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Summary

CD4" CD25" regulatory T (T.,) cells play a critical role in the maintenance of
peripheral tolerance and the prevention of autoimmunity. In the present
study, we have explored the characteristics of CD4* CD25" T, cells in patients
with rheumatoid arthritis (RA). The frequency and phenotype of
CD4* CD25" T cells in paired samples of synovial fluid (SF) and peripheral
blood (PB) from patients with RA and PB from normal controls were analy-
sed. An increased frequency of CD4" cells T cells expressing CD25 was
detected in SF compared to PB from patients with RA. No significant differ-
ence was observed in the numbers of CD4* CD25" T cells in PB from patients
and controls. SF CD4* CD25* T cells expressed high levels of CTLA-4 (both
surface and intracellular), GITR and OX40, as well as Foxp3 transcripts. Func-
tionally, SF CD4* CD25" T cells were impaired in their proliferative responses
and could suppress the proliferation of their CD4* CD25~ counterparts. In
conclusion, these data demonstrate that CD4* CD25" T, cells, with the
potential to regulate the function of effector T cells and antigen-presenting
cells, accumulate in the synovium of patients with RA.
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Introduction

CD4" CD25" regulatory T (T,) cells play a pivotal role in
peripheral tolerance and the prevention of autoimmunity
[1-3]. They constitute a minority of the CD4" T cell popu-
lation in peripheral blood (PB) [4-8] and appear to arise
in the thymus, probably through a specific altered negative
selection of T cells expressing T cell receptors (TCR) with
intermediate affinity to major histocompatibility complex
(MHC)—-peptide complexes [9]. The forkhead/winged helix
transcription factor Foxp3 has been shown to be essential
for the development as well as for the suppressive function
of CD4" CD25" T, cells [10-12]. Humans with a muta-
tion in the Foxp3 gene develop a severe autoimmune/
allergy disorder, IPEX (immune dysregulation, polyendo-
crinopathy, enteropathy, X-linked) characterized by global
immune dysregulation [13]. Foxp3 has been suggested to
be specific for the CD4" CD25" T, cells [10-12]. How-
ever, it appears that Foxp3 expression coupled to suppres-
sive function can also be induced on peripheral CD4"
CD25™ T cells upon activation [14], either suggesting that
CD4" CD25" T, cells also develop in the periphery or that

Foxp3 is not specific for thymus-derived CD4" CD25" T,
cells [15,16].

T, cells are anergic cells that upon TCR activation inhibit
interleukin (IL)-2 transcription and the proliferation of
naive and memory CD4" and CD8" T cells [4-8,17]. T, cells
can also induce suppressive activity in their target T cells
[18,19]. Furthermore, T, cells directly regulate the function
of antigen-presenting cells (APC) and B cells [20-23].
Suppressive function of CD4* CD25" T, cells is known to
depend on direct cellular contact with the target cells [4—
8,17]. The characterization of T, cells has been complicated
by the lack of a specific surface marker to distinguish them
from the recently activated CD25" T cells. T, cells constitu-
tively express several activation-related molecules, such as
cytotoxic lymphocyte-associated antigen 4 (CTLA-4), a
homologue of CD28, glucocorticoid-induced tumour necro-
sis factor receptor family-related gene (GITR), OX40,
CD45R0 and HLA-DR [5-8,24,25]. In humans, the regula-
tory function associates with CD4" T cells expressing CD25
at high levels [4,24]. So far, the expression of Foxp3 has been
suggested to best identify the population of CD4* CD25" T
cells with the regulatory function [10-12].
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Rheumatoid arthritis (RA) is a chronic autoimmune dis-
ease that affects mainly the peripheral joints, causing bone
and cartilage damage [26]. Activated/memory CD4" T cells
recruited in the RA synovium have been thought to drive the
synovial inflammation by stimulating the production of
proinflammatory cytokines by macrophages and fibroblasts,
activating B cells and promoting the formation of osteoclasts
[26]. The majority of CD4" T cells in RA synovium are
CD45RO", express a variety of activation markers, such as
CD69 and HLA-DR, and seem to display a Th1 effector phe-
notype [26-28]. However, some features of synovial T cells
do not seem to be in accordance with the suggested effector
function of these cells [26]. Namely, T cell-derived cytokines
are found at scanty concentrations in the synovium. Further-
more, synovial T cells are profoundly hyporesponsive to
TCR-ligation. The compromised activation state of synovial
T cells has been attributed previously to chronic exposure
to tumour necrosis factor (TNF)-o, among others [29].
However, the role of CD4" CD25" T, cells or other types of
immunoregulatory T cells in controlling effector T cell func-
tions and inflammatory processes in RA remain elusive.

