Serum CXCL10 levels are associated with better
responses to abatacept treatment of rheumatoid arthritis

K. Yukawa'?, S. Mokuda!, H. Kohno!, K. Oi!, T. Kuranobu', T. Tokunaga!,
Y. Yoshida', J. Yamana?, M. Iwahashi?, S. Hirata', S. Yamana?, E. Sugiyama!

'Department of Clinical Immunology and Rheumatology, Hiroshima University Hospital,
Hiroshima, Japan, *Division of Arthritis and Collagen Disease, Higashi-Hiroshima Memorial
Hospital, Higashi-Hiroshima, Japan.

Abstract
Objective
This study aimed to identify therapeutic predictors of abatacept (ABT) treatment in rheumatoid arthritis (RA) in vitro
and in patients.

Methods
T cell cytokine, monokine, and chemokine levels in culture supernatants or serum were determined using flow cytometry
bead-based immunoassays. CXCL10 mRNA and protein expressions were also assessed using gPCR and ELISA analyses,
respectively. In the patient study, 25 ABT-treated patients were analysed retrospectively. The patients were divided into
low disease activity (LDA) or non-low disease activity (non-LDA) groups at 24 weeks of ABT treatment. Seven T cell
cytokines and CXCLI10 levels were compared in these two groups.

Results
Peripheral blood mononuclear cells (PBMC) from healthy donors were stimulated by immobilised anti-CD3 with or
without ABT for three days, and the levels of 13 T cell cytokines in culture supernatants were determined. ABT significantly
inhibited anti-CD3-induced production of IFN-y. To examine the effect of these T cell cytokines in rheumatoid synovial
cells (RSC), RSCs were stimulated with 10% of culture supernatants from anti-CD3-stimulated PBMCs with or without
ABT, and the levels of 23 cytokines were determined. Only CXCLI10 was significantly reduced by ABT-treated
supernatants. In the patient study, CXCLI0 levels at baseline were not different between the LDA and non-LDA groups,
whereas CXCLI0 levels at 24 weeks were significantly decreased in the LDA group only.

Conclusion
ABT treatment significantly affected IFN-y and CXCLI10 cytokine levels in vitro. In addition, serum CXCLI0 levels
were associated with better responses in ABT treatment.
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Introduction

Rheumatoid arthritis (RA) is an auto-
immune disease characterised by syn-
ovitis, autoantibody production, carti-
lage and bone destruction, and system-
ic inflammation, and its development
is associated with genetic and environ-
mental factors (1, 2). The current treat-
ment approach in RA follows a step-
wise management, starting from con-
ventional synthetic disease-modifying
anti-theumatic drugs (DMARDs) to
biological DMARDs and targeted syn-
thetic DMARDs (3, 4).

Abatacept (ABT), a fully soluble fu-
sion protein, consists of the extracellu-
lar domain of human cytotoxic T lym-
phocyte-associated antigen-4 (CTLA-
4) linked to the Fc (hinge, CH2, and
CH3 domains) portion of human im-
munoglobulin G1 that has been modi-
fied to avoid complement fixation.
Mechanistically, ABT exerts its action
by inhibiting the CD80/CD86:CD28
pathway, a key costimulatory pathway
required for full T cell activation (5).
When administered alone or in com-
bination with MTX, ABT has been
shown to significantly improve the
signs and symptoms of RA, joint de-
struction, and health-related quality of
life (6, 7).

However, ABT treatment is costly
and fails to produce a response in a
substantial proportion of patients. For
example, in more than 20 % of RA pa-
tients treated with high doses of bio-
logics, including ABT, treatment was
ineffective according to Japanese post-
marketing surveillance (8). As such, a
personalised therapeutic approach is
desirable to reduce periods of disease
activity and patient exposure to the
potential side effects of an ineffective
treatment (4). Several studies have re-
ported on the usefulness of clinical and
laboratory variables, autoantibodies,
cytokines, T cell subsets, and genetic
factors as predictors of treatment re-
sponse to ABT (7, 9-14). However, a
clinically useful biomarker for ABT
treatment remains to be identified.
Tweehuyseb et al. (15) reported that a
number of cytokines, which are inhib-
ited by biologics ex vivo, show some
predictive value for drug treatment,
suggesting that ex vivo or in vitro ex-

