
Research Article
Regulatory Effect of Iguratimod on the Balance of
Th Subsets and Inhibition of Inflammatory Cytokines in
Patients with Rheumatoid Arthritis

Yunzhi Xu,1 Qi Zhu,2 Jinglve Song,1 Hongli Liu,1 Yutong Miao,1 Fan Yang,1 Feiyan Wang,1

Wenjing Cheng,1 Yebin Xi,1 Xiaoyin Niu,1 Dongyi He,2 and Guangjie Chen1

1Department of Immunology and Microbiology, Shanghai JiaoTong University School of Medicine, Shanghai Institute of Immunology,
Shanghai 200025, China
2Guanghua Integrative Medicine Hospital, Shanghai 200052, China

Correspondence should be addressed to Dongyi He; dongyihe@medmail.com.cn and Guangjie Chen; guangjie chen@163.com

Received 2 August 2015; Accepted 26 October 2015

Academic Editor: Dianne Cooper

Copyright © 2015 Yunzhi Xu et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Objective. To expand upon the role of iguratimod (T-614) in the treatment of rheumatoid arthritis (RA), we investigated whether the
Th1, Th17, follicular helper T cells (Tfh), and regulatory T cells (Treg) imbalance could be reversed by iguratimod and the clinical
implications of this reversal. Methods. In this trial, 74 patients were randomized into iguratimod-treated (group A) and control
(broupB) group for a 24-week treatment period. In the subsequent 28weeks, both groupswere given iguratimod. Frequencies ofTh1,
Th17, Tfh, and Treg were quantified using flow cytometry, and serum cytokines were detected by enzyme-linked immunosorbent
assay. mRNA expression of cytokines and transcriptional factor were quantified by RT-PCR. The composite Disease Activity
Score, erythrocyte sedimentation rate, and C-reactive protein were assessed at each visit. Result. The clinical scores demonstrated
effective suppression of disease after treatment with iguratimod. In addition, iguratimod downregulated Th1, Th17-type response
and upregulated Treg. Furthermore, the levels of Th1, Th17, and Tfh associated inflammatory cytokines and transcription factors
were reduced after treatment with iguratimod, while the levels of Treg associated cytokines and transcription factors were increased.

1. Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune inflam-
matory disease, accompanied by progressive destruction of
joint cartilage and bone, ultimately leading to functional
impairment and disability [1, 2]. Numerous studies have
demonstrated that cell-cell and cytokine networks established
in the inflamed RA synovium are responsible for disease
chronicity, autoimmune response, and damage to bone and
cartilage [3–5]. Moreover, the abundance of T cells within
the mononuclear infiltrates of the hyperplastic synovial
membrane, taken together with the local production of T
cell-derived cytokines, suggests that T cells are important in
the autoimmune response in RA [6]. T cell lineages include
Th1, Th17 cell, CD4+CD25+ regulatory T cell (Treg), and
the recently reported follicular helper T cell (Tfh). While

RA is characterized by a marked shift towards the Th1
phenotype, the specific contributions to RA remain incom-
pletely characterized [7]. IL-17 is the main cytokine secreted
by Th17 cells. Studies have reported higher concentration
of IL-17 in the serum and synovial fluid of RA patients
compared to control populations or osteoarthritis (OA)
patients [8, 9]. Most studies reported that the percentage
of circulating Treg in RA is reduced compared to healthy
people, but some other studies observed either an increase
or similar cell percentages compared to healthy controls or
OA patients [10–16]. Follicular helper T cells (Tfh) present
in the germinal center have been shown to contribute to B
cells proliferation and affinity maturation. Tfh dysregulation
is involved in the development of autoimmune pathologies,
such as systemic lupus erythematosus, rheumatoid arthritis,
and other autoimmune diseases [17].
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Iguratimod (T-614) is a small-molecule, antirheumatic
drug which acts to suppress tumor necrosis factor-alpha-
induced production of inflammatory cytokines in cultured
human synovial cells and human THP-1 cells [18–20]. It also
reduces immunoglobulin (Ig) production by acting on B
cells without affecting B cells proliferation [21]. Hara et al.,
previously demonstrated a 20% improvement in ACR cri-
teria (ACR20) in iguratimod-treated Japanese patients with
active rheumatoid arthritis.These results were comparable to
those improvements achieved by salazosulfapyridine (63.1%
for iguratimod versus 57.7% for salazosulfapyridine) [22].
Furthermore, iguratimod reduced rheumatoid factor (RF)
and production of IgG, IgM, and IgA in patients with RA [22].
In addition, iguratimod has anti-inflammatory effects and
improves immunological abnormalities in animal models
with arthritis or autoimmune disease [23, 24]. Thus we com-
pared the efficacy of iguratimod against a placebo treatment
in Chinese patients with active rheumatoid arthritis.

