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Abstract
Objective
To search for RA specific processes among T cell accumulation, T cell activation, or cytokine expression in CD4+
and CD8+ synovial fluid (SF) T cells

Methods
Flow cytometry of CD4+, CD8+, CD45RA+, CD45RO+, CD69 double or triple stained peripheral blood (PB) and
S T cells. IL-2, IL-10, and IFN-y expression was determined in PMA + ionomycin stimulated T cells on the single
cell level. Concentrations of secreted IL-2, IL-4, IL-10, and IFN-y were quantified in the sera and synovial fluids by
enzyme linked immunosorbent assay (ELISA).

Results
A preferential recruitment of CD45RO+ memory T cells was found for CD4+ helper T cells, and in similar also for
CD8+ suppressor T cells. An elevated CD69 expression was detected in memory, but also in CD45RA+ naive CD4+
and CD8+ ST cells, whilst IL-2 expression was only demonstrable in a minor proportion of T cells populations.
Preferential recruitment of memory T cells, but incompl ete activation of naive and memory, CD4+ and CD8+ T cells
werein similar found in RA and control patients. In RA but not in the control patients, a relevant proportion of
CD4+ and CD8+ PB and S T cells expressed IL-10 and IFN-y. High concentrations of I1L-10, that were correlated
with the amounts of secreted TNF-a,, were only detected in RA joints.

Conclusion
Memory and naive T cell state of CD4+ and CD8+ T cell accumulatesin the joints, and early T cell activation occur
in similar patternsin RA and control patients. High IL-10 SF concentrations in contrast, and el evated percentages
of IFN-y and IL-10 expressing CD4+ and CD8+ T cellsin the PB and S- were characteristic for RA. Here, CD8+
T cells may contribute to high IL-10 concentrationsin RA joints.
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Introduction

The synoviad membrane in heathy
individualsis composed of athin lining
layer with fibroblast-like (type B) syn-
oviocytes (FLS). The sublining tissueis
represented by FLS, lipocytes and
blood vessdls (1). In rheumatoid arthri-
tis (RA), a disease defined by clinical
classification criteria (2), this normal
state undergoes dramatic changes. The
morphology of synovitis may to some
extent be heterogeneous in RA (1, 3),
but cellular hyperplasia of the lining
layer with highly activated macro-
phages (type A synoviocytes), and T
and B lymphocytes infiltrating into the
sublining tissue are common features
of RA synovitis.
Lymphocyteinfiltrates in the sublining
acquire different forms of structural
organi zation dependent on the predom-
inant cytokine milieu (3). Organization
into secondary lymphoid organs
reflects B cell activation and is associ-
ated with rheumatoid factor (RF) pro-
duction. This histologic RA variant of
follicular synovitis indicates chronic
aggressive disease, and it is correlated
with high transcript levels for IFN-g
and IL-10. Diffuse T cell infiltration
with low IL-10 levels in contrast is
associated with a milder course of the
disease (3). In accordance to the Thl or
ThO predominance in RA (4, 5), single
cell analyses confirmed CD4+ and
CD8+ T cells being an important
source of IFN-gand IL-10 in RA syn-
ovial membranes and synovia fluids,
whilst IL-4 and IL-13 expressing T
cells are barely demonstrable (6, 7).
Despite abundant infiltration of T cells
into the RA synovial membranes, the
major part of T cells is incompletely
activated, and cytokine productionin T
cells thus appears relatively low (8).
This discrepancy has led to a contro-
versial discussion about the potential
rolesfor T cellsin RA pathogenesis (8-
11). CD4+ helper T célls, in particular
of the Thl type, are claimed to propa
gate RA, whilst CD8+ suppressor T
cells in RA joints might provide an
anti-inflammatory capacity. However,
CD8+ T cells do aso have cytotoxic
potential that might be of relevance for
disease initiation or disease progres-
sion. In this context we were interested
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of whether CD8+ SF T cells differ from
CD4+ SF T cells by their naive or
memory composition, or their activa-
tion state, what might indicate a differ-
ential recruitment, or different modes
of activation in these distinct T cell
populations.

Here, we investigated the composition
in separate for CD4+ helper and CD8+
suppressor T cells for their naive
(CD45RA+) or memory (CD45RO+)
state, their expression of the CD69
early activation marker, and cytokine
production in the peripheral blood and
synovia fluid in order to assign RA
specific patterns of T cell recruitment
and activation.

