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Analysis of cytokine profiles in synovial T cell clones from chlamydial
reactive arthritis patients: predominance of the Thl subset
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SUMMARY

Subpopulations ofhuman T cells (ThO, Thl and Th2) can be distinguished by their cytokine-secretion
pattern. Evidence is increasing from other studies that the outcome of a human disease may depend
on the subpopulation of T cells that predominates at the site of inflammation. Reactive arthritis
serves as a useful model of chronic inflammatory diseases, because the triggering antigen can be
identified. Using this triggering antigen we raised 33 T cell clones reactive with Chlamydia trachomatis
and 25 T cell clones that were not reactive, all from the synovial fluid of two patients suffering from
Chlamydia-induced arthritis. Their cytokine secretion patterns for interferon-gamma (IFN-y), IL-2
and IL-4 were analysed, as also were mRNAs for IFN-y and IL-IO by in situ hybridization. Out of the
33 antigen-reactive clones 23 showed a Thl pattern with IFN-y but not- IL-4 secretion, while the
remaining 10 exhibited a ThO pattern. The clones that did not react with Chlamydia expressed all
patterns of cytokine secretion, including a Th2 pattern, thus providing a control population that
excludes bias in the sampling procedure. CD4 and CD8 clones displayed a similar cytokine-secretion
pattern. In addition this study demonstrates for the first time the expression of IL- IOmRNA in T cell
clones derived from synovial fluid, and this was not confined to the Th2 subset. The Th I response that
Chlamydia provoke can be regarded as appropriate for such an obligate intracellular pathogen.
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INTRODUCTION

Reactive arthritis (ReA) occurs following genito-urinary infec-
tion with Chlamydia trachomatis or enteral infection with
Yersinia, Salmonella, Shigella or Campylobacter [1]. The
presence of bacterial antigen in the joint suggests that the
immune pathogenesis is driven by persisting antigen [2].
Although the exact cause of pathogenesis is poorly understood,
the disease is strongly associated with HLA-B27 [3]. ReA serves
as a useful model for other more chronic but even less well
understood inflammatory diseases, such as rheumatoid arthritis
(RA), because at least the triggering antigen can be identified.

Most of the inflammatory cells in the synovial fluid (SF) of
ReA are T cells [4]. They are activated as judged by their
CD45RO phenotype [5], and include cells that can proliferate
specifically in response to the triggering bacterial antigen [6-8],
whereas T cells from the peripheral blood of the same patient
show less proliferation. Characterization of antigen-specific T
cell clones from the SF therefore provides insight into the role of
T cells in the pathogenesis ofReA and possibly other inflamma-
tory disorders.

Two functional lymphokine profiles of T cells can be
identified in man [9,10] following observations made originally
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in the mouse [11]. Thl cells produce interferon-gamma (IFN-y)
and other lymphokines needed for macrophage activation, thus
mediating a protective response to intracellular pathogens, Th2
lymphocytes mediate immunoglobulin class switching and
production via secretion of IL-4 and IL-6, mobilize eosinophils
via IL-5, and in addition can down-regulate the ThI response. In
other human inflammatory diseases of infectious origin, such as
leprosy [12] and lyme arthritis [13], these Thl and Th2
lymphokine patterns could be identified in cloned T cells.
During infection with Mycobacterium leprae a Thl pattern
predominates in the tuberculoid lesions accompanied by a
strong cellular response, whereas Th2 cells predominate in
lepromatous lesions accompanied by T cell anergy, at the other
pole of the disease spectrum [12]. The outcome of the disease
may therefore depend on the type of T cell response that
predominates. A better understanding of the cytokine patterns
could lead to immunotherapy based on cytokines, or on anti-
cytokines such as MoAbs or naturally occurring antagonists
[14].

Accordingly we have analysed the pattern of lymphokine
production of 33 Chlamydia-reactive T cell clones in compari-
son with 25 T cell clones not reactive with the same antigen. All
of them were isolated from the SF of two patients with
Chlamydia-induced ReA. Their secretion pattern for IFN-y, IL-
2 and IL-4 was analysed, as also was mRNA for IFN-y, and for
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the first time mRNA for IL-10 was detected by in situ
hybridization.

