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T cells are responsible for the enhanced synovial cellular immune response
to triggering antigen in reactive arthritis
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SUMMARY

In reactive arthritis (ReA) there is specific proliferation of synovial fluid (SF) mononuclear cells
(MNC) to the triggering bacterial antigen; comparatively little or no response is seen in peripheral
blood (PB). To investigate the mechanism of this elevated local immune response, we examined
patients with typical ReA who showed an enhanced antigen-specific synovial immune response in
bulk culture. Using separated fractions of T cells and antigen-presenting cells (APC) from PB and SF
we showed that the synovial T cells rather than SF APC are responsible for the specific proliferation.
By limiting dilution analysis, the frequency of T cells responding to the specific antigen was found to
be significantly increased compared with the frequency of irrelevant antigen-specific T cells.
Furthermore, the frequency of T cells responding to the specific antigen was higher in SF (between
1/619 and 1/4846, mean 1/2389) than in PB (between 1/1286 and 1/16279, mean 1/7350). We
conclude that the specific synovial cellular immune response in ReA is mainly due to an expansion of
antigen-specific T cells within the joint. However, the non-specific hyper-reactivity of SF T cells and

differences between SF and PB APC may make a more minor contribution.
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INTRODUCTION

Reactive arthritis (ReA) is defined as an aseptic inflammatory
arthritis triggered by genitourinary infection with Chlamydia
trachomatis (CT) or by enteric bacteria like Yersinia, Shigella,
Salmonella and Campylobacter [1]. Several groups, including
ourselves, have demonstrated a specific cellular immune re-
sponse to the triggering bacterium in synovial fluid (SF)
mononuclear cells (MNC) from patients with CT [2,3], Yersinia
and Salmonella [4,5] induced ReA. Little response was seen with
paired peripheral blood (PB) MNC. This bacteria-specific
synovial response is likely to be triggered in vivo by the bacterial
antigen which has been demonstrated in the joints of patients
with arthritis due to Yersinia, [6,7], Salmonella [8] and CT [9,10].

The mechanism for the specific response of SF MNC to
bacterial antigens in ReA, and their enhanced responsiveness
compared with paired PB MNC, is not clear. Whilst the simplest
hypothesis is that, in the ReA joint, there is an increased number
of SF T cells which are specific for the triggering bacteria,
differences between SF and PB T cells or antigen-presenting cells
(APC) could also play a role. SF APC in inflammatory arthritis
differ from PB APC in their differentiation, HLA-DR and
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adhesion molecule expression and also in the relative propor-
tions of the various APC subtypes [11,12]. Furthermore ReA PB
T cells show an enhanced response to bacterial antigens if
cultured with SF rather than PB APC [13].

There are also major phenotypic and functional differences
between SF and PB T cells. SF T cells are primarily of the
CD45RO+* subset [14], thought to contain most of the T cell
memory [15,16], and many are also activated as judged by other
markers [14,17]. In contrast, only half PB T cells are CD45RO*
and few bear other activation markers. T cell memory has two
components, increased number of antigen-specific T cells and
hyper-reactivity of the memory T cells to antigen [18]. Thus,
memory T cells of diverse antigen specificities respond better to
any antigen than naive cells with the same range of specificities.
It has been proposed [19,20] that the enhanced ReA SF MNC
may be due solely to the predominance of memory T cells in
SF and that its specificity for triggering antigen arises because
T cells are recruited into the joint according to their prevalence
in the systemic circulation, which is highest for T cells expanded
by a recent or ongoing infection.

To distinguish among the possibilities discussed above we
performed two types of experiments. Using separated popula-
tions of PB and SF APC and T cells, we demonstrated that
synovial T cells and not synovial APC are responsible for the
enhanced antigen-specific MNC proliferation in ReA SF.
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Table 1. Characteristics of patients

Patient

no. UReA  EReA Antibodies Culture* B27 LPt
1 — + Yersinia enterocolitica - + 11-3/ Yersinia enterocolitica
2 + - CT - + 7-7/CT
3 — + Yersinia enterocolitica - — 15-5/ Yersinia enterocolitica
4 + - CT CT + 27/CT
5 — + - - + 20/Shigella
6 - + - — — 27/Shigella
7 - + - - + 28/Shigella
8 + — - - - -
9 — + - - + -

10 - + CT — — —

11 + - — - + —

UReA, Urogenic reactive arthritis; CT, Chlamydia trachomatis; EReA, enteral reactive arthritis.