Patients and methods

Sudy population. Simultaneously ob-
tained PB and SF specimen were col-
lected from 53 consecutive patients
with a severe synovitis and joint fluid
effusion of the knee joint (> 30 ml)
worthy of arthrocentesis,and one of the
following diagnoses: 35 patients ful-
filled the ACR classification criteria for
rheumatoid arthritis (2); 31 of them
were RF positive. 18 pairs of sera and
synovial fluids were obtained from
control patients with an acute flare of
psoriatic arthritis (n = 6), ankylosing
spondylitis with peripheral joint in-
volvement (n = 6), postinfectious arth-
ritis with prior symptoms of diarrhea or
urethritis (each n = 2), undifferentiated
seronegative oligoarthritis (n = 2), ju-
venile idiopathic arthritis (oligo-
articular, RF negative, n= 1), orLyme’s
disease (n = 1). Peripheral blood was
aso taken from 12 healthy donors. All
human materials were obtained after
receiving informed consent in accor-
dance to the declaration of Helsinki
principles.

Twenty-two of the 35 RA patients, and
4 of the 18 control patients received
systemic corticosteroids (RA: 0-17.5
mg per day, non-RA control patients:
0-7.5 mg per day). 19 of 35 RA and 6
of 18 control patients received asingle
agent DMARD therapy with metho-
trexate (MTX), sulfasalazine (SSz),
intramuscular gold salts, or lefluno-
mide. A triple combination DMARD
therapy (MTX + SSZ + hydroxychloro-
quine) was gvenin 3 RA,and aTNF-a
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blocking agent (etanercept) was
administered in 2 RA patients.

Methods

Cell isolation. PBMC and synovial
fluid mononuclear cells (SFMC) were
obtained from 50 ml freshly drawn
heparinized blood by Ficoll Hypagque
(Seromed, Berlin, Germany) density
centrifugation, or by centrifugation
(1500 rpm at 4°C) from 30 to 180 ml
synovial fluid samples. Separated
mononuclear cells were thoroughly
washed in phosphate buffered saline
(PBS).

T cell phenotype analysis. 5 x 10°
unstimulated PBMC or SFMC were
analyzed by triple-immunostaining for
the following T cell surface markers:
Helper T cells were stained with phy-
coerythrin (PE)-conjugated anti-CD4
19gG, monoclonal antibodies (mAbs),
cytotoxic/suppressor T cells were
detected by fluorescent isothiocyanate
(FITC)-conjugated anti-CD8 19G,
mAbs (12). CD45RO+ T cells, which
arereferred to asmemory T cells (13),
were stained with Cy5-conjugated
anti-CD45R0O 1gG, mAbs (Serotec,
Oxford, UK). CD45RA+ T cells, deter-
mined by indo-cyanine dye (Cy5)-con-
jugated anti-CD45RA 119G, mAbs
(Serotec), represented the naive T cells
(13). An early state of T cell activation
was assessed by immunostaining with
FITC-conjugated anti-CD69 1gG,
mAbs (14). Unless otherwise stated,
mAbs were purchased from Becton
Dickinson, Franklin Lane, NJ.
Intracellular cytokine staining. PBMC
or SFMC (2 x 10° cellg/ml) were stim-
ulated in tissue culture tubes (Falcon)
with phorbol myristate acetat (PMA, 5
ng/ml) and ionomycin (0.75 g/ml) in
the presence of the secretion inhibiting
agent monensin (3 uM) for 4 hours at
37°C in a 5% CO, containing humidi-
fied atmosphere. Stimulated cellswere
washed, suspended in PBS with 1%
FCS and immunostained for 30 min-
utes with peridinin chlorophyll protein
(PerCP)-conjugated anti-CD3 19G,
mAbs (Becton Dickinson), and FITC
or PE-conjugated anti-CD8 1gG, mAbs
(Becton Dickinson). Surface marker
stained cells were fixed in ice-cold
paraformaldehyde/HBSS solution and

stored at 4°C in the dark over night.
Fixed cells were washed and incubated
in PBS containing 0.5% saponin and
5% human AB-serum for 10 minutes at
room temperature. Permeabilized cells
were exposed for 10 minutes to either
FITC-labeled anti-IFN-g or anti-IL-2
1gG, mADbs, or to PE-labeled anti-IL-
10 1gG, mAbs, and for control to iso-
type-matched control mAbs. Stained
cells were suspended in FACS buffer
solution containing PBS and 1% FCS
prior to flow cytometry. The applied
anti-cytokine mAbs were provided
from Holzel Diagnostika, Cologne,
Germany.