Any autoimmune disease could follow from impaired
development or function of T, cells. We undertook this
study to explore the presence and characteristics of CD4"
CD25" T, cells in patients with RA. We show that although
CD25" cells represent a minority of the CD4" population in
synovial fluid (SF), the frequency of CD4" T cells expressing
CD25 is increased significantly compared to the PB of the
patients. No significant difference was observed in the num-
bers of CD4" CD25" T cells in PB from patients and controls.
Phenotypically, SF CD4" CD25" T cells express high levels
of surface and intracellular CTLA-4, GITR and 0OX40,
the strongest expression of these molecules found on
CD4" CD25"#" T cells. Importantly, isolated SF CD4* CD25*
cells showed the classic functional characteristics of T, cells
and expressed high levels of Foxp3 transcripts. These data
demonstrate that CD4" CD25" T, cells with the potential to
regulate the function of effector T cells and APC accumulate
in RA synovium.

Materials and methods

Patients

A total of 18 patients with RA (14 women, four men), as
determined by the criteria of the American College of Rheu-
matology (formerly the American Rheumatism Association)
[30], were enrolled in this study. The median age of the
patients was 56 years (range 22—80) and the median duration
of the disease was 14 years (range 0-3-28). Nine patients had
a seronegative disease. All but one of the patients were receiv-
ing treatment: 14 were treated with disease-modifying
antirheumatic drugs, 10 with corticosteroids, and 12 with
non-steroidal anti-inflammatory drugs. Informed consent of
the patients was obtained. SF samples from the inflamed
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knee joints were collected by needle aspiration into heparin-
ized tubes. PB samples were taken concurrently. Control PB
was obtained from healthy volunteers at the Department of
Medical Microbiology. This study was approved by the joint
ethical committee of Turku University and Turku University
Central Hospital.

Reagents

Following mouse antihuman and unspecific control anti-
bodies were used for the FACS-stainings: fluorecein isothio-
cyanate (FITC)-conjugated anti-CD4, -CD25 and control
mouse IgG (mlgG), phycoerythrin (PE)-conjugated anti-
CD4, -CD69, -CD154, -CD134 (OX-40), -IL-10 and mIgG,
allophycocyanin (APC)-conjugated CTLA-4 (CD152) and
mlgG and peridinin chlorophyll protein (PerCP)-conjugated
anti-CD4 and mIgG were all obtained from BD Pharmingen
(San Diego, CA, USA). PE-conjugated anti-GITR was pur-
chased from R&D Systems (Minneapolis, MN, USA). Ago-
nistic antihuman CD28 was purchased from Pharmingen,
and antihuman CD3 from Becton-Dickinson (San Jose, CA,
USA). The reagents and capillaries for Lightcycler poly-
merase chain reaction (PCR) were purchased from Roche
Molecular Diagnostics (Mannheim, Germany). Reagents for
magnetic activated cell sorting (MACS) were purchased
from Miltenyi Biotec (Auburn, CA, USA).