* From urethral/cervical smear and stool.

t Synovial lymphocyte proliferation to the specific antigen, expressed as stimulation index.

Furthermore, we confirmed that expansion of specific T cells
within the joint rather than T cell hyper-reactivity was the major
factor since, by limiting dilution analysis, T cell frequency
responding to the specific antigen was increased in SF compared
with PB in four out of five patients.

PATIENTS AND METHODS

Patients

Paired samples of SF and PB were obtained from 11 patients
(2 female and 9 male; mean age 317+ 13-5 years) with ReA.
ReA was defined as oligo- or monarthritis following a clear cut
symptomatic infection, either urethritis or gastroenteritis, in the
preceding 5 weeks [1]. Seven patients had enteric ReA (EReA)
with a preceding gastroenteral infection and four patients
urogenic ReA (UReA) with a preceding urogenital infection.
The patients’ characteristics are shown in Table 1. Antibodies
were determined by immunoperoxidase assay for CT [21] and
immunoblotting for Yersinia [22].

Definition of responder and non-responder patients

In preliminary experiments, the proliferation, measured as
described below, of each patient’s SF MNC was tested to the
following ReA-related antigens: CT, Yersinia, Shigella, Salmo-
nella, Campylobacter and Borrelia burgdorferii. The response
was expressed as a stimulation index (SI), defined as prolifera-
tion induced by antigen divided by proliferation to medium
alone. SI>5 to an antigen in the absence of response to any
other was judged a specific response (Table 1). A patient with
SI<5 and ct/min <2000 for all pathogens was considered a
non-responder.

Seven patients (five EReA patients: 1, 3, 5, 6, 7; two UReA
patients: 2 and 4; disease duration 3-7 + 1-9 weeks) had a specific
cellular immune response to a single ReA-associated bacterial
antigen and four (three EReA patients: 8-10; one UReA
patient: 11; disease duration 1-3 + 1 year) had no response to any
antigen.

Cell separation
MNC were separated as previously described [2] from paired
samples of PB and SF by density gradient centrifugation

(Lymphoprep, Nycomedas, Norway) and resuspended in tissue
culture medium (TCM) comprising RPMI-1640 (GiBco, Pais-
ley, UK) with a 10% fetal calf serum (FCS, GiBco), penicillin/
streptomycin (100 U/100 ug per ml; Biochrom KG, Berlin,
Germany) and glutamine (2 mM/ml; Biochrom).

Separation of T and non-T cells for cell-mixing experiments
was performed using adherence or rosetting with sheep erythro-
cytes. For separation of adherent and non-adherent cells, PB or
SF MNC were incubated in TCM for 90 min at 37°C on a plastic
Petri dish (Nunc, Roskilde, Denmark). Non-adherent cells
(>80% CD3* by immunofluorescence) were removed by
aspiration and subsequent washing and were used as responder
T cells in the assays. Adherent cells (< 5% CD3* by immuno-
fluorescence) were then scraped off the Petri dish with a
disposable cell scraper (Costar, Cambridge, MA); these were
irradiated at 40 Gy and used as APC. Rosetting with erythro-
cytes was performed as previously described [23]. The T cell
population was >90% CD3+* by immunofluorescence. Non-T
cells (<5% CD3* by immunofluorescence) were irradiated at
40 Gy and used as APC. Before use, all cell populations were
resuspended in TCM.

Cell culture and proliferation assays
Cells were aliquoted into 96-well plates. Unseparated MNC
were cultured at 100000 cells/well. In experiments with separ-
ated populations, 5000 irradiated PB or SF APC (adherent cells
or rosette-negative cells) were cultured with 50000 PB or SF
responder T cells (non-adherent or rosette-positive cells).
Wells were stimulated, in triplicate, with the following
agents:

Tissue culture medium alone (background proliferation)

CT serovar L1 (5 ug/ml), grown and purified as described [24]
Yersinia 0-3 and 0-9 (3 ug/ml), grown in trypticase soya bouillon
over 48 h and washed in PBS

Salmonella enteritidis (5 ug/ml), Shigella flexneri (5 ug/ml),
Campylobacter jejuni (5 ug/ml), grown in broth, boiled for 1 h
to inactivate them, and washed in PBS

Borrelia burgdorferi (5 ug/ml), isolation B29 from a Berlin tick,
grown in Kelly’s medium and washed in PBS [25]
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Tetanus toxoid (TT, Behring, Marburg, Germany) 1 ug/ml
Pokeweed mitogen (PWM, Sigma, Poole, UK) 1 ug/ml.