periments using biologics may be good
tools for identification of the corre-
sponding treatment biomarkers. We
hypothesised here that cytokines and
chemokines, with substantial ABT-
induced suppression in vitro, would
be good predictors of ABT treatment
response in RA. In this study, we first
identified cytokines and chemokines
that were most suppressed by ABT in
anti-CD3-stimulated peripheral blood
T cells or rheumatoid synovial cells
culture in vitro. Second, we analysed
RA patients treated with ABT and ex-
amined the relationship between se-
rum cytokine levels affected by ABT
in vitro and disease activity, includ-
ing achievement of low disease activ-
ity (LDA) and disease activity score
(DAS28-CRP) <2.7 at 24 weeks.

Materials and methods

In vitro T cell activation and
measurement of T cell cytokines

The in vitro study was approved by the
Institutional Research and Ethics Com-
mittee of Hiroshima University (E-668-
1), and written informed consent was
obtained from all healthy donors and pa-
tients with RA. Mononuclear cells from
the peripheral blood of 10 healthy do-
nors were separated by Lympholyte®-H
(Cedarlane, NC, USA) density gradient
centrifugation. A 96-well microplate
was pretreated with 50 uL of 10 ug/mL
anti-CD3 (clone OKT3, BiolLegend,
San Diego, CA, USA) for 2 h. After
washing with phosphate-buffered saline
(PBS), peripheral blood mononuclear
cells (PBMC) were cultured at a cell
density of 2 x 10° cells/well in 96-well
tissue culture plates with or without
ABT (Orencia®, Bristol Myers Squibb
Co.) for 3 days. The concentration of
ABT used in this study was 500 pg/
ml, which is the maximum blood con-
centration during ABT treatment. T cell
cytokines, including TNF-a., IL-2, IL-4,
IL-5, IL-6, IL-9, IL-10, IL-13, IL-17A,
IL-17F, IL-21, IL-22, and IFN-y levels,
in the culture supernatants were then
determined by a flow cytometry bead-
based immunoassay (LEGENDplex™
Human T Helper cytokine panel, BioLe-
gend) using a CytoFLEX flow cytome-
ter (Beckman Coulter Co.) according to
the manufacturer’s instructions.
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Preparation of rheumatoid

synovial cells (RSC) and

measurement of cytokines

and chemokines in RSC culture
Synovia were obtained from three RA
patients by surgical treatment after re-
ceiving written informed consent. The
three patients with RA who provided
synovial membranes were all women
with a mean age of 63 (51-85) years
and IgM-RF-positive and anti-CCP-
positive results. These patients were all
treated with csDMARDs (two patients
with methotrexate, one patients with
leflunomide) without biologics. In the
disease activity based on the DAS-28
score, one patient had high activity and
two patients had low activity. Rheuma-
toid synovium was obtained by surgi-
cal treatment of total knee arthroplasty.
Isolated rheumatoid synovia were asep-
tically dissected free from the surround-
ing tissues, minced, and enzymatically
digested with 1-2 mg/mL clostridium
collagenase (Wako Pure Chemical In-
dustries, Ltd, Osaka, Japan) and 5-10
pg/mL  deoxyribonuclease 1 (Sigma
Chemical Co., St Louis, MO) for 2-3
h at 37°C. After digestion, the result-
ing single cell suspension was washed,
filtered through sterile gauze and nylon
mesh, washed thoroughly again, and fi-
nally resuspended in Dulbecco’s modi-
fied Eagle’s medium (DMEM) supple-
mented with 10% heat inactivated fetal
calf serum. Subsequently, the cells were
cultured overnight to adhere to the cul-
ture plate. After the plate was washed to
remove non-adherent cells, the remain-
ing adherent cells were used as RSCs.
The rheumatoid synovial cells used in
this study were all CD14-negative, sug-
gesting that they were fibroblast-like
cells, not macrophages. To evaluate the
effect of anti-CD3-stimulated T cell cy-
tokines, RSC were cultured with 10%
of culture supernatants of anti-CD3-
stimulated PBMC from healthy donors
with or without ABT for 3 days. The
cytokine and chemokine levels in the
culture supernatants were determined
by a flow cytometry bead-based im-
munoassay (LEGENDplex™ Human
macrophage panels and human proin-
flammatory chemokine panel) using a
CytoFLEX flow cytometer according
to the manufacturer’s instructions. The
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cytokines and chemokines measured
in these experiments were as follows:
TNF-a, IL-1p, IL-1RA, IL-4, IL-6, IL-
8, IL-10, IL-12p40, IL-23, IFN-y, ar-
ginase, C-C motif chemokine (CCL)2,
CCL3, CCL4, CCLS, CCL11, CCL17,
CCL20, CXCL1, CXCLS, CXCL9,
CXCL10, and CXCLI11.

