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SUMMARY

 

To study the immunosuppressive and anti-inflammatory effects of combined leflunomide and methotr-
exate (MTX) therapy on chemokine expression in patients with rheumatoid arthritis (RA), nine
patients were enrolled for the combination therapy for 24 weeks. These patients have been on treatment
with MTX 15 mg/week for not less than 3 months before entry to the study. A loading dose of l00 mg/
day of leflunomide was given for 3 days, followed by 10 mg/day for the rest of the study period. Plasma
concentrations of monocyte chemotactic protein-1 (MCP-1), thymus- and activation-regulated chemok-
ine (TARC), and macrophage-derived chemokine (MDC) were assayed before and after combination
treatment by ELISA. Gene expression of inflammatory cytokines and chemokines of peripheral blood
mononuclear cells was analysed by cDNA expression array. Plasma MCP-1, TARC and MDC concen-
trations were significantly lower in patients after combination treatment [median (interquartile range)
before 

 

versus

 

 after treatment: MCP-1 of 118·0 (64·0–515·2) 

 

versus

 

 3·2 (0·0–22·8) pg/ml, 

 

P

 

 < 0·01; TARC
of 126·1 (27·2–197·4) 

 

versus

 

 0·0 (0·0–52·5) pg/ml, 

 

P

 

 < 0·05; MDC of 503·3 (446·2–600·9) 

 

versus

 

 366·8
(337·4–393·4) pg/ml, 

 

P

 

 < 0·05]. Positive correlations among reductions in plasma chemokines and clin-
ical outcome measures were also found. Expression of chemokine genes including MDC and TARC was
suppressed after combination treatment [% suppression of 38·7 (54·3–13·0) and 53·7 (55·9–28·4), respec-
tively]. Combination therapy with leflunomide and MTX exhibits anti-inflammatory activity in the
suppression of chemokine expression and subsequent recruitment of inflammatory cells into the inflam-
matory sites in RA.
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INTRODUCTION

 

Rheumatoid arthritis (RA) is a chronic disease characterized by
symmetric polyarticular inflammation that is frequently accompa-
nied by destruction of joint integrity [1]. The inflamed RA joint
shows hyperplasia of the intimal lining layer and increased cellu-
larity of the synovial sublining. Predominant cell types involved in
synovial inflammation include activated T cells [2], monocytes/
macrophages [3] and neutrophils [4]. Concurrent with the
increased cellularity is an increased expression of adhesion mol-
ecules that are involved in cell trafficking [5] and of proinflamma-
tory mediators such as cytokines and chemokines [6].

Leflunomide, a novel disease-modifying antirheumatic drug
(DMARD) of the isoxazole class, has shown clinical efficacy by
effectively reducing joint inflammation in patients with RA [7]. Its

primary action is the inhibition of dihydroorotate dehydrogenase,
a key enzyme for 

 

de novo

 

 synthesis of pyrimidines [8,9]. Because
pyrimidines are required for proliferation of activated T cells, the
net effect of inhibition of pyrimidine synthesis is to halt this pro-
cess, which is suggested to be a critical step in the pathogenesis of
RA. Given the high failure rate of monotherapy and the multi-
factorial nature of the pathogenesis of RA, an increasing empha-
sis is being placed on combinations of therapeutic agents that act
to inhibit different pathologic processes of the disease [10]. Con-
sidering its mechanism of action, leflunomide can be useful in
combination therapy with methotrexate (MTX). MTX is a com-
monly used DMARD in the treatment of RA, and functions by
inhibiting dihydrofolate reductase and hence decreasing the sup-
ply of reduced folates for purine biosynthesis [11]. An 

 

in vitro

 

study has suggested that MTX promotes apoptosis of activated T
cells, an action that would be complementary to the effect of
leflunomide to limit T cell proliferation [12].

