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Abstract CXC chemokine receptor 3 (CXCR3) is selec-
tively expressed on T helper 1 (Th1) type T cells and has
been shown to be responsible for Thl-dominant immune
responses. In this study, we analyzed the expression of
CXCR3 on peripheral blood T lymphocytes of patients with
rheumatoid arthritis (RA) by FACS analysis using anti-
human CXCR3 monoclonal antibody and determined the
clinical relevance in this disease. Significantly higher expres-
sion of CXCR3 was found on peripheral blood CD4+ T
Ilymphocytes of RA patients than healthy controls. The
CXCR3 expression in RA patients with a high erythrocyte
sedimentation rate was significantly higher than in those
with a low erythrocyte sedimentation rate. Moreover, we
found that the CXCR3 expression in RA patients with long-
term disease duration was significantly higher than in those
with short-term disease. On the other hand, CC chemokine
receptor 4 (CCR4), which was shown to be selectively ex-
pressed on Th2-type T cells, was expressed at low levels in
RA patients as well as in healthy controls. The serum level
of interleukin (IL)-18 in RA patients was higher than that
in healthy controls, although there was no statistically signi-
ficant difference. This study suggests that the Thl immune
response is predominant in RA and that CXCR3 may have
relevance in regard to the disease course in RA patients.
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Introduction

CD4+ T lymphocytes can be subdivided into two distinct
populations, T helper 1 (Th1) and Th2, defined by the spec-
trum of cytokines produced by these cells.' Th1 cells gener-
ate interleukin (IL)-2, interferon-y, and tumor necrosis
factor-f} and promote cell-mediated immunity, whereas Th2
generate IL-4, IL-5, IL-6, and IL-10 and play a role in
humoral immunity and allergic diseases.” There is evidence
that a balance of Thl and Th2 is crucial for an effective
immune response and the outcome of infectious and
autoimmune diseases.” Recently, chemokines have been
suggested to have a role in effector and amplification
mechanisms of polarized Thl- and Th2-mediated immune
responses, and their receptors might serve as targets for
selective modulation of T-cell-dependent immunity. Of
these chemokine receptors, CXC chemokine receptor 3
(CXCR3), which is a receptor for interferon-y-inducible
protein 10 (IP-10; CXCL10) and monokine induced by
interferon-y (Mig; CXCLY), is predominantly expressed on
Th1 cells.” In contrast, CC chemokine receptor 4 (CCR4),
a receptor for thymus- and activation-regulated chemokine
(TARC; CCL17) and macrophage-derived chemokine
(MDC; CCL22), is selectively expressed on Th2 cells.”"
These observations suggest that the differential expression
of chemokine receptor may be useful in determining T cells
important to disease pathogenesis.

Rheumatoid arthritis (RA) is a chronic autoimmune dis-
ease characterized by persistent synovitis. Because chemot-
actic cytokines (chemokines) may play critical roles in the
recruitment of leukocytes in RA, analysis for the expression
of chemokines and their receptors should provide insight
into events in synovial inflammation of RA. Chemokines
have a role in joint inflammation, not only by inducing
leukocyte chemotaxis but also by activating immune cells
and angiogenesis.'"'> Previous reports that showed the in-
creased expression of Thl-related cytokines in cells of syn-
ovial fluid and synovial tissue speculated that Th1 cells may
play an active role in the development of autoimmune
responses in RA."™" However, the data on the expression



of Thl- and Th2-type chemokine receptors in peripheral
blood and inflamed joints of RA patients have been
controversial.'*"’

In this study, we analyzed the expression of CXCR3 and
CCR4 on peripheral blood CD4+ T lymphocytes of RA
patients compared to that of healthy controls and demon-
strated the predominance of Th1 in the pathogenesis of RA.

Materials and methods
Patients and controls

This study included 19 patients (5 men and 14 women) with
RA (Table 1). Their mean age was 56.9 years (range,
25-75). The diagnosis of RA was based on the American
College of Rheumatism (ACR) criteria for RA." Healthy
controls (3 men and 6 women) (mean age, 26.2 years; range,
23-29) served as controls. None of the patients or controls
showed any abnormalities on physical examination, chest
radiography, or in lung function tests. Two RA patients had
allergic diseases; 1 had bronchial asthma, and the other had
allergic rhinitis. No allergic disease was observed in the
healthy controls.