MATERIALS AND METHODS

Patients
Synovial fluid was obtained from two male patients (24 and 31
years old) suffering from acute (less than 3 months of active
disease) and self-limited Chlamydia-induced arthritis. Synovial
T cells of both patients showed specific proliferation to
chlamydial antigen. C. trachomatis antigen (CT) was detected in
the urogenital swab in one individual who also had IgA and IgG
antibodies against CT. The other patient was positive for
Chlamydia in a rectal swab and did not show a specific antibody
response. Both patients were HLA-B27-positive.

Cell separation, cell culture and proliferation assays
Mononuclear cells (MNC) were separated as previously de-
scribed [6] from paired samples of peripheral blood and SF by
density gradient centrifugation (Lymphoprep, Nycomedas,
Norway) and resuspended in tissue culture medium comprising
RPMI 1640 (GIBCO, Paisley, UK) with 10% fetal calf serum
(FCS; GIBCO), penicillin, streptomycin (100 U/100 jug per ml;
Biochrom KG, Berlin, Germany) and glutamine (2 mM/ml;
Biochrom KG). Cells were aliquoted into 96-well plates at 105
cells/well and stimulated, in triplicates, with the following
agents: tissue culture medium alone (background proliferation);
C. trachomatis (5 jig/ml) grown and purified as described [15];
Yersinia enterocollitica (3 jug/ml), grown in trypticase soya
bouillon over 48 h and washed in PBS; tetanus toxoid (Behring,
Marburg, Germany; I jg/ml); pokeweed mitogen (Sigma,
Poole, UK; 1 jig/ml). Cells were cultured for 6 days (bulk
cultures) or 72 h (clones) at 370C in 5% CO2, and 3H-thymidine
(Amersha -, Aylesbury, UK; 0-2 mCi/well) incorporation was
measured s previously described [6].

Cloning procedure
All cloned T cells were isolated from SF-derived MNC that had
proved reactive with CT but not to Yersinia or tetanus toxoid
antigen in previous proliferation assays. MNC from peripheral
blood and SF were stimulated in the presence ofnormal medium
and 5 jyg CT antigen for 7 days. Cells were cloned by limiting
dilution for each patient in a single event (0 3 cells/well) in
Terasaki plates (3000 wells) in the presence of 100 U/ml rIL-2
(Eurocetus GmbH, Frankfurt, Germany), 5 yg/ml phytohaem-
agglutinin (PHA; Sigma) and 106 allogeneic cells irradiated with
40 Gy. Positive clones were transfered from Terasaki plates into
96-well plates, expanded with rIL-2 and restimulated with
irradiated allogeneic cells and PHA every 10-14 days. Antigen
specificity was tested after stimulation with CT or control
antigen in the presence of irradiated (40 Gy) autologous MNC
(10 000 T cells to 50000 autologous MNC). Clones were
considered antigen-specific when their stimulation index was
above 5 (defined as proliferation with stimulus divided by
proliferation without stimulus), and incorporated above 5000
ct/min to a level at least twice as high as that obtained with the
control antigen. Two lines mistakenly categorized as clones, but
which did not show single TCR-VB gene usage (T. Weissen-
steiner and J. Lanchbury, unpublished results) were subjected to
the same cloning procedure a second time.

Analysis of the cloned T cells
Analysis of cells for the expression of surface markers was
performed by flow cytometry using a FACScan (Becton Dickin-
son, Mountain View, CA) with the following MoAbs: Leu-3a
(anti-CD4, Becton Dickinson) and Leu-2a (anti-CD8, Becton
Dickinson) as previously described [6].

