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SUMMARY

 

Production of CCR5 expression and MIP-1

 

a

 

, a ligand of CCR5, by CD4

 

+

 

 T cells from patients with
rheumatoid arthritis (RA) were studied. We analysed further the influence of IL-15 stimulation, CD40/
CD40 ligand (CD40L) interaction and CCR5 promotor polymorphism. One hundred and fifty-five RA
patients and another 155 age- and sex-matched healthy individuals were enrolled. Peripheral CD4

 

+

 

 and
double negative (DN) T cells from patients had lower portions of CCR5, whereas synovial CD4

 

+

 

 and
DN T cells showed a much higher CCR5 expression. IL-15 significantly up-regulated the expression of
CCR5 on purified CD4

 

+

 

 T cells. CD40L expression on synovial CD4

 

+

 

 T cells was increased greatly in
CCR5

 

+

 

 portions by IL-15. MIP-1

 

a

 

 production by synovial CD4

 

+

 

 T cells was also enhanced by IL-15. Co-
culture of CD40 expressing synovial fibroblasts with IL-15-activated synovial CD4

 

+

 

 T cells significantly
increased MIP-1

 

a

 

 production. Expression of CCR5 on patients’ CD4

 

+

 

 T cells was not influenced by the
promotor polymorphism of CCR5 gene. Taken together, these data suggest CCR5

 

+

 

CD4

 

+

 

 T cells infil-
trate the inflamed synovium and IL-15 up-regulates CCR5 and CD40L expression further and enhance
MIP-1

 

a

 

 production in synovial CD4

 

+

 

 T cells. Production of MIP-1

 

a

 

 by synovial fibroblasts is signifi-
cantly increased by engagement of CD40 with CD40L. Synovial microenvironment plays a potential
role in regulation of CCR5

 

+

 

CD4

 

+

 

 T cells in rheumatoid joints.
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INTRODUCTION

 

Chemokines are major factors that regulate important steps of
lymphocytes trafficking by inducing cell motility and activating
adhesion molecules [1]. In addition to the role of controlling leu-
cocyte recruitment and activation, these molecules are involved in
a number of other physiological processes including lymphocyte
development, modulation of angiogenesis and cell compartmen-
talization within lymphoid tissues [2,3]. Chemokine receptors are
G-protein-coupled seven-transmembrane receptors

 

,

 

 and these
molecules have been named CXCR1 to CXCR6 (bind CXC
chemokines), CCR1 to CCR10 (bind CC chemokines), XCR1
and CX3CR1 [4]. Recent studies in expression of chemokine
receptors on different lymphocyte subsets have revealed impor-
tant mechanisms of regulated cell trafficking in the immune
system [5,6].

Type 1 and type 2 helper T (Th1 and Th2) cells mediate dif-
ferent types of protective or pathogenetic responses by secreting
different cytokines and interacting with different types of leuco-
cytes [7,8]. Differential recruitment of Th1 and Th2 cells is
controlled by Th1-associated expression of CXCR3/CCR5 and
Th2-associated expression of CCR3/CCR4/CCR8 [6,9]. Selective
recruitment of lymphocyte subsets by certain chemokines is
defined mainly by the presence of their corresponding cognate
receptors. Rheumatoid arthritis (RA) is an autoimmune disease
characterized by T lymphocytes accumulation within the synovial
compartment. Activated CD4

 

+

 

 T cells predominate in the infiltrat-
ing mononuclear cells (MNCs) of the rheumatoid joints [10]. Th1-
type immune responses have been suggested to be important for
the pathogenesis of organ-specific autoimmunity such as type I
insulin-dependent diabetes mellitus, multiple sclerosis and RA
[11]. In the collagen-induced arthritis (CIA) murine model, Th1
cells play a proinflammatory role, while Th2 cells appear to have
an anti-inflammatory effect [12].

