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SUMMARY

To investigate the role of the CD40±CD154 interaction in rheumatoid arthritis (RA), we analysed

the expression of CD154 on CD3+ and CD4+ T cells in synovial ¯uid (SF) from patients with RA

and in peripheral blood (PB) from patients and normal controls. As interleukin (IL)-15 is a potent

activator of synovial T cells we wanted to study whether IL-15 also regulated the expression of

CD154 on these T cells. Freshly isolated synovial T cells did not express signi®cant levels of CD154,

as evaluated using ¯ow cytometry, whereas the expression of CD86 and human leucocyte antigen

(HLA)-DR was signi®cantly elevated on SF T cells when compared with PB T cells from patients or

controls. Synovial T cells could up-regulate their CD154 expression following activation with

phorbol 12-myristate 13-acetate (PMA)+ionomycin or anti-CD3+anti-CD28 monoclonal

antibodies (mAbs), but the maximal level of expression remained lower than in control T cells.

IL-15 signi®cantly increased the expression of CD154 on SF and PB T cells from patients, whereas

IL-2 had minimal effects. Furthermore, IL-15 induced extensive proliferation in SF T cells. Our

results show that SF T cells up-regulate the expression of CD154 in the presence of IL-15, a cytokine

present in the synovium of patients with RA. These results further emphasize the role of IL-15 in the

pathogenesis of RA.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic in¯ammatory disease

characterized by accumulation of T cells, plasma cells,

macrophages (Mw) and dendritic cells (DC) in the synovium,

leading to the destruction of cartilage and bone. It has been

suggested that T cells are crucially involved in the onset and

perpetuation of this in¯ammation.1 The majority of synovial

T cells from patients with RA are CD4+ and they express

CD45RO, a marker for activated and memory T cells.2,3 They

also express elevated levels of activation markers such as

human leucocyte antigen (HLA)-DR, CD69 and SLAM

(CDw150).2,4 However, synovial T cells express low levels of

CD25 and fail to proliferate properly and to produce

interleukin (IL)-2 in response to mitogens and recall anti-

gens.1,2 Activation pathways through T-cell receptor (TCR)/

CD3 seem to be defective in these cells.5 Also, the costimu-

latory pathway through CD28 has been suggested to be

hyporesponsive.6

Induction and maintenance of T-cell activation is regulated

by a number of soluble and surface-bound molecules. CD154 is

the ligand for CD40 (CD40 ligand) and it is primarily expressed

on activated CD4+ T cells.7 Studies in CD154 and CD40

knockout mice have revealed the essential role of this ligand±

receptor pair on proliferation of B cells, formation of germinal

centres and memory B cells, and isotype switching.7 Similar

observations were made earlier in patients with hyperimmu-

noglobulin M (hyper-IgM) syndrome, de®cient for CD154

expression. The CD154±CD40 interaction also plays an

important role in the activation and differentiation of

antigen-presenting cells (APC). Ligation of CD40 on Mw

and monocytes leads to the expression of cytokines, such as IL-

1a, IL-6, tumour necrosis factor-a (TNF-a) and IL-10, by these

cells.7 Immature DC mature in response to CD40 stimulation

and start to produce high levels of IL-12, which is crucial for

the induction of an in¯ammatory, T helper 1 (Th1) type

response.8 High expression of CD154 on CD4+ T cells is

observed only transiently after stimulation with mitogens and

antigens in vitro. In contact with B cells, CD154 is rapidly

internalized, decreasing further stimulation via CD40 ligation.9

On the other hand, primed CD4+ T cells contain preformed

CD154 that can rapidly be exposed on the cell surface.10

Recently, CD4+ T cells from synovium of patients with RA

were shown to express low but enhanced levels of functional
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CD154 when compared with peripheral blood (PB) T cells from

patients and normal controls.11 Moreover, another recent

study shows that low levels of CD154 are expressed on CD4+

and CD8+ cells in the lymphoid follicles of synovial tissue

(ST).12

IL-15 is a member of the four a-helix bundle cytokine

family and shares functional similarities with IL-2, including

the induction of proliferation of activated CD4+ and CD8+

T cells and natural killer (NK) cells.13 Furthermore, IL-15

induces proliferation and immunoglobulin synthesis of B cells

activated by CD40 ligand, and it also activates mast cells. The

receptor for IL-15 in T and NK cells utilizes the IL-2 receptor

b-chain as well as the common c-chain, but has its own a-chain.