Flow cytometry. The staining intensity
of T cells was quantified by FACScan
(Becton Dickinson) with Win MDI
software (La Jolla, CA). The chosen
gate for the entire T cell population
based on the typical T cell characteris-
tics in the forward and side light scat-
ter. The percentage of stained cellswas
calculated on the basis of isotype-
matched controls (<2% positive cells).
In analyses requiring PMA+ionomycin
stimulation, CD4+ T cells were indi-
rectly characterized by their negativity
for CD8 staining, a procedure demand-
ed by the artificially reduced CD4+
expression in T cells through phorbol
esters (6). Helper and suppressor T
cells were gated on their characteristics
for CD3 and CD8 immunostaining.
The presented results base on at least
1x10* T cells per analysis.

ELISA. Commercial ELISA Kits
(Roche Diagnostics, Mannheim, Ger-
many) were applied for quantitative
IFN-g IL-2, IL-4, IL-10, and TNF-a
analyses in the sera and synovia flu-
ids, that were obtained by centrifuga
tion of the cell pellets. Assays were
performed in precise accordance to the
manufacturers instructions.

Satistics. Results are given as the
mean and standard error of mean
(SEM). The satistical significance of
differences between groups was deter -
mined by the non-parametric Wilcox-
on's test for 2 tailed groups, or the
Mann Whitney test for 2 untailed
groups. Whenever appropriate, the test
for tied groups was calculated. Corre-
lations were calculated by Pearson’s
coefficient.
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Results

Composition of PB and SF T cells

The proportion of CD4+ and CD8+ T
populations, and the composition of
CD45RA+ nave, and CD45RO+
memory T cells in the CD4+ and
CD8+ T cell subsets were not signifi-
cantly different in the PBMC from
healthy donors, RA patients, and in
control patients with other types of
arthritis. In RA synovid fluids, the
proportion of both the CD4+ and
CD8+ T cdls in SFMC was signifi-
cantly increased when compared with
matched RA PBMC (CD4: PB 34.6%;
SF 42.1%, n = 10, p < 0.05; CD8: PB
19.6%, SF 48.1%, n = 10, p < 0.01).
The CD4/CDS8 ratio in RA SF T cells
was thereby reduced in comparison
with the CD4/CD8 ratio in RA PB T
cellsfrom average 1.78t0 0.88. In sim-
ilar, areduced CD4/CD8 ratio was a so
detected for the synovial fluid T cells
in the non-RA control patient group
when compared with the correspond-
ing PB T cells. The proportion of
CD45R0O+ memory T cellswas signif-
icantly increased in the RA joints
(45.9%) when compared with corre-
sponding peripheral blood specimen
(CD45R0: 14.6%), and 2 color flow
cytometry analysis showed a similar
increase for CD4+ and CD8+ memory
T cellsin RA synovia fluids (Fig. 1A).
Insimilar, a preferential accumulation
of CD4+ and CD8+ memory T cdls
could be detected in the synovid fluids
from control patients. The accumula
tion of CD8+CD45R0O+ memory sup-
pressor T cells in the inflamed joints
was less in these patients (Fig. 1B).