Analysis of soluble lymphokines from the supernatant of T cell
clones
The T cell clones were stimulated for lymphokine production at
least 5 days after the last expansion with rIL-2 and at least 10
days after the last addition of allogeneic antigen-presenting cells
(APC). The cells were washed three times and resuspended in
medium at a final concentration of 106 cells/ml. They were
stimulated either with CT in the presence of 106 irradiated
autologous APC (clones reactive with CT) or with 3 pg/ml PHA
(clones reactive and non-reactive with CT). The supernatant
was harvested 20-24 h later and stored at - 70°C. After
thawing, concentrations of IL-2 and IL-4 were measured with
an immuno-enzymatic assay (Quantikine R&D Systems, Min-
neapolis, MN). IFN-} was measured by ELISA (Biomar,
Marburg, Germany). The minimum detectable dose of IFN-y
and IL-4 is 5 pg/ml, and the sensitivity of the IL-2 assay is 100
pg/ml. According to the manufacturers, the used assays do not
demonstrate any cross-reactivity with a variety of other cyto-
kines.

Riboprobes
cRNA probes were prepared by subcloning IFN-y and IL-10
cDNA fragments into the run-off transcription vector pGEM 1
(Promega, Biotec, Madison, WI). All the plasmids used were
sequenced. After linearization with appropriate restriction
enzymes, antisense (complementary sequence to cytokine
mRNA) and sense (identical sequence to cytokine mRNA)
probes were generated by transcription, with incorporation of
35S-labelled nucleotides (NEN; Dupont, Bad Homburg, Ger-
many) as described previously [16]. The probe for human IFN-y
was kindly provided by Hermann Herbst (Institut fur Patholo-
gie, Klinikum Steglitz, Berlin, Germany), and the human IL-10
cDNA by Cornelia Platzer (Institut fur Immunologie, Klinikum
Steglitz).

In situ Hybridization
In situ hybridization was performed by published methods [16].
Cells (1 05) were cytospun onto pretreated slides (Shandon 2
cytospin centrifuge; Shandon Southern Instruments, Runcorn,
UK). The slides were air-dried for 10 min, fixed in 4%
paraformaldehyde, and then stored at -70°C up to 8 weeks.
For hybridization, cytospun cells were digested with 02 N HCI
and pronase, followed by acetylation with 0-1 M triethanolamine
pH 8 0/0 25% acetic anhydride, and dehydration through
graded alcohols. Each slide was hybridized to 2-4 x 105 ct/min
of labelled probe overnight at 50°C. Unhybridized RNA was

removed with 50% formamide, followed by RNase-A treat-
ment. Slides were coated with photoemulsion (Amersham LM-
1, Amersham, UK), and developed after 8-14 days.
Hybrids between mRNA and cRNA localized as dense

collections of silver grains overlaying cells. Negative controls
were cytospun preparations hybridized with sense probe (back-
ground) and APC alone hybridized with antisense probe.
Positive control were cytospun preparations made from COS
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Fig. 1. (a) IL-4 and IFN-y secretion by Chlamydia trachomrntis-specific T cell clones derived from synovial fluid after stimulation with
chlamydial antigen. 0, CD4 clones; A, CD8 clones. (b) IL-4 and IFN-y secretion of C. trachomatis-non-reactive T cell clones derived
from synovial fluid after non-specific stimulation. *, CD4 clones; CD8 clones.

cells transfected with the appropriate expression vector contain-
ing the respective cytokine genes [17], kindly provided by Daniel
Caput (Sanofi Elf BioRecherches, Lab~ge, France).

RESULTS

Characteristics of T cell clones
The cloning procedure used here yielded 33 CT-specific and 303
CT non-reactive T cell clones. The 33 CT-specific and 25 CT
non-reactive T cell clones (randomly selected) were further
analysed. The CT-specific clones showed no proliferation with
any of the other antigens tested. As mentioned in Materials and
Methods, some 'clones' had to be recloned, but this did not
appear to perturb the overall picture of cytokine-secretion
pattern, since eight subclones which were obtained in the second
cloning showed a similar pattern to the clones obtained in the
first cloning (data not shown). Most of the 58 SF T cell clones
and subclones expressed the CD4 marker (54 out of 58), leaving
four out of the total 58 CD8+.

