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Synovial lymphocytes and the aetiology of
synovitis

Hill Gaston

The paramount importance of lymphocytes in
the aetiopathogenesis of inflammatory syno-
vitis is an essential article of faith for
rheumatologists of the immunological ten-
dency, and this belief underlies a substantial
proportion of the current research effort
directed against these diseases. Although
originally attracted by the B lymphocyte and its
ability to make an autoantibody to
immunoglobin, most immunologists have
transferred loyalty to the T lymphocyte as the
major player in the inflamed joint. This idea
has been subjected to a number of challenges,
however, particularly the suggestion that
synovitis is essentially driven by excessive and
autonomous monokine production by the
macrophage-like synoviocyte population.1 2
This hypothesis concedes that synovial T cells
might have had some long forgotten role in
starting off the inflammatory process, but they
are thought irrelevant to its maintenance, and
to the culmination of synovitis in joint
destruction and bony erosion, which is the
principal concern of the clinical rheum-
atologist. The T cells which are such a
prominent feature of synovitis are regarded as
mere spectators of the monokine driven
inflammatory fire, and it is argued that
investigation of their properties would be
unlikely to tell us anything useful about the
pathogenesis of the disease.

However, this view of the role (or lack of it)
for T cells in synovitis may not pay sufficient
attention to their usual mode of action. With
the exception of cytotoxicity, the physiological
effects ofT cells are not brought about directly;
rather, through the action of specific lym-
phokines, other cells such as macrophages, B
cells, mast cells, fibroblasts, etc are recruited
and stimulated to produce inflammatory
mediators, antibodies, and other effector
functions. Furthermore, one T cell may recruit
many secondary effectors, so that the
predominance of non-T cells or monokines
within an inflammatory lesion does not
necessarily show that the lesion is not T cell
dependent.

In this article I shall consider what has been
learnt from studies of autoimmune diseases,
and disease models, which are known to be T
cell dependent, and, in particular, what is
known about the properties of the immune
cells present at the site of disease. It will then
be possible to compare these findings with
those in inflammatory arthritis, and determine
whether the properties of synovial T cells are
inconsistent with the notion that antigen

specific T cells are responsible for driving joint
inflammation.

Lessons from animal models
T CELLS CAN MEDIATE INFLAMMATORY

ARTHRITIS
There is no doubt that antigen specific T cells
can be responsible for inducing joint
inflammation. The evidence supporting this
contention inevitably comes from animal
models, as putatively arthritogenic human T
cells cannot readily be tested in man. It is a
striking characteristic of experimental arthritis
that it can be induced not only by various
specific antigenic challenges but also by
transfer of antigen primed lymphocyte
populations, including primed lymph nodes,
and in vitro derived T cell lines and clones.
This applies to arthritis induced by bacterial
antigens - mycobacteria (Freund's complete
adjuvant), streptococcal cell walls, cell walls
from gut flora anaerobes3-5; by autoantigens -
cartilage proteoglycan, type II collagen6 7; and
by stimuli such as pristane and synthetic
adjuvants where the initiating antigens are not
defined.8 9 Although additional manipulations
of the experimental recipient are often
required, including mild irradiation, and
susceptibility to arthritis varies a great deal in
different strains of rodents, these model
systems clearly point to the transfer of arthritis
by immunocompetent cells. In some cases,
such as collagen induced arthritis, there is a
role for specific antibody in the transfer of
disease,'0 but the general rule is that disease
can only be transferred by lymphoid cells.
Induction and transfer of disease both require
T cells (usually CD4, but occasionally CD8 or
a mixture of the two subsets) and can be
prevented by treatment with T cell specific
monoclonal antibodies directed against cells
expressing CD4, the ot/l T cell receptor, or
even the T cell receptor using particular VP
genes."-'3 In these respects, models of arthritis
have characteristics similar to models of other
autoimmune diseases, such as experimental
allergic encephalomyelitis, thyroiditis, or
uveitis, and the spontaneous diabetes which
develops in the non-obese diabetic mouse.
Although there is argument about the extent to
which these models mimic real human diseases
such as multiple sclerosis and insulin depen-
dent diabetes mellitus, common features, such
as the involvement of major histocompatibility
complex (MHC) antigens in disease suscep-
tibility (reviewed in ref 14), and the ability of
T cell specific drugs such as cyclosporin A to
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modulate disease (as shown in early insulin
dependent diabetes mellitus'5), suggest that
these models are relevant. Both these features
are common to rheumatoid arthritis (RA) and
the experimental arthropathies discussed
above, so it is scarcely justified to dismiss the
information gleaned from studying these
models.