Sampling of peripheral blood

Blood samples were collected in sterile tubes containing
100U/ml heparin. Peripheral blood mononuclear cells
(PBMC) were isolated from peripheral blood on lym-
phocyte separation medium (ICN Biomedicals, Aurora,
OH, USA) by the density gradient separation method."
The purity of PBMC, which was determined by cell differ-
entiation after cytocentrifugation and staining with May-
Giemsa stain, was 96%. More than 98% of the cells were
viable, as judged by the trypan blue dye exclusion test.
PBMC were washed twice with phosphate-buffered saline
(PBS) containing 1% bovine serum albumin, resuspended
in PBS, and used in fluorescence-activated cell sorter
(FACS) analysis as described next. Serum was separated
from freshly drawn blood and stored at —20°C until
cytokine analysis.

Table 1. Clinical data of rheumatoid arthritis (RA) patients
Number 19

Age (years) 569 + 3.4
Sex (% female) 73.7
Disease duration (years) 8322
RF (U/ml) 102 + 36
ESR (mm/h) 56 =7
CRP (mg/dl) 2.59 + 057
WBC (per ul) 6758 = 504
Pulmonary fibrosis (% positive) 26.3

Values are mean = SEM
RF, rheumatoid factor; ESR, erythrocyte sedimentation rate; CRP,
C-reactive protein; WBC, white blood cells
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FACS analysis

The expression of CXCR3 and CCR4 was determined by
FACS analysis as previously described.” The generation
of a monoclonal antibody (mAb) against CCR4 (KM2160,
mouse IgG1) was described previously.” The anti-CXCR3
(mouse IgGl) mAb was obtained from R&D Systems
(Minneapolis, MN, USA). PBMC were counted and
adjusted to 1 X 10°ml. The cells were simultaneously
stained directly with the optimal dilution of fluorescein
isothiocyanate (FITC)-labeled antihuman CCR4 mouse
mADb or FITC-labeled antihuman CXCR3 mouse mAb and
phycoerythrin (PE)-labeled anti-human CD4 mouse mAb
(PharMingen, San Diego, CA, USA). All incubations were
performed for 20min followed by two washes. The stained
cells were analyzed using a FACScan flow cytometer
(Becton Dickinson, San Jose, CA, USA). Appropriate
FITC and PE control antibodies (PharMingen) were also
included to monitor nonspecific antibody binding.

Assay for cytokines in serum

Enzyme immunoassays for IL-4 and IL-18 in serum were
performed as described in detail previously.” The detection
limit for cytokines was 20pg/ml. IL-12, IL-13, and
interferon-y in serum were measured by performing assays
with sandwich ELISA kits purchased from R&D Systems
according to the manufacturer’s instructions.

Assay for cytokines in synovial fluid

Studies were made on another 32 patients with RA (6
males; mean age, 59.8 years) and 11 patients with OA (7
males; mean age, 70.4 years). The levels of C-reactive pro-
tein (CRP), erythrocyte sedimentation rate (ESR), and
rheumatoid factor in serum of RA patients were 3.0 =
0.4mg/dl, 62.0 = 6.6mm/h, and 127 + 34 U/ml, respectively.
Enzyme immunoassays for IL-12, IL-18 and interferon-y
were performed as described earlier.

Statistical analysis

All results are expressed as mean = SEM. Statistical analy-
sis was performed using the Student’s two-tailed unpaired ¢
test for comparisons between two groups. Correlations be-
tween two parameters were evaluated using Pearson’s test.
Differences were considered significant if P values were
0.05 or less. Data were analyzed on a Windows computer
using Statview software.