The relative contribution made by individual chemokines to
the development or progression of RA is not known. Some mem-
bers of the CC and CXC families of chemokines could be impli-
cated in the pathogenesis of RA [13,14]. These molecules include



 

372

 

C. R. Wang & M. F. Liu

 

© 2003 Blackwell Publishing Ltd, 

 

Clinical and Experimental Immunology

 

, 

 

132

 

:371–378

 

regulated upon activation normal T expressed and secreted
(RANTES), macrophage inflammatory protein-1

 

a

 

 (MIP-1

 

a

 

),
MIP-1

 

b

 

 and monocyte chemoattractant protein-1 (MCP-1) in the
CC family and IL-8, epithelial–neutrophil activating protein-78,
growth-related gene product-

 

a

 

 and connective tissue activating
peptide-III in the CXC family. These findings are based on the
ability of investigators to detect these proteins or steady-state
expression of their mRNA in the joints of RA patients.

Patients with RA are encountered frequently with a high esti-
mated prevalence rate in this area [15]. In this study, the regula-
tion of CCR5 expression and MIP-1

 

a

 

 production in CD4

 

+

 

 T cells
from RA patients were investigated. We also analysed the influ-
ence of IL-15 stimulation and interaction of CD40 with CD40
ligand (CD40L). The promotor polymorphism of CCR5 gene
might down-regulate CCR5 expression at the transcription level.
We examined further the possibility that the polymorphism might
affect the CCR5 expression on CD4

 

+

 

 T cells from RA patients.

 

MATERIALS AND METHODS

 

Patients and controls

 

One hundred and fifty-five RA patients, with diagnosis according
to the diagnostic criteria set by the American College of Rheu-
matology [16], were enrolled into the study project. All these
patients were classified with active disease when not fulfilling the
ACR criteria for clinical remission [17]. Venous blood samples
were drawn from these patients. Samples of synovial fluid were
available from therapeutic aspiration of inflammatory joint. Syn-
ovial tissues were obtained during the operation. Peripheral
blood samples were taken simultaneously when therapeutic aspi-
ration or operation were performed. The control group included
155 sex- and age-matched healthy individuals. The Ethics Com-
mittee of the National Cheng-Kung University Hospital approved
this study. Informed consents were obtained from all the individ-
uals enrolled into this study.

 

Preparation and stimulation of MNCs

 

Peripheral MNCs were purified from heparin-anticoagulated
venous samples by Histopaque (Sigma Diagnostics, St Louis, MO,
USA) gradient centrifugation. Synovial fluid was incubated with
15 U/ml hyaluronidase (Sigma) for 30 min at 37

 

∞

 

C and then
passed through a nylon mesh. After spinning down and suspend-
ing in RPMI-1640, MNCs were separated by Histopaque gradi-
ent. The synovial tissue obtained from operation room was
trimmed immediately to remove fatty tissue and minced into
small pieces. The tissues were incubated in 0·5 mg/ml of collage-
nase (Sigma), 0·15 mg/ml of DNAse (Sigma) and 15 U/ml heparin
for 1 h at 37

 

∞

 

C. The digest was passed through a nylon mesh. The
cells were then washed and purified further by the Histopaque
gradient centrifugation 

 

¥

 

2. For 

 

in vitro

 

 stimulation, MNCs were
cultured in the presence of 30, 100 or 300 ng/ml recombinant
human IL-15 (R&D Systems, Minneapolis, MN, USA) for 1, 3, 5,
7 or 9 days and were subjected further to flow cytometry analysis.

 

Preparation of synovial fibroblasts

 

Freshly prepared synovium tissue was cultured in Dulbecco’s
modified Eagle’s medium (DMEM) with 2 mm 

 

L

 

-glutamine,
20 mm HEPES buffer, 10% fetal calf serum and antibiotics in
Petri dishes in a humidified 5% CO

 

2

 

 incubator. After cell adher-
ence for 48 h, non-adherent cells were removed and adherent
cells were cultured continuously until confluence. These cells were

then passed after trypsin treatment. After four passages or older,
synovial fibroblasts became a homogeneous population and were
used for further studies. Synovial fibroblasts showed strong CD40
expression and addition of IFN-

 

g

 

 in fibroblasts culture enhanced
further the CD40 expression as shown in previous experiments
[18].