T CELL INDEPENDENT INFLAMMATORY

ARTHRITIS CAN ALSO OCCUR

Having emphasised animal models of arthritis
in which T cell mediated responses are critical,
it is necessary to recall that there are also
experimental models of arthritis in which T
cells are either not involved, or have only a
secondary role. Two of the most recently
described involve mice made transgenic for
either part of the genome of the retrovirus
HTLV-I,'6 or for human tumour necrosis
factor ot.'7 In the latter case the joint seems to
be particularly sensitive to the effects of
constitutive production of tumour necrosis
factor ox. In the former, one of the retroviral
genes, Tax, which encodes a trans-acting
transcriptional activator, may act to induce
cytokine production in the joints - possibly
including tumour necrosis factor a, though
only increased production of interleukin- 1
(IL-1) was commented on. In both these
models there is lymphocyte and macrophage
infiltration of the joint, but it is difficult to
imagine that this represents a response to
antigen even in the case of the HTLV-I
transfected mice as they will be tolerant of their
transgenic retroviral proteins. Thus this
transgenic model clearly differs from arthritis
induced by infection with a retrovirus, such as
caprine arthritis-encephalomyelitis virus,
where an immune response to infected
macrophages is likely to be important.'8

In addition to transgenic models of arthritis
which are T cell independent, it has also
proved possible to induce arthritis in immuno-
deficient (severe combined immunodeficiency)
mice, which lack both T and B cells because
of an inability to generate either immunoglobin
or T cell receptors. Infection of these mice with
Borrelia burgdorferi produced arthritis (and also
inflammation of heart and liver), but required
a substantial number of organisms (1 08/mouse)
to do so.'9

WHICH TYPE OF MODEL IS MOST RELEVANT TO

HUMAN INFLAMMATORY ARTHRITIS?
Given that there are clearly T cell dependent
and T cell independent experimental models of
arthritis, the crucial question is, which kind of
model best reflects human inflammatory
arthritis? One possibility is that the most
appropriate model depends on the kind of
arthritis: it might be argued that reactive
arthritis most closely resembles a T cell
dependent, antigen driven process, whereas
RA could be due to retroviral modulation of
cytokine production. For the rest of the review,
however, I will make the assumption that
chronic inflammatory arthritides in which
certain MHC genes confer susceptibility (these
would include RA, reactive arthritis, sero-

negative spondyloarthropathies, and juvenile
chronic arthritis) are likely to have broadly
similar pathogenetic mechanisms. The easiest
explanation for the observed HLA association
in these diseases is to postulate that the disease
requires a critical T cell response to an antigen,
and that HLA antigens determine whether this
response occurs. (A variant hypothesis would
be that a normal T cell response to a critical
antigen prevents the development of arthritis,
and that certain HLA antigens are associated
with an inability of T cells to respond to that
antigen.)
Given this view of the significance of HLA

antigens in disease, it is difficult to see why
arthritis due to, for instance, retroviral trans-
formation of synovial macrophages should
show an HLA association. This is not to play
down the likely importance of cells other than
T cells in the overall pathogenesis of the
disease. Treatments which affect the secondary
effector cells whose recruitment is T cell
dependent are likely to alleviate disease. As an
example, in the non-obese diabetic mouse
model of insulin dependent diabetes mellitus,
which is clearly T cell dependent, treatment
with antibodies to macrophage complement
receptors (CR3) abolishes disease because the
final destruction of pancreatic P cells involves
activated macrophages.20 Genetic studies have
also shown a role for genes other than those in
the MHC in susceptibility to diabetes, possibly
including genes controlling responses to
IL-i.2' 22 Again these genes act on the T cell
driven process to produce the final disease
phenotype. It is likely that similar processes will
be at work in joint inflammation.