2. Methods

2.1. Patients. This study conformed to the approved institu-
tional guidelines. 74 RA patients fulfilling the 2010 diagnostic
criteria of the American College of Rheumatology (ACR)
were included in the study [25]. Informed consent was
obtained from each patient. All the patients had active disease
and were consistent with the criteria of activity: (1) ≥6 joints
were swollen; (2) ≥6 joints were tender; and (3) they fit two of
the three criteria: (a) on the day of visiting, morning stiffness
lasting more than 45min; (b) erythrocyte sedimentation
rate (ESR) ≥28mm/h; and (c) C-reactive protein (CRP)
≥20mg/dL.

All 74 patients were randomized into either group A or
group B. Iguratimod was administered to patients in group
A and placebo was administered to patients in group B for
the first 24 weeks. Iguratimod was administered to patients
in both groups for the subsequent 28 weeks (Figure 1).

2.2. Blood Sample. All blood sampleswere taken in themorn-
ing of the injection day in a fasting state. The samples were
collected into collection tubes containing 0.2mL sodium
heparin. Peripheral blood mononuclear cells (PBMCs) were
prepared by Ficoll density gradient for flow cytometric
analysis. Plasma was obtained after centrifugation and stored
at −40∘C for the measurement of cytokines.

2.3. Flow Cytometric Analysis of Th1, Th17, Tfh, and Treg

2.3.1. Cell Preparation. For the analysis of Th1, Th17, Tfh, and
Treg, PBMCs were suspended at a density of 1 × 107 cells/mL
in complete culture medium (RPMI 1640 supplemented
with 100U/mL penicillin and 100 𝜇g/mL streptomycin, 2mM
glutamine and with 10% heat-inactivated fetal calf serum,
Gibco BRL).

2.3.2. Surface and Intracellular Staining. For Th1 and Th17
analysis, cells were stimulated for 4-5 h with 50 ng/mL PMA
(Sigma-Aldrich, St. Louis, MO, USA), 750 ng/mL ionomycin
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Figure 1:The difference of administration between groups A and B.

(Calbiochem, La Jolla, CA, USA), and Golgiplug at the
recommended concentrations (BD Pharmingen, San Diego,
CA, USA) at 37∘C under a 5% CO

2
environment. Then cells

were stained with Percp cy5.5-conjugated anti-human CD4
(BD Pharmingen, San Diego, CA, USA) at room temperature
for 15min, fixed and permeabilized with Cytofix/Cytoperm
solution (BD Pharmingen, San Diego, CA, USA), and then
labeled with APC-conjugated anti-human IFN-𝛾 (Biolegend,
San Diego, CA, USA) and PE-conjugated anti-human IL-17
(Santa Cruz Biotechnology, CA,USA). For Treg analysis, cells
were labeled with Percp cy5.5-conjugated anti-human CD4
and PE-conjugated anti-human CD25 (BD Pharmingen, San
Diego, CA, USA). For intracellular Foxp3 staining, cells were
fixed and permeabilized according the manufacturer’s proto-
col for the staining set (eBioscience, San Diego, CA, USA)
and labeled with FITC-conjugated anti-human Foxp3 (eBio-
science, San Diego, CA, USA). For Tfh analysis, cells were
incubated with Percp cy5.5-conjugated anti-human CD4,
FITC-conjugated anti-CCR7 (BD Pharmingen, San Diego,
CA, USA) and APC-conjugated anti-PD-1 (BD Pharmingen,
San Diego, CA, USA).The percentage of positive stained cells
was analyzed using a FACS instrument (BD Biosciences, San
Jose, CA, USA).

2.4. Cytokine Measurement. The plasma levels of GM-CSF,
IFN-𝛾, IL-12p70, IL-13, IL-1𝛽, IL-2, IL-21, IL-22, IL-23, IL-
27, IL-5, IL-9, IL-18, TNF-𝛼, IL-4, IL-10, IL-6, and IL-
17A were measured by multiplex immunoassay using kits
from eBioscience, following the manufacturer’s instructions.
The concentrations were calculated from a standard curve
according to the manufacturer’s protocol.

2.5. RNA Isolation. Total RNA was isolated using RNeasy
Mini Kit (Qiagen) from PBMCs (1 × 106). Genomic DNA
was removed from total RNA prior to cDNA synthesis using
RNase-free DNase Set (Qiagen). First-strand cDNA synthesis
was performed for each RNA sample using Sensiscript RT
Kit (Qiagen). Random hexamers were used to prime cDNA
synthesis.