 

Purification of CD4

 

+

 

 T cells

 

The MNCs isolated by Histopaque gradient centrifugation were
stained with antihuman CD4 (clone PRA-T4, PharMingen, San
Diego, CA, USA) monoclonal antibody (MoAb). After washing,
these cells were incubated with magnetic particles coated anti-
IgG microbeads (Miltenyi Biotec, Germany), and were passed
through a positive selection column in a Magnectic Cell Sorter
(Miltenyi Biotec). The column was removed from the separator
and the positive fraction of CD4

 

+

 

 T cells was flushed out. The
purity of CD4

 

+

 

 T cells in this preparation was more than 95%.

 

Flow cytometry analysis

 

Triple fluorescence staining was used for the surface phenotype
analysis. The MoAbs against human antigens including anti-CD3
(clone UCHT1), anti-CD4 (clone PRA-T4), anti-CD8 (clone
PRA-T8), anti-CCR5 (clone 2D7), anti-CXCR4 (clone 12G5),
anti-CD40 (clone 5C3) and CD40L (clone TRAP1) were pur-
chased from PharMingen. Anti-CCR3 (clone 61828·111) were
purchased from R&D Systems. Purified MNCs were stained with
Cy-chrome- or phycoerythrin (PE)-conjugated anti-CD3, PE-
conjugated anti-CD4 and/or anti-CD8, and fluorescein isothiocy-
anate (FITC)-conjugated anti-CCR3 or anti-CCR5. The cells
were incubated with these MoAbs for 30 min on ice in the dark.
After washing, the stained cells were analysed with a FACSort
(Becton Dickinson, Mountain View, CA, USA) and CellQuest
software programs (Becton Dickinson). The control isotype
MoAbs (PharMingen) staining was included for each sample.

 

Intracellular cytokine staining

 

Purified CD4

 

+

 

 T cells were stimulated with phorbol myristate ace-
tate (25 ng/ml) and ionomycin (1 

 

m

 

g/ml) for 4 h with the addition
of Brefeldin A (Sigma) in the culture. Cells were harvested and
stained with Cy-Chrome-conjugated anti-CD4 (clone PRA-T4,
PharMingen) and FITC-conjugated anti-CCR5. After fixation
with 1% paraformaldehye (Sigma) for 20 min, these MNCs
were stained with PE-conjugated anti-IFN-

 

g

 

 (clone 4S.B3,
PharMingen) or PE-conjugated anti-IL-4 (clone MP4-25D2,
PharMingen) in staining buffer containing 0·1% saponin (Sigma).
These cells were further subjected to flow cytometry analysis.

 

Quantification of MIP-1

 

a

 

 and MIP-1

 

b

 

MIP-1

 

a

 

 and MIP-1

 

b

 

 levels were quantified by enzyme-linked
immunosorbant assay (ELISA) kits (R&D Systems). MNCs in
density of 2 

 

¥

 

 10

 

6

 

 per well in 24-well flat-bottomed microplates or
purified CD4

 

+

 

 T cells in density of 3 

 

¥

 

 10

 

5

 

 per well in 96-well flat-
bottomed microplates were cultured with 100 ng/ml recombinant
human IL-15 (R&D Systems) in RPMI-1640 supplemented with
’10% heat-inactivated fetal calf serum, 2 m

 

M

 

 glutamine and anti-
biotics. Culture supernatants were taken serially at 12, 24 and 48
h and the contents of MIP-1

 

a

 

 and MIP-1

 

b

 

 were measured. Syn-
ovial fibroblasts 3 

 

¥

 

 10

 

4

 

 per well in 24-well flat-bottomed micro-
plates were co-cultured with 0·5% paraformaldehyde fixed IL-15
activated synovial CD4

 

+

 

 T cells 10

 

6

 

 per well in the presence of 1,
10 or 100 ng/ml IFN-

 

g

 

 and 1, 2 or 5 

 

m

 

g/ml anti-CD40L MoAb or
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isotype-matched control MoAb. After 24, 48 or 72 h, supernatants
were harvested and tested for levels of MIP-1

 

a

 

 and MIP-1

 

b

 

.