Quantitative real-time

PCR and ELISA analyses

for CXCLI0 expression

* gPCR analysis of CXCLI10

RSCs were cultured with IL-13, TNF-a.,
IL-6, IL-6 receptor a. (Ra), IL-17A (all
from BioLegend), or IFN-y (Peprotech
Inc, Rocky Hill, NJ, USA) for 24 h.
After culture, treated RSCs were ly-
sed, and total RNA was isolated using
a NucleoSpin® RNA kit (Takara-Bio,
Japan). Subsequently, total RNA (200
ng) was reverse transcribed to cDNA
using a PrimeScript™ RT reagent Kit
with gDNA Eraser (Takara-Bio, Japan).
Real-time RT-PCR was then performed
using TB Green™ Premix Ex Tag™ 11
(Tli RNaseH Plus) (Takara-Bio, Japan)
with the CFX Connect Real-Time PCR
Detection System (Bio-Rad Laborato-
ries, Inc). PCR amplification was per-
formed with 40 cycles at 95°C for 5 s
and 60°C for 10 s. The following primes
were used: CXCLI10 (sense, 5’-AAA-
GCAGTTAGCAAGGAAAG-3°
and antisense, 5-TCATTGGTCAC-
CTTTT-3"); P-actin (sense, 5’-GACG-
ACATGGAGAAAATCTG-3’ and anti-
sense, 5’-ATGATCTGGGTCATCTTC-
TC-3). CXCL10 sense mRNA expres-
sion was normalised to 3-actin for each
sample.

* ELISA assay for CXCLIO0

RSCs were incubated with the indi-
cated cytokines for 48 h. After culture,
CXCLI10 levels in the culture superna-
tant were determined using an ELISA
kit (BioLegend) according to the man-
ufacturer’s instructions.

Patient study

This study retrospectively analysed
data from 25 patients diagnosed with
RA between September 2010 and April
2017 who received intravenous ABT
treatment. All patients fulfilled the 2010
European League against Rheumatism

(EULAR) and American College of
Rheumatology (ACR) classification
criteria for RA (16, 17). This study fol-
lowed the guidelines of Helsinki Decla-
ration and ethical guidelines for epide-
miologic research in Japan. The study
protocol was approved by the Institu-
tional Ethical Committee of Higashi-
Hiroshima Memorial Hospital (permis-
sion; HMH-18-01) and Hiroshima Uni-
versity (permission; E-1383). ABT was
introduced through intravenous infu-
sion according to baseline weight (<60
kg received 500 mg,60—-100 kg received
750 mg, and >100 kg received 1000
mg) on days 1, 15, and 29, followed by
monthly treatments. The same doctor at
Higashi Hiroshima Memorial Hospital
determined the clinical outcome of all
patients at week 24 to potentially elimi-
nate bias. Evaluation of clinical disease
activity in patients was conducted by
assessing the following parameters:
C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), matrix met-
alloproteinase 3 (MMP-3), rheumatoid
factor (RF), anti-CCP antibody, tender
joints count, swollen joints count, and
DAS28-CRP. Serum samples collected
from patients were immediately stored
at -20°C. Serum levels of IL-2, IL-17A,
TNF-a, and CXCL10 were assessed by
a flow cytometry bead-based immuno-
assay according to the manufacturer’s
instructions (LEGENDplex, BioLe-
gend). IL-4, IL-6, IL-10, and IFN-y
levels were assessed using ELISA kits
(Biolegend).