Cytokine-secretion profile
One patient exhibited the ThI pattern ofmainly producing IFN-
y in 20 out of 25 specific clones. The five remaining clones
secreted IFN-y and IL-4, and were therefore assigned to the ThO
category according to the criteria of Mosmann & Coffman [11].
Similarly, the T cell clones (seven out of eight) of the other
patient exhibited a Thl pattern according to the same criteria
(Fig. la). CT-specific Thi clones generally showed higher
proliferation to chlamydial antigen than CT-specific ThO clones.

Two CD8 clones were obtained which proved to generate an
antigen-specific response according to our criteria (see Materials
and Methods). They secreted the Thb pattern of cytokines.
Among the CT-non-reactive clones, the two CD8 clones
resembled in cytokine profile the CD4 clones (Fig. Ib). Use of
non-viable antigen would account for the paucity of CD8
clones, and the culture conditions may also have been unfavour-
able. Nine of the antigen-non-reactive T cell clones were of the
ThO type, two of the Th2 type, and two were of the Th I type, as

shown in Fig. b.

All clones secreted surprisingly low amounts of IL-2 (only
nine clones out of 58 expressed more than 300 pg/ml), and no

difference was observed between CT-specific and CT-non-
specific clones in the IL-2 secretion.

To test the possibility of culture conditions influencing the
pattern of lymphokine secretion as mentioned above, the CT-
specific clones were also stimulated with PHA. This non-specific
stimulation enhanced IL-2 production equally in all clones, but
did not influence significantly the cytokine patterns found
among the Chlamydia-specific T lymphocytes (data not shown).

mRNA levels of cytokines
Cytokines were also analysed at the mRNA level to test whether
the absence of cytokine protein could be due to consumption.
The protein and mRNA data for IFN-y gave in general
concordant results (Fig. 2). Messenger RNA (Fig. 3) was
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Fig. 2. IFN-y secretion and mRNA expression of IFN-y by synovial
fluid-derived T cell clones.
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Fig. 3. Chlamydia trachomatis-specific T cell clone stimulated with
chlamydial antigen hybridized to IFN-y riboprobe.

present in 33/43 clones, where the protein was also detected in
the supernatant. In the remaining protein-secreting clones the
mRNA was probably either already degraded at the time of
cytospinning because ofendogenous RNases, or it fell below the
level detectable by in situ hybridization.

To exclude that APC secrete cytokines, they were cultured in
control experiments with Chlamydia alone for the same period
of time (24 h). IL-10 was detected in a few irradiated APC; the
amount of grains per cell counted after hybridization was

usually five times lower than on those slides where T cell clones
and APC were present. This was substracted as background
from the signal. All other studied cytokines gave negative
results, in supernatants as well as by in situ hybridization.

Because MoAb to the human IL-10 was not available, only
in situ hybridization was performed for this cytokine (Fig. 4).
Nine out of 13 specific T cell clones expressed IL-10 mRNA,
whereas only one out of eight antigen-non-reactive clones did
so. It is unlikely that APC alone account for the hybridization
signal, since we did not detect IL-1O in all of the 13 clones tested.
Nevertheless, it cannot be ruled out that irradiated APC are able
to express IL-10 mRNA in the presence of activated T cells.
Three out of I I T cell clones positive for IL- IO also showed high
levels of IL-4, while the remaining eight secreted low amounts of
IL-4; IFN-y expression was equally high in both cell types. Thus
IL-10 is evidently not confined to the IL-4-secreting T cell
subset.

In any one clone only between 0-1% and 2 5% of all T
lymphocytes contained IL- 10 mRNA copies (Fig. 4) (half of the

Fig. 4. Chlamydia trachomatis-specific T cell clone stimulated with

chlamydial antigen hybridized to IL-10 riboprobe.

cells present on the slide were irradiated APC and were excluded
from the cell counting), whereas between 20% and 50% of the
clones did so with the IFN-y riboprobe (Fig. 3). Yet the amount
of grains counted per cell was similar for both cytokines.

DISCUSSION

This study shows for the first time that C. trachomatis-specific T
cell clones isolated from SF exhibit mainly a Thl pattern,
whereas the CT-non-reactive clones exhibit a mixed pattern of
cytokine production. These patterns were evident in secreted
protein as well as in mRNA. Furthermore, these results
demonstrate that SF-derived T cell clones express IL- 10
mRNA, regardless of whether they belong to the Th 1 or Th2
subset.