It is becoming clear that chemokines and their receptors are
involved intimately in regulating organ-specific leucocyte traffick-
ing and inflammation in RA [13–15]. Monocyte chemotactic
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protein-1 (MCP-1) is a monocyte, B and T lymphocyte chemoat-
tractant belonging to the CC subfamily of chemokines, and is pro-
duced by macrophages, endothelium, synovial fibroblasts and
chondrocytes in the inflamed joint of patients with RA [16–18].
Recent studies have confirmed that MCP-1 is elevated in the syn-
ovial fluid and plasma of RA patients, which can act as a marker
for RA joint inflammation due to its significant correlation with
the number of swollen joints and the Ritchie Articular Index
(RAI) [19,20]. Plasma MCP-1 has therefore become the candi-
date marker for monitoring the clinical efficacy of drug treatment
in RA patients.

Thymus- and activation-regulated chemokine (TARC) is
another member of CC chemokine family, expressed mainly on
mononuclear leucocytes. It is found to be a T cell-specific
chemoattractant and functionally related to the macrophage-
derived chemokine (MDC) [21]. Expression of MDC mRNA has
been shown in macrophages and dendritic cells [22]. MDC
induces chemotaxis for monocyte-derived dendritic cells, acti-
vated T cells and natural killer (NK) cells [23]. Recent studies
have revealed that both TARC and MDC play a role in inflam-
matory diseases such as allergic asthma and atopic dermatitis [24].
However, expression of TARC and MDC in patients with RA has
not yet been investigated.

The anti-inflammatory activity of leflunomide has been shown
to be related to the suppression of proinflammatory cytokines, for
example tumour necrosis factor (TNF)-induced cellular response
and signalling [25] and inhibition of neutrophil migration [26]. It
is also found to suppress the activation of NF-

 

k

 

B, a potent intra-
cellular mediator of inflammation [27]. The present study was
undertaken to examine the immunosuppressive effect of lefluno-
mide on several chemokines including MCP-1, TARC and MDC
in terms of gene and protein expressions. Gene expressions of
other chemoattractants such as myeloid progenitor inhibitory fac-
tor-1 (MPIF-1), I-309 and interleukin (IL)-15, thymus-expressed
chemokine (TECK) and two chemokine receptors (CCR), and
clinical responses to the addition of leflunomide to MTX treat-
ment in patients with RA were also studied.

 

MATERIALS AND METHODS

 

Patients

 

All patients recruited in this study fulfilled the 1987 American
College of Rheumatology (ACR) criteria for RA [28]. Nine
patients with active disease as defined by the presence of six or
more swollen or tender joints, based on a 28-joint count [29], who
were refractory to treatment with MTX, were recruited into the
study. At the time of recruitment, all patients had radiographic
erosive diseases and had been on MTX for not less than 3 months
at a dosage of not less than 15 mg/week. Consenting patients,
aged 18 years and older, were required to use adequate methods
of contraception, and pregnant or lactating women were
excluded. The study was approved by the Clinical Research Ethics
Committee of The Chinese University of Hong Kong. All subjects
gave informed consent before entering the study.

 

Study design

 

This 24-week study was an open-label evaluation of the clinical
response and suppression of chemokine expression upon the
addition of leflunomide to MTX treatment. At enrolment, all
patients were on MTX 15 mg/week only. Four weeks before com-
mencement of this open-label study, all other DMARDs were

discontinued. Leflunomide was started with a dose of 100 mg
daily for 3 days, then 10 mg/day in combination with MTX at
15 mg for the ensuing 24 weeks. Paracetamol, non-steroidal anti-
inflammatory drugs (NSAIDs), oral or intra-articular corticoster-
oids were allowed during the trial period.

Clinical assessment of efficacy was performed every 4 weeks.
Parameters for assessment included tender and swollen joint
counts (28-joint assessment), visual analogue scale (VAS) for pain
of 0 (no pain) to 100 (severe pain), duration of early morning stiff-
ness (EMS), patient and physician global assessment scores of
RA activity ranging from 0 (very good) to 100 (very poor), func-
tional disability rated by the Health Assessment Questionnaire
(HAQ) [30], as well as serum C-reactive protein (CRP) and eryth-
rocyte sediment rate (ESR).