Statistical analyses

The values in Figures 1 and 2 are dis-
played as mean = SE. The values in
Figure 3 are displayed as mean + SD.
The values in the tables are expressed
as median (interquartile range), number,
or percentage. The differences between
pairs of groups were compared using
unpaired t-test, Mann-Whitney U, or
Wilcoxon’s rank test. Categorical varia-
bles were analysed using Fisher’s exact
test or the y? test, p<0.05 was considered
to be statistically significant. All analy-
ses were performed using the statistical
software package EZR (Easy R) (Jichi
Medical University Saitama Medical
Center, Saitama, Japan), v. 1.30, which
is based on R and R commander.
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Fig. 1. The effects of abatacept (ABT)
on T cell cytokine production by anti-
CD3 stimulated peripheral blood mono-
nuclear cells (PBMC).

PBMCs were cultured on immobilised
monoclonal anti-CD3 pre-coated micro-
plates with or without ABT (500 pg/mL)
for 3 days, and T cell cytokine levels in
cultured supernatants were analysed us-
ing flow cytometry bead-based immu-
noassays. Data below the lower limit of
detection were regarded as 50% of the
lower limit in some samples.

The results are shown as the mean + SE
(n=10). *p<0.05, **p<0.01.
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Fig. 2. The effect of abatacept (ABT)-treated PBMC culture supernatant on monokine and chemokine production by rheumatoid synovial cells (RSC).

PBMCs were cultured on immobilised monoclonal anti-CD3 pre-coated microplates with or without ABT (500 pg/mL) for 3 days. The culture supernatants
were added to the RSC culture at a final concentration of 10% for 48 h. The levels of 23 monokines and chemokines in the culture supernatants were de-
termined using flow cytometry bead-based immunoassays. The net concentrations of each cytokine were obtained by subtracting the values of the cell-free

supernatant from those of the RSC culture supernatant. The results are shown as the mean + SE (n=10). * p<0.05.
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Fig. 3. The effect of inflammatory cyto-
kines on CXCL10 expression in RSC cul-
ture.

A: Rheumatoid synovial cells (RSC) were
cultured with inflammatory cytokines, in-
cluding IL-1f (50 ng/mL), TNF-o. (50 ng/
mL), IL-6 (50 ng/mL), IL-6 receptor o
(50 ng/mL), and IFN-y (50 ng/mL), or in
combination for 24 h. Total cellular RNA
was then extracted and analysed using
real-time PCR with the CXCL10 mRNA
primer set. The data were normalised to
B-actin (n=2).

B: RSCs were cultured with inflamma-
tory cytokines, including IL-1f (50 ng/
mL), TNF-a (50 ng/mL), IL-6 (50 ng/mL)
with IL-6 receptor o (50 ng/mL), IL-17A
(50 ng/mL), and IFN-y (50 ng/mL), or in
combination for 48 h, and CXCL10 levels
in the cultured supernatants were analysed
using ELISA assays. The results are shown
as the mean + SD (n=3). **p<0.01.
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Results

Effects of ABT on T cell

cytokine production by
anti-CD3-stimulated PBMC

To determine which T cell cytokines are
most reduced by ABT in vitro, we eval-
uated the effect of ABT on anti-CD3-
induced production of T cell cytokines
in PBMC culture. As shown in Figure
1, ABT significantly inhibited IL-4,
IL-9, IL-10, IL-13, IL-17A, IL-17F,
and IFN-y production. Among which,
IFN-y was most significantly inhibited
by ABT (Fig. 1).

Effect of ABT-treated PBMC

culture supernatant on monokine

and chemokine production by RSCs
Several T cell cytokines has been re-
ported to modulate production of pro-
inflammatory cytokines by RSCs.
Therefore, we first cultured PBMCs in
anti-CD3 pre-coated microplates with
or without ABT for 3 days. Subse-
quently, their supernatants were added
to the RSC culture at a final concentra-
tion of 10%. After culture for 48 h, the
levels of inflammatory cytokines and
chemokines in the supernatant were de-
termined. Among 23 cytokines tested,
only CXCL10 was significantly inhib-
ited by ABT (Fig. 2A-B).

Effect of inflammatory cytokines on
CXCLIO expression in RSC culture
IFN- v is known to be a potent induc-
er of CXCLI10 (18) and may mediate
ABT-induced inhibition of CXCLIO.
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However, its effect does not exclude
the possible involvement of other in-
flammatory cytokines. Therefore, we
examined the effect of inflammatory
cytokines on CXCL10 mRNA and pro-
tein expression levels in RSC culture.
As shown in Figure 3A and B, IFN-y
potently induced CXCL10. In contrast,
there were minimal effects by other in-
flammatory cytokines, suggesting that
ABT may primarily affect the IFN-y/
CXCL10 pathway in T cells and RSC
culture in vitro.

