphological appearance but also by the
concomitant spontaneous and constitutive
expression of the cellular zinc finger
transcription factor Z-225 in short and long
term cultures of rheumatoid synovial cells."12
The constitutive expression of Z-225,
resembling egr- 1, has only been reported for
cells transformed by HTLV-I or HTLV-II."3
In addition, recent studies have shown that
synoviocytes derived from rheumatoid tissue
exhibit reverse transcriptase activity.1'4 Thus
we are attracted to the possibility that a
hitherto unknown retrovirus may play a part in
the pathogenesis of RA. Figure 2 depicts a
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Figure 2 Hypothesis for
the aetiopathogenesis of
rheumatoid arthritis.
PDGF=platelet derived
growth factor;
IL-1/-6=interleukin 1/6;
TNFa=tumour necrosis
factor a; GM-CSF=
granulocyte-macrophage
colony stimulating factor.
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working hypothesis for the aetiopathogenesis of
RA. Such a hypothesis could account for the
two dominant cellular processes operating in
rheumatoid joint destruction (synovial
hyperplasia and T cell dependent immune
responses) and would be consistent with a

genetic basis for susceptibility to the disease.8
Moreover, it could explain the upregulation of
proto-oncogenes in the transformed appearing
proliferating synovial lining as well as the
abnormal humoral and cellular immune
responses. In this regard, it is of interest that
an inflammatory arthropathy resembling
certain features of RA occurs in HTLV-I
transgenic mice.115 It is also intriguing that
HTLV transactivator proteins tat and tax are
able to induce the expression of several cellular
genes which have been implicated in various
aspects of the pathogenesis of RA, including
c-fos,1 i6 granulocyte-macrophage colony
stimulating factor,i i7 the c-sis proto-oncogene
encoding for the platelet derived growth factor
B chaini"' and MHC class II genes.'19 Last, but
not least, this hypothesis would also explain
why current antirheumatic treatment is of
limited effectiveness in halting progression of
joint destruction in RA.
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