In contrast to IL-2, IL-15 is produced by various cell types,

such as Mw, DC, ®broblasts and endothelial cells, but is not

produced by T cells.13,14 Recently, IL-15 was reported to be

expressed at high concentrations in synovial ¯uid (SF) and ST

from patients with RA.15,16 IL-15 was found to contribute to

the chemoattractant activity of SF and to play a role in the

accumulation of CD4+ T cells in the synovium.14,16 Further-

more, it has been proposed that the increased expression of

CD69 on synovial T cells is mediated by IL-15,17 further

suggesting that IL-15 is an important regulator of the

in¯ammation in RA.

To evaluate the capacity of synovial T cells to activate

CD40+ APC in the synovium,7,18,19 the expression of CD154 on

synovial T cells, its kinetics in response to polyclonal activation

and its regulation by IL-15 were investigated. SF T cells

expressed diminished levels of CD154 in response to stimulation

with phorbol 12-myristate 13-acetate (PMA)+ionomycin and

anti-CD3+anti-CD28 monoclonal antibodies (mAbs) when

compared with normal PB T cells, possibly owing to the

activation status and impaired activation of SF T cells through

the TCR/CD3. Interestingly, exogenous IL-15 increased the

expression of CD154, both in SF and PB T cells from patients,

whereas exogenous IL-2 had only a slight effect. In conclusion,

the results of this work suggest that SF T cells up-regulate the

expression of CD154 in the presence of IL-15. These data favour

the conclusion that IL-15 probably contributes to the chronic

in¯ammatory process in patients with RA.

MATERIALS AND METHODS

Patients

Twenty-six patients with RA were enrolled in this study. PB

and SF samples were taken concurrently from the patients. SF

samples from the in¯amed knee joints were collected by needle

aspiration into heparinized tubes. PB samples from healthy

volunteers were used as controls. Tonsillar tissue was obtained

at tonsillectomy from otherwise symptomless patients suffering

from recurrent tonsillitis.

RA was determined according to the criteria of the

American College of Rheumatology (formerly the American

Rheumatism Association).20 Median age of the patients was

57 years (range 28±89 years) and median duration of disease

was 11 years (range 0.6±31 years). Seventeen of the patients

were treated with disease-modifying antirheumatic drugs, 17

with corticosteroids and 17 were receiving non-steroidal anti-

in¯ammatory drugs. This study was approved by the ethical

committee of Turku University Central Hospital.

Reagents

Fluorescein isothiocyanate (FITC)-conjugated anti-human

CD3, CD4 and non-speci®c mouse immunoglobulin G (IgG);

phycoerythrin (PE)-conjugated anti-human CD3, CD4, CD80,

HLA-DR and non-speci®c mouse IgG; and peridinin chlor-

ophyll protein (PerCP)-conjugated anti-human CD4 and non-

speci®c mouse IgG were all purchased from Becton-Dickinson

(San Jose, CA). FITC-conjugated anti-human CD40; PE-

conjugated anti-human CD86, CD154 and CD45RO; and non-

conjugated anti-human CD28 were obtained from PharMingen

(San Diego, CA). Non-conjugated anti-human CD3 was from

Becton-Dickinson. Ionomycin and PMA were purchased from

Sigma (St. Louis, MO). Puri®ed recombinant human (rh) IL-15

was obtained from R & D Systems (Minneapolis, MN), IL-2

was kindly provided by Dr G. Zurawski (DNAX Research

Institute, Palo Alto, CA) and IL-10 was obtained from

Shering-Plough Research Institute (Kenilworth, NJ).