2.6. Real-Time RT-PCR Analysis of Gene Expression. Primer
Express software (ABI) was used to design primers from pub-
lished cDNA sequences. BLASTN searches were conducted
on the primer nucleotide sequences to ensure gene specificity.
The primer sequences were as follows:

GAPDH, forward 5-AGGTCGGTGTGAACGGAT-
TTG-3 and reverse 5-TGTAGACCATGTAGT-
TGAGGTCA-3;
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Bcl6, forward 5-TGAAGCAAGGCATTGGTGAA-
3 and reverse 5-GACGATTAAGGTTGAGAA-
GAACATCA-3;
IL-21, forward 5-GGGAGAAGACAGAAACAC-
AGAC-3 and reverse 5-CCACTTGGAATACAA-
ZGAAATG-3;
IL-17, forward 5-ACCTGTGTCACCCCGATTG-3
and reverse 5-CCGCTTTTTCACCTTTTTCTAA-
3;
ROR𝛾t, forward 5-ACTTTTCCGAGGATGAGA-
TTGC-3 and reverse 5-AGCGGCTTGGACCAC-
GAT-3;
Foxp3, forward 5-CGACCCCCTTTCACCTACG-3
and reverse 5-CCCTTCTCGCTCTCCACC-3;
STAT3, forward 5-ATTGACAAAGACTCTGGG-
GACG-3 and reverse 5-CTTGGTGGTGGAGGA-
GAACTG-3;
T-bet, forward 5-GATGAAAGGAACAGAAAC-
AGTG-3 and reverse 5-GAAACCAAAAGCAAG-
ACGC-3.

Relative quantification of gene expression was performed
using the ABI Prism 7900 sequence detection system. SYBR
Green master mix (ABI) was used for real-time RT-PCR
to detect the abundance of PCR products among samples.
Thermocycler conditions comprised an initial holding at
50∘C for 2min and then 95∘C for 10min. This was followed
by a 2-step PCR program consisting of 95∘C for 15 s and 60∘C
for 60 s for 35 cycles. Data were collected and quantitatively
analyzed on an ABI Prism 7900 HT sequence detection
system (ABI). The GAPDH gene was used as an endogenous
control to normalize the differences in the amount of total
RNA in each sample. All quantities were expressed as 𝑛-fold
relative to a calibrator.

2.7. Clinical Assessments. Laboratory measurements, includ-
ing ESR and CRP, were assessed at each visit. Disease activity
was assessed by the composite 28-joint countDisease Activity
Score (DAS28) and was measured prior to the iguratimod
treatment.

2.8. Statistical Analysis. Student’s 𝑡-test was used to analyze
the differences between groups. One-way ANOVA was ini-
tially performed to determine whether an overall statistically
significant change existed before using the two-tailed paired
or unpaired Student’s 𝑡-test. A value of 𝑝 < 0.05 was
considered statistically significant.

3. Results

3.1. Disease Characteristics of RA Patients. A total of 30
patients in group A and 27 patients in group B completed
their participation in the trial. In group A, 7 patients did
not complete their enrollment trial (one patient withdrew
due to informed consent, 2 patients had no effect, 2 patients
had increased level of ALT, 1 patient had decreased level
of white blood cells, and 1 patient had decreased level of

platelets). In group B, 10 patients quit the trial (one patient
withdrew informed consent, 7 patients had no effect, 1 patient
had increased level of ALT, and 1 patient had pulmonary
infection).

There are 18 women in group A and 17 women in group
B. The average age of groups A and B is 45 ± 13 and 45 ± 12,
respectively.

3.2. Assessment of RA Patients Undergoing Iguratimod Treat-
ment. Theassessment of the patients is summarized in Tables
1 and 2.

3.3. Frequencies of CD4+ T Cell Subsets in Peripheral Blood
of Patients before and after Therapy. As shown in Figure 2,
the percentages of IFN-𝛾+Th1 cells, IL-17+Th17 cells, and
circulating CD4+CCR7lowPD-1highTfh among CD4+T cells
were lower in peripheral blood of RA patients after 52 weeks
of therapy with iguratimod in group A. This effect was
most pronounced for IFN-𝛾+Th1 cells. The percentages of
CD4+CD25+Foxp3+Treg among CD4+T cell subsets were
significantly higher in peripheral blood of RA patients
after the treatment than those in RA patients before the
treatment in group A. The percentages of IFN-𝛾+Th1 cells,
IL-17+Th17 cells, and circulating CD4+CCR7lowPD-1highTfh
among CD4+T cells were no significantly changed in periph-
eral blood of RA patients after the first 24-week therapy
with placebo in group B. However, the percentages of IFN-
𝛾
+Th1 cells were significantly decreased and the percentages

of CD4+CD25+Foxp3+Treg were significantly increased in
peripheral blood of RA patients after the following 28-week
therapy with iguratimod in group B.