Activation of PB and SF T cells

In RA, the proportion of CD69 express-
ing PB T cels was modestly increased
in memory and naive cells of the hel per
and suppressor T cell compartment
when compared with healthy donor PB
T cells(Fig. 2A). In contrast to the pref-
erential accumulation of memory T
cells into inflamed RA joints, not only
thememory T cells, but also significant-
ly increased proportions of CD4+CD45
RA+ and CD8+CD45RA+ naive T cdls
expressed the CD69 T cell activation
marker (Fig. 2A). In the control pa
tients, the CD69 expression level wasin
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Fig. 1. Composition of peripheral blood and
synovial fluid T cellsin (A) RA and (B) control
patients. A preferential accumulation of CD45
RO+ memory T cells in the joints could be
shown for the CD4+ and the CD8+ SF T popula
tion (black bars) when compared with the
peripheral blood T cells (gray shadowed bars)
irrespective from the underlying type of arthritis.
Barsrepresent the quantity (mean + SEM) of T
cells, determined in each 5x10* mononuclear
cells by triple immunostaining in corresponding
PB and SF specimen (RA:n = 8, non-RA:n = 9,
healthy: n=7).
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Fig. 2. CD69 T cell activation marker expres-
sion in periphera blood and synovia fluid T
cellsin (A) RA and (B) control patients. CD69
expression isincreased in both, the memory and
naive T cells of the CD4+ and CD8+ T cell pop-
ulations in the synovial fluid (black bars) when
compared with the peripheral blood (gray shad-
owed bars) in RA and control arthritis patients.
Bars represent the mean + SEM of CD69+ T
cells, determined in each 5x10* mononuclear
cells by triple immunostaining in corresponding
PB and SF specimen (RA:n = 8,non-RA:n = 9,
healthy: n=7).
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average lower for all PB and SF T cell
subsets than in RA patients. However,
qualitatively similar results, with an
increased CD69 expression in al distin-
guished SF T cell populations when
compared with the corresponding PB T
cells were aso detected in the control
patients (Fig. 2B). In particular, statisti-
ca dgnificance of this result could be
shown for the CD4+CD45RA+, and the
CD8+CD45RA+ naive SF T cell popu-
lations when compared with the low
CD69 expression levels in CD45RA+
PB T cells (Fig. 2B). In respect of these
smilar T cel accumulation and activa
tion patternsin thejoint fluids from RA
and control patients, we next focused on
the T cell cytokine expression in RA
and non-RA patients.

Cytokine expressionin PB T cells

The proportion of |FN-g expressing PB
T cells, and the number of IL-10 ex-
pressing PB T cells was significantly
increased in RA patients when com-
pared with hedthy donor PB T cdls
(Fig. 3). Low amounts of IL-2 express-
ing PB T cellswerelikewise detected in
RA patients and in healthy donors. In
the control patientsin contrast, the pro-
portion of IFN-g and IL-10 producing
PB T cells was essentialy the same as
determined in healthy donors, whilst the
proportion of IL-2 expressing PB T
cells was significantly reduced in the
control patients when compared with
healthy donor PBMC (n=12, p< 0.01).

Cytokine expression in S- T cells

The proportion of IFN-g expressing T
cells was elevated in the SF when com-
pared with matched PB T cellsin 13 of
21 analyses performed in RA patients.
The proportion of 1L-10 producing SF
T cells was consistently elevated in all
experiments in comparison with the
corresponding PB T cells (Fig. 3).
Analyses performed in parallel to these
experiments revealed negative IL-10
staining results for CD14+ SF mono-
cytes and CD19+ SF B cells (data not
shown). Neither in the RA nor in the
control patient population, significant
differences were detected for the aver-
age number of cytokine expressing
CDA4+ or CD8+ SF T cellsin the entire
populations, although some statistical-
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Fig. 3. Proportion of IL-2, I1L-10 and IFN-g expressing PB and SF derived CD3+ T cellsin RA (n=
10),control patients (n = 12),and in healthy donor PBMC (n = 10). Bars represent the mean + SEM of
the pooled data. Statistical analyses between different populations were performed with MannWhitney
test of 2 unpaired groups. Compar ative analyses between the corresponding PB and SF T cells were
calculated with Wilcoxon's test of 2 paired groups. The proportion of IFN-g, and the counts for IL-10
producing T cellswere significantly elevated in RA synovial fluids when compared with corresponding

PB specimen. *p < 0.05; **p < 0.01.

ly significant differences were found in
PB T cell analyses (Table I). Irrespec-
tive from the underlying hedlth state,
the proportion of IL-2 expressing cells
was in general higher in CD4+ PB T
cells, and the average number of IFN-g
and 1L-10 expressing cells was higher
in CD8+ PB T cells. In particular, a
significantly higher proportion of 1FN-
g expressing CD8+ than CD4+ T cells
was detected in healthy donor and RA
PB T cells, but this difference was
equalized in RA SF T cells (Table I).
Of note, the proportion of IFN-g and
IL-10 expressing CD4+ and CD8+ SF
T cells could be most different within
the same joint: for example, a strong
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IL-10 expression in CD8+, but a low
frequency of 1L-10 expressing CD4+ T
cells was seen within the same joint
fluid aspirate obtained from a patient
suffering from uneguivocal RF-posi-
tive, longstanding, but non-erosive RA
(Fig. 4A-D).