Cell preparations

Some SF samples were treated with hyaluronidase (10 mg/ml)

for 15 min at 37u. Tonsillar tissue was ®rst cut into pieces in

medium on Petri dishes on ice, then minced through a stainless

steel mesh. Synovial ¯uid mononuclear cells (SFMC), periph-

eral blood mononuclear cells (PBMC) and tonsillar mono-

nuclear cells were isolated by using Ficoll±Paque (Pharmacia,

Uppsala, Sweden) density-gradient centrifugation, washed

twice with Hanks' buffered solution (HBS) and resuspended

in Iscove's modi®ed Dulbecco's medium (IMDM) (Gibco

BRL, Grand Island, NY) supplemented with 10% heat-

inactivated fetal calf serum (FCS; HyClone Laboratories,

Logan, UT), 0.1 mM 2-mercaptoethanol (Sigma), 10 mM

HEPES (Gibco BRL) and 100 mg/ml of gentamycin (Biological

Industries, Kibbutz Beit Haemek, Israel). In ®ve experiments

studying the kinetics of the surface molecule expression on SF

T cells, the non-adherent cells were isolated by incubating the

cells on tissue culture Petri dishes (Falcon 1001; Becton-

Dickinson Labware, Lincoln Park, NJ) for 1 hr at 37u. The

results were the same when either the total or non-adherent

cells were used.

Activation assays

SFMC and PBMC (at a concentration of 1.0r106/ml) were

cultured in IMDM+10% FCS with PMA (1 ng/ml)+iono-

mycin (0.5 mg/ml), or with anti-human CD3 (1 mg/ml)+anti-

human CD28 (10 mg/ml) mAbs, in 24-well plates (Costar,

Cambridge, MA). The cells were harvested after 6, 18, 48 and

72 hr of culture at 37u in a humidi®ed atmosphere containing

5% CO2. To study the up-regulation of surface antigens on

tonsillar T cells, tonsillar mononuclear cells were cultured for

6 hr with PMA (1 ng/ml)+ionomycin (0.5 mg/ml). When

studying the effects of cytokines on surface marker expression,

1.0r106/ml SFMC and PBMC were cultured in IMDM+10%

FCS with IL-15 (50 ng/ml), IL-2 (100 U/ml), IL-10 (100 U/ml)

or medium only, and harvested after 72 hr. To study cell

proliferation in response to cytokines, 0.1r106 cells were

cultured in triplicate in 200 ml of IMDM+10% FCS in ¯at-

bottom 96-well microtitre plates (Costar) for 4 days. IL-2 and

IL-15 were added at the start of culture. [3H]Thymidine (1.0

mCi/well; Du Pont, Boston, MA) was added for the ®nal 18 hr

of culture, and the plates were harvested and analysed by

scintillation counting (Wallac, Turku, Finland).
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Immuno¯uorescence analysis

SFMC and PBMC were stained before and after four different

time-periods of culture. The freshly isolated SFMC and PBMC

or harvested cells were washed twice with phosphate-buffered

saline (PBS) supplemented with 2% FCS and incubated with

saturating concentrations of FITC- or PE-conjugated mAbs

for 30 min at 4u, which was followed by two further washes.

The expression of surface molecules was studied on gated

CD4+ or CD3+ cells. CD3 gate was used after PMA+iono-

mycin stimulation because the expression of CD4 was strongly

down-regulated. Propidium iodide (Sigma)-staining was used

to exclude the dead cells. Washed tonsillar mononuclear cells

were stained with FITC-, PE- or PerCP-conjugated mAbs after

6 hr of culture. The expression of surface molecules on gated

CD3+ CD45RO+ and CD3+ CD45RO± populations was

examined. Labelled cells were analysed using a ¯uorescence-

activated cell sorter (FACScan ¯ow cytometer) and CELLQUEST

software (both from Becton-Dickinson). Cells with light scatter

characteristics of lymphocytes were gated.

Statistical analysis

Statistical analysis was performed using the Wilcoxon signed-

rank test for paired samples and the Mann±Whitney U-test for

unpaired data.