3.4. Changes of Cytokines in Serum of Patients before and
afterTherapy. Eighteen cytokineswere evaluated prior to and
following therapy. We were unable to detect GM-CSF, IL-
12p70, IL-13, IL-1𝛽, IL-2, IL-22, IL-23, IL-27, IL-5, and IL-
9 due to low concentration. Serum cytokines were analyzed
in both RA patients of group A and group B. As shown in
Figure 3, the serum levels of proinflammatory cytokines such
as IFN-𝛾 (Figure 3(a)), IL-18 (Figure 3(b)), IL-6 (Figure 3(c)),
IL-17A (Figure 3(f)), and IL-21 (Figure 3(h)) were degraded
after the therapy in group A and the concentrations of IFN-
𝛾 (Figure 3(a)), IL-17A (Figure 3(f)), and IL-21 (Figure 3(h))
were significantly reduced after 52-week therapy. In group
B, serum levels of proinflammatory cytokines such as IFN-
𝛾 (Figure 3(a)), IL-18 (Figure 3(b)), IL-6 (Figure 3(c)), IL-17A
(Figure 3(f)), and IL-21 (Figure 3(h)) were degraded signifi-
cantly after the 28-week therapy while the concentrations of
IFN-𝛾 (Figure 3(a)), IL-18 (Figure 3(b)), IL-6 (Figure 3(c)),
and IL-17A (Figure 3(f)) were increased after first 24-week
therapy with placebo, especially IL-18 (Figure 3(b)) and IL-
6 (Figure 3(c)). No significant changes were observed in the
serum levels of TNF-𝛼 (Figure 3(e)) and anti-inflammatory
cytokines such as IL-4 (Figure 3(d)) and IL-10 (Figure 3(g))
in both groups A and B.

The chemokine C-X-C motif chemokine 13 (CXCL13)
is essential for follicle formation [26]. Recently, CXCL13
has risen to be a possible novel marker of disease and
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Figure 2: Continued.
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Figure 2: Frequencies of CD4+T cell subset in RA patients before and after therapy. The proportion of IFN-𝛾+Th1, IL-17+Th17, circulating
CD4+CCR7lowPD-1highTfh, and CD4+CD25+Foxp3+Treg in CD4+T cells was analyzed by flow cytometry on 0w, 24w, and 52w. (a)
Representative staining data showing the proportion of Th1. (b) Representative staining data showing the proportion of Th17. (c)
Representative staining data showing the proportion of Tfh. (d) Representative staining data showing the proportion of Treg. (e) Collated
data showing the proportion of Th1. (f) Collated data showing the proportion of Th17. (g) Collated data showing the proportion of Tfh. (h)
Collated data showing the proportion of Treg. ∗𝑝 < 0.05, ∗∗𝑝 < 0.01, and ∗∗∗𝑝 < 0.001 are statistically significant compared to 24w. #𝑝 < 0.05,
##
𝑝 < 0.01, and ###

𝑝 < 0.001 are statistically significant compared to 0w. Group A: iguratimod was administered to patients for 52 weeks.
Group B: placebo was administered to patients for the first 24 weeks and iguratimod was administered to patients for the subsequent 28
weeks.

Table 1: Clinical assessment of RA patients undergoing iguratimod treatment.

Group A Group B
0w 24w 52w 0w 24w 52w

DAS28 6.11 ± 0.69 3.97 ± 1.31 3.85 ± 1.70 6.04 ± 0.72 5.65 ± 1.27 3.76 ± 1.69
ACR response rate, % of patients

ACR20 70.00 80.00 48.15 77.78
ACR50 56.67 56.67 18.52 50.00
ACR70 26.67 20.00 7.41 22.22

Clinical responses were defined according to the American College of Rheumatology 20% response criteria (ACR20), ACR50, and ACR70.
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Figure 3: Continued.
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Figure 3: Changes of cytokines in serum of RA patients before and after therapy. Concentration (pg/mL) of (a) IFN-𝛾, (b) IL-18, (c) IL-6, (d)
IL-4, (e) TNF-𝛼, (f) IL-17A, (g) IL-10, (h) IL-21, and (i) CXCL13. Mean concentrations of cytokines in serum of patients in our study were
quantified by ELISA, and ∗𝑝 < 0.05, ∗∗𝑝 < 0.01, and ∗∗∗𝑝 < 0.001 are statistically significant compared to 24w. #𝑝 < 0.05, ##𝑝 < 0.01, and
###
𝑝 < 0.001 are statistically significant compared to 0w. Group A: iguratimod was administered to patients for 52 weeks. Group B: placebo

was administered to patients for the first 24 weeks and iguratimod was administered to patients for the subsequent 28 weeks.

Table 2: Experimental assessment of RA patients undergoing iguratimod treatment.

Group A Group B
0w 24w 52w 0w 24w 52w

ESR (mm/h) 40.48 ± 19.7 20.21 ± 12.84 28.14 ± 19.09 38.29 ± 16.89 37.63 ± 31.22 27.59 ± 27.96
CRP (mg/L) 17.98 ± 16.35 10.18 ± 13.93 17.17 ± 18.83 22.40 ± 22.93 24.38 ± 27.84 12.65 ± 18.66
RF (IU/mL) 357.79 ± 540.61 221.83 ± 461.93 248.74 ± 463.33 215.71 ± 229.22 330.92 ± 373.91 162.70 ± 254.67
IgG (g/L) 17.10 ± 4.55 14.24 ± 3.11 14.13 ± 2.93 16.11 ± 3.63 15.81 ± 3.99 14.07 ± 3.80
IgM (g/L) 1.98 ± 1.67 1.46 ± 0.99 1.51 ± 0.92 1.75 ± 0.88 1.71 ± 0.73 1.66 ± 1.35
IgA (g/L) 3.47 ± 1.11 2.82 ± 1.16 2.89 ± 1.22 2.87 ± 1.17 3.17 ± 1.68 2.17 ± 1.13
ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; RF: rheumatoid factor.