Cell preparations

SF samples were treated with bovine testicular hyaluronidase
(10 pg/ml; Type IV-S, Sigma, Steinheim, Germany) for
15 min at 37°C. Synovial fluid mononuclear cells (SEMC)
and peripheral blood mononuclear cells (PBMC) were iso-
lated by Ficoll-Paque (Pharmacia, Uppsala, Sweden) density
gradient centrifugation. MACS (Miltenyi Biotec, Auburn,
CA, USA) was used to sort the cell populations. SF CD4" cells
and control PB CD4" cells were isolated using CD4 Multisort
Kit (Miltenyi). CD25 Microbeads (Miltenyi) were used to
further isolate CD25" and CD25" cells from SF CD4" cell
preparations. The purity of the cell preparations was always
analysed using FACS. Cells obtained using this method were
typically >98% CD3" CD4" cells. The purity of CD25 frac-
tion was 40-70%. CD25 depleted cells contained less than
3% of contaminating CD25" cells.

Flow cytometry

SEMC and PBMC were stained by direct immunofluores-
cence for three- or four-colour flow cytometry. To analyse
cell surface molecule expression, the cells were washed with
phosphate-buffered saline (PBS), 2% fetal calf serum (FCS)
and stained for 30 min at 4°C. After the staining cells were
washed again and analysed with a FACSCalibur flow cytom-
eter (Becton Dickinson) using the CellQuest software (Bec-
ton Dickinson). To analyse the expression of intracellular
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molecules, Fix & Perm” Cell Permeabilization Kit from Cal-
taq Laboratories, Inc. (Burlingame, CA, USA) was used
according to the manufacturer’s staining protocol.

Proliferation assays

CD4" CD25" and CD4" CD25~ SF T cells (5-7-5 x 10*/well)
were cultured in triplicate in 200 ul IMDM (Gisco BRL,
Grand Island, NY, USA) supplemented with 10% heat inac-
tivated AB-serum (Finnish Red Cross, Helsinki, Finland),
0-1 mm 2-mercaptoethanol (Sigma, St Louis, MO, USA),
10 mm HEPES (Gisco BRL) and 100 pg/ml gentamicin in
flat-bottom 96-well microtitre plates (Costar” 3599, Costar,
Cambridge, MA, USA) for 4 days. Either anti-CD3 (1 ug/ml)
+ anti-CD28 (10 pug/ml) MoAbs or phytohaemagglutinin
(PHA) (5 pug/ml) were added in the beginning of the culture.
Tritiated thymidine (Du Pont, Boston, MA, USA) (1-0 uCi/
well) was added 16-18 h before terminating the culture. The
cells were harvested to glass fibre filters (Wallac, Turku, Fin-
land) with a 96-well harvester (Tomtec, Orange, CT, USA).
The radioactivity was measured with a 1450 Microbeta Plus
liquid scintillation counter (Wallac). Assays analysing the
inhibitory capacity of CD4" CD25"SF T cells were per-
formed under the same conditions. In these assays 5 x 10*
CD4* CD25" SE T cells were cultured in triplicate with or
without 1-25 X 10* or 2-5 % 10* CD4* CD25" SF T cells and
anti-CD3" anti-CD28 MoAbs in U-bottomed 96-well
microtitre plates (Nunclon®, InterMed/Nunc, Denmark).

Total RNA isolation and reverse transcription

Total RNA was extracted from both SFCD4" CD25"
and CD4" CD25" cells, and control PB CD4" cells TRI-
ZOL Reagent (Life Technologies) according to the manufac-
turer’s instructions. Total RNA was reverse transcribed using
avian myeloblastosis virus (AMV) [first-strand cDNA Syn-
thesis Kit for reverse transcription-polymerase chain reac-
tion (RT-PCR); Roche Diagnostics, Mannheim, Germany]
in a reaction volume of 20 pul according to the manufacturer’s
instructions. AMV reverse transcriptase was omitted from
the control RT reactions. Each reaction was incubated at
42°C for 1 h using a DNA thermal cycler (Perkin-Elmer,
Norwalk, CT, USA). A heat inactivation step at 99°C for
5 min was performed to denaturate reverse transcriptase,
followed by a cooling step at 4°C for 5 min.