Clinical outcome measures were the swollen and tender joint
counts, and the patient’s and physician’s global assessments of dis-
ease activity. In addition, we assessed the proportion of patients
showing a clinical response of at least 20% and 50% as defined by
the American College of Rheumatology (ACR) criteria [31].

Safety was monitored by physical examination, chest radiog-
raphy, electrocardiography if required, blood pressure, pulse rate,
body temperature and body weight measurements. Standard hae-
matological and serum biochemical tests and urine analysis were
also performed. The occurrence of adverse events was docu-
mented and included those spontaneously reported by patients as
well as those elicited by general questioning.

 

Blood samples

 

Twenty ml of heparinized venous peripheral blood was collected
from each patient in each of six visits within 24 weeks. Plasma
samples were preserved at 

 

-

 

70

 

∞

 

C for subsequent assays.

 

Assays for MCP-1, TARC and MDC

 

Plasma MCP-1, TARC and MDC concentrations of RA patients
before and after combination treatment with leflunomide and
MTX were measured by enzyme-linked immunosorbent assay
(ELISA) (R&D Systems Inc., MN, USA).

 

cDNA expression array analysis

 

Peripheral blood mononuclear cells (PBMC) were isolated from
heparinized venous blood by Ficoll-paque density gradient cen-
trifugation (Amersham Pharmacia Biotech Ltd, Uppsala, Swe-
den). Total RNA was extracted from PBMC using RNeasy Mini
Kit (QiagenGmbH, Hilden, Germany) according to the manufac-
turer’s instructions. cDNA expression array analysis was per-
formed using non-radioactive human inflammatory cytokine/
receptor GEArray

 

TM

 

 Q series Kit (SuperArray Inc., Bethesda,
MD, USA), according to the manufacturer’s instructions. Brifefly,
total RNA was reverse-transcribed with reverse transcriptase and
GEAprimer mix in the presence of biotin-16-dUTP. The biotiny-
lated cDNA probes were denatured and added to the hybridiza-
tion solution. Two identical GEArray

 

TM

 

 Q-series membranes
dotted with tetra-spot cDNA fragments of 96 human inflamma-
tory cytokine and receptor genes were prehybridized at 60

 

∞

 

C for
2 h and then hybridized overnight with the cDNA probes. Mem-
branes were then washed, blocked and incubated with alkaline
phosphatase-conjugated streptavidin. The labelled biotin on the
membrane was detected by chemiluminescent method and the
luminescence intensities of hybridized cDNA probes were analy-
sed using Bio-Rad Quantity One

 

TM

 

 software (Bio-Rad Laborato-
ries, CA, USA). The percentage change of gene expression levels
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before and after treatment with leflunomide was calculated as
[(intensity after leflunomide – intensity before leflunomide)/
intensity before leflunomide 

 

¥

 

 100%] using glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) as internal control.

 

Statistical analysis

 

The differences in clinical outcome measures between week 0 and
week 24 of leflunomide treatment were assessed by Wilcoxon
signed-rank test. The differences in plasma MCP-1, TARC and
MDC concentrations in the RA patients before and after lefluno-
mide treatment were assessed by repeated measures test of anal-
ysis of variance (

 

ANOVA

 

 Friedman test). Results were expressed
as either median (interquartile range) or mean 

 

±

 

 standard devia-
tion. Spearman’s rank correlation test was used to assess the cor-
relations among reductions in plasma chemokines and clinical
outcome measures. All analyses were performed using the Statis-
tical Package for the Social Sciences (SPSS) statistical software
for Windows, Version 9·0 (SPSS Inc., IL, USA). A probability (

 

P

 

)
less than 0·05 was considered significantly different.