Mediators of Inflammation 9

###

##

T-bet

∗∗

∗∗∗

0.0

0.5

1.0

1.5

2.0

2.5

Re
lat

iv
e e

xp
re

ss
io

n 
(in

 fo
ld

)

A
B

24 520 24 520
(w)

(a)

##

#

IL-17

∗#

A
B

24 520 24 520
(w)

0.0

0.2

0.4

0.6

0.8

1.0

Re
lat

iv
e e

xp
re

ss
io

n 
(in

 fo
ld

)

(b)

#

##
∗

ROR𝛾t

A
B

24 520 24 520
(w)

0.00

0.05

0.10

0.15

0.20

0.25

Re
lat

iv
e e

xp
re

ss
io

n 
(in

 fo
ld

)

(c)

STAT3

#

A
B

24 520 24 520
(w)

0.0

0.2

0.4

0.6
Re

lat
iv

e e
xp

re
ss

io
n 

(in
 fo

ld
)

(d)

###

#

###

Bcl6

∗∗∗∗

A
B

24 520 24 520
(w)

0

10

20

30

40

Re
lat

iv
e e

xp
re

ss
io

n 
(in

 fo
ld

)

(e)

## # #

IL-21 

A
B

24 520 24 520
(w)

0.0

0.1

0.2

0.3

0.4

Re
lat

iv
e e

xp
re

ss
io

n 
(in

 fo
ld

)

(f)

Figure 4: Continued.
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Figure 4: Changes of the expression of Th1/Th17/Tfh/Treg related transcriptional factors at mRNA levels in RA patients before and after
therapy. Relative expression of (a) T-bet, (b) IL-17, (c) ROR𝛾t, (d) STAT3, (e) Bcl6, (f) IL-21, and (g) Foxp3. Mean mRNA expressions of
cytokines and transcription factors in our study were quantified by RT-PCR and are statistically significant compared to 24w (∗𝑝 < 0.05,
∗∗
𝑝 < 0.01, or ∗∗∗𝑝 < 0.001). #𝑝 < 0.05, ##𝑝 < 0.01, and ###

𝑝 < 0.001 are statistically significant compared to 0w. Group A: iguratimod was
administered to patients for 52 weeks. Group B: placebo was administered to patients for the first 24 weeks and iguratimod was administered
to patients for the subsequent 28 weeks.

inflammation in RA. CXCL13 was found upregulated in RA
patients and was suggested to be related with both disease
activity and rheumatoid factors (RF) [27, 28]. As shown in
Figure 3(i), the concentration of CXCL13 was greatly reduced
after 52-week therapy in group A. In group B, serum level of
CXCL13 was significantly reduced after the 28 weeks while it
has no change after first 24-week therapy.

3.5. Changes of the Expression of Th1, Th17, Tfh, Treg,
Related Transcriptional Factors, and Cytokines in Patients
before and after Therapy. In an effort to characterize the
biological changes induced by therapy we evaluated the
change in expression of Th1, Th17, Tfh, Treg related tran-
scriptional factors, and cytokines in RA patients before and
after therapy. As shown in Figure 4, the mRNA expres-
sion of T-bet (Figure 4(a)), IL-17 (Figure 4(b)), ROR𝛾t
(Figure 4(c)), STAT3 (Figure 4(d)), Bcl6 (Figure 4(e)), and
IL-21 (Figure 4(f)) decreased significantly in iguratimod-
treated patients compared with those in patients without
treatment or treated with placebo. Interestingly, iguratimod
also reduced the expression of Treg related transcriptional
factors Foxp3 (Figure 4(g)).

4. Discussion

Rheumatoid arthritis is a systemic inflammatory disease,
presumably of autoimmune origin. Iguratimod is a novel
disease-modifying antirheumatic drug, which has been used
for the treatment of rheumatoid arthritis exclusively in
Japan and China [29]. Numerous studies have demonstrated

that both the Disease Activity Score (DAS) 28-erythrocyte
sedimentation rate and DAS28-C-reactive protein (CRP) are
significantly decreased after iguratimod treatment [30, 31].
Our data is in agreement with previous reports. Our results
show that ACR20, ACR50, and ACR70 in the iguratimod-
treated group (group A) were improved more than those
of group B at 24 weeks. The patients in group B were also
given iguratimod in the last 28 weeks. Table 1 highlights the
improvement of ACR20, ACR50, and ACR70 at week 52 as
compared to those at week 24. Notably, the ACR20, ACR50,
and ACR70 in group A had little changes. Iguratimod signif-
icantly decreased DAS28, ESR, CRP, RF, and the production
of IgG, IgM, and IgA at previous 24 weeks. But the ESR, CRP,
and the concentration of RF, IgM, and IgA at week 52 were
increased. The DAS28 and the production of IgG at week
52 were similar to that of week 24. In group B the DAS28
and the production of IgG, IgM decreased a little while CRP,
RF, and IgA increased a lot at week 24. After iguratimod
treatment, all these measures were improved. These results
highlight the efficacy of a 24-week extension phase with
iguratimod.