Real-time quantitative PCR

Real-time quantitative PCR (LightCycler”, Roche Molecular
Diagnostics, Mannheim, Germany) was used to study Foxp3
mRNA expression. LightCycler-FastStart DNA Master SYBR
Green 1 kit (Roche) was used according to the manufac-
turer’s instructions. Two ul of cDNA dilutions were used for
amplification in a 20 pl reaction volume. MgCl, was added
to achieve the optimal final concentration of 2 mm. House-

keeping B-actin was amplified from the same pool of cDNA.
First the reactions were heated to 95°C for 10 min to activate
the FastStart Tag DNA polymerase enzyme. Amplification
steps (B-actin: 15 s at 95°C, 5 s at 67°C and 8 s at 72°C;
Foxp3: (touchdown-PCR was used) 10 s at 95°, 5 s at 70—
63°C (temperature lowered 0-5°C/cycle) and 14 s at 72°C)
were repeated 50 times. Melting curves were performed by
lowering the temperature to 65°C, then raising the temper-
ature by 0-1°C/s to 99°C and measuring the fluorescence
continuously. Analysis was made using the second derivative
maximum method. The standard curve was constructed
using cDNA from control CD4" PB T cells in four dilutions
(5% 107, 107", 10 and 107). Foxp3 and B-actin mRNA
expression in the samples was quantified on the basis of the
standard curves and Foxp3 mRNA levels were normalized to
the B-actin mRNA levels. After each run, the presence of
amplification products was also verified on 1-5% agarose gels
(SeaKem, FMC Bioproducts, Rockland, ME, USA). Specific
primers used were: B-actin (sense 5'-AGCCTCGCCTTTGC
CGA-3’, antisense 5- CTGGTGCCTGGGGCG-3") [31] and
Foxp3 (sense 5-AAGGAGAAGCTGAGTGCCAT-3’, anti-
sense 5'-GTCCATGTTGTGGAGGAACT-3").

Statistical analyses

Statistical significance was tested using Wilcoxon’s signed-
rank test for paired samples and Mann—Whitney U-test for
unpaired data.

Results

RA synovial fluid contains increased frequency of
CD4* CD25" T cells with the phenotypic characteristics
of regulatory T cells

We first compared the expression of CD25 between paired
SF and PB samples from patients with RA. As shown in
Table 1, 5-20% (mean 12%) of freshly isolated SF CD4" T

Table 1. The expression of CD25 on CD4" T cells from synovial fluid
(SF) and peripheral blood (PB) from patients with rheumatoid arthritis
(RA) and PB from normal controls.*

CD25 expression

n % MFIR
RA SF CD4* 10 120 + 4-87% 1-6 £ 0-2§9
RA PB CD4* 10 55+ 41 1-3£0-2
Normal PB CD4* 9 6:7£50 1-33+0-3

*Percentages (%) and mean fluorescence intensity ratios (MFIR) of
CD25 expression on gated CD4" cells are shown. MFIR is the MFI of
the staining with the anti-CD25 MoAb divided by the MFI of the neg-
ative control antibody. Results are shown as mean + s.d. P =0-009 and
§P=0-013 when compared with RA PB CD4" T cells. $P=0-034 and
‘P =0-041 when compared with normal PB CD4" T cells.
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Fig. 1. Synovial fluid (SF) CD4" T cells express increased levels of CD25.
Representative FACS stainings of SF and peripheral blood mononuclear
cells (PB) from one patient with rheumatoid arthritis (RA) is shown.
Cells with light-scatter characteristics of lymphocytes were gated. Dou-
ble stainings with anti-CD4 and anti-CD25 MoAbs are shown. Gates
define the cells expressing CD25 at high levels (CD4" CD25"¢").

cells expressed CD25. Compared to SE, the frequency of
CD4" T cells expressing CD25 was significantly lower in PB
from the patients (mean 5-5%). Notably, the proportion of
CDA4" T cells expressing CD25 at high levels appeared to be
increased in SF compared to PB, which was also demon-
strated by the significantly higher mean fluorescence inten-
sity ratio of CD25 expression in SF CD4" cells (Table 1). A
typical pattern of CD25 expression in SF and PB CD4" T
cells is illustrated in Fig. 1. No significant difference was
observed in the frequency CD25" cells between PB CD4"
cells from the patients and healthy controls (mean 6-7%)
(Table 1).