 

Reverse transcription polymerase chain reaction (RT-PCR)

 

The CD4

 

+

 

 T cells were stimulated with 100 ng/ml IL-15 (R&D
Systems) for 24, 48, 72, 96 or 120 h. Total RNA was extracted from
these cells by a PUREscript RNA isolation kit (Gentra, Minni-
apolis, MN, USA).

RT-PCR of CCR5 gene was performed with 1 

 

m

 

g of RNA,
20 pmol of oligo(dT)

 

18

 

 primer, 0·5 m

 

M

 

 dNTP, 0·5 U of RNase
inhibitor and 200 U of MLV RTase in 4 

 

m

 

l of 5

 

¥

 

 RT buffer. All
reagents used in the cDNA synthesis were purchased from
Clonetech (Palo Alto, CA, USA). The mixture was incubated at
42

 

∞

 

C for 1 h and 95

 

∞

 

C for 5 min. A total of 35 cycles of PCR ampli-
fication was performed with forward primer (5

 

¢

 

-TGGTCCTGC
CGCTGCTTGTC-3

 

¢

 

) and reverse primer (5

 

¢

 

-GTGTAAACT
GAG CTTCCTCGC-3

 

¢

 

), and yielded a 412-base pair (bp) PCR
product [19]. For an internal control gene, 

 

b

 

-actin was used with
forward primer (5

 

¢

 

-AGCGGGAAATCGTGCGTG-3

 

¢

 

) and
reverse primer (5

 

¢

 

-CAGGGTACATGGTGGTGCC-3

 

¢

 

).

 

PCR-restriction fragment length polymorphism (RFLP)

 

Genomic DNA was prepared from MNCs using a PUREgene
DNA isolation kit (Gentra, Minniapolis, MN, USA) and purified
DNA was dissolved in TE solution. Three hundred ng of genomic
DNA was used in the routine PCR-RFLP genotyping of the
pCCR5-59653 and pCCR5-59029 polymorphism as reported
previously [19]. Primer sequences for pCCR5-59653 were
forward (5

 

¢

 

-ATGATTTAACTCCACCCTCC-3

 

¢

 

) and reverse
(5

 

¢

 

-AACCGTCTGAAACTCATTCC-3

 

¢

 

) and for pCCR5-59029
were forward (5

 

¢

 

-CCCGTGAGCCCATAGTTAAAACTC-3

 

¢

 

)
and reverse (5

 

¢

 

-TCACAGGGCTTTCAACAGTAAGG-3

 

¢

 

). The
amplification with the pCCR5-59653 specific primers yielded a
303-bp PCR product that was digested subsequently with restric-
tion enzyme BbsI (New England Biolab, Beverly, MA, USA). The
digestion yielded 212 and 91 bp DNA fragments as a diagnostic
determinant for the mutant allele. The specific primers of pCCR5-
59029 amplified a 273-bp PCR product. The digestion with restric-
tion enzyme BSP12861 (New England Biolab) gave rise to 137
and 136 bp DNA fragments in the mutant allele. The PCR prod-
ucts for the genotyping of these alleles were selected for auto-
mated nucleotide sequence analysis (ABI Prism 377 DNA
Sequencer; Perkin Elmer, Foster City, CA, USA) to ensure the
accuracy of the PCR-RFLP determination.

 

Statistical analysis

 

Statistical analyses were carried out using non-parametric tests,
including the Mann–Whitney rank sum test for comparisons
between RA patients and healthy controls and the Wilcoxon
signed-ranks test for comparisons between different groups of
RA patients and healthy controls. The difference in frequencies of
genotype in patients and controls was calculated using the 

 

c

 

2

 

 test
and Fisher’s exact test for comparison. A 

 

P

 

-value of less than 0·05
was considered to be statistically significant.