 

RESULTS

 

Patient demographics and clinical efficacy

 

The age, sex, duration of diagnosis and clinical outcome measures
of the study population are summarized in Table 1. Nine patients
(seven females and two males, mean 

 

±

 

 SD age of 42·8 

 

±

 

 11·5 years,
range 18–57) were recruited. The mean duration of the diagnosis
of RA was 11·3 

 

±

 

 5·6 years (range 3–17). Eight of the nine patients
were positive for rheumatoid factor. Three patients were main-
tained on low-dose prednisolone between 2·5 and 5 mg daily
throughout the study period. Significant reduction was observed
in all clinical outcome measures comparing week 0 and week 24 of
leflunomide treatment (

 

P

 

 < 0·05 for VAS pain score, patient glo-
bal assessment, physician global assessment, swollen joint score,
ESR, CRP, HAQ), except for the duration of morning stiffness
(EMS, 

 

P

 

 

 

=

 

 0·3) (Table 1). Three of the nine patients (responder
rate 33·3%) and two of the nine patients (22·2%) treated with
leflunomide fulfilled the ACR 20% and ACR 50% response cri-
teria, respectively, after 24 weeks of treatment. No major side
effects were encountered.

 

Plasma concentrations of MCP-1, TARC and MDC

 

As shown in Fig. 1a, plasma MCP-1 concentrations were lowered
significantly after the combination treatment of leflunomide and
MTX [median (interquartile range) of MCP-1: week 0 

 

versus

 

week 16, 118·0 (64·0–515·2) 

 

versus

 

 0·0 (0·0–23·2) pg/ml, 

 

P

 

 < 0·05;
Week 0 

 

versus

 

 week 20, 118·0 (64·0–515·2) 

 

versus

 

 0·0 (0·0–15·5)
pg/ml, 

 

P

 

 < 0·01; week 0 

 

versus

 

 week 24, 118·0 (64·0–515·2) 

 

versus

 

3·2 (0·0–22·8) pg/ml, 

 

P

 

 < 0·01]. Plasma TARC concentrations
were reduced significantly with the combination treatment only
after 24 weeks [week 0 

 

versus

 

 week 24, 126·1 (27·2–197·4) 

 

versus

 

0·0 (0·0–52·5) pg/ml, 

 

P

 

 < 0·05] (Fig. 1b). Figure 1c shows that
plasma MDC concentrations was lowered significantly with
leflunomide after 20 and 24 weeks [week 0 

 

versus

 

 week 20, 503·3
(446·2–600·9) 

 

versus

 

 337·4 (284·9–390·6) pg/ml, 

 

P

 

 < 0·05; week 0

 

versus

 

 week 24, 503·3 (446·2–600·9) 

 

versus

 

 366·8 (337·4–393·4) pg/
ml, 

 

P

 

 < 0·05].

 

Expression profile of inflammatory cytokine and 
chemokine genes

 

Figure 2 illustrates the effect of leflunomide on gene expression
profile of inflammatory cytokines, chemokines and receptors in

the PBMC of RA patients treated with MTX. As shown in
Table 2, combination treatment of leflunomide and MTX in RA
patients suppressed the gene expression of several chemokines
including TARC [53·7 (28·4–55·9)%], MDC [38·7 (13·0–54·3)%],
MPIF-1 [54·3 (38·6–61·5)%], I-309 [36·4 (7·5–62·2)%] and
TECK [44·4 (14·7–46·1)%], although no detectable signal
could be observed for MCP-1. Gene expressions of IL-15
[30·5 (5·0–49·2)%], CCR2 [32·0 (

 

-

 

5·7–47·3)%] and CCR4
[30·4 (26·6–53·0)%] were slightly down-regulated by combina-
tion treatment. No significant reduction was found in MIP-1
beta gene expression [10·8 (3·5–23·5)%]. For the remaining
genes of human inflammatory cytokines, chemokines and recep-
tors, either undetectable signal or no significant change in
expression level could be obtained.