Serum and synovial fluid cytokine
concentrations

The serum concentrations in both
arthritis patient groups did not signifi-
cantly differ from the results obtained
in healthy donors (Table I1). In the syn
ovid fluids, al T cell cytokines inves-
tigated could be detected in a higher
percentage of, and when positive in
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Tablel. Cytokine staining in PB T cells from healthy donors (n=6), and in paired PB and
SF T cellsfrom RA patients (n = 7) and control patients (n = 9). Analyses were performed
in triplicate. Results are presented as the mean + SEM. Wilcoxon test for 2 tailed groups
(CDA4+ versus CD8+ T cells): *p < 0.05, **p < 0.01.

PB (healthy) PB (RA) SF (RA) PB (non-RA) SF (non-RA)
IL-2 CD4+ 112+ 47 50+35 115+ 37 79+50 33+18
CD8+ 72+38 15+05 41+21 31+£20 16+07
IL-10 CD4+ 03+0.1 05+0.3 27+09 02+01 06+04
CD8+ 0.8+0.6 08+0.2 176+ 15.7 17+ 13 14+10
IFN-g CD4+ 54+23 13.1+10.2 31.1+118 6.1+38 75+50
CD8+ 97+38* 256+153** 358+ 145 113+75 86+52

average higher concentrations than in
corresponding sera. A significant in-
crease of IL-2, and in particular of the
IL-10 concentrations was observed in
RA, but interestingly not in the control
arthritis patients (Tab. 2, Fig. 4E). The
average IL-10 concentrations were
increased to higher levels in the syn-
ovia fluids from RF positive (90.9 £
14.3pg/ml, n=31) than RF negative RA

patients (40.0 + 21.1 pg/ml, n = 4), and
they were correlated with the IL-2 (r =
0.36,n =35, p<0.05), and IFN-g (r =
0.46, n =35, p < 0.01) concentrations.
In similar to IL-10, the average TNF-a
synovial fluid concentrations were also
significantly higher in RA than in con-
trol patients, and the TNF-a concentra-
tionsin RA patients were significantly
correlated with the IL-10 concentra-

tions (r = 0.63, n =35, p< 0.05).

RA patient subset analyses were based
on their immunosuppressive treatment
in order to estimate putative influences
of immunosuppressive drugs on cyto-
kine expression. No significant differ-
ences were obtained when comparing
IFN-g IL-2, IL-4, or I1L-10 serum and
synovia fluid concentrations in ster-
oid-treated (n=13) and steroid-free RA
patients (n = 7, Mann Whitney test of 2
untailed groups was performed). In
similar, no significant differences were
detected for these same parameters
when comparing RA patients on (n =
14) and off DMARD treatment (n = 7).
In contrast, a comparison of RA pa
tients (n=7) and control patients (n= 9)
that were al off steroid and DMARD
treatment confirmed in average higher
IL-10 synovial fluid concentrations in
RA patients (mean £+ SEM =52.7+ 14.6
pg/ml) than in control patients (12.2+
2.8 pg/ml, p=0.01) as already seen for
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Fig. 4.1L-10 expressionin T cells obtained from oneindividual RA patient that was representative for divergent 1L-10 expression in CD4+ and CD8+ T cells
(A-D). Scatter plots of simultaneously obtained, PMA and ionomycin stimulated T cells that were triple-stained for CD3, CD8, and IL-10: (A) PB CD8- T
cells, (B) SFCD8- T cells, (C) PB CD8+ T cells,and (D) SF CD8+ T cells. The thresholds for positive cells were defined by isotype-matched controls (< 2%
positive cells). In this RA patient,intensive intracellular IL-10 staining (right upper quadrant) was only detected in CD8+ SF T cells. (E) Average IL-10 syn-
ovia fluid concentrations are significantly higher in RA than in control patients (n = 53,p = 0.0007). Horizontal lines represent the mean of the pooled data
in each patient population. Statistical analyses between the populations were performed with Mann Whitney test of 2 unpaired groups.
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Table 1. Cytokine concentrations in the sera from healthy donors (n = 11), and in pairs of
seraand synovial fluidsfrom RA (n = 35) and control patients (n = 18). Results are given as
the proportion of positive tests (on top), and the mean + SEM of cytokine concentrations
measured by ELISA (on bottom). ** p < 0.01, *** p < 0.001.