 

RESULTS

 

Increased infiltration of IFN-

 

g

 

 secreting CCR5

 

+

 

CD4

 

+

 

 T cells into 
synovium

 

The expression of CCR5 molecules on CD3

 

+

 

 T cells from periph-
eral MNCs were divided into three subsets including CD4, CD8

and double negative (DN) by flow cytometry analysis. Peripheral
MNCs from patients had a lower CCR5 expression on CD4

 

+

 

 and
DN T cells but not on CD8

 

+

 

 T cells compared with those from
healthy individuals (

 

P

 

 

 

<

 

 0·001) (Fig. 1a). MNCs from synovial
fluid of 30 RA patients showed a much higher CCR5 expression
on CD4

 

+

 

 and DN T cells compared with those from peripheral
blood (

 

P

 

 

 

<

 

 0·001) (Fig. 1b). The staining pattern of CCR5 on T
cells of synovial tissue was similar to those of synovial fluid. Rep-
resentative figures with CCR5 expression on T cells of synovial
tissue and peripheral blood from a RA patient are shown in
Fig. 2a. There was no statistical difference (

 

P

 

 

 

>

 

 0·1) in CCR3
expression on peripheral T cells between healthy individuals and
RA patients (CD4, 1·009% 

 

±

 

 0·451% 

 

versus

 

 0·934% 

 

± 

 

0·365%;
CD8, 0·851% 

 

±

 

 0·373% versus 0·850% ± 0·325%; and DN,

Fig. 1. CCR5 expression percentage on peripheral CD3+ T cells, including
CD4, CD8 and DN subsets in 155 RA patients and 155 healthy controls
(a). CCR5 expression percentage on peripheral and synovial CD3+ T cells
including CD4, CD8 and DN subsets in 30 RA patients (b). Bar heights
represent mean values; brackets indicate standard deviation. (a) �,
Normal; �, patient. (b) �, Peripheral blood; , synovial fluid.
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0·902% ± 0·414% versus 0·873% ± 0·158%). MNCs from synovial
fluid of 30 RA patients showed similar expression of CCR3 on T
cells including CD4, CD8 and DN subsets compared with those
from their peripheral blood. Purified CD4+ T cells from peripheral
blood and synovial fluid of 18 patients were stimulated with PMA/
ionomycin, and intracellular cytokines staining for IL-4 and IFN-
g were performed. CCR5+CD4+ T cells showed significant IFN-g
staining but no IL-4 staining. Figure 2b represents figures with IL-
4 and IFN-g expression on CCR5+ CD4+ T cells.

Increased CCR5 expression on CD4+ T cells by IL-15 stimulation
CCR5 expression on peripheral and synovial CD4+ T cells was
enhanced greatly in the presence of IL-15. We further purified
patients’ CD4+ T cells and stimulated these cells with IL-15. The
cell surface expression of CCR5 was significantly up-regulated by

addition of 100 ng/ml IL-15 on day 7 (Fig. 3a). The transcription
of CCR5 reached its peak at 72 h after stimulation of IL-15 at the
concentration of 100 ng/ml.

Increased MIP-1a production from synovial CD4+ T cells by
IL-15 stimulation
High amount of MIP-1a were detected in synovial fluid from 30
patients (279·5 ± 183·1 pg/ml), but none was detected in their
simultaneous blood samples (the lowest detection sensitivity
46·9 pg/ml). High amounts of MIP-1b were also found in synovial
fluid from these patients (404·5 ± 282·0 pg/ml) and their blood
samples contained lower levels (212·6 ± 182·1 pg/ml) (P < 0·005).
MIP-1a and MIP-1b were released spontaneously by synovial
MNCs. We tested further the ability of purified synovial CD4+ T
cells to produce MIP-1a and MIP-1b. As shown in Fig. 3b, the
production of MIP-1a by CD4+ T cells from 16 patients was
enhanced markedly by the addition of IL-15. MIP-1b was not pro-
duced by synovial CD4+ T cells from these patients, and the pro-
duction was not increased by the addition of IL-15.