 

Correlations of reductions in plasma chemokines and clinical 
outcome measures

 

As shown in Table 3, suppression in plasma MCP-1 concentration
of the RA patients significantly correlated with the reduction in
ESR after 24-week combination treatment (

 

r

 

 

 

=

 

 0·857, 

 

P

 

 

 

=

 

 0·024).
Despite the absence of statistical significance, plasma MCP-1
reduction showed positive correlations with decreases in both
patient and physician global assessment (both 

 

r

 

 

 

=

 

 0·714), swollen

 

Table 1.

 

Demographics and clinical outcome measures of RA patients

RA patients

 

P

 

-value

Number 9
Sex (female/male) 7/2
Age, year (mean 

 

±

 

 SD, range) 42·8 

 

± 

 

11·5 (18–57)
Duration of diagnosis

(mean 

 

±

 

 SD, range)
11·3 

 

± 

 

5·6 (3–17)

Rheumatoid factor
(positive/negative)

8/1

EMS, min (mean 

 

±

 

 SD, range)
Week 0 36·7 

 

± 

 

99·3 (0–300)
Week 24 0·0 

 

± 

 

0·0 (0–0) 0·300
VAS pain score (median, IQR)

Week 0 73·0 (24·5–87·0)
Week 24 31·0 (22·5–57·5) 0·027

Patient global assessment
(median, IQR)
Week 0 67·0 (62·0–81·5)
Week 24 40·0 (17·5–63·5) 0·004

Physician global assessment
(median, IQR)
Week 0 65·0 (61·0–81·5)
Week 24 40·0 (17·5–63·5) 0·004

Swollen joint score (median, IQR)
Week 0 11·0 (5·5–12·5)
Week 24 6·0 (2·0–11·0) 0·023

ESR, mm/ h (median, IQR)
Week 0 72·0 (60·0–96·0)
Week 24 59·0 (24·0–74·5) 0·004

CRP, mg/l (median, IQR)
Week 0 57·5 (36·1–67·7)
Week 24 19·4 (4·1–53·9) 0·039

HAQ score (median, IQR)
Week 0 1·9 (0·5–2·7)
Week 24 1·4 (0·4–2·1) 0·004
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joint score (

 

r

 

 

 

=

 

 0·577) and HAQ score (

 

r

 

 

 

=

 

 0·618). Plasma TARC
reduction also correlated significantly with CRP reduction
(

 

r

 

 

 

=

 

 0·833, 

 

p

 

 

 

=

 

 0·008), while plasma MDC correlated positively
with swollen joint score reduction without statistical significance
(

 

r

 

 

 

=

 

 0·614).

 

DISCUSSION

 

This small open study demonstrated that combination therapy of
leflunomide and MTX was effective in patients with refractory
RA, achieving ACR 20 and 50 responses of 56% and 33%, respec-
tively (Table 1). Our results are consistent with what has been
observed recently [32]. All nine patients, before the addition of
leflunomide, had very active disease and were on higher doses of
MTX that ranged between 17·5 and 22·5 mg/week. Although we
did not have a group of patients continuing on MTX monother-
apy as control, none the less, as all the nine patients have been on
MTX for many months (range 8–59 months) before the addition

 

Fig. 1.

 

Plasma concentrations of (a) MCP-1, (b) TARC and (c) MDC in
RA patients. The median is indicated by the horizontal bar and each
symbol represents an individual. The differences before (week 0) and after
(weeks 8, 12, 16, 20, 24) the combination treatment of leflunomide and
MTX were determined by 

 

ANOVA

 

 Friedman Test. *

 

P

 

 < 0·05, **

 

P

 

 < 0·01.
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Table 2.