Characteristics of RA patients

Of the 25 study participants, 72% of
patients were females, and their median
age was 70 (65-73) years, of which
84% and 96% of patients were IgM-
RF-positive and anti-CCP-positive,
respectively. Among patients with an-
ti-CCP, median levels were 111 U/mL
(32.4-264). The median tender joint
count, swollen joint count, patient’s
visual analogue scale, and DAS28-CRP
were 6 (3-7), 6 (4-9), 50 (40-70), and
4.9 (4.4-5.3), respectively.

Correlation between candidate
predictors and therapeutic response
All patients were intravenously treated
with ABT, and treatment response was
defined according to the EULAR re-
sponse criteria of DAS28-CRP score
at week 24 after treatment: remis-
sion (n=8), low disease activity (n=5),
moderate disease activity (n=8), and
high disease activity (n=4) (Fig. 4).

We divided the study population into
two groups: achieved LDA (LDA)
group (remission and LDA, n=13) and
non-achieved LDA (non-LDA) group
(Moderate and high disease activity,
n=12). Further, we evaluated clinical
usefulness of candidate predictors in
these two groups. As shown in Tables
I and II, no significant difference be-
tween LDA and non-LDA groups was
observed in baseline data of clinical
features, inflammatory parameters,
autoantibodies, and serum levels of T
cell cytokines and CXCL10. We next
analysed differences in T cell cytokines
and CXCL10 levels at baseline and 24
weeks in these two groups. As shown
in Table III, significant changes at base-
line and 24 weeks were not observed
in serum levels of 1L-2, IL-4, IL-17A,
TNF-a, and IFN-vy of both groups. IL-6
and IL-10 were significantly reduced
after ABT treatment; however, this
reduction was observed in both LDA
and non-LDA groups. Interestingly,
CXCL10 was significantly reduced
only in the LDA group, but not in the
non-LDA group, suggesting that serum
CXCLI10 levels may be associated with
the therapeutic response to ABT.

Discussion

ABT is an effective drug in RA treat-
ment, although there are no clinically
useful biomarkers for ABT treatment. In
this study, we found that the IFN-y and
CXCL10 pathway was most affected by
ABT invitroinT cell and RSC cultures.

Clinical and Experimental Rheumatology 2020



Examination of therapeutic response markers / K. Yukawa et al.

Therapeutic response to abatacept
treatment (n=25)

LDA or remission at 24W  High or moderate at 24W

(non-LDA group, n=12)

(A) (8
Change in DAS28-CRP
Patient = 25
100%
M Hion
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80% |:| Low
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20% (LDA group, n=13)
0%
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Fig. 4. Study design.

A: Changes in DAS28-CRP values during the 24-week study of patients treated with abatacept (ABT). The ratios of patients who demonstrated high disease activ-
ity (defined as DAS28-CRP >4.1), moderate activity (2.7—4.1), low activity (<2.7), and remission (<2.3) at each observation point at day 0 and week 24 are shown.
B: Patients with ABT treatment were divided into two groups: achieved LDA (LDA) group (remission and LDA, n=13) and non-achieved LDA (non-LDA)
group (moderate and high disease activity, n=12), and clinical indices, inflammatory parameters, and autoantibody and serum cytokine levels were compared

in the two groups.
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Fig. 5. Change in serum levels of IL-6 (A),IL-10 (B), and CXCL10 (C) at day 0 and week 24 in achieved LDA (LDA) and non-achieved LDA (non-LDA) groups.
The differences between the two groups were compared using Wilcoxon’s rank test. p<0.05 was considered to be statistically significant.