The antiarthritic mechanism of iguratimod has not
previously been elucidated. Our experimental assessment
shows downregulation of autoantibody following iguratimod
treatment, indicating the clinical value of this approach.
Antibody responses can be induced in a T cell dependent
or independent manner. T cells play an important role
in RA [32–34]. Previous studies have found that CD4+ T
cells, especially Th1 cells, are thought to be central to the
pathogenesis of RA [35]. However, more recent studies have
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revealed proinflammation cytokines secreted mainly by Th1
cells were scarcely detected in the affected joints of RA
[36]. Since Th17 cells were reported in 2005, much atten-
tion has been placed on understanding the characteristics
and functions of Th17/IL-17 on autoimmune-like RA [37].
Recently studies have found that the level of IL-17 increased
in RA patients and CIA mice [34]. Treg is essential for the
maintenance of peripheral tolerance and for control of the
immune response. We hypothesized that iguratimod could
act on T cell subset and influence the secretion of T cell
related cytokines. In this report, we present an analysis of
Th1, Th17, Treg and Tfh, and their relative cytokines in RA
patients receiving iguratimod therapy. We demonstrate that
iguratimod therapy significantly decreases Th1, Th17 cell
frequencies while significantly increasing the frequencies of
Treg. We also evaluated mRNA expression of key transcrip-
tion factors by real-time PCR and found that T-bet and
ROR𝛾t were significantly downregulated. Interestingly, the
mRNA expression of Treg related transcription factor Foxp3
was reduced. We hypothesize that the mRNA is degraded
quickly but the protein is degraded at a much slower rate.
Because of limited T cells, further functional validation will
be necessary in subsequent investigations.

Tfh are a specialized subpopulation of CD4+ Th cells
that localize to GCs where they secrete IL-21, a cytokine
critical for GC development and the formation of memory
B and plasma cells [38, 39]. There is some evidence in both
mice and humans that iguratimod inhibits nuclear factor-𝜅B
activity and reduces immunoglobulin production by acting
directly on B cells without modifying B cell proliferation
[19, 21]. Walsh et al. found that LKB1 inhibition of NF-𝜅B
in B cells prevents T follicular helper cell differentiation and
germinal center formation [40]. The expression changes we
observed, in conjunction with the Tfh in CD4+ T cells, were
in accordance with previous reports. Tfh frequency in group
B was reduced while that of group A was not significantly
affected.

Evidence shows that T cell expansion and differentiation
maybe occur within the synovial membrane as a result of a
favorable cytokine environment [41]. Iguratimod is a small-
molecule drug that can suppress inflammatory cytokines
[42, 43]. We found that preinflammation cytokines IFN-𝛾,
IL-18, IL-6, and IL-17A were downregulated by iguratimod.
Moreover, IL-17 and IL-21 expressionwas also downregulated
at the mRNA level. The change of cytokine expression is
consistent with the frequency of Th subsets. It has been
reported that iguratimod can inhibit the production of TNF-
𝛼, which has been found to inhibit the suppressive function
of CD4+CD25+Treg [6]. In addition, Treg exert suppressive
activity on self-reactive T cells through secreting TGF-𝛽, IL-
10, and CTLA4-dependent negative-feedback loop [44, 45].
Our data shows no significant changes of the concentration of
TNF-𝛼 and IL-10, but their trend is corresponding to previous
studies. CXCL13 is essential for follicle formation and acts
as a possible novel marker of disease and inflammation in
RA. CXCL13 was found upregulated in RA patients and was
suggested to be related with both disease activity and RF.The
reduced concentration of CXCL13 after iguratimod treatment
is the evidence of decreased ectopic lymphoid.

In conclusion, iguratimod can improve clinical and
experimental assessment of RA patients. Furthermore, it can
mediate immunity balance by suppressing proinflammation
Th subset cells and related cytokines and upregulating Treg
and anti-inflammation cytokines. However, the time igurati-
mod works is limited and it needs further studies.
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al., “Quantification and phenotype of regulatory T cells in
rheumatoid arthritis according to disease activity score-28,”
Autoimmunity, vol. 42, no. 8, pp. 636–645, 2009.

[13] J. M. R. van Amelsfort, K. M. G. Jacobs, J. W. J. Bijlsma, F. P.
J. G. Lafeber, and L. S. Taams, “CD4+CD25+ regulatory T cells
in rheumatoid arthritis: differences in the presence, phenotype,
and function between peripheral blood and synovial fluid,”
Arthritis and Rheumatism, vol. 50, no. 9, pp. 2775–2785, 2004.