Cells were cultured for 6 days at 37°C in a 5% CO, incubator
and *H-thymidine (Amersham, UK; 0-2 uCi per well) incorpora-
tion measured as previously described [2]. Results are expressed
as SI or as incremental ct/min (proliferation to a stimulus — that
to medium alone). Optimal doses and times for assays were
investigated in preliminary experiments (data not shown).
Results are expressed as mean+ 1 s.d.

Limiting dilution assay (LDA)

Method. LDA were performed using cell populations separ-
ated by adherence. As responder cells, SF or PB non-adherent
cells were used at six different concentration levels in each
experiment as shown below. As APC, irradiated adherent cells
were used at 10000 cells/well; to ensure equivalent antigen-
presenting capacity, these cells were always obtained from PB.
The concentrations of non-adherent cells used were between 625
and 20000 per well. Seventy-two replicate wells were set up at
each responder cell dilution, 24 stimulated with the relevant
specific antigen, 24 with an irrelevant ReA-associated antigen
and 24 without antigen (background wells). As a positive
control, three further wells containing 10 000 non-adherent cells
and 10000 irradiated adherent cells were stimulated with PWM.

Statistical analysis

A culture well was scored as positive when the ct/min measured
for that well exceeded the mean + 3 s.d. of the 24 corresponding
wells without antigen. Results were calculated using maximum
likelihood analysis based on the Poisson distribution [26]. 2 and
confidence intervals (CI) were calculated using a computer
program based on GLIM 3.12 (Royal Statistical Society,
London). A cell concentration resulting in 37% negative wells
corresponds to the frequency of responder cells in the popula-
tion being analysed. Frequencies of responder cells in two
populations are considered as different at the 5% significance
level if the 95% CI of the calculated values do not overlap.
P values for single-hit kinetics are calculated from y? tables
allowing n—1 degrees of freedom where n is the number of
informative cell concentration levels, that is, the number, out of
the six set up, which gave different proportions of positive wells.
P values >0-05 are consistent with single-hit kinetics [26].

RESULTS

Proliferative responses of unseparated synovial and peripheral
blood MNC: choice of specific and irrelevant stimulatory antigens

Choice of specific and irrelevant antigens. In preliminary
experiments (data not shown), proliferation of PB and SF MNC
from the 11 ReA patients had been tested to the ReA-related
organisms CT, Yersinia, B. burgdorferi, Salmonella, Shigella
and Campylofacter. Seven patients had been selected as specific
responders to a single organism. Five of these had EReA
comprising patients 1 and 3, who responded specifically to
Yersinia, and patients 5, 6 and 7, who responded specifically to
Shigella. Two of the seven, patients 2 and 4, had UReA and
responded specifically to CT. In these seven patients, all
subsequent experiments were performed testing proliferation to
the specific organism and an irrelevant ReA-associated bac-
terium to which the patient had shown no response. Patients 1
and 3 were tested with Yersinia (specific) and CT (irrelevant),

patients 2 and 4 with CT (specific) and Yersinia (irrelevant) and
patients 5, 6 and 7 with Shigella (specific) and CT (irrelevant).
Four patients, three with EReA and one with UReA, were
chosen because they did not respond to any tested organism
and, in this investigation, were studied with two antigens to
which they had shown no response.

Proliferative responses of synovial and peripheral blood
MNC. Table2 (patients 1, 2,4, 6, 7) and Fig. 1 (patients 1, 3,4, 5,
6, 7) show the proliferation of unseparated PB and SF MNC to
the specific and irrelevant bacterial antigens in the specific
responder group. Only the data from the specific responders are
shown. As can be seen, the specificities established in prelimin-
ary work were maintained in these experiments. In all responder
patients the bulk proliferation to the triggering bacterium in SF
was significantly increased compared to PB. Retesting of the
non-responder patients confirmed their lack of response to the
chosen organisms (data not shown).