Lessons from examination of lesional T
celis in inflammation
ANTIGEN SPECIFIC T CELLS AT A SITE OF

INFLAMMATION

Studies of lymphocyte trafficking and recir-
culation have shown that T lymphocytes are
not recruited into tissues on the basis of
antigen specificity, and that antigen specific
cells represent a very small minority of the
lymphoid infiltrate in a delayed-type hyper-
sensitivity response.23 Recruitment is now
known to depend on the ability of lymphocytes
to bind to and migrate through endothelial
cells, particularly the specialised cells of high
endothelial venules which are found in lymph
nodes and also at sites of chronic inflammation
such as rheumatoid synovium.24 Firm
attachment to endothelium, leading to
transmigration, is mediated by integrin
molecules (LFA-1, VLA-4) whose expression
is up-regulated in memory T cells - that is,
those which have encountered their specific
antigen.25 26 It follows that there should be
preferential localisation of memory T cells in
a site of inflammation, and this has been
elegantly demonstrated, at least for an acute
inflammatory lesion, by experiments exam-
ining T cells migrating into a skin blister
challenged with purified protein derivative.27
There is no mechanism for excluding particular
memory T cells; thus there is no reason to

expect that an inflamed joint should consist
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mainly ofT cells specific for one antigen, even
if a particular antigenic stimulus within the
joint were responsible for driving the inflam-
matory process.
Two kinds of study in experimental animals

point to the same conclusion; in the first the
prevalence of antigen specific T cells at the site
of disease has been measured, while in the
second the migration ofT cells which mediate
disease by adoptive transfer has been followed.
In experimental allergic encephalomyelitis,
limiting dilution assays were used to estimate
that T cells specific for myelin basic protein
accounted for 0.04% ofT cells infiltrating the
spinal cord; the prevalence of cells specific for
tetanus toxoid was similar if rats were

immunised with both myelin basic protein and
tetanus toxoid.28 Despite this low prevalence of
antigen specific cells, T cells capable of
transferring disease could be obtained from the
spinal cord. In other experiments inducing
experimental allergic encephalomyelitis by
adoptive transfer, 1% of the injected T cells
specific for myelin basic protein were shown to
migrate into brain and spinal cord where they
constituted a small minority of the cells in
spinal cord infiltrates.29 The effect of this
minority has been illustrated by experiments in
which the recipients of disease inducing T cells
were made severely leucopenic by sublethal
irradiation to prevent recruitment of host cells
to the inflammatory lesion.30 Despite the fact
that only scattered lymphocytes were present
in the spinal cord these animals still developed
paralysis. The infiltrating lymphocytes were

presumed to be derived from the donor
population and were IL-2 receptor positive.
Interestingly, absolute numbers of IL-2
receptor positive T cells were the same in
irradiated and normal recipients.

Similar studies have been carried out in
experimental arthritis; when fluorescein
labelled, mycobacterium specific T cells were

transferred into naive rats to induce arthritis
they made up only 0.1% of the lymphoid cells
infiltrating the joint.3' Other evidence has been
obtained in experimental allergic uveitis, in
which the target antigen, S-antigen of the
photoreceptor layer of the retina, is well
defined both biochemically and anatomically.
Labelled S-specific T cells injected into the
vitreous localised to the photoreceptor layer
(non-specific T cells did not show such
localisation), but again they only made up a
small proportion of the resulting inflammatory
infiltrate.32 The conclusion to be drawn from
all these studies is that if inflammatory arthritis
is driven by antigen specific T cells, these cells
are likely to be present as a very small
proportion of the total lymphoid infiltrate, even
if the presence of antigen within the joint
induces some degree of specific accumulation.