Increased CD40L expression on CCR5+CD4+ T cells by
IL-15 stimulation
Expression of CD40L on CD4+ T cells was examined on paired
synovial fluid and blood samples from 16 patients. Significantly
higher percentages of expression were found on synovial
CCR5+CD4+ T cells than those on CCR5–CD4+ T cells; however,
no difference was found between peripheral CCR5+CD4+ T cells
and CCR5–CD4+ T cells (synovial CCR5+CD4+ T cells versus
CCR5–CD4+ T cells, 9·36 ± 4·25% vs. 2·29 ± 1·22%, P < 0·01; for
peripheral blood, 3·59 ± 1·77% versus 3·18 ± 1·82%, P > 0·1).
A representative figure of CD40L expression on synovial
CCR5+CD4+ T cells versus CCR5–CD4+ T cells was shown in
Fig. 4a. Furthermore, we stimulated purified peripheral and syn-
ovial CD4+ T cells with IL-15 100 ng/ml for 72 h and the expres-
sion of CD40L on CCR5+CD4+ T cells was enhanced significantly.
Figure 4b shows a representative figure of CD40L expression on
IL-15-treated synovial CCR5+CD4+ T cells.

Increased MIP-1a production from synovial fibroblasts by 
CD40/CD40L engagement
We examined further the influence of synovial microenviroment
on the production of MIP-1a. Synovial fibroblasts demonstrated
high expression of CD40; CD40L was enhanced greatly in puri-
fied synovial CD4+ T cells by in vitro IL-15 stimulation (Fig. 5a).
In the presence of 10 ng/ml IFN-g, co-culture of synovial fibro-
blasts with IL-15-treated synovial CD4+ T cells increased the pro-
duction of MIP-1a, which was inhibited significantly by the
addition of 5 mg/ml anti-CD40L MoAb as shown in Fig. 5b. Syn-
ovial fibroblasts did not produce MIP-1b, and the stimulation with
CD40L failed to up-regulate the production.

No association between CCR5 expression and the CCR5 
promotor polymorphism
Statistical differences were found in polymorphism of CCR5 pro-
motor 59653 but not in promotor 59029, as shown in Table 1. Dif-
ference in CCR5 expression on peripheral CD4+, CD8+ or DN T
cells from controls or patients carrying the pCCR5-59653 T allele
was not statistically significant compared with those carrying C
allele. In addition, the D32 CCR5 mutant allele was analysed, but
no such allele was found in Chinese patients, including 155 RA
patients and 155 healthy controls.

Fig. 2. Representative figures of CCR5 expression on T cells of synovial
tissue (ST) and peripheral blood (PB) from a RA patient (a). Double or
triple fluorescence staining shows CCR5 on the horizontal axis (FL1), CD4
or CD8 (FL2) on the vertical axis and CD3 on the FL3 axis. DN T cells
are gated on the CD3+CD4–CD8– portion. Representative figures are
shown in (b) with IL-4 and IFN-g expressions on CCR5+CD4+T cells. The
staining of isotype control MoAbs in (a) and (b) are shown by (– –).
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DISCUSSION

Chemokines and their receptors have received increasing atten-
tion due to their intimate participation in many pathological con-
ditions, such as RA [6,9]. A discrete network of cells within the
synovial cavity interact through their specific production of
chemokines or expressing a highly specific pattern of chemokine
receptors [20]. Ligands for the CCR5, including MIP-1a,
RANTES and MIP-1b, have been shown to be co-secreted in
vitro with IFN-g by Th1 cells [3,5]. The mRNA of RANTES is
expressed in synovial fluid T cells and in fibroblasts and sites of
extensive lymphocytic infiltration of synovium from RA patients;
however, this chemokine is at a low protein level in synovial fluid
[13,21]. Synovial concentration of MIP-1b is increased signifi-
cantly in osteoarthritis patients but not in RA patients [22]. CD4+

T cells from synovial fluid and synovium fibroblasts did not pro-
duce MIP-1b, as shown in results of this study. Human recombi-
nant MIP-1a was reported to be a potent chemoattractant of
human activated T cells in the in vitro microchemotactic activity

assay [23]. Synovial fluid MIP-1a has been shown to be bioactive
and accounting for about one-third of synovial fluid-derived
chemotactic activity for MNCs [24]. However, the relevance of
these findings in a functional role of MIP-1a with CCR5 remains