Synovial T cells proliferate better than PB T cells to the
triggering bacterium whether co-cultured with PB or synovial
APC

Separation of T cells and APC by plastic adherence. To assess
whether the increased response to the triggering organism by
ReA SF MNC compared to PB MNC was due to the T cell or
the APC subset, SF and PB MNC were separated into T cell and
APC populations and both SF and PB T cells were co-cultured
with both SF and PB APC. In initial experiments (Fig. 1a), the
separation was carried out by adherence to plastic, adherent
cells being used as APC and non-adherent cells as T lympho-
cytes. Ascan be clearly seen (Fig. 1a), the SF T cells of responder
patients showed proliferation to the specific antigen, compar-
able to that of the unseparated SF MNC, whatever the source of
APC used. In contrast, the proliferation of PB T cells remained
low whether SF or PB APC were used. No proliferation was
seen to the irrelevant antigen with any combination of APC and
T cells in the responder patients and, similarly, no proliferation
was seen to any tested antigen in the non-responder group (data
not shown).

Separation of T cells and APC by rosetting with sheep
erythrocytes. To ensure that these results were not related to the
technique of separation, in three patients parallel experiments
were performed where the T cells and APC were separated by
rosetting with sheep erythrocytes (Fig. 1b). Again the SF T cells
demonstrated a strong triggering antigen-specific proliferation
with either PB or SF non-T cells as APC, whereas, whatever the
source of APC, the proliferation of PB T cells was low. The level
of proliferation of the SF T cells was surprisingly similar
whether separation was carried out by adherence or by rosetting
and parallelled that of the unseparated SF MNC.

Increased frequency of triggering antigen-specific T cells in the
SF compared with the PB in ReA

Limiting dilution assay techniques. From the above experi-
ments, it was clear that the enhanced triggering antigen-specific
T cell response in ReA SF was primarily related to the SF T cells
and not to the APC population. To assess directly whether there
was an accumulation of antigen-specific T cells within the joint,
the frequency of antigen-specific T cells in PB and SF was
compared by LDA. T and APC populations were separated by
adherence and SF or PB T cells were plated out, under limiting
dilution conditions, together with a fixed number of PB APC. In
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Table 2. Antigen-specific T cell frequency in synovial fluid (SF) and peripheral blood (PB) from reactive arthritis patients
showing a triggering antigen-specific response in bulk culture

Proliferation* Reciprocal T cell No.

Patient Antigen MNC (mean+1s.d.) frequency (95% CI) lev I P
1 Yersinia enterocolitica PB 2505 + 2000 1286 (962-1719) 4 44  >005
SF 22158 + 1482 619 (459-833) 4 68 >005

CT PBO > 215000 — — — —
SF 10224+ 1271 148888 (62161-356612) 3 28 >0-05
2 CT PB 158204272 5000 (3836-6386) 5 81 >005
SF 25764 1+ 310 4846 (3781-6212) 6 96 >0-05
Yersinia enterocolitica PB 4895 + 1000 9653 (7192-12957) S 61 >005
SF 72314350 7233 (5536-9449) 6 60 >005
4 CT PB 6177+ 2500 2368 (1817-3086) ) 53  >005
SF 18984 + 1645 1184 (884-1587) 4 75  >005
Yersinia entercolitica PB 3093 +228 3990 (3125-5093) 6 10-7 >0-05
SF 5932+ 1108 5708 (4247-7673) 5 133 >005
6 Shigella PBO 16279 (11319-23413) 4 39  >005
SF 25559 + 7000 3370 (2577-4408) 5 64 >0-05
CT PBO 38501 (22853-64863) 4 26 >005
SF 3194185 38501 (22853-64863) 4 26 >005
7 Shigella PB 1246+ 530 12919 (9344-17862) S 34 >005
SF 13837+ 1600 1928 (1444-2576) 4 65 >005

CT PB 4701430 > 137000 — — — —
SF 1493 +212 36619 (22428-59791) 6 48 >0-05

CT, Chlamydia trachomatis; Cl, confidence intervals; P, probability of single-hit kinetics; No. lev, number of
informative cell concentration levels; MNC, mononuclear cells; PB, peripheral blood; SF, synovial fluid.