MONOKINES IN INFLAMMATORY LESIONS
CAUSED BY T CELL-S

If antigen specific T cells are a minority
population at the site of inflammation, it would
not be surprising if the cytokines they produce
were difficult to detect in comparison with
those made by the recruited mononuclear cell

infiltrate. In a study of naturally occurring
delayed-type hypersensitivity reactions in lep-
rosy ('reversal reactions') it was estimated that
only 1O% of the T cells in the lesion were
making interferon y.3 An even lower
proportion (0.2%) was found in chronic
tuberculous leprosy lesions. T cells making
interferon -y in response to myelin basic protein
have also been assessed in the cerebrospinal
fluid (CSF) of patients with multiple sclerosis;
although these were 30 times more prevalent
in the CSF of patients with multiple sclerosis
than in CSF from patients with meningitis,
they accounted for only 0.2-0.6% of the
mononuclear cells.34 Examination of cytokine
mRNA using polymerase chain reactions in
leprosy lesions did show mRNA for T cell
specific lymphokines, but mRNA for mono-
kines was much more abundant.35 In active
multilple sclerosis IL-1 mRNA was readily
detected, but mRNA for either IL-2 or IL-4
was rarely demonstrated.36 These results are
reminiscent of those seen in RA.37 Even in
lymph node cells mounting a graft versus host
response (a 'pure' T cell disease) the
precentage ofT cells secreting interferon -y was
only 3%, with an even lower proportion
making other lymphokines.38
To prove that the lymphokines produced by

a minority T cell population are crucial to the
inflammatory lesion, it is critical to determine
what happens when the influence of these T
cells is removed. There are relatively few data
in arthritis. One interesting experiment in man
showed that IL-1 production by synovial
biopsy fragments in vitro was markedly
inhibited in patients who had undergone total
lymphoid irradiation (and who had depressed
numbers and function of CD4 cells).39 The
spontaneous production of IL-1 in vitro is a
remarkable feature ofrheumatoid synovial cells
and has been shown to be inhibitable by
antibodies to tumour necrosis factor (x37;
however, recent experiments from the same
group have suggested that the spontaneous
production of these monokines is dependent
on the T cell population within the synovium
(Brennan F, personal communication).
Experiments on the effect of cytokine

specific antibodies and inhibitors on joint
inflammation are less informative in terms of
indicating the role of T cells. Many agents
which have an effect on late events in the
inflammatory response will alleviate arthritis,
the most obvious examples being non-steroidal
anti-inflammatory drugs. However, more
fundamental changes in disease can also be
brought about; one recent example is the
ability of an inhibitor of angiogenesis both to
prevent and treat collagen induced arthritis40
(which is also known to be T cell dependent).
Inhibitors of T specific lymphokines may also
be unhelpful; gene knockout experiments in
mice have demonstrated substantial redun-
dancy in the immune system. For example,
even when the IL-2 gene is inactivated there
are still normal numbers of thymus and
peripheral T cells which might have used
growth factors such as IL-4 or IL-7 in their
development.4' The most convincing exper-
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iments which show T cell dependence of
inflammation are those in which antigen spec-
ific T cell populations are inhibited by agents
such as specific peptides or T cell receptor
specific antibodies. These manoeuvres have
been successful in the experimental allergic
encephalomyelitis model.42 43 In human
arthritis the lack of data on critical antigens
inhibits this kind of study. Identification of the
major antigens recognised by synovial T cells
in reactive arthritis44 might allow similar
approaches in the small proportion of patients
whose disease is not self limited.

OLIGOCLONALITY OF T CELL RECEPTOR USAGE
IN THE JOINT

In view of the evidence already considered, it
would seem unlikely that studies of T cell
receptor usage in the inflamed joint would be
able to detect a minority population of antigen
specific cells responsible for driving the joint
inflammation, even if we were to assume that
the same T cell receptor was always used to
recognise a particular MHC/peptide complex
(which is certainly not always the case45).
However, T cell receptor studies have been
informative in experimental models of auto-
immunity where the target antigen is defined.
In experimental allergic encephalomyelitis,
encephalitogenic T cell clones which recognise
a myelin basic protein peptide presented by
particular class II MHC molecules have been
found to use similar T cell receptors.43 46 These
findings have recently been extended to
multiple sclerosis, though the relevance of
immune responses to myelin basic protein in
this disease is still controversial. Examination
of chronic brain plaques has shown restricted
T cell receptor usage.47 This was most evident
when analysis was confined to DR2 positive
patients (Steinman L, personal commun-
ication); DR2 restricted T cells specific for
myelin basic protein also appear to use a
limited set ofT cell receptors.48