In addition, we showed that serum
CXCLI10 levels are associated with bet-
ter responses in ABT treatment of RA,
although the CXCL10 value at baseline
was not different between response
and non-response groups. Among 13
cytokines tested, IFN-y was the most
reduced by ABT in the CD3-stimulated
PBMC culture. However, IFN-y was
not a suitable predictor and marker
of disease activity in ABT-treated pa-
tients. In contrast, previous study has

Clinical and Experimental Rheumatology 2020

reported decreased serum IFN-vy levels
in RA patients treated with ABT (19).
This discrepancy may be explained by
differences in sensitivity of the assay
systems used. Scarsi et al. (20) demon-
strated a reduction in IFN-y-producing
peripheral blood T cells after in vitro
stimulation in ABT-treated patients,
suggesting that the IFN-y-producing T
cell subset would be a good predictor
for ABT treatment.

Activation of the inflamed rheumatoid

synovium is induced by direct interac-
tion with activated T cells (21). In ad-
dition, synovial T cells show similar
characteristics as activated human pe-
ripheral blood lymphocytes (22). These
findings demonstrate the importance of
the interplay between RSCs and acti-
vated T cells in RA pathogenesis (21).
In this study, anti-CD3-stimulated T
cells secreted cytokines that induced
RSCs to produce large amounts of cy-
tokines and chemokines. ABT-treated

961
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Table I. Baseline characteristics of patients in LDA and non-LDA group.

Characteristic Whole data LDA group non-LDA group p-value
(n=25) (n=13) (n=12)
Female, % 72.0 53.8 91.7 0.073*
Age,y 70 (65-73) 70 (65-82) 72 (66-89) 0.382¢
Disease duration, y 6 (2-12) 6 (1.2-14) 5 (2.4-10) 0913¢
Stage (/II/II/IV) 5/8/7/5 3/4/3/3 2/4/4/2 0.918°
Class (I/I/ITII/TV) 0/19/5/1 0/11/2/0 0/8/3/1 0.441°
Tender joints count, n 6 (3-7) 6 (2-6) 5 (4-9) 0.527¢
Swollen joints count, n 6 (4-9) 6 (4-9) 7 (4-9) 0.764¢
DAS28-CRP 49 (44-53) 49 (44-52) 50 (4.3-53) 0.785¢
Dose of MTX, mg/wk 8 (0-9) 8 (0-9) 6 (0-8) 0.520¢
Use of MTX, % 64 61.5 66.7 1.000*
Dose of PSL, mg/d 5 (2.0-5.0) 5 (2.0-5.0) 5 (24-53) 0.654¢
Use of PSL, % 96 92.3 100 1.000?
RF titre, IU/ml 72 (29-227) 58 (21-292) 94 (55.5-224) 0.728¢
Positive rate of RF, % 84 76.9 91.7 0.593
Anti-CCP titre, U/ml 127.1 (35.3-358.3) 112.7 (30.6-399.9) 149.2 (72.5-294.3) 0.936¢
Positive rate of CCP, % 96 100 91.7 0.480¢%
MMP-3, ng/ml 273 (175.5-455.0) 238.0 (216.0-435.0) 276.5 (110.3-427.5) 0.651¢

LDA: low disease activity; DAS: disease activity score; CRP: C-reactive protein; MTX: methotrexate; PSL: prednisolone;
RF: rheumatoid factor, CCP: cyclic citrullinated peptide, MMP: matrix metalloproteinase a: Fisher’s exact test; b: % test; ¢: Mann-Whitney U-test.

Table II. Baseline characteristics of patients in LDA and non-LDA groups.

Cytokines LDA group non-LDA group p-value
(n=13) (n=12)
IL-2 (pg/ml) 84 (20-84) 84 (8.1-16.4) 0.596
IL-4 (pg/ml) 0.1 (0.1-1.8) 0.1 (0.1-0.2) 0.192
IL-6 (pg/ml) 1002 (51.9-145.9) 84.6 (63.4-138.2) 0.765
IL-10 (pg/ml) 8.6 (6.3-12.4) 69 (3.7-21.3) 0.568
IL-17A (pg/ml) 230 (9.8-37.6) 9.8 (9.8-34.9) 0.759
TNF-a (ml) 9.8 (2.0-11.3) 9.8 (9.5-9.8) 0.731
IFN-y (pg/ml) 65.8 (14.7-308.9) 120.0 (25.0-387.2) 0.586
CXCLI10 (pg/ml) 411.7 (334.4-569.1) 435.5 (117.7-644.1) 0.936

LDA: low disease activity; TNF: tumour necrosis factor; IFN: interferon; CXCL: C-X-C motif chemo-

kine ligand. Mann-Whitney U-test.