 

Differential expression of human chemokine genes in PBMC 
of RA patients

Box Genes % Reduction

1 MCP-1 UD
2 TARC 53·7 (28·4–55·9)
3 MDC 38·7 (13·0–54·3)
4 MPIF-1 54·3 (38·6–61·5)
5 I-309 36·4 (7·5–62·2)
6 IL-15 30·5 (5·0–49·2)
7 CCR2 32·0 (

 

-

 

5·7–47·3)
8 CCR4 30·4 (26·6–53·0)
9 TECK (thymus-expressed chemokine) 44·4 (14·7–46·1)

10 MIP-1 beta 10·8 (3·5–23·5)

The percentage reduction of gene expression level before and after
combination treatment with leflunomide and MTX was assessed by the
difference in luminescence intensity using human inflammatory cytokine/
receptor GEArray

 

TM

 

 Q Series Kit (SuperArray), and calculated as
[(intensity after leflunomide – intensity before leflunomide)/intensity
before leflunomide 

 

¥

 

 100%] with GAPDH as an internal control.
UD 

 

=

 

 undetectable for the gene expression of MCP-1 in both week 0
(before leflunomide addition) and week 24 (after leflunomide addition).
Positions of genes were indicated by number-labelled boxes shown in
Fig. 2. Results are expressed as median (interquartile range) of the per-
centage reduction in the cohort of nine RA patients.

 

Table 3.

 

Correlations of reductions in plasma chemokines and clinical 
outcome measures after 24 weeks of combination treatment with lefluno-

mide and MTX in RA patients

Plasma MCP-1 Plasma TARC Plasma MDC

VAS pain score 0·469 (0·302) 0·286 (0·463) 0·219 (0·581)
Patient global

assessment
0·714 (0·088)

 

-

 

0·183 (0·644) 0·150 (0·708)

Physician global
assessment

0·714 (0·088)

 

-

 

0·200 (0·613) 0·217 (0·581)

Swollen joint score 0·577 (0·200) 0·286 (0·463) 0·614 (0·086)
ESR 0·857 (0·024)*

 

-

 

0·117 (0·776) 0·283 (0·463)
CRP 0·393 (0·396) 0·833 (0·008)*

 

-

 

0·233 (0·552)
HAQ score 0·618 (0·139) 0·362 (0·336) 0·293 (0·437)

Results are expressed as the correlation coefficient 

 

r

 

 (

 

P

 

-value).
*

 

P

 

-values less than 0·05 are considered significant using Spearman’s
rank correlation test.
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of leflunomide, the effects observed were probably not due to
delayed MTX-induced effects.

The anti-inflammatory activity of leflunomide has been shown
to be associated with the suppression of proinflammatory cytok-
ines and chemokines [33]. The present results indicate that plasma
concentrations of several chemokines including MCP-1, TARC
and MDC were lowered significantly after combination treatment
of leflunomide and MTX (Fig. 1). The reduced circulating
chemokines might be responsible for the decreased recruitment
of inflammatory cells like lymphocytes and monocytes to the syn-
ovial tissue of RA. Because plasma MCP-1 has been suggested to
be a marker for joint inflammation in RA [19], the reduced
plasma MCP-1 concentrations after 16–24 weeks of leflunomide
treatment (Fig. 1a) might result in a decreased migration of
monocytes and antigen-driven T lymphocytes to the inflammatory
lesions of synovium, and hence the subsequent reduction in joint
inflammation, swelling and tenderness (Table 1). These were evi-
denced by the positive correlations between suppression in
plasma MCP-1 and reductions in ESR, patient and physician glo-
bal assessment, swollen joint score and HAQ score (Table 3). The
lack of MCP-1 gene expression in PBMC from RA patients might
be explained by the inhibitory effect of MTX on cytokine and
chemokine production [11], or other cells such as fibroblast and
endothelial cells, but not PBMC, are the major source of MCP-1
in the circulation. There is increasing evidence showing that the
elevated MCP-1 in synovial fluid is produced mainly by activated
synovial fibroblasts and chondrocytes [19,20].