The specific antigen responses in SF are in bold type.
* Results are expressed as incremental ct/min.

all LDA experiments, APC were derived only from the PB; thus
differences in the LDA can be attributed only to differences
between the SF and PB non-adherent cells, which are mainly
T cells. LDA were carried out in five out of the seven responder
patients and four non-responder patients. As can be seen from
Table 2, in all cases the results of the LDA were consistent with
single-hit kinetics.

T cell frequencies to specific and irrelevant antigens in PB and
SF of responder patients. The LDA results for the responder
patients are shown in Table 2 and Fig. 2. The frequency of
antigen-specific T cells varied widely; the frequency of T cells
responding to the specific antigen ranged from 1/619 to 1/4846
(mean 1/2389) in SF and 1/1286 to 1/16 279 (mean 1/7570) in PB
whilst the frequency of irrelevant antigen-specific T cells was
lower, ranging from 1/5708 to 1/148 888 in SF and 1/3990 to less
than 1/215000 in PB. However, two important general conclu-
sions can be drawn for all patients except patient 2. First, for
each individual patient, the frequency of T cells responding to
the specific antigen was significantly greater than the frequency
of irrelevant antigen-specific T cells in SF; in patients 1 and 7
there was also a major difference in the blood. Second, there was
a significantly higher frequency of T cells responding to the
specific antigen in the SF compared with PB (Fig. 2). Thus, in
the majority of patients (patients 1, 4, 6, 7), the enhanced
proliferative response of synovial MNC to the triggering
antigen can be explained by an increased frequency of triggering
antigen-specific T cells in the joint. In contrast, in patient 2, who
had similar PB and SF T cell frequencies to specific and

irrelevant antigen, other mechanisms such as T cell hyper-
reactivity must be invoked to explain the bulk culture differ-
ences.

T cell frequencies in non-responder patients. In non-res-
ponder patients PB and SF T cell frequencies to the antigens
tested were of a similar order to those seen in responder patients
to the irrelevant antigen; in PB they ranged from 1/8438 to less
than 1/215000 (mean 1/88 438) whilst in SF they varied from
1/7837 to less than 1/215000 (mean 1/85436) (data not shown).

DISCUSSION

Many investigators have confirmed the initial observations by
Ford et al. [3] that ReA SF MNC proliferate specifically to the
microbe triggering the disease, whereas paired PB cells prolifer-
ate much less or not at all [2,5]. The current study investigated
the mechanisms underlying this response. We show, first, that
the enhanced response of ReA SF MNC to triggering antigen is
due to the T cells rather than the APCs and, second, that in most
patients the increased SF MNC response is associated with an
increased frequency of T cells in SF responding to the specific
antigen.

The strongest evidence in favour of a major role for the APC
comes from the work of Life et al. who showed a strong
proliferative response of PB T cells in the presence of antigen if
they were combined with SF APC whilst there was only a
minimal response if PB T cells were cultured with PB APC or
from unseparated PB MNC [13]. The enhanced cytokine
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Fig. 1. Proliferation of unseparated mononuclear cells (MNC) and
separated T cells (T) from peripheral blood (PB) or synovial fluid (SF) to
the triggering bacterium (Yersinia in patients 1 and 3, Chlamydia in
patient 4, Shigella in patients 5, 6, 7) in reactive arthritis patients;
separation was done either by adherence (a) or by rosetting (b) as
described in Patients and Methods. Closed bars, T cells plus antigen
presenting cells (APC) from PB; open bars, T cells plus APC from SF.
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Fig. 2. Frequencies of non-adherent mononuclear cells against trigger-
ing (®) or irrelevant bacterium (O) in peripheral blood (PB) or synovial
fluid (SF) in reactive arthritis patients. YE, Yersinia enterocolitica;
CT, Chlamydia trachomatis; Shi, Shigella.

production of SF APC [11] and the prevalence of dendritic cells
among them [12] will render them more effective at supporting
antigen-induced lymphocyte proliferation. However, these
general mechanisms cannot explain the fact that the enhanced
proliferation in ReA is specific for the triggering antigen and not
a general phenomenon for all ReA-associated antigens or
indeed other recall antigens [10,23]. Furthermore, in other forms
of arthritis such as rheumatoid arthritis, similar alterations in
APC phenotype and function are seen as in ReA [12,27,28] but
there is no enhancement of proliferation to ReA-associated
organisms [2,4,10]. The reason for the divergent results of our
study and that of Life et al. [13] remains unknown. In our initial
experiments, we separated T cells and APC by adherence
whereas they used rosetting with sheep erythrocytes resulting in
APC fractions comprised of different cell types. To exclude this
difference, we conducted three experiments using rosetting and
adherence methods in parallel and no major difference was
found. In particular, the PB T cells did not respond substantially
to antigen using either SF adherent cells or non-T cells as APC
and certainly not to levels similar to, or even in excess of, SF
MNC and SF T cells as described by Life et al.