Parameter Healthy donors RA patients Control patients
Serum IFN-g 0/11 135 0/18
(86 pg/ml)
IFN-g (SF) 9135 9/18
(13.1+32pg/ml)  (16.7 + 3.3 pg/ml)
Serum IL-2 0/11 15/35 10/18
179+ 41pg/ml)  (37.5+ 135 pg/ml)
IL-2 (SF) 21/35 16/18
(82.4+ 374 pg/ml) (21.4+ 2.2 pg/ml)
Serum IL-4 2/111 135 118
(10.6 £ 4.4 pg/ml)  (39.4 pg/ml) (6.3 pg/ml)
IL-4 (SF) 3/35 /18
(6.5+ 0.5 pg/ml) (58 pg/ml)
Serum IL-10 5/11 7135 7/18
(25.2+9.3pg/ml) (223x7.1pg/ml)  (12.1+ 1.8 pg/ml)
IL-10 (SF) *** 26/35 13/18
(88.4+13.3pg/ml) (9.2+ 1.2 pg/ml)
Serum TNF-a 5/11 15/35 10/18
(46.5+129pg/ml) (77.5%23.6pg/ml) (66.4+ 16.7 pg/ml)
TNF-a (SF) ** 25/35 14/18

(96.6 £ 13.7 pg/ml)  (45.7 + 12.2 pg/ml)

the whole patient populations. 1L-10
serum concentrations however, aswell
as|FN-g, IL-2, and IL-4 serum and sy-
novia fluid concentrations were not
significantly different in these patient
groups.

Additional analyses focused on RA
patients that were refractory to TNF-
blocking agents as indicated by more
than 6 swollen joints, severe synovitis
and at least one joint effusion. Notably,
the average proportion of IFN-g ex-
pressing PB and SF T cells was the
highest (PB-CD4: 48.6 + 14.8%, SF-
CD4: 59.1 + 21.8%, PB-CD8: 73.8 +
10.4%, SF-CD8: 74.9 + 21.5%, (mean
+ SEM)) inthese two available patients
as compared to al the other investigat-
ed RA and control patients (RA (n =
12): PB-CD4: 7.4 + 4.1%, SF-CD4:
14.3 £+ 7.3%, PB-CD8: 8.7 + 3.5%, and
SF-CD8: 15.5 + 6.0% IFN-g positive T
cells). IL-2 and IL-10 T cell immuno-
staining analyzes in contrast revealed
no obvious peculiarities of these 2 pa-
tients refractory to TNF-a blockage.

Discussion
A huge body of evidence has been
accumulated for the involvement of T

cells in RA pathogenesis (reviewed in
8), but it is still a matter of controver-
sial debate, whether these cells are the
masterminds of an immune mediated
disease, or simple bystanders of a path-
ologic inflammatory process dominat-
ed by macrophages or fibroblast-like
synoviocytes (8-11). Here we sought to
demonstrate RA specific mechanisms
of T cell recruitment or activation in
separate for the CD4+ and CD8+ pop-
ulations. Based on the hypothesis of
RA being an autoimmune mediated
disease induced by pathogenic CD4+
helper T cells, with a focus on proin-
flammatory Th1l cells, the possible role
of CD8+ suppressor T cells attracted
minor attention in the past. However,
recent work indicated the presence and
cytokine expression of CD8+ T cellsin
RA synovitis (7, 8).

A preferential recruitment of pre-acti-
vated T cells, and an additional T cell
activation by cell-cell contact with en-
dothelial cellsisan established concept
for T cell involvement in RA pathogen-
esis (15). Differences in the recruit-
ment of helper and suppressor T cells
might lead to an imbalance of pro- and
anti-inflammatory activities, and we
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thus studied their naive and memory
state, and also the early activation state
of CD4+ and CD8+ T cell subsets.
Here we found that CD4+ and CD8+
memory T cells become likewise accu-
mulated in RA joints. As most similar
results were also found in the synovia
fluid T cells from control arthritis
patients, the preferential accumulation
of CD4+ and CD8+ memory T cdls
was not specific for the inflammation
in RA joints. It appears noteworthy in
this context that T cells of the RA syn-
ovial membranes, and in particular
those adjacent to the cartilage pannus
junction may differ from those of the
synovia fluids (15, 16). The presented
data indicate smilar CD4 and CD8 T
cell recruitment into RA joints. T cell
analyses of the pannus site, that were
not available in this trial, may give
additional insights in the CD4/CD8
balance in RA.