Results

Expression of CXCR3 and CCR4 on peripheral blood
CD4+ T lymphocytes

CXCR3 and CCR4 expression was analyzed by flow
cytometry using antihuman CXCR3 and CCR4 mAb, re-
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Fig. 1. CXC chemokine receptor CXCR3 CCR4
3 (CXCR3) and CC chemokine
receptor 4 (CCR4) expression on
CD4+ T lymphocytes from p<0.001 p=0.928
rheumatoid arthritis (RA) 60 10
patients and healthy controls.
Peripheral blood mononuclear 9
cells (PBMC) were stained with 50 | 8
fluorescein isothiocyanate . 0 . ¢]
(FITC)-conjugated anti-CXCR3 N 40 - X 0 0
antibody or FITC-conjugated e g § - 6 I o 0
anti-CCR4 antibody and 3 2 0
phycoerythrin (PE)-conjugated © a0 t o @ © 8 8
anti-CD4 antibody, and then g g o i
analyzed by flow cytometry. 5 g = 4
Results are expressed as mean =+ 8 20 + E g ocf 8
SEM 0
10 : 21 ° :
(0] o (6]
o 1 1 J 0 1 8 il
Healthy controls RA Healthy controls RA
Fig. 2. CXCR3 and CCR4 Case 1 Case 2
expression on CD4+ T lympho-
cytes of RA patients. Data are <+ ~+
from three cases of RA o o
] 0.2% ]
o o
< <t
al- al-|
@, O
o o
= =
A mAs L et
=10% o' 10f 10® 10t Tvo% 10! 10 10® 10
CCR4 CCR4
=+ < =+
o [=] =
] 35.9% 1) ()
o [ e
<t o~ <t 3o
A2 A2 A e
O S O
o o o
o B o 3 o 1
27 1 4 = P 4 2
10 10" 10° 107 10 10 10" 10° 107 10 1

spectively. Based on two-color flow cytometry, CXCR3 was
expressed on 16.7% = 2.3% of CD4+ T lymphocytes of
healthy controls, which is consistent with results in previous
reports.”* Significantly increased expression of CXCR3
was found on CD4+ T lymphocytes of patients with RA
(35.9% = 1.9%) (Figs. 1, 2). There was a significantly posi-
tive correlation (r = 0.724, P < 0.001) between the CXCR3
expression and age. Therefore, we next examined whether
the expression of CXCR3 in RA patients is higher than that
of healthy controls with age similar to RA patients (elder
controls: n = 9; mean age, 51.9 years). Significantly higher
CXCR3 expression was detected in the elder controls
(28.4% = 1.9%) than in the healthy controls. However, the
CXCR3 expression was significantly (P = 0.026) higher in
RA patients than the value of the elder controls. On the

CXCR3

other hand, CCR4 expression was found in 4.0% = 0.7% of
CD4+ T lymphocytes of healthy controls, which is also
consistent with results in previous reports.”** The expres-
sion of CCR4 in RA patients (4.1% = 0.6%) was similar to
that in healthy controls. As shown in Figs. 1 and 2, however,
the expression of CCR4 varied among patients with RA.
There was no significant correlation between the expression
of CCR4 and age (data not shown).

Expression of CXCR3 between RA patients with
high-ESR and low-ESR groups

To determine the clinical significance of increased CXCR3
expression in RA patients, we examined the correlation of
CXCR3 expression with various clinical parameters for RA.



When RA patients were separated into two groups, a low-
ESR group (<50mm/h) and a high-ESR group (=50 mm/
h), the low-ESR group consisted of 8 patients with a value
of 26.4 = 3.6mm/h and the high-ESR group consisted of 11
patients with a value of 77.7 = 7.3mm/h. The level of
CXCR3 expression in the high-ESR group (40.4% = 2.2%)
was significantly higher than that in the low-ESR group
(29.6% = 1.9%) (Fig. 3). There was no significant correla-
tion between CXCR3 expression and the level of CRP or
rheumatoid factor.

CXCR3 expression and disease duration of RA

We examined the difference of CXCR3 expression in dis-
ease duration of RA. The average disease duration of RA
patients was 8.7 = 2.3 years. RA patients were separated
into two groups, a short-term group (<9 years,n = 12,2.9 =
0.8 years) and a long-term group (=9 years, n = 7, 18.7 =

P=0.0027
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Fig. 3. Expression of CXCR3 between RA patients with high erythro-
cyte sedimentation rate (ESR) (=50 mm/h) and low ESR (<50 mm/h)
groups. PBMC were stained with FITC-conjugated anti-CXCR3 anti-
body and PE-conjugated anti-CD4 antibody and then analyzed by flow
cytometry. Results are expressed as mean = SEM
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3.6 years). The CXCR3 expression of the long-term group
(40.8% = 2.2%) was significantly higher than that of the
short-term group (32.9% = 2.5%) (Table 2). There was no
significant difference in CXCR3 expression with sex, age, or
pulmonary complication.