Having shown that the increased synovial T cell prolifera-
tion in ReA is mainly related to the T cell and not the APC, we
went on to examine whether the enhanced synovial response was
related mainly to T cell hyper-reactivity or to an increased
frequency of the specific T cells. Because synovial T cells are of
the CD45RO* type and activated they are likely to react more
rapidly than PB T cells to an antigen even if the T cell specific for
that antigen were present at the same frequency in both. It has
been suggested that the enhanced SF MNC response can be
explained solely on this basis [19,20] with the additional
assumption that T cells are recruited into the joint according to
their prevalence in the blood. In this hypothesis the specificity of
the SF MNC proliferation in ReA would be explained because
cells responding to the triggering antigen are present at high
frequency in blood due to recent infection whilst the differences
between SF and PB would be explained on the basis of the
hyper-reactive state of SF T cells. It remains difficult to explain
on this basis the results seen in patients where there is no
response in the peripheral blood but a very marked proliferation
in synovial fluid, for example patients 6 and 7 in our study. It is
also hard to understand, using this hypothesis in isolation, why
there is not a generally increased response in SF compared with
PB for other antigens whose specific T cells are at high frequency
in the general circulation such as PPD and TT [10,23]. In
summary, whilst the hyper-reactive state of the synovial T cell
may be of some relevance, especially in patients such as patient 2
in our study where there is a significant PB response to antigen
and where the frequency of antigen-specific T cells does not
differ between blood and the joint, it seems most probable that
the major mechanism is a selective accumulation of triggering
antigen-specific T cells in the joint.

The idea that such T cells might selectively accumulate in the
joint is supported by work showing that specific T lymphocytes
are selectively recruited into the lung by local antigen [29];
alternatively or in addition, they proliferate in situ. In other
diseases including leprosy and leishmaniasis [30,31], accumu-
lation of T cells specific for the causative microbe at the site of
the lesion has also been demonstrated. More recently the
frequency of T cells specific for myelin oligodendrocyte glyco-
protein in patients with multiple sclerosis was found to be 1/450
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in cerebrospinal fluid and 1/7299 in PB [32] and in tuberculous
pleurisy the frequency was 1/2240 in pleural fluid and 1/14 790 in
PB [33]. These results bear a close similarity to ours. No previous
studies of T cell frequency have been performed in ReA but in
the similar arthropathy, Lyme disease, a slightly higher antigen-
specific T cell frequency to B. burgdorferi in SF compared with
PB was found although no direct comparison between SF and
PB from the same patients was done [34].

One important point to note is the relatively low frequencies
of T cells responding to the specific antigen in the ReA SF with a
range from 1/619 to 1/4846. Even assuming that all the specific
T cells in a single patient are recognizing the same structure on
the triggering organism (by no means certain with a complex
microbe) and thus likely to be using the same T cell receptor, it
would clearly be difficult to detect oligoclonal T cells at this
frequency even using sensitive techniques such as the polymer-
ase chain reaction. This may have important implications for
those searching in rheumatoid arthritis and other arthritides
where the antigen is unknown.

How accurately can the technique of LDA distinguish
between the hyper-reactivity and frequency aspects of the
increased response of synovial T cells to triggering antigen?
Whilst, because LDA assays are scored on a positive/negative
basis rather than on the degree of proliferation, the major
element detected by LDA will be increased T cell frequency,
presumably there must also be a small threshold effect where
hyper-reactive cells at a particular frequency would proliferate
rapidly enough to exceed background whereas less activated or
naive T cells at the same frequency would not. Also, it remains
unclear whether LDA measures the frequency of all antigen-
specific T cells or only of hyper-reactive antigen-specific T cells
[16,35,36].