Despite the absence of candidate antigens in
RA, several studies of T cell receptor usage
have been carried out. Some made the
assumption that the critical antigen specific
cells in the joint would express the IL-2
receptor and could therefore be selected in
vitro by culture with IL-2. Certainly, culture
with IL-2 did produce evidence of an
oligoclonal population in synovial T cells, as
judged by Southern blotting.49 Separate studies
found minimal evidence of oligoclonality in
unexpanded synovial T cells, or in cells
expanded non-specifically by anti-CD3 and
IL-2, whereas synovial tissue T cells expanded
in IL-2 alone did sometimes show
oligoclonality.50 51 In the absence of data on the
function of these oligoclonal populations it is
hard to assess their significance.
The polymerase chain reaction is a much

more sensitive way of analysing T cell receptor
usage, but has produced controversial results.
In most reports T cell receptor usage in
synovial fluid and peripheral blood has been
compared, and increased expression of
particular ao or C families has been noted in
synovial fluid. This has sometimes been

interpreted as suggesting involvement of a
superantigen. Superantigens differ from
conventional antigens in that they bind to and
stimulate all T cells which express particular
families of T cell receptor; normal antigens
only stimulate antigen specific T cells. Paliard
et al noted a loss of V 14 T cells from
peripheral blood of patients with RA
accompanied by Vp14 expression in synovial
fluid and synovium, and suggested that this
might be explained by superantigen
stimulation of V 14 cells in the periphery.52
Experiments in mice have shown that
superantigen stimulation can result in deletion
ofT cells whose T cell receptors are bound by
the superantigen, so a superantigen would
account for the loss of peripheral VP14 T cells.
If a subgroup of these reacted with a
conventional self antigen in the joint, however,
they could continue to be stimulated locally.
Sequencing VP14 chains from synovial fluid
showed a small number of dominant clones,
consistent with the idea that they were
responding to a defined antigen in the joint. In
another study the Vp genes used predominantly
in the synovium varied from patient to patient,
which does not suggest involvement of a
superantigen unless it had a very wide
specificity, but again sequencing T cell
receptors from the dominant family present in
the joint showed highly related sequences,
consistent with recognition of local antigen.54
Interestingly, we have recently isolated two
clones with identical receptors and antigen
specificity on separate occasions from a
rheumatoid synovial fluid (Henwood J et al,
unpublished data).
These studies ofT cell receptor usage in the

joint are still at a relatively early stage and it is
still important to define such usage in the
normal recognition of particular MHC/peptide
complexes by different subjects. Certainly,
current data on T cell receptor usage in the
joint do not argue convincingly against an
important role for synovial T cells in
pathogenesis.

Conclusions
In the light of the experimental evidence
discussed, what can we expect to learn from
studying synovial lymphocytes? Firstly, it is still
not unreasonable to believe that a critical T cell
population maintains inflammation through-
out the time of active disease. Secondly, it is
likely that this population will have relatively
subtle properties in terms of lymphokine
production, not shown by analysis of total
lymphokine production in the joint. Thirdly, it
is unlikely that the critical cells will be easily
disclosed by studies of T cell receptor usage,
although, as discussed above, involvement of a
superantigen would increase the likelihood of
such studies being successful. Lastly, the best
way to demonstrate T cell involvement in
pathogenesis is to identify critical antigens. In
this respect an elucidation of the pathogenesis
ofreactive arthritis (where there is at least some
information on candidate antigens) may be the
first stop in the process of unravelling more
complex diseases such as rheumatoid arthritis.
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