Serum cytokines

We measured the level of serum cytokines by ELISA. The
serum level of IL-18 in RA patients (223.0 * 44.6pg/ml)
was higher than that in healthy controls (120.3 * 34.6 pg/ml)
although a significant difference (P = 0.171) was not de-
tected. The level of IL-12 in RA patients (56.7 = 11.7 pg/ml)
was similar to that in healthy controls (43.6 *= 6.0pg/ml),
and the level of IL-13 in RA patients (84.7 = 7.3 pg/ml) was
not significantly different from that in healthy controls (77.9
+ 1.0pg/ml). Serum interferon-y and IL-4 were under the
detection limit in most RA patients or all healthy controls,
except one RA patient had a high level of interferon-y
(150 pg/ml).

Synovial fluid cytokines

We measured IL-12, IL-18, and interferon-y in synovial
fluid of other RA patients and osteoarthritis (OA) patients.
The level of IL-12, IL-18, and interferon-y in synovial fluid
of RA patients was higher than that in OA patients, and a
statistically significant difference was observed in the level
of IL-18 (Table 3).

Discussion

In this study, we found increased expression of CXCR3
on peripheral blood CD4+ T lymphocytes of RA
patients. This article demonstrates that CXCR3 is a useful
marker in Thl predominance and the disease activity of
RA and may have relevance in regard to the course of
the disease.

The predominance of either Thl or Th2 immune re-
sponse may be of great importance for various autoimmune

Table 2. CXCR3 expression on CD4+ T lymphocytes of RA patients

Number of cases CXCR3-positive cells (%) P
Sex
Male 5 320 £39 NS
Female 14 377 +23
Age (years)
<57 9 359 £ 3.6 NS
=57 10 358 2.1
Disease duration (years)
<9 12 329 +25 <0.05
=9 7 40.8 £ 2.2
Pulmonary fibrosis
Positive 5 391 4.7 NS
Negative 14 347 £21

Values are mean = SEM
CXCR, CXC chemokine receptor
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Table 3. Cytokine levels in RA and osteoarthritis (OA) synovial fluids

Cytokine RA OA P
(n=32) (n=11)

IFN-y 19.6 = 6.5 <10 NS

IL-12 246 = 84 21x00 NS

IL-18 30412.6 = 4177.1 3008.3 = 660.5 <0.0005

Data are expressed as pg/ml; values are mean + SEM
Detection limit of interferon-y (TFN-y) was 10 pg/ml
Detection limit of interleuken-18 (IL-18) was 20 pg/ml

diseases including RA. Previous reports have suggested that
RA might be a disease characterized by Thl because the
Thl-related cytokines IL-2 and interferon-y are increased
in synovial fluid of RA patients and increased numbers of
IL-2- and interferon-y-producing cells predominate in T
lymphocytes from synovial fluids and synovial tissues of RA
patients.”” Recently, great emphasis has been placed on
the possibility of distinguishing Th1l and Th2 cells on the
basis of the differential expression of chemokine receptors
because chemokines and their receptors have been shown
to play a role in effector and amplification mechanisms of
polarized Thl- and Th2-mediated immune responses in T-
cell-dependent immunity.” Of the chemokine receptors,
CXCR3 and CCRS are selectively expressed on Thl-type
T cells and have been shown to be responsible for Thl-
dominant immune responses.”** Yamamoto et al.” recently
showed that CXCR3 is a more useful marker for Thl pre-
dominance than CCRS. On the other hand, CCR4, CCR3,
and CCR& expression is associated with Th2 cell differentia-
tion.”” CCR4 is a new Th2 marker and has been shown to
have important roles in Th2-related diseases such as allergic
dermatitis.”*' We recently reported increased expression
of CCR4 on the peripheral blood CD4+ T cells of SLE
patients that corresponds to the disease activity." These
results suggest that CCR4 is the most critical marker to
determine Th2 predominance. Therefore, in this study
we examined the expression of CXCR3 and CCR4 to
determine Thl or Th2 predominance in the pathogenesis
of RA.

Previous reports have shown increased expression of
CCRS5 on T cells in synovial fluid and synovial tissue
from patients with RA, suggesting Thl predominance
in RA,""* but there is only one paper that reported in-
creased CXCR3-expressing T cells in synovial fluid and
synovial tissue of RA.” On the other hand, some reports
have suggested that the Th2-type response may be impor-
tant as well as the Thl response in RA. Al-Janadi et al.”
reported that serum levels of IL-6 in RA patients were
elevated, and Thompson et al.** showed accumulations of
both CCR4+ and CCR5+ T cells in synovial fluid of juve-
nile theumatoid arthritis, suggesting that both Thl- and
Th2-type responses are involved in the immune response of
RA. However, the results of this study, examining the
expression of chemokine receptors CXCR3 and CCR4
showed that the expression of CXCR3 but not CCR4 was
increased on CD4+ T lymphocytes from RA patients, indi-
cating that the Th1 response may have a critical role in the
pathogenesis of RA. However, because the expression of

CCR4 on CD4+ T cells varied among individuals, further
studies are necessary to determine the role of the Th2
response in the pathogenesis of RA.