Fig. 3. Expression of CCR5 on the horizontal axis (FL1) on purified peripheral CD4+ T cells from a patient after in vitro stimulation with
100 ng/ml IL-15 (—) or medium alone (– –) for 7 days (a). Staining of the isotype control MoAb in (a) is shown by (···), a representative
figure from 16 patients. Time-course of MIP-1a production by synovial CD4+ T cells spontaneously or with the addition of 100 ng/ml IL-
15. Each point represents mean values ± standard deviation for 16 patients (b). (b) �, Medium; �, IL-15.
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Fig. 4. Expression of CD40L on synovial CCR5+CD4+ T cells before (a) and after (b) IL-15 (100 ng/ml) stimulation for 72 h. Triple
fluorescence staining shows CCR5 on the horizontal axis (FL1), CD40L (FL2) on the vertical axis and CD4 in the FL3 axis. A representative
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Table 1. pCCR5-59029 and pCCR5-59653 genotype distribution in 155 
healthy controls and 155 RA patients

Genotype Control no. (%) Patient no. (%) P-value

pCCR5-59029
G/G 52 (33·6%) 47 (30·3%) >0·1
G/A 69 (44·5%) 71 (45·8%) >0·1
A/A 34 (21·9%) 37 (23·9%) >0·1

pCCR5-59653
C/C 102 (65·8%) 97 (62·6%) >0·1
C/T 47 (30·3%) 39 (25·2%) >0·1
T/T 6 (3·9%) 19 (12·2%) <0·01
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to be established in RA patients. An abundant amount of MIP-1a
has been found in synovial fluid of RA patients, which has also
been demonstrated in this study [13,24]. MIP-1a has been shown
to be derived from activated lymphoid cells including T cells, B
cells and monocytes and non-lymphoid cells from tissue [24,25].
From results in this study, MIP-1a was produced spontaneously in
protein level by synovial CD4+ T cells and fibroblasts. Moreover,
the addition of IL-15 up-regulated MIP-1a production signifi-
cantly by synovial CD4+ T cells. Cross-linking of CD40 by anti-
CD40 MoAb or engagement of CD40 with CD40L-transfected L
cells has been shown to increase MIP-1a production by fibro-
blasts [26]. The production of MIP-1a by fibroblasts has been
reported to be increased further by IL-1, TNF-a or IFN-g stimu-
lation [13,26]. Previous studies have shown that IL-15 increases
CD40L expression on CD4+ T cells [27,28]. Our results indicated
that IL-15 up-regulated the expression of CD40L on synovial
CCR5+CD4+ T cells. Engagement of CD40 on fibroblasts, in the
presence of IFN-g, by CD40L on IL-15-activated synovial CD4+ T

cells significantly enhanced MIP-1a production. IL-15 could
modulate the MIP-1a production by synovial CD4+ T cells and
fibroblasts within the microenvironment of rheumatoid joints.
Secretion of MIP-1a at sites of synovitis by fibroblasts and leuco-
cytes establishes a chemokine concentration gradient. This gradi-
ent brings the rolling leucocytes to firm adherence with vascular
endothelium and to extravasate into inflamed tissue. MIP-1a
might have a role in recruitment of Th1 cells into rheumatoid joint
and in perpetuation of synovitis response.

Effort has been directed toward the functional characteriza-
tion of subsets of immune cells defined by chemokine receptor
expression. The receptors expressed preferentially on Th1 cells
are CCR5 and CXCR3 [1,3]. On the other hand, CCR3, CCR4
and CCR8 have been reported to have higher expression levels on
Th2 cells. Although the expression of a given chemokine receptor
does not necessarily imply its involvement in the pathogenesis,
increased numbers of highly activated Th1 cells predominantly
expressing CCR5 have been found in the joints of patients with

Fig. 5. Influence of synovial fibroblasts on MIP-1a production. Expression of CD40 (FL2) on synovial fibroblasts and expression of
CD40L (FL2) on activated synovial CD4+T cells are shown in (a). Stainings of CD40 and CD40L are demonstrated by (—) and stainings
of isotype control MoAbs are shown by (– –). (b) Results in MIP-1a production by co-culture of synovial fibroblasts with medium alone,
IFN-g or IL-15-treated purified synovial CD4+ T cells in the presence of IFN-g. Addition of anti-CD40L MoAb (5 mg/ml) significantly
blocked the enhancement of MIP-1a production by co-culture with IL-15-activated synovial CD4+ T cells. (b) Representative study of six
experiments.
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RA and juvenile RA [20,29]. In the results of this study, periph-
eral CD4+ T cells from patients showed a lower CCR5 expression
and a much higher CCR5 expression was found on synovial CD4+