Invitro challenged T cells express acti-
vation markers in a clearly defined
sequence with expression of early anti-
gens such as CD69, a tyrosine phos-
phatase, and subsequent IL-2 and IL-2
receptor (CD25) expression within 1-2
days (17). CD69 expression is a sensi-
tive marker for early T cell activation,
and CD25 or IL-2 expression differen-
tiates these activated T cells from an
incomplete activation state (CD69+,
CD25 or IL-2 negative) of T cells
called anergy (17, 18). RA synovia
fluid T cells express CD69 and HLA-
DR molecules, alate antigen, but only
the minor proportion of these T cellsis
IL-2 or CD25 positive (8). As shown
here for RA synovid fluid T cells, and
as previously published for synovial
membrane T cells, most CD4+ and
CD8+ T cells in RA joints exhibit a
memory state (19). Although up to 50
percent of the SF memory T cdlls in
RA were CD69 positive, less than 10%
of the PMA stimulated T cells ex-
pressed IL-2. Anergy isthus a phenom-
enon of CD4+ and CD8+ SF T céllsin
RA joints.

A relevant proportion of naive CD4+
and CD8+ SF T cells expressed the
early T cell activation marker CD69,
either suggesting accumulation of pre-
activated, but antigen naive T cells in
the inflamed joints, or early activation
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of antigen naive, however joint invad-
ing T cells by the inflammatory envi-
ronment. As an increased proportion of
CD69 expressing CD4+ and CD8+ SF,
to amajor part IL-2 negative cells was
also found in the non-RA joint fluids, T
cell anergy is not specific for RA.
Although the obtained data on T cell
recruitment and activation negated RA
disease specificity, one aspect of the
presented results should be highlight-
ed: Preferential T cell recruitment and
T cell activation occur in different T
cell subsets, so fare indicating that T
cell invason and activation might at
least to a part be independent processes
of RA synovitis. Here, 2 recent publi-
cations on the similar expression of
chemokine receptors in CD4+ and
CD8+ RA PB and SF T cells, and the
role of pro-inflammatory cytokines
(TNF-a, IL-6 and IL-2) for the antigen-
independent activation of T cellsin RA
joints should be considered for possible
explanations (20, 21).

Increased proportions of IL-10 and
IFN-g producing PB T cdlls, and fur-
thermore elevated numbers of IL-10
and IFN-g producing SF T cells were
only observed in RA patients. Among
the SF cytokine concentrations investi-
gated by ELISA, IL-10 was the pre-
dominant T cell cytokine in RA syn-
ovia fluids, but it was more or less
absent in the synovial fluids obtained
from the control patients. As steroid
and methotrexate treatment, the most
common DMARD in the RA patient
population in this trial may have ac-
count for some of the obtained results
(22-24), comparative subset analyses
were performed in steroid-treated and
steroid-free RA patients, and in
DMARD-treated or DMARD-free RA
patients, respectively. Here, we did not
detect significant differences in the
IFN-g, IL-2, IL-4, or IL-10 serum or
synovial fluid concentrations between
patients on or off these immunosup-
pressive agents. In contrast, when these
same comparative analyses were per-
formed in those RA and control
patients all off immunosuppressive
agents, IL-10 again was the predomi-
nant T cell cytokinein RA synovial flu-
ids as compared to the control patients.
The IFN-g synovia fluid concentra-