Regulatory T cells in RA

A number of markers have been suggested to define
CD4" CD25" T, cells. For example, constitutive expression
of intracellular CTLA-4, GITR and OX40 has been linked to
the phenotype of these cells [5-8,24,25]. To characterize
more effectively the SF CD4" CD25" T cells, we analysed
their expression of these markers compared to CD4* CD25"
cells. Both surface and intracellular CTLA-4 was associated
strongly with the CD4" CD25" phenotype (Fig.2). CD4"
CD25 cells expressed hardly any surface CTLA-4 and the
intracellular CTLA-4 was expressed at significantly higher
levels on CD4" CD25" cells. In addition, CD4" CD25" SF T
cells expressed significantly higher levels of GITR and OX40
than their CD4* CD25" counterparts, the majority of CD25"
cells being positive. Importantly, CD4* CD25"¢" phenotype
seemed to associate with the highest expression of CTLA-4,
GITR and OX40 (Table 2). We also compared the expression
of CD69 early activation antigen, CD154 (CD40 ligand) and
intracellular IL-10 in SF CD4* CD25" and CD4" CD25" T
cells. Both CD4" CD25" and CD4* CD25™ cells expressed
negligible levels of CD154 (0-5+0-6% (mean * s.d., n=6)
and 0-8 + 0-6%, respectively, and were negative for intracel-
lular IL-10 (data not shown). A proportion of CD4"
CD25" SF T cells expressed CD69 but at significantly lower
levels than their CD25~ counterparts.

The expression of these selected markers was also
compared on CD4" CD25" cells from SF and PB from the
patients and normal controls. As demonstrated in Fig. 2, SF
CD4* CD25" differed more from PB CD4" CD25" cells than
from their CD4" CD25™ counterparts in SE. The expression
of CTLA-4 (surface and intracellular), OX-40, GITR and
CD69 was significantly higher in SF cells when compared to

y3
58
5§
< o
Fig. 2. Synovial fluid (SF) CD4" CD25" T cells from 5' ;(3
patients with rheumatoid arthritis (RA) express 6 2
increased levels of markers associated with the regu-
latory T cell phenotype. CD4" mononuclear cells
with light scatter characteristics of lymphocytes were E
gated. The expression of markers was analysed on (0]
gated SF CD25" and CD25" cells and peripheral
blood (PB) CD25" cells from the corresponding
patients as well as normal controls. Numbers indicate <
the percentages (mean =+ s.d.) of positive cells. Num- 6
ber of samples analysed was six, except for (a) 10 and
(b) nine. Representative stainings from one patient
and one control are illustrated. *P < 0-05 when com- 2
pared to SF CD4" CD25" cells and RA PB or normal 8

PB CD4" CD25" cells.
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Table 2. Comparison of the phenotypes of synovial fluid (SF) CD4+CD25~ CD4*CD25*
CD4" CD25"#" and CD4* CD25™ ™4 T cells from patients with rheu-

matoid arthritis (RA).*

CD25"en CD25mermediate
CTLA-4s 12:3+7-8% 6:3 £5-0
CTLA-4i 70-0 £ 19-01 529+ 16-7
0OX-40 65-1+12:2F 49-1 £ 159
GITR 78:4 £ 8-9t 55-5+ 14-6
CD69 506+ 116 53-1+169

*CD4+ SF mononuclear cells with light scatter characteristics of

CD25
lymphocytes were gated. The expression of markers was analysed on
gated CD25"*" (the intensity of CD25 expression exceeding that of Fig. 3. Typical pattern of CD25 expression on sorted CD4* CD25" and
negative control ~ 10-fold; see Fig.1 for representative gating) and CD4" CD25" SE T cell fractions used for functional studies. Representa-