RESULTS

The expression of CD154 on freshly isolated SF T cells

The expression of CD154 was studied on CD3+ and CD4+ SF

and PB lymphocytes derived from patients with RA or from

healthy volunteers. The results presented in Table 1 indicate

that neither SF CD3+ cells nor PB CD3+ cells from patients or

controls expressed detectable levels of CD154. Similarly, no

signi®cant expression of CD154 was detected on SF and PB

CD4+ T cells from patients. The phenotype of SF T cells was

further investigated by analysing the expression of CD40,

CD80, CD86 and HLA-DR on these cells. These markers are

expressed on activated human T cells.7,21 As shown in Table 1,

CD3+ and CD4+ SF T cells expressed signi®cantly higher

levels of HLA-DR than control PB cells. The expression of

CD40 on T cells was minimal in all samples, irrespective of the

source of the cells. Interestingly, the frequency of CD86+ cells

was signi®cantly increased in SF T cells, whereas the frequency

of CD80+ cells was only moderately higher in SF T cells when

compared with PB cells from patients and normal controls.

The kinetics of CD154 expression on activated SF T cells

We then studied the kinetics of CD154 expression in response

to in vitro polyclonal T-cell activation. The combination of

PMA+ionomycin has been shown to induce maximal expres-

sion of CD154 on normal PB T cells after 6 hr.22 SFMC and

control PBMC were cultured with PMA+ionomycin or with

anti-CD3+anti-CD28 mAbs for 6, 18, 48 or 72 hr and the

expression of CD154, CD40, CD80, CD86 and HLA-DR was

studied on gated CD3+ or CD4+ cells. As shown in Fig. 1,

synovial T cells were able to up-regulate CD154 expression in

response to stimulation with PMA+ionomycin and anti-

CD3+anti-CD28 mAbs. The expression of CD154 was lower

on SF T cells than on control PB T cells at 6 hr of stimulation

with anti-CD3+anti-CD28 mAbs (P=0.002). The difference

in the expression levels of CD154 on SF and PB T cells

stimulated with PMA+ionomycin for 6 hr did not reach

statistical signi®cance. At other time-points the expression of

Time (hr)
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Figure 1. (a) CD4+ cells cultured with anti-CD3+anti-CD28 mono-

clonal antibodies (mAbs) for 0, 6, 18, 48 or 72 hr. Six samples were

studied (except for ®ve at 18 hr). (b) CD3+ cells cultured with phorbol

12-myristate 13-acetate (PMA)+ionomycin. Five samples were studied

(except for the expression of CD40, which was studied in four samples).

(&), synovial ¯uid mononuclear cells (SFMC) from patients with

rheumatoid arthritis (RA); (%), peripheral blood mononuclear cells

(PBMC) from normal controls. Results are expressed as frequencies

(mean percentage tSEM) of positive cells. HLA, human leucocyte

antigen.
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CD154 was generally lower in samples from patients when

stimulated with anti-CD3+anti-CD28 mAbs, but no clear

differences were observed upon stimulation with PMA+iono-

mycin. The expression of CD154 peaked at 6 hr on both the SF

and control PB T cells in response to PMA+ionomycin. In

response to anti-CD3+anti-CD28 mAbs the peak expression

was generally observed later, at 18 hr on SF T cells and at 6 hr

on control PB T cells. Furthermore, the expression of CD154

was poorly induced on SF T cells in response to stimulation

with anti-CD3+anti-CD28 mAbs. The expression of CD40,

CD80, CD86 and HLA-DR could be up-regulated or induced

on both SF and normal T cells by PMA+ionomycin and anti-

CD3+anti-CD28 mAbs. The expression of HLA-DR peaked

at 48 hr in control PB T cells but did not reach the level of

expression of SF T cells. The expression of CD40 could be

weakly induced on both SF T cells and control T cells.

Furthermore, the expression of CD80 and CD86 was up-

regulated more rapidly and to a signi®cantly higher level on SF

T cells.