[14] G. M. Han, N. J. O’Neil-Andersen, R. B. Zurier, and D. A.
Lawrence, “CD4+CD25high T cell numbers are enriched in the
peripheral blood of patients with rheumatoid arthritis,”Cellular
Immunology, vol. 253, no. 1-2, pp. 92–101, 2008.

[15] B. Moradi, P. Schnatzer, S. Hagmann et al.,
“CD4+CD25+/highCD127low/− regulatory T cells are enriched
in rheumatoid arthritis and osteoarthritis joints—analysis of
frequency and phenotype in synovial membrane, synovial fluid
and peripheral blood,” Arthritis Research &Therapy, vol. 16, no.
2, article R97, 2014.

[16] D. Cao, V. Malmström, C. Baecher-Allan, D. Hafler, L.
Klareskog, and C. Trollmo, “Isolation and functional charac-
terization of regulatory CD25brightCD4+ T cells from the target
organ of patients with rheumatoid arthritis,” European Journal
of Immunology, vol. 33, no. 1, pp. 215–223, 2003.

[17] M. Chen, Z. Guo, W. Ju, B. Ryffel, X. He, and S. G. Zheng, “The
development and function of follicular helper T cells in immune
responses,”Cellular andMolecular Immunology, vol. 9, no. 5, pp.
375–379, 2012.

[18] A. Kawakami, M. Tsuboi, S. Urayama et al., “Inhibitory effect
of a new anti-rheumatic drug T-614 on costimulatory molecule
expression, cytokine production, and antigen presentation by
synovial cells,” Journal of Laboratory and Clinical Medicine, vol.
133, no. 6, pp. 566–574, 1999.

[19] M. Kohno, Y. Aikawa, Y. Tsubouchi et al., “Inhibitory effect of
T-614 on tumor necrosis factor-𝛼 induced cytokine production

and nuclear factor-𝜅B activation in cultured human synovial
cells,” Journal of Rheumatology, vol. 28, no. 12, pp. 2591–2596,
2001.

[20] Y. Aikawa, M. Yamamoto, T. Yamamoto, K. Morimoto, and
K. Tanaka, “An anti-rheumatic agent T-614 inhibits NF-𝜅B
activation in LPS- and TNF-𝛼-stimulated THP-1 cells without
interfering with I𝜅B𝛼 degradation,” Inflammation Research, vol.
51, no. 4, pp. 188–194, 2002.

[21] K. Tanaka, T. Yamamoto, Y. Aikawa et al., “Inhibitory effects of
anti-rheumatic agent T-614 on immunoglobulin production by
cultured B cells and rheumatoid synovial tissues engrafted into
SCID mice,” Rheumatology, vol. 42, no. 11, pp. 1365–1371, 2003.

[22] M. Hara, T. Abe, S. Sugawara et al., “Efficacy and safety of
iguratimod compared with placebo and salazosulfapyridine in
active rheumatoid arthritis: a controlled, multicenter, double-
blind, parallel-group study,” Modern Rheumatology, vol. 17, no.
1, pp. 1–9, 2007.

[23] K. Tanaka, T. Shimotori, S. Makino et al., “Pharmacological
studies of the new antiinflammatory agent 3-formylamino-7-
methylsulfonylamino-6-phenoxy-4H-1-benzopyran-4-one. 1st
communication: antiinflammatory, analgesic and other related
properties,” Arzneimittel-Forschung, vol. 42, no. 7, pp. 935–944,
1992.

[24] K. Tanaka, T. Shimotori, Y. Taniguchi, M. Eguchi, and C. Abe,
“Pharmacological studies on T-614, a novel antiinflammatory
agent—effect on type II collagen-induced arthritis in DBA/1J
mice and spontaneous arthritis in MRL/I mice,” International
Journal of Immunotherapy, vol. 9, no. 2, pp. 69–78, 1993.

[25] V. Segura-Jimenez, V. A. Aparicio, I. C. Alvarez-Gallardo et
al., “Validation of the modified 2010 American College of
Rheumatology diagnostic criteria for fibromyalgia in a Spanish
population,” Rheumatology, vol. 53, no. 10, pp. 1803–1811, 2014.

[26] K. R. Shi, K. Hayashida, M. Kaneko et al., “Lymphoid chemok-
ine B cell-attracting chemokine-1 (CXCL13) is expressed in ger-
minal center of ectopic lymphoid follicles within the synovium
of chronic arthritis patients,” The Journal of Immunology, vol.
166, no. 1, pp. 650–655, 2001.

[27] S. Rosengren, N. Wei, K. C. Kalunian, A. Kavanaugh, and D. L.
Boyle, “CXCL13: A novel biomarker of B-cell return following
rituximab treatment and synovitis in patients with rheumatoid
arthritis,” Rheumatology, vol. 50, no. 3, Article ID keq337, pp.
603–610, 2011.

[28] J. D. Jones, B. J. Hamilton, G. J. Challener et al., “Serum C-
X-C motif chemokine 13 is elevated in early and established
rheumatoid arthritis and correlates with rheumatoid factor
levels,” Arthritis Research &Therapy, vol. 16, no. 2, article R103,
2014.