CD25™Memediate cells (the remaining CD25" cells). Results are shown as
percentages (mean * s.d.) of positive cells. Number of samples analysed
was six. 'P < 0-05 when compared to CD4* CD25™ ™% ce]ls, CTLA-
4s = CTLA-4 surface, CTLA-4i = CTLA-4 intracellular.

tive stainings of one patient sample are shown.

using MACS and analysed the expression of Foxp3 mRNA
using real-time quantitative PCR. A typical pattern of CD25

PB cells from both sources. PB CD4" CD25" T cells from the expression on CD4" CD25" and CD4" CD25™ preparations is
patients did not differ significantly from the corresponding shown in Fig. 3. Foxp3 transcripts were detectable in both
cells in PB from normal controls. Interestingly, GITR was populations but the level of mRNA expression was signifi-
expressed by only a minority of PB CD4" CD25" both from cantly higher in CD4" CD25" cells, exceeding the level of
the patients and the controls. CD25" cells 10-40-fold (Fig. 4a).

CD4" CD25* SF T cells express Foxp3 transcripts CD4" CD25" SE T cells are hyporesponsive and inhibit

. . + -
For the time being, the most specific marker/gene suggested the proliferation of CD4”CD25" cells

to identify CD4" CD25" T, cells is Foxp3 [10-12]. There- Hyporesponse to TCR-mediated stimulation and mitogens is
fore, we sorted CD4" CD25"and CD4" CD25 SF T cells one characteristic of CD4" CD25" T, cells [4-8]. Therefore,

reg

(a) (b) aCD3*

aCD28  PHA
Fig. 4. (a) Synovial fluid (SF) CD4* CD25" T cells g 100  [JCD4*CD25- 40
express high levels of Foxp3 trancripts. Relative S W CD4*CD25* 30 |
expression of Foxp3 mRNA in CD4" CD25" and g 10 F Exp. 1 o0 |
CD4" CD25™ T cell populations in SF from three g
patients with rheumatoid arthritis was studied by s 10 ¢
real-time quantitative polymerase chain reaction DE: T 0 —_
(PCR). B-actin was used as a reference gene. Nor- ® 40 ¢
malized Foxp3 mRNA abundance was derived from % 0-1 30 t
the ratio of Foxp3 mRNA to B-actin mRNA expres- w Exp.1 Exp.2 Exp.3 Exp. 2 & o0 |
sion in each sample. (b) SF CD4* CD25" T cells are % 10 |
hyporesponsive. SE CD4* CD25" and CD4" CD25~ (c) g_ I
cells (5-7-5 x 10* cells/well) were stimulated with i;’ 1(2)
either anti-CD3 (1 pg/ml) + anti-CD28 (10 pg/ml) 2 40}
MoAbs or phytohaemagglutinin (PHA) (5 pug/ml) Exp.1 & _g 8 H
and the proliferative response was measured by tri- = Exp. 3 E 6 r
tiated thymidine incorporation after 4 days of cul- é o 4
ture. (¢) SF CD4" CD25" T cells are able to suppress @ g |
the proliferation of their SF CD4* CD25" counter- s 4
parts. CD4* CD25™ cells (5 x 10* cells/well), '(*E 3|
CD4" CD25" cells (5 x 10* cells/well) and co-cul- 2
tures of both CD4" CD25™ (5 x 10* cells/well) and Exp. 2 E 1F Exp. 4 2
CD4* CD25" cells (2:5 x 10" or 125 x 10* cells/well) Tr
from two patients were stimulated with anti-CD3 0 0 L
(1 pg/ml) and anti-CD28 (10 pg/ml) MoAbs for CD4*CD25* - + - 4+
4 days. Ratio CD25~:CD25* 0:1 1:02:1 4:1 CD4*CD25- + - 4+ -
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we studied the proliferation of sorted CD4" CD25"and
CD4"CD25  cells in response to anti-CD3" anti-CD28
MoAbs or PHA. Significant, although variable, proliferative
responses of CD4" CD25™ cells were observed, whereas the
proliferation of CD4" CD25" cells was almost undetectable in
three of four samples studied and reduced significantly in
relation to that of CD4"CD25  cells in all the samples
(Fig. 4b). As one of the main functions of T, cells is to inhibit
the activation of T cells we studied whether enriched
CD4" CD25" SF cells are able to inhibit the proliferation of
their CD4" CD25™ counterparts. As shown in Fig. 4c, the
presence of CD4" CD25" cells clearly reduced the prolifera-
tive response of CD4* CD25~ SF cells to anti-CD3" anti-CD28
MoAbs in the two samples tested. The degree of suppression
was not clearly cell ratio-dependent, propably because the
CD4" CD25" preparations also contain activated, conven-
tional T cells. These data confirm that CD4" CD25" SF T cells
show the in vitro functional activities of T, cells.