The expression of CD154 on activated memory and naive

tonsillar T cells

To study whether diminished induction of CD154 in SF T cells

was generally related to the memory or activated phenotype of

these cells, tonsillar mononuclear cells were cultured with

PMA+ionomycin for 6 hr and the expression of CD154 on

gated CD3+ CD45 RO+ and CD3+ CD45 RO± T cells was

compared. Tonsillar mononuclear cells contain a higher

percentage of CD45RO+ cells than PBMC. Also, the majority

of SF T cells express CD45RO.3 As illustrated in Fig. 2, the

expression of CD154 was clearly lower on CD45RO+ cells

(29t7%; mean tSEM, n=4) than on CD45RO± cells

(45t8%) in all the samples studied, suggesting that the

reduced up-regulation of CD154 on SF T cells may be

associated with the activation state of these cells. Moreover,

these results suggest that tonsillar T cells are a more

appropriate control than resting PB T cells for studies on SF

T cells.

The effect of IL-15 on CD154 expression on SF T cells

Although synovial T cells are de®cient in responding to

mitogens, they seem to proliferate well in the presence of

exogenous IL-15.16,17 Therefore, we next addressed the

question of whether IL-15 is able to modulate the expression

of CD154 on synovial T cells. As shown in Table 2, IL-15

signi®cantly up-regulated the expression of CD154 on SF, as

well as on PB, T cells from patients with RA. This up-

regulation was clearly observed in all the samples studied.

Moreover, IL-15 increased the expression of CD154 in two out

of four normal control PB samples. IL-2 increased the

expression of CD154 on these cells only slightly. IL-15 also

signi®cantly increased the expression of CD86 and HLA-DR

on SF and control PB T cells, whereas IL-2 had a signi®cant

augmenting effect only on the CD86 expression of SF T cells.

Results were similar with a 10-fold higher concentration of IL-

2 (data not shown). IL-15 had a stronger proliferative effect

than IL-2 on both synovial ¯uid (13 600t5600 counts per

minute [c.p.m.] versus 2700t1700 c.p.m., mean tSEM of

three individual experiments) and control cells (4400t2600

C
D

45
R

O
+

C
D

45
R

O
–

23%

43%

Figure 2. Representative histograms illustrate the expression of CD154

on CD3+ CD45RO± and CD3+ CD45RO+ tonsillar mononuclear

cells activated with phorbol 12-myristate 13-acetate

(PMA)+ionomycin for 6 hr. Filled histograms show the staining with

anti-CD154 monoclonal antibody (mAb) and open histograms the

staining with non-speci®c control antibody. Four independent experi-

ments were carried out.

Table 1. The expression of surface molecules on CD3+ or CD4+ cells from synovial ¯uid (SF) and peripheral blood (PB) of patients with

rheumatoid arthritis (RA) and in PB from normal controls

%CD3+ %CD4+

RA SF RA PB Control PB RA SF RA PB Control PB

CD154 0.7t0.4 0.2t0.1 0.6t0.5 1.6t1.5 1.7t0.5 3.9t1.4

CD40 0.3t0.1 0.6t0.2 0.8t0.2 0.9t0.7{ 0.8t0.5{ 0.3t0.1{
CD80 5.7t2.4 0.5t0.2 0.5t0.2 5.9t2.6 1.4t0.4 3.2t2.0

CD86 16.4t3.0*** 2.2t0.6 1.3t0.2 17.0t3.0** 3.5t0.7 1.3t0.4

HLA-DR 87.9t3.9*** 24.7t4.8 16.6t3.3 78.1t13.3** 18.9t6.4 15.4t2.4

*Results are expressed as frequencies (mean %tSEM) of positive cells. Nine samples were studied in CD3+ cells and seven in CD4+ cells.
{n=5.
*** P<0.01; ** P<0.05, when compared with RA PB and control PB cells.
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c.p.m. versus 1100t800 c.p.m.), which is in line with a previous

study.17

Previous studies have shown that a substantial amount of

IL-15 is produced in rheumatoid synovium. Considering this,

there seems to be a discrepancy between the lack of constitutive

CD154 expression and the up-regulation of CD154 by IL-15 on

SF T cells. We therefore wanted to study whether IL-10 would

block the effects of IL-15 on SF T cells because IL-10 has

several anti-in¯ammatory functions on both APC and T cells in

synovial in¯ammation. In two separate experiments, IL-10 was

not observed to modulate the expression of CD154 on SF

T cells when added to the culture together with IL-15 (Fig. 3).