[29] S. Yamaori, K. Takami, A. Shiozawa, K. Sakuyama, N. Mat-
suzawa, and S. Ohmori, “In vitro inhibition of CYP2C9-
mediated warfarin 7-hydroxylation by iguratimod: possible
mechanism of iguratimod-warfarin interaction,” Biological &
Pharmaceutical Bulletin, vol. 38, no. 3, pp. 441–447, 2015.

[30] K. Okamura, Y. Yonemoto, C. Okura, T. Kobayashi, and K.
Takagishi, “Efficacy of the clinical use of iguratimod therapy in
patients with rheumatoid arthritis,”Modern Rheumatology, vol.
25, no. 2, pp. 235–240, 2015.

[31] J. Li, H. Mao, Y. Liang et al., “Efficacy and safety of iguratimod
for the treatment of rheumatoid arthritis,”Clinical and Develop-
mental Immunology, vol. 2013, Article ID 310628, 16 pages, 2013.

[32] M.Chabaud, J.M.Durand,N. Buchs et al., “Human interleukin-
17: a T cell-derived proinflammatory cytokine produced by the



Mediators of Inflammation 13

rheumatoid synovium,” Arthritis & Rheumatism, vol. 42, no. 5,
pp. 963–970, 1999.

[33] E. Lubberts, L. A. B. Joosten, B. Oppers et al., “IL-1-independent
role of IL-17 in synovial inflammation and joint destruction
during collagen-induced arthritis,”The Journal of Immunology,
vol. 167, no. 2, pp. 1004–1013, 2001.

[34] I. B. McInnes and G. Schett, “Cytokines in the pathogenesis of
rheumatoid arthritis,”Nature Reviews Immunology, vol. 7, no. 6,
pp. 429–442, 2007.

[35] K. Hirota, M. Hashimoto, H. Yoshitomi et al., “T cell self-
reactivity forms a cytokinemilieu for spontaneous development
of IL-17+ Th cells that cause autoimmune arthritis,” Journal of
Experimental Medicine, vol. 204, no. 1, pp. 41–47, 2007.

[36] R. Nissinen, M. Leirisalo-Repo, M. Tiittanen et al., “CCR3,
CCR5, interleukin 4, and interferon-𝛾 expression on synovial
and peripheral T cells and monocytes in patients with rheuma-
toid arthritis,” Journal of Rheumatology, vol. 30, no. 9, pp. 1928–
1934, 2003.

[37] L. Carmona, J. J. Gomez-Reino, and BIOBADASER Group,
“Survival of TNF antagonists in spondylarthritis is better
than in rheumatoid arthritis. Data from the Spanish registry
BIOBADASER,” Arthritis Research & Therapy, vol. 8, no. 3,
article R72, 2006.

[38] R. R. Ramiscal and C. G. Vinuesa, “T-cell subsets in the
germinal center,” Immunological Reviews, vol. 252, no. 1, pp.
146–155, 2013.

[39] S. Crotty, “Follicular Helper CD4T cells (TFH),”Annual Review
of Immunology, vol. 29, pp. 621–663, 2011.

[40] N. C. Walsh, L. R. Waters, J. A. Fowler et al., “LKB1 inhibition
of NF-kappaB in B cells prevents T follicular helper cell
differentiation and germinal center formation,” EMBO reports,
vol. 16, no. 6, pp. 753–768, 2015.

[41] K. Raza, F. Falciani, S. J. Curnow et al., “Early rheumatoid
arthritis is characterized by a distinct and transient synovial
fluid cytokine profile of T cell and stromal cell origin,” Arthritis
Research &Therapy, vol. 7, no. 4, pp. R784–R795, 2005.

[42] F. Du, L.-J. Lü, Q. Fu et al., “T-614, a novel immunomodulator,
attenuates joint inflammation and articular damage in collagen-
induced arthritis,” Arthritis Research andTherapy, vol. 10, no. 6,
p. R136, 2008.

[43] Y. Aikawa, N. Tanuma, T. Shin, S. Makino, K. Tanaka, and
Y. Matsumoto, “A new anti-rheumatic drug, T-614, effectively
suppresses the development of autoimmune encephalomyelitis,”
Journal of Neuroimmunology, vol. 89, no. 1-2, pp. 35–42, 1998.

[44] A. Fernadez-Martin, E. Gonzalez-Rey, A. Chorny, D. Ganea,
and M. Delgado, “Vasoactive intestinal peptide induces regula-
tory T cells during experimental autoimmune encephalomyeli-
tis,” European Journal of Immunology, vol. 36, no. 2, pp. 318–326,
2006.

[45] E. Gonzalez-Rey, A. Fernandez-Martin, A. Chorny, and M.
Delgado, “Vasoactive intestinal peptide induces CD4+,CD25+
T regulatory cells with therapeutic effect in collagen-induced
arthritis,” Arthritis & Rheumatism, vol. 54, no. 3, pp. 864–876,
2006.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