Of the three possible explanations for the enhanced response
of ReA SF MNC to the triggering bacterial antigen, namely,
first, an increased frequency of triggering antigen-specific T cells
in the joint, second, the prevalence within the joint of hyper-
reactive memory T cells, and, third, a difference between SF and
PB APC, the work presented in our study favours a major
contribution for the first, a smaller contribution for the second
and suggests that the role of the different types of APC is much
less significant. Work is currently in progress with triggering
antigen-specific T cell clones generated from the synovial fluid of
ReA patients to examine the role of the T cell further.

ACKNOWLEDGMENTS

We are grateful to Professor A. Mitchison, Deutsches Rheuma-
forschungszentrum Berlin and Professor G. S. Panayi, Guy’s Hospital,
London, for advice and support. We would also like to thank Professor
J. Heesemann, Institute of Microbiology, Wiirzburg, and Professor H.
Hahn, Department of Microbiology, Berlin, for performing the specific
anti-bacterial antibody tests. This work was supported by the Bundes-
ministerium fiir Forschung und Technologie, Germany and the British/
Academic Research Collaboration Programme (British Council/
DAAD) and the Nuffield Foundation (Oliver Bird Fund), UK.

REFERENCES

I Keat A. Reiter’s syndrome and reactive arthritis in perspective. N
Engl J Med 1983; 309:1606-15.

2 Sieper J, Kingsley G, Palacios-Boix A et al. Synovial T lymphocyte
specific immune response to Chlamydia trachomatis in Reiter’s
disease. Arthritis Rheum 1991; 34:588-98.

3 Ford DK, daRoza DM, Shah P, Wenman WM. Cell-mediated
immune responses of synovial mononuclear cells in Reiter’s syn-
drome against ureaplasmal and chlamydial antigens. J Rheumatol
1980; 7:751-5.

4 Ford DK, DaRoza DM, Schulzer M. Lymphocytes from the site of
disease but not blood lymphocytes indicate the cause of arthritis.
Ann Rheum Dis 1985; 44:701-10.

5 Gaston JSH, Life PF, Granfors K et al. Synovial T lymphocyte
recognition of organisms that trigger reactive arthritis. Clin Exp
Immunol 1989; 76:348-53.

6 Granfors K, Jalkanen S, vonEssen R er al. Yersinia antigens in
synovial fluid cells from patients with reactive arthritis. N Engl J
Med 1989; 320:216-21.

7 Hammer MA, Zeidler H, Klimsa S, Heesemann J. Yersinia entero-
colitica in the synovial membrane of patients with Yersinia induced
arthritis. Arthritis Rheum 1990; 33:1795-800.

8 Granfors K, Jalkanen S, Lindberg AA et al. Salmonella lipopoly-
saccharide in synovial cells from patients with reactive arthritis.
Lancet 1990; i:685-8.

9 Keat A, Thomas B, Dixey J, Osborn M et al. Chlamydia trachomatis
and reactive arthritis: the missing link. Lancet 1987; i:72-4.

10 Sieper J, Braun J, Brandt J et al. Pathogenetic role of Chlamydia,

1

1

1

1

1

2

2

Yersinia and Borrelia in undifferentiated oligoarthritis. J Rheuma-
tol; 1992; 19:1236-42.

1 Firestein GS, Zvaifler NJ. Peripheral blood and synovial monocyte
activation in inflammatory arthritis. Arthritis Rheum 1987; 30:
857-63.

2 Stagg AJ, Harding B, Hughes RA, Keat A, Knight SC. The
distribution and functional properties of dendritic cells in patients
with seronegative arthritis. Clin Exp Immunol 1991; 81:66-71.

3 Life PF, Viner NJ, Bacon PA, Gaston JSH. Synovial fluid antigen-
presenting cells unmask peripheral blood T cell responses to
bacterial antigens in inflammatory arthritis. Clin Exp Immunol
1990; 79:189-94.

4 Kingsley G, Pitzalis C, Kyriazis N, Panayi GS. Abnormal helper-
inducer/suppressor-inducer T cell subset distribution and T cell
activation status are common to all types of chronic synovitis. Scand
J Immunol 1988; 28:225-32.

5 Sanders ME, Makgoba MW, Shaw S. Human naive and memory
T cells. Immunol Today 1988; 9:195-9.

6 Beverley PCLB. Immunological memory in T cells. Curr Opin
Immunol 1991; 3:355-60.

7 Burmester GR, Yu DTY, Irani A-M, Kunkel HG, Winchester RJ.
Ia* T cells in synovial fluid and tissues of patients with rheumatoid
arthritis. Arthritis Rheum 1981; 24:1370-6.