Chlamydia are obligate intracellular pathogens living inside
macrophages, fibroblasts and epithelial cells [18]. They persist as
living organisms in the joint, since chlamydial rRNA [19] can be
detected in ReA joints. It is believed that intracellular pathogens
characteristically induce a Thl cell response, with secretion of
IFN-y[20]. Since IFN-y and tumour necrosis factor-alpha
(TNF-ox) are the major cytokines responsible for the macro-
phage activation which results in intracellular killing ofChlamy-
dia [21,22] and since IFN-y stimulates TNF-cx production, a Th I
response as found here can be regarded as appropriate. Other
aberrations in the immune response, but not inappropriate
production of the cytokines studied here, might therefore
explain why only a few individuals develop this form of arthritis.
A second possibility is that IFN-y and consequent TNF-La
secretion during the Thl response, although initially appro-
priate, might become excessive and damage the joint, as occurs
in murine cerebral malaria [23]. However, the present in vitro
results may not accurately reflect the situation in vivo within the
synovial membrane. Under different conditions, for instance
with a much lower concentration of bacterial antigen in the
synovial membrane, the immune response might shift in the Th2
direction. Furthermore, the ReA patients included in this study
had the self-limiting form of the disease, and the cytokine
pattern could be different in a chronic disease.

The finding of a Th 1 response in Chlamydia-induced
arthritis is consistent with studies of ReA triggered by other
bacteria: Borrelia burgdorferi [13] and Yersinia enterocolitica
[24,25] both selectively induce a Thl response in the arthritic
joint. The presence of a mixed pattern among the non-reactive
clones which do not proliferate to CT antigen shows that the
Thl response is not due to bias of the cloning procedure [26].
The addition of IL-2 to the cell culture did not bias the pattern,
since IFN-y and IL-4 were each secreted by some of the cloned T
cells.

This is the first report of SF cells expressing IL-10 mRNA.
Murine IL- 10 is a Th2-type cytokine credited with major
inhibitory activity on Thl cytokine synthesis [27]. Although IL-
10 can be secreted by macrophages as well as by T cells [28,29], in
the SF investigated here IL- 10 is mostly expressed by T
lymphocytes. The CT-specific Thl clones found here secrete

high amounts of IFN-y and almost no IL-4, some also express
message for the inhibitory cytokine IL-10. Presumably IL-10
down-regulates Thl development later in the immune response
[29]. Evidently transcription of human IL-1O is not restricted to
the Th2 subset [29], and is therefore not as differentially
expressed in the human as it is in the mouse [30].
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In addition to CD4 clones, we were able for the first time to
investigate four CD8 clones from SF; they exhibit a pattern
similar to that of the CD4 clones. A classification of CD8 cells
according to their secretion pattern might be important, as it has
been suggested by Bloom et al. [311 that CD8 clones producing
IFN-y can act as cytotoxic cells, whereas those secreting IL-4
exhibit a suppressive effect. Further analysis of CD8 T cells will
also gain more relevance in the future because of the known link
of the MHC allele HLA-B27 and ReA. Furthermore, there is
increasing evidence that CD8 T cells play a major role in the
cellular immune response against intracellular organisms [32].

T cells present in the SF are believed to play an important
role in the pathogenesis of ReA. Chlamydia-specific T cell
clones secrete mainly a Thl pattern of cytokines, while also
secreting IL-10. The data cannot be explained by a bias in the
cloning procedure, because this pattern was not detected from
non-specific clones isolated in parallel. Caution should be
exercised in extrapolating from the data to future cytokine (or
anti-cytokine) therapy, because, first, results can be biased by in
vitro conditions, and second, they take no account of events
within the synovial membrane where most ofthe immunopatho-
logy occurs. Further work is needed using in situ hybridization
combined with immunohistology [9] or polymerase chain
reaction [12] and comparing acute self-limiting courses with
chronic reactive arthritis.
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