Discussion

Present study shows that, compared to PB, an increased fre-
quency of CD4" CD25" T cells, with the phenotypic and
functional properties of T, cells, has accumulated in the SF
from patients with RA. The suppressive function of SF
CD4" CD25" T cells was confirmed by the observations that
these cells were hyporesponsive and inhibited the prolifera-
tion of SF CD4" CD25™ T cells after polyclonal activation.
Importantly, SF CD4" CD25" T cells were also shown to
express high levels of Foxp3 transcripts. While this work was
under preparation, Cao et al. [32] published the first report
showing, in accordance with our study, that SF from patients
with RA contain an increased frequency of CD4" CD25" T,
cells. Recently, consistent data were also shown by van
Amelsfort et al. [33]. Cao et al. showed that the cells with
suppressive function reside mainly in the CD4* CD25""
population of SF T cells, and suggested that CD25™trmediate
cells represent the recently activated cells [32]. Typical
enrichment of CD4" T cells expressing CD25 at high inten-
sity in SF was observed in both our study and that of Cao
et al. Our results, together with those of Cao ef al. and van
Amelsfort et al., provide evidence that CD4" CD25" T cells
with immunoregulatory function are present in the joints
during the progression of RA.

According to our results the number of CD4" CD25" cells
in the PB from RA patients was comparable to that from
healthy controls, suggesting that there is no significant alter-
ation in the size of the circulating CD4" CD25" T\, cell pop-
ulation in RA and that CD4" CD25" T, cells accumulate
specifically into the joints of patients with RA. However,
recently Cao et al. analysed samples from a total of 135
patients with RA and observed that the frequency of
CD4" CD25"#" cells was significantly lower in PB from the
patients than normal controls, while in the great majority of
patients the frequencies were much higher in SF than PB,

Regulatory T cells in RA

further supporting active recruitment of T, cells into the
synovium [34]. It has been demonstrated that CD4" CD25"
Foxp3" T cells with a regulatory function can be induced
upon activation of CD4" CD25™ Foxp3~ cells [14]. Therefore,
the high number of CD4" CD25" T, cells in SF may also be
due to local generation in response to synovial environment,
as well as due to recruitment. Our finding that CD4" CD25~
T cells express low levels of Foxp3 trancripts also may sup-
port the local generation.

Consistent with previous reports showing that CD4"
CD25" T, cells constitutively express CTLA-4, GITR and
OX40 [5-8,24,25], we demonstrate that CD4" CD25"SF T
cells and, especially the CD4* CD25"#" cells, express high lev-
els of these receptors. The intensity of GITR and CTLA-4
expression has been correlated to the suppressive capacity of
the T, cells [24]. Signalling through CTLA-4 has been sug-
gested to be essential for the suppressive function of T, cells,
whereas GITR may deliver a negative signal to T, cells
[25,35,36]. Compared to PB CD4" CD25" T cells, the expres-
sion of CTLA-4 (both surface and intracellular), GITR and
0X40 was very high on SF CD4" CD25" T cells, suggesting
that SF cells represent activated T, cells. This is supported
further by the far higher expression of CD69 on SF CD4"
CD25" T cells. Although CD69 has not been shown to sep-
arate Ty, cells from conventional T cells, the expression
CD69 has been shown to be up-regulated in T, cells after
activation [8]. Knowledge on human T, cells is, to a great
extent, based on the observations on resting/in vitro-acti-
vated PB T, cells. Our findings suggest that the phenotype
of Ty, cells in inflammatory tissues is distinct from that of
the circulating counterparts in PB.