tions in contrast were not significantly
different between the RA and non-RA
group, and IL-4 was below the detec-
tion limit in ailmost all RA and control
patients. Interestingly, very high pro-
portions of PB and SF CD4+ and
CD8+ T cells were found in those few
RA patients investigated here that
appeared refractory to a TNF-a block-
ing therapy. The statistical analyses
have to be considered preliminary due
to the small number of these patients,
but it is tempting to speculate that very
high percentages of IFN-g expressing
CD4+ and CD8+ T cdlls in the periph-
eral blood and synovial fluid might be
causative for the treatment refractory
course of disease in these patients.
High IL-10 SF levels appear more or
less RA specific. In the RA patients
analyzed here, IL-10 SF concentrations
were detected in a similar quantitative
range, and they were moreover corre-
lated with the SF TNF-a concentra
tions. High average I1L-10 SF concen-
trations in RA were also detected in
previous ELISA studies (25, 26), a-
though the results of comparative IL-10
expression anayses in RA and PsA
synovium gave controversial results
(27, 28). Strong IL-10 expression in
RA patients is obviously localized to
the inflamed joints (6, 7, 29), either
suggesting that yet unknown factors
may be relevant for a preferential
recruitment of IL-10 expressing cells
into RA joints, or alternatively that IL-
10 expression in RA joints is induced
by articular factors.

Controversial data on IL-10 gene and
IL-10 promoter polymorphisms in
arthritis patients however are difficult
to interpret in respect of the resulting
guantitative 1L-10 expression capacity
and the observed phenotype (30-34).
Hence, other regulatory mechanisms of
IL-10 gene expression, e.g. secondary
responses to the inflammatory environ-
ment in RA joints need to be consid-
ered. IL-10 expression in RA synovitis
is located to CD3+ lymphocytic aggre-
gates (35), but also to lining layer
macrophages and FL S (36,37). Follow-
ing the presented results, both the
CD4+ and CD8+ populations appear to
have arelevant contribution to high IL-
10 concentrations in RA synovitis, al-
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though to a variable extent and with
remarkable individua differences. IL-
10 expression in CD8+ T cells can be
predominant, and in this circumstance,
neither Th2 cells nor regulatory Trl T
cells (38) would be essential for IL-10
expression in suchlike CD8+ dominat-
ed RA joints.

IL-10 reduces the cellular infiltration
into the rheumatoid synovium and pre-
vents cartilage degradation (39). IL-10
inhibits the expression of class |l MHC
and co-stimulatory molecules (40), and
impairs IL-1b and TNF-a expression in
macrophages (39, 41). IL-10 further-
more inhibits dendritic cell (DC) matu-
ration (42), and the antigen dependent
proliferation of RA T cells (43). Final-
ly, the net effect of IL-10 administra-
tion is beneficial in different animal
models of RA (39, 40). It can be there-
fore suggested that elevated I1L-10 pro-
duction in RA joints is part of an
unsuccessful repair mechanism, and
missing IL-10 induction in the control
patients may be also of pathogenic rel -
evance in these types of arthritis. How-
ever, only scarce effects were observed
in a clinical RA trial with therapeutic
administration of recombinant IL-10
(44). High endogenous, saturating IL-
10 concentrations as observed here in
many RA joints may be the reason for
this treatment failure, and exuberant
endogenous IL-10 expression may also
explain the capacity of IL-4 administra-
tion, but no anti-inflammatory effect of
IL-10 on the Th1/Th2 balance in cul-
tured RA SF T cells (45).

The localization of IL-10 producing T
cellsin rheumatoid synovitis resembles
that of CD8+ T cell accumulates adja
cent to germinal centers (46). Here, IL-
10 is a candidate to augment RF syn-
thesis in lymphoid follicles (47, 48),
and to activate RA synovial B cdlls,
that may anew be critical for the activa-
tion of CD4+ T cells (49). In this con-
text, IL-10 may to some extent contri-
bute to the chronic progressive course
of RA, and both the anti-inflammatory
and the immune modul ating aspects of
this ambivalent cytokine need to be
regarded in RA pathogenesis.

In summary, memory T cells of both
the CD4+ and CD8+ populations
exhibit a preferential accumulation in
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thejoints, but early T cell activationis
not strictly limited to memory T cells.
Memory T cell accumulation and the
activation state of the different SF T
cell subsets occur in similar patternsfor
RA and control patients. High I1L-10 SF
concentrationsin contrast, and el evated
percentages of IFN-g and 1L-10
expressing CD4+ and CD8+ T cellsin
the PB and SF were characteristic for
RA. Here, CD8+ T cells may con-
tribute to high IL-10 concentrationsin
RA joints. The céellular mechanism of
this disease associated pathologic
process appears worthy of further
investigation.
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