Nor was the up-regulation of CD86 or HLA-DR inhibited by

IL-10 (data not shown).

DISCUSSION

IL-15, but not IL-2, clearly up-regulated CD154 expression on

SF T cells. Recent studies indicating that IL-15 is produced in

rheumatoid synovium and that IL-15 has a potent growth-

promoting activity on synovial T cells16,17 suggest that IL-15

plays an important role in synovial in¯ammation. The effect of

IL-15 on CD154 expression on SF T cells further supports that

IL-15 is an important regulator in synovial in¯ammation.

Memory or preactivated phenotypes of SF T cells may explain

their increased responsiveness to IL-15.23 It is probable that SF

T cells express increased levels of receptors for IL-15 when

compared with resting PB T cells. The IL-15 receptor a-chain is

generally increased on activated or memory T cells.13 By up-

regulating CD154 expression, IL-15 can regulate APC function

in the synovium. Synovial T cells in RA are biased towards the

Th1 phenotype.24±27 Furthermore, IL-12 has been shown to be

produced in the synovium from patients with RA,28 indicating

that APC in the rheumatoid synovium are actively skewing the

Th1 response. Collagen-induced arthritis in mice can be

prevented by blocking the CD40±CD154 interaction29 and

prevention of IL-12 production by this mechanism may be

involved in attenuation of the disease. We propose the

interesting possibility that IL-15 may be involved in skewing

the Th1 response by increasing CD154 expression, and thus IL-

12 production, through increased CD40 triggering on DC, but

this remains to be shown. Furthermore, the exact mechanism

by which IL-15 in¯uences CD154 expression, whether it is

by inducing de novo protein synthesis or translocation of

preformed cytosolic molecules, remains uncon®rmed. There

seems to be a contradiction between lack of constitutive CD154

expression and IL-15 production in the synovium. However, it

is possible that CD154 expression is down-regulated as a

consequence of active contact with CD40+ cells in the

synovium.9 Another possibility is that CD154 is expressed on

ST T cells but not on SF T cells.

Freshly isolated SF T cells did not express signi®cant levels

of CD154, whereas the expression of HLA-DR and CD86 was

up-regulated on these cells, when compared with PB T cells

from patients and normal controls. The up-regulation of

CD154 was diminished on SF T cells in response to polyclonal

activation in vitro, re¯ecting the general unresponsiveness of

synovial T cells to mitogenic stimulation and defects in signal

transduction. There is a defect proximally in the signal

transduction pathway via the TCR/CD3 complex; the phos-

phorylation of p38 is defective and tyrosine phosphorylation of

the CD3 f-chain is decreased in SF T cells from patients with

RA.30 The differences between up-regulation of CD154 on

normal and synovial T cells was best observed when cells were

stimulated with anti-CD3+anti-CD28 mAbs, which simulates

physiological T-cell activation more than PMA+ionomycin

stimulation. When PMA+ionomycin was used the difference

was not as obvious, suggesting that PMA+ionomycin can

partially bypass a block in the signal transduction pathway.

Furthermore, we also showed that activated tonsillar

CD3+ CD45RO+ cells expressed lower levels of CD154 than

CD3+ CD45RO± cells, suggesting that decreased expression of

CD154 is a result of the memory phenotype of SF T cells. It has

been reported previously that the up-regulation of CD154 is

impaired in anergic T cells, which are defective in their capacity

to stimulate B cells.31 Synovial T cells from patients with RA

have characteristics of anergic T cells:32 they do not proliferate

properly and seem to produce little IL-2 and other cytokines

after activation.1 Diminished induction of CD154 also re¯ects

the anergic status of SF T cells. Anergy of CD4+ T cells can be

induced by stimulation via the TCR/CD3 complex in the

absence of a proper costimulus. However, APC in the

synovium have been shown to express enhanced levels of

costimulatory molecules, as well as HLA-DR, and to be potent

Table 2. Synovial ¯uid mononuclear cells (SFMC) and peripheral blood mononuclear cells (PBMC) from normal controls were cultured with

interleukin (IL)-2, IL-15 or in medium alone for 72 hr. The expression of surface molecules on CD4+ lymphocytes is shown*