T cell cytokines reduced the enhanced
expression of CXCL10. This inhibi-
tion is likely mediated by IFN-y. Most
importantly, CXCL10 is consistently
measurable in the serum of RA patients,
thus associated with the therapeutic re-
sponse of ABT.

CXCL10 is known to play important

roles in the perpetuation of inflammation
and tissue destruction at inflamed rheu-
matoid joints. For example, CXCL10
is actively produced by inflammatory
stimulation of interferon, IL-1f3, and
TNF in rheumatoid synovial cells (18,
23, 24), and its level is highly elevated
in the rheumatoid synovial fluid of pa-

tients, as compared to serum levels (25,
26). Additionally, CXCLI10 is involved
in homing inflammatory cells, such as
activated T cells, monocytes, and NK
cells, to inflamed tissue (27-29). Fur-
thermore, CXCL10 can induce RANKL
expression in RA synoviocytes and
CD4+ T cells (30), suggesting possible
involvement in bone resorption at the
rheumatoid joint. Previous studies have
reported higher levels of CXCL10 in
serum or plasma in patients with estab-
lished RA (31, 32), early RA (33), and
untreated early RA (34), as compared
to healthy controls. However, the asso-
ciation of CXCL10 with the therapeutic
response to ABT has yet to be reported.
There are some limitations in our study.
First, the patient population was rela-
tively small and heterogeneous. Thus,
the clinical usefulness of CXCLI10
should be evaluated in a large-scale

Table III. Change in cytokine parameters after treatment of abatacept in LDA and non-LDA groups.

LDA group (n=13)

non-LDA group (n=12)

Cytokines ow 24W p-value ow 24W p-value
IL-2 (pg/ml) 84 (2.0-84) 8.4 (2.0-132) 0.201 8.4 (8.1-16.4) 8.4 (7.5-55.1) 0.59
IL-4 (pg/ml) 0.1 (0.1-1.8) 0.4 (0.1-5.3) 0.108 0.1 (0.1-0.2) 04 (0.1-6.8) 0.107
IL-6 (pg/ml) 100.2 (51.9-145.9) 19.6 (9.4-55.3) <0.01 84.6 (63.4-138.2) 37.5 (25.5-66.8) <0.05
IL-10 (pg/ml) 8.6 (6.3-124) 7.1 (3.1-13.5) <0.05 6.9 (3.7-21.3) 3.6 (2.5-8.8) <0.01
IL-17A (pg/ml) 23.0 (9.8-37.6) 259 (9.8-29.9) 0477 9.8 (9.8-34.9) 9.8 (9.8-14.5) 0.787
TNF-a (pg/ml) 9.8 (2.0-11.3) 9.8 (2.0-9.8) 0.106 9.8 (9.5-9.8) 9.8 (9.8-13.8) 1.000
IFN-vy (pg/ml) 65.8 (14.7-308.9) 28.8 (7.6-258.4) 0.311 120.0 (25.0-387.2) 29.1 (19.4-87.9) 0.129
CXCLI10 (pg/ml) 411.7 (334.4-569.1) 2244 (134.6-353.0) <0.01 435.5 (117.7-644.1) 242.7 (51.9-394.0) 0.129

LDA: low disease activity, TNF: tumour necrosis factor, IFN: interferon, CXCL: C-X-C motif chemokine ligand. Wilcoxon’s rank test.
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study. Second, serum CXCL10 levels at
24 weeks were reduced in the response
group, but the levels at baseline were
not associated with therapeutic response
to ABT. Third, we were not able to as-
sess joint destruction using total sharp
score in the two groups. Furthermore,
CXCL10 was found to be related to
treatment response of ABT treatment.
Yet, it is important to clarify whether
this association is also related to other
biologics.

Based on in vitro study, it is likely that
IFN-y and CXCLI10 are target mol-
ecules of ABT in inflamed rheumatoid
joints. In addition, we showed that se-
rum CXCL10 levels may be a possible
indicator of therapeutic response to
ABT treatment. However, further stud-
ies are needed to evaluate the clinical
utility of CXCL10 as a disease marker
to predict the therapeutic efficacy of
biological DMARD:s.
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