Both plasma TARC and MDC concentrations were signifi-
cantly reduced after 24 weeks of combination treatment of

leflunomide and MTX (Fig. 1b,c), and their gene expressions were
also highly down-regulated (Table 2). The lowered production of
TARC might be responsible for the decreased infiltration of anti-
gen-driven T lymphocytes into the rheumatoid synovium, and
hence the suppression of RA progression. Synovial T lympho-
cytes may play a pivotal role in RA by T helper-cell cytokine pro-
duction, which in turn activates B lymphocytes for the production
of rheumatoid factors and destruction of synovial tissues [34]. The
lower extent of synovial destruction might be explained by the
significantly positive correlation of suppressed TARC production
with CRP reduction (Table 3). Meanwhile, the suppressed expres-
sion of MDC in the circulation by leflunomide might be related to
the decreased migration of dendritic cells and macrophages into
synovial fluid. Because MDC is expressed highly by dendritic cells
and is also chemotactic for them, it may play an autocrine role in
their accumulation at rheumatoid synovium [22], and subsequent
joint swelling as evidenced by its positive correlation with swollen
joint score (Table 3). In the present study, two CCR genes in
PBMC, including CCR2 (MCP-1 receptor) and CCR4 (TARC
and MDC), were found to be down-regulated slightly after
leflunomide treatment (Table 2), suggesting that the chemotactic
gradient for migration of mononuclear leucocytes might be dis-
rupted by both leflunomide and MTX. However, the exact mech-
anism of chemotaxis suppression by leflunomide and MTX is still
not fully understood.

This is the first report demonstrating that gene expressions of
three CC chemokines MPIF-1, I-309 and TECK were largely
reduced after leflunomide treatment in RA (Table 2). Because
MPIF-1 displays chemotactic activity on activated dendritic cells

 

Fig. 2.

 

Expression profile of inflammatory cytokine and receptor genes in PBMC from RA patients before (week 0) and after (week 24)
leflunomide and MTX treatment detected by cDNA expression array system. Total RNA was extracted from PBMC, reverse-transcribed
and labelled with biotin, and gene expressions were detected using the GEArray

 

TM

 

 Q series Kit. Genes with differential expressions in RA
patients upon combination treatment were indicated by number-labelled boxes: MCP-1 (1), TARC (2), MDC (3), MPIF-1 (4), I-309 (5),
IL-15 (6), CCR2 (7), CCR4 (8), TECK (9) and MIP-1 beta (10). Negative control genes: pUC18 DNA (13 A, 13B, 13C); positive control
(housekeeping) genes: GAPDH (13G, 13H), cyclophilin A (14 A, 14B, 14C, 14D), ribosomal protein L13A (RPL13A) (14E, 14F), 

 

b

 

-actin
(14G, 14H).
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and monocytes [35,36], the suppressed expression might be also
related to their reduced infiltration. I-309 is suggested to display
an autocrine loop of chemotactic activity on activated T cells and
monocytes themselves [37]. TECK also serves as a chemoattrac-
tant for thymocytes, dendritic cells and macrophages [38]. In con-
junction with the above chemokines, the decreased expression of
I-309 and TECK might provide further evidence for which den-
dritic cells, monocytes and T cells are the major targets of the
leflunomide-induced suppression of chemotaxis. 

 

In vitro

 

 studies
of lymphocyte migration in RA indicated that IL-15 accounts for,
at least partly, the chemotactic and proinflammatory activity for T
cells in synovial fluid, in combination with IL-8 and MCP-1
[39,40]. Our results illustrated that IL-15 gene expression was
down-regulated in response to combination treatment of lefluno-
mide and MTX, which proposes that IL-15 is one of the potential
therapeutic targets in RA therapy.

In conclusion, the present study has demonstrated that com-
bination therapy of leflunomide and MTX directly or indirectly
brings out a significant suppression on the expression of several
major chemokines including MCP-1, TARC, MDC, MPIF-1, I-309
and IL-15, and a good clinical response in patients with RA. The
down-regulated expression of these chemokines can reflect only
the effects of controlling inflammation by leflunomide and MTX,
and the underlying mechanism of inhibition on leucocyte migra-
tion by leflunomide is not understood fully. Therefore, further
mechanistic investigations are required.
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