Defining the position of T, cells in the pathogenesis of
RA is a challenge. The depletion of CD4" CD25" T cells, well
before disease induction, results in the increased severity of
collagen-induced arthritis (CIA) [37], supporting the con-
clusion that CD4" CD25" T, cells play an important role
already in the induction phase of the disease. Furthermore,
the attenuation of CIA after mucosal administration of
Escherichia coli heat-labile enterotoxin B subunit has been
shown to involve the activity of CD4" CD25" T, cells [38].
Very recently it has been shown that while CD4" CD25" T,
cells isolated from PB of patients with RA suppress the pro-
liferation of effector T cells in vitro, they are unable to sup-
press proinflammatory cytokine production from activated
T cells and monocytes, as well as to convey suppressive func-
tion to effector CD4" CD25™ cells [39]. Most importantly, it
was shown that the suppressive capacity was restored after
treatment with anti-TNF-o therapy. These data suggest that
RA may be characterized by a functionally compromised T,
cell compartment, and that agents that expand the number
of Ty, cells or restore the function of these cells may prove to
be highly effective in the treatment of RA. Interestingly, com-
promised function of PB T, cells has also been observed
recently in some other autoimmune diseases, including mul-
tiple sclerosis [40].
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Many inflammatory responses in the synovium have been
suggested to be T cell driven [26]. However, the number of
CD4* T cells in ST and the score for knee pain have been
observed to negatively correlate [41]. Furthermore, the treat-
ment of RA patients with depleting anti-CD4 antibodies has
been shown reduce the number of accumulating T cells
without a marked clinical improvement [42]. These results
may be interpreted to reflect the crucial participation of T,
cells in disease processes. As T,, cells have the capacity to
render target T cells anergic, general hyporesponsiveness of
synovial T cells may be due in part to the presence of T, cells
in the synovium. It would seem logical that CD4" CD25" T
cells limit the inflammatory processes in the synovium and
the progression of RA. However, considering that the anergic
state of T cells may play a role in the chronicity of synovial
inflammation [30], a possibility remains that the presence of
T, cells in the synovium may actually hinder the clearance
of inflammation.

T, cells have been shown to directly modulate the func-
tion of APCs by down-regulating the expression of co-stim-
ulatory molecules and stimulating IL-10 production [20,23].
Indoleamine 2,3-dioxygenase, an enzyme that catabolizes
tryptophan and thereby inhibits T cell proliferation, is one of
the mechanisms of APCs to maintain peripheral tolerance.
Interestingly, it was first demonstrated that CTLA-4-immu-
noglobulin fusion protein (CTLA-4Ig) stimulates dendritic
cells (DC) to produce IDO [43], and thereafter shown that
T, cells expressing CTLA-4 perform the same function [22].
However, we did not observe any increase in the expression
of IDO mRNA in CDI14" SF macrophages after CTLA-4Ig
stimulation (unpublished observations). Although the evi-
dence is indirect, these data suggest that the regulation of
IDO production by SF macrophages is not the principal
function of T, cells. It is possible that CD80/CD86-medi-
ated induction of IDO is a feature of a certain subset of DC
only, as demonstrated previously [44].

In this study we have confirmed the presence of CD4"
CD25" T, cells in RA SE. The identification of CD4" CD25"
T, cells in the synovium provides new insight into the reg-
ulation of T cell homeostasis and synovial inflammation in
RA. Increasing evidence suggests that CD4" CD25" T, cells
play a crucial role in RA as well as other autoimmune dis-
eases. However, further studies are needed to reveal their
exact role in the pathogenesis of RA and to identify the fac-
tors regulating their function and accumulation in the syn-
ovium.
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