T cells. In addition, CCR5+CD4+ T cells from patients produced
IFN-g but not IL-4 upon activation. These results also suggest a
preferential accumulation of CCR5+ Th1 cells in rheumatoid
joints. We examined the CCR5 expression on peripheral blood
from autoimmune diseases other than RA such as systemic lupus
erythematosus (SLE) and polymyositis (PM)/dermatomyositis
(DM). Compared with healthy individuals, there was no differ-
ence in CCR5 expression on CD4+ T cells from 121 patients with
SLE and 20 patients with PM/DM (unpublished observation).
The onset of murine lupus disease is delayed by anti-IL-10 anti-
body treatment; in lupus patients, serum level of Th2 cytokines,
such as IL-4 and IL-10, are elevated, while a decrease in produc-
tion of Th1 cytokines, including IL-2 and IFN-g, is observed
[30,31]. These in vivo data suggest the involvement of Th2 cells in
SLE. Results available from lupus patients may support further
the concept that CCR5+CD4+ T cells play a role in Th1- but not
Th2-mediated autoimmune diseases.

Upon activation, IL-4 and IFN-g are detected in supernatants
of human DN T cells [32]. A subset of human DN T cells is CD1-
restricted and shows preferential Va 24 T cell receptor usage
analogous to Va 14 usage by the murine NK 1·1+ T cells [33].
These DN T cells might play an important role in regulation of
immune responses. No difference in the number of DN T cells
from peripheral blood was found between RA patients and
healthy controls [34]. However, this paper is the first study to
demonstrate decreased expression of CCR5 on peripheral DN T
cells and increased CCR5 expression on synovial DN T cells from
RA patients. Increased infiltration of CCR5+ DN T cells into the
joint cavity might play a role in rheumatoid synovitis.

We evaluated the effect of anti-T cell receptor antibody, mito-
gens (PHA or ConA) and calcium ionophore/PKC activator in
CCR5 expression on CD4+ T cells. However, all these stimulations
resulted in CCR5 down-regulation (data not shown). In the pre-
vious observation, the addition of IL-2 in the culture gradually
increased surface CCR5 expression on T lymphocytes [35].
Although several studies support a role for IL-2 in the synovitis
response of RA, the amount of IL-2 presence in the synovial fluid
from RA patients is much lower compared to that of other cytok-
ines [36]. Unlike IL-2, IL-15 is found routinely in the synovial
fluid of RA patients [37]. IL-15 is produced by a variety of non-T
cells including monocytes, fibroblasts and endothelial cells, and
these cells are important constituents of the synovial microenvi-
ronment in RA [36–38]. IL-15 has been shown to increase CCR5
expression and MIP-1a production by peripheral blood T lym-
phocytes from healthy individuals [39]. We analysed the effect of
IL-15 in CCR5 expression on CD4+ T cells from RA patients. It
was found that CCR5 expression, both in protein and mRNA lev-
els, was enhanced significantly in the presence of IL-15. In addi-
tion, production of MIP-1a by synovial CD4+ T cells was also
enhanced greatly by the addition of IL-15. The synovial microen-
vironment may have important effects on the activation of CCR5
expression and production of its ligands.

In conclusion, our data suggest infiltration of IFN-g secreting
CCR5+CD4+ T cells into the joint cavity of RA patients. IL-15 up-
regulates CCR5 and CD40L expression and enhances MIP-1a
production in synovial CD4+ T cells. Engagement of CD40 with
CD40L increases MIP-1a production by synovial fibroblasts.
Expression of CCR5 on patients’ CD4+ T cells was not influenced

by the gene polymorphism of CCR5 promotor. Synovial microen-
vironment plays a potential role in regulation of CCR5+CD4+ T
cells in rheumatoid joints.
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