8 Mitchison NA. Specialization, tolerance, memory, competition,
latency, and strife among T cells. Annu Rev Immunol 1992; 10:1-12.

9 Keat AC, Knight SC. Do synovial fluid cells indicate the cause of
reactive arthritis? J Rheumatol 1990; 17:1257-9.

0 Ziff M. Role of the endothelium in chronic inflammatory synovitis.

Arthritis Rheum 1991; 34:1345-52.

Cevinini R, Sarov I, Rumpianesi F er al. Serum specific IgA antibody

to Chlamydia trachomatis in patients with chlamydial infections

detected by ELISA and an immunofluorescence test. J Clin Pathol
1984;37:686-91.

—

22 Heesemann J, Eggers C, Schroeder J. Serological diagnosis of

2

Yersiniosis by immunoblot technique using virulence associated
antigen of enteropathogenic yersiniae. Contrib Microbiol Immunol
1987; 9:285-9.

3 Kingsley GH, Pitzalis C, Panayi GS. Abnormal lymphocyte reacti-
vity to self-major histocompatibility antigens in rheumatoid arthri-
tis. J Rheumatol 1987; 14:667-73.

24 Salari SH, Ward ME. Polypeptide composition of Chlamydia

trachomatis. J Gen Microbiol 1981; 123:197-207.



102

25

26

27

28

29

30

31

Schoenberg A, Camey C, Kahl O, Wilske B, Praec-Mursic V,
Hoving-Hougen K. First isolation of Borrelia burgdorferi, the agent
of Lyme-Borreliosis, from Ixodes ricinus in Berlin. Zentralbl Bakter-
iol Mikrobiol Hyg (A) 1988; A 268:487-94.

Groth S, Fazekas de St. The evaluation of limited dilution assays.
J Immunol Methods 1982; 49:R11-R23.

Ridley MG, Kingsley G, Pitzalis C, Panayi GS. Monocyte activation
in rheumatoid arthritis: evidence for in situ activation and differen-
tiation in joints. Br J Rheumatol 1990; 29:84-88.

Nordstrom D, Konttinen YT, Bergroth V, Leirisalo-Repo M.
Synovial fluid cells in Reiter’s syndrome. Ann Rheum Dis 1985;
44:852-6.

Lipscomb MF, Lyons CR, O’Hara RM, Stein-Streilein J. The
antigen-induced selective recruitment of specific T lymphocytes to
the lung. J Immunol 1982; 128:111-15.

Modlin RL, Melancon-Kaplan J, Young SMM et al. Learning from
lesions: patterns from tissue inflammation in leprosy. Proc Natl
Acad Sci USA 1988; 85:1213-17.

Conceicao-Silva F, Schubach AO, Nogueira RS, Coutinho SG.
Quantitation of T cells which recognize Leishmania braziliensis

32

33

34

35

36

J. Sieper et al.

braziliensis (Lbb) antigens in lesions and peripheral blood of
cutaneous or mucosal leishmaniasis patients by limiting dilution
analysis. Mem Inst Oswaldo 1987; 82:118.

Sun J, Olsson H, Link T. et al. T and B cell responses to myelin-
oligodendrocyte glycoprotein in multiple sclerosis. J Immunol 1991;
146:1490-5.

Fujiwara H, Tsuyuguchi I. Frequency of tuberculin-reactive T
lymphocytes in pleural fluid and blood from patients with tubercu-
lous pleurisy. Chest 1986; 89:530-2.

Neumann A, Schlesier M, Vogt A, Peter HH. Frequencies of
Borrelia burgdorferi-reactive T lymphocytes in Lyme arthritis.
Rheumatol Int 1989; 9:237-41.

Lighstone EB, Marvel J, Mitchison NA. Memory in helper T cells
revealed in vivo by alloimmunization in combination with Thy 1
antigen. Eur J Immunol 1992; 22:115-22.

Merkenschlager M, Terry L, Edwards R, Beverley PCL. Limiting
dilution analysis of proliferative responses in human lymphocyte
populations defined by the monoclonal antibody UCHL1: implica-
tions for differential CD45 expression in T cell memory formation.
Eur J Immunol 1988; 18:1653-61.