Medium IL-15 IL-2

RA SF RA PB Control PB RA SF RA PB Control PB RA SF RA PB Control PB

CD154 % 1.4t0.5 2.4t0.5 4.3t1.7 13.7t5.5*** 6.2t1.0** 6.7t1.6 3.5t2.2 2.8t0.6 1.5t0.7

MFIR 1.3t0.1 1.5t0.1 1.5t0.1 2.4t0.8*** 1.5t0.1 1.6t0.2 1.3t0.1 1.6t0.1 1.3t0.1

CD86 % 19.4t6.7 4.0t0.9 3.1t0.7 43.0t9.4*** 5.6t1.8 7.8t0.8** 30.5t7.2*** 5.6t1.3 3.7t0.9

MFIR 2.0t0.5 1.3t0.1 1.2t0.0 5.5t2.0*** 1.3t0.1 1.4t0.0** 3.4t1.0*** 1.3t0.1 1.1t0.1

HLA-DR % 86.6t2.9{ 28.3t9.0 27.2t5.7{ 95.6t1.1{** 36.1t4.0 46.4t3.7{** 86.5t3.7{ 32.7t7.8 30.8t5.8{
MFIR 27.2t8.4{ 7.9t4.6 2.6t0.4{ 155.4t18.4{** 3.5t0.7 7.2t1.2{** 45.2t6.5{ 4.2t1.1 3.4t0.7{

*Results are presented as frequencies of positive cells and as mean ¯uorescence intensity ratios (MFIR) (MFI of the anti-cell surface monoclonal antibody:
MFI of the negative control) (meantSEM) from six SFMC samples from patients with PBMC samples from normal controls, and ®ve PBMC samples from
patients.
{n=5.
*** P<0.03, ** P<0.05, as compared with cells cultured in medium only.
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stimulators of T cells.19,33 One possible mechanism mediating

the unresponsiveness of SF T cells is the high levels of

production of IL-10 in synovium.34,35 IL-10 not only inhibits

the cytokine production and expression of costimulatory

molecules by APC but can also suppress the proliferation

and cytokine production of T cells.36 Furthermore, IL-10

induces directly an anergic state in human CD4+ T cells.37 In

chronic stimulation, IL-10 can induce the differentiation of

CD4+ T-cell clones, characterized by production of high levels

of IL-10 and low levels of IL-2, and poor proliferation.37

The enhanced expression of HLA-DR on synovial T cells is

well established, whereas the expression of CD40, CD80 and

CD86 has been examined in less detail. There are a few reports

on the increased expression of CD80 on synovial T cells from

RA.18,38 It has been shown that synovial T cells can activate

allogeneic T cells and that addition of anti-CD80 mAbs

decreases their alloresponse.38 It is possible that the increased

expression of these molecules primarily re¯ects the activation

state of T cells, and the molecules may not in fact interact with

their ligands. There is evidence that CD86 is expressed in a non-

glycosylated, non-functional form on T cells.39 However, a

recent report shows that the expression of CD86 is restricted to

human CD45RO+ memory T cells, and that this CD86

costimulates the responses of naive T cells.40 Present results

suggest that CD86 plays a more important role than CD80 in

synovial in¯ammation. Our previous results on synovial Mw
also favour this suggestion.19
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Figure 3. Representative histograms illustrate the expression of CD154

on CD4+ synovial ¯uid mononuclear cells (SFMC), from patients with

rheumatoid arthritis (RA), cultured in the presence of interleukin (IL)-

15, IL-15+IL-10, IL-2, IL-2+IL-10, or in medium alone, for 72 hr.

Filled histograms show the staining with anti-CD154 monoclonal

antibody (mAb) and open histograms the staining with non-speci®c

control antibody. Two independent experiments were carried out.
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