Suzuki et al." reported decreased expression of CCRS,
another Thl-related chemokine receptor, in PBMCs of ac-
tive RA patients. This discrepancy may be due to the differ-
ence in specificity to Th1 cells between CXCR3 and CCRS,
because a recent report” showed that most Thl cells (on
average, 90%) express CXCR3 but only 50% of Th1 cells
express CCRS, suggesting that CXCR3 is a more specific
marker for Thl cells than CCRS. On the other hand, ThO
and Th2 cells were shown to partially express CXCR3,” but
these cells may have less participation in the CXCR3-
expressing T-cell population because there are fewer of
these cells in peripheral blood.” Therefore, CXCR3 may
be the most useful chemokine receptor to determine Thl
predominance at present.

In this study, to assess the Thl predominance of RA,
various serum cytokines were measured. The serum level of
IL-18 was higher in RA patients than healthy controls, al-
though there was no significant difference. Significantly in-
creased IL-18 was found in synovial fluid from RA patients
when compared with that from OA patients. IL-18 was
shown to induce the development of Thl-related responses
through interferon-y production.* IL-18 is expressed in syn-
ovial tissue of RA patients and has been shown to have an
important role in the pathogenesis of joint inflammation of
RA.”"* These results suggest that IL-18 detected in serum
of RA patients is derived from Thl-related inflammation of
RA joints.

Examining the expression of CXCR3 on peripheral
blood lymphocytes is suggested to be more clinically useful
than that on synovial lymphocytes for the following two
reasons. First, cells of peripheral blood are easier to obtain
than those of synovial fluid and synovial tissue. Second,
samples from inflamed joints such as synovial fluid and
synovial tissue are useful to examine the pathogenesis of
rheumatoid joint inflammation but sometimes fail to reflect
the total activity of joint inflammation in the body because
most inflamed joints are not accompanied by synovial
fluids.

This study showed that a significantly higher expression
of CXCR3 was found in the high-ESR group than in the
low-ESR group, and the expression was higher in RA
patients with long-term disease duration that those with
short-term disease. These results suggest that the expres-
sion of CXCR3 may correspond to the disease activity and
disease course of RA. However, the expression of CXCR3
did not correspond to the level of CRP, the number of
tender joints, or the number of swollen joints (data not
shown). Further clinical assessments are necessary to clarify
the significance of CXCR3 expression in the clinical course
of RA.

The role of CXCR3 in the pathogenesis of RA remains
unclear. CXCR3 is a receptor for IP-10/CXCL10 and MIG/
CXCL9, which are produced mainly by macrophages
and fibroblasts.” Previous reports have shown that IP-10/
CXCL10 and MIG/CXCL9 are preferentially expressed
in inflamed joints of RA patient,” suggesting that these



chemokines may participate in the selective recruitment of
T cells. IP-10/CXCL10 and MIG/CXCL9 were produced in
inflamed joints. These chemokines, in Th1-dominant condi-
tions, induce chemotactic migration of circulating CXCR3-
expressing Thl cells. Recruited Th1 cells produce cytokines
such as IL-2 and interferon-y, which further activate syn-
ovial macrophages. Thus, production of IP-10/CXCL10 and
MIG/CXCL9 by macrophages and fibroblasts and selective
expression of CXCR3 on Th1 cells may represent an impor-
tant biological amplification mechanism to promote local
Th1-type responses.

In conclusion, we have shown that CXCR3-expressing
Th1 cells are increased in RA patients and might play an
active role in the development of the autoimmune disorder
in RA. Our recent report showed that peripheral blood
CD4+ T cells from patients with active systemic lupus
erythematosus (SLE) express increased CCR4, indicating
that SLE is a Th2-dominant disease.'” Thus, determination
of Th1l and Th2 preference may lead us to new insight for
the pathogenesis of collagen vascular diseases. Although
neutralization of CXCR3 may have any therapeutic effect
in vivo, further study is necessary to elucidate the critical
role of CXCR3 in the pathogenesis of RA.
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