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Abstract This study aims to investigate the effect of
iguratimod, a novel disease-modifying antirheumatic drug,
alone or combined with methotrexate (MTX), on the serum
levels of regulators of bone remodeling (receptor activator of
nuclear factor-κB ligand (RANKL), osteoprotegerin (OPG),
and Dickkopf-1 (DKK-1)) and bone remodeling markers (C-
telopeptide of type I collagen (CTX-I) and procollagen type I
N-terminal propeptide (PINP)) in patients with rheumatoid
arthritis (RA). Patients with RAwere treated with iguratimod,
MTX, or their combination for 12 months. Serum samples
were collected before treatment and 6 and 12 months after-
wards. RANKL, OPG, DKK-1, CTX-I, and PINP levels were
measured, and radiographic progression was assessed. The
serum RANKL levels decreased after treatment for 6 and
12 months with iguratimod (median: baseline 565.00 pmol/L
vs. 6 months 411.00 pmol/L vs. 12 months 212.00 pmol/L),
MTX (median: baseline 562.50 pmol/L vs. 6 months
399.50 pmol/L vs. 12 months 163.50 pmol/L), and their com-
bination (median: baseline 971.00 pmol/L vs. 6 months
272.50 pmol/L vs. 12 months 241.50 pmol/L). Combination
therapy showed greater effects 6 months post-treatment com-
pared to single-drug therapy. PINP levels increased signifi-
cantly 12 months post-treatment with all therapies, but only
the combination therapy led to decreased CTX-I levels. OPG
and DKK-1 levels showed no significant changes. The three
treatments showed no significant differences in radiographic
progression. Iguratimod could stimulate bone formation and

regulate the RANKL/RANK/OPG system rather than DKK-
1levels. Its effects are comparable to those of MTX, and com-
bination therapy showed stronger effects.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disease
characterized by synovitis and ultimately leads to the destruc-
tion of cartilage and bone in multiple joints [1]. Bone loss may
appear in three different forms: bone erosion, periarticular
bone loss, and systematic osteoporosis, and all three of these
forms share similar mechanisms [2, 3]. Homeostasis of bone
metabolism is regulated by the processes of resorption (medi-
ated by osteoclasts) and formation (mediated by osteoblasts),
which are regulated by many cytokines and signaling path-
ways [4, 5]. Receptor activator of nuclear factor-κB ligand
(RANKL), osteoprotegerin (OPG), and Dickkopf-1 (DKK-
1) are some of the major regulators of bone remodeling [6,
7]. C-telopeptide of type I collagen (CTX-I) and procollagen
type I N-terminal propeptide (PINP) are two of the most wide-
ly used bone remodeling markers [2].

The RANKL/RANK/OPG system plays a major role in
bone metabolism [7]. RANKL is a member of the tumor ne-
crosis factor (TNF) superfamily. It can bind with its receptor,
RANK, and promote the activation and development of oste-
oclasts. Its decoy receptor, OPG, protects against bone resorp-
tion by inhibiting the interaction between RANKL and RANK
[2, 8]. Overexpression of RANKL or underexpression of OPG
promotes RANKL-mediated bone loss. The serum ratio of
RANKL/OPG is higher in patients with RA [9]. The Wnt
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signaling pathway is also a critical regulator of many aspects
of bone physiology. Activation of the Wnt pathway increases
bone mass through induction of osteoblastogenesis [10].
DKK-1 is an important soluble inhibitor of the Wnt pathway
that can block osteoblast function by inhibiting the Wnt path-
way [6, 11]. Serum DKK-1 levels are upregulated in patients
with RA and are correlated with bone erosion and inflamma-
tion [12]. In addition, there might be a complex interaction
between the Wnt pathway and RANKL/RANK/OPG system
[6]. CTX-I is a very sensitive and specific marker of bone
degradation [13]. On the contrary, PINP is a biomarker of
bone formation. The levels of CTX-I and PINP reflect the
activation of bone resorption and formation and are suscepti-
ble to regulation by the RANKL/RANK/OPG system and
Wnt pathway [2].

Iguratimod, a novel disease-modifying antirheumatic drug
(DMARD) that is an effective treatment for RA, has a positive
effect on bone protection. Previous studies showed that
iguratimod could promote osteoblast differentiation and inhib-
it osteoclast differentiation [14, 15]. It has been proven to
suppress local RANKL expression in joint tissues [16, 17].
In addition, our previous research found that iguratimod could
suppress the serum RANKL/OPG ratio after short-term treat-
ment. However, its effects on DKK-1, bone remodeling
markers, and the RANKL/RANK/OPG system after longer-
term therapy have not been assessed. The purpose of the pres-
ent study was to evaluate the effects of iguratimod and meth-
otrexate (MTX), alone or in combination, on serum levels of
regulators of bone remodeling and bone remodeling markers
in patients with RA in order to discover the possible roles of
these drugs on bone metabolism.

Materials and methods

Patients

The study population included 67 patients who were diag-
nosed with RA between 2013 and 2015 and treated for at least
1 year at the Department of Rheumatology and Immunology
of China-Japan Union Hospital of Jilin University in China.
All of the patients fulfilled the 2010 American College of
Rheumatology (ACR)/European League Against
Rheumatism (EULAR) classification criteria for RA. None
of the patients had been treated with iguratimod, MTX, glu-
cocorticoids (GCs), or other DMARDs including biological
DMARDs (bDMARDs). Patients were divided into three
groups according to their medication: iguratimod (n = 21,
group A); MTX (n = 22, group B); and iguratimod + MTX
(n = 24, group C). Iguratimod was administered at a dose of
25 mg, twice daily, and MTX was administered at a dose of
10 mg, once weekly. All treatments were administered based
on the situations of the patients according to the Chinese

Rheumatology Association (CRA) recommendations (2010)
for the management of RA and our clinical experience. The
exclusion criterion was the use of GCs and other DMARDs,
including bDMARDs, during the 12-month treatment period.
Clinical and laboratory data, serum samples, and radiographs
of the hands of the patients were collected before treatment,
6 months after treatment, and 12 months after treatment. The
study was conducted in accordance with the Helsinki
Declaration and was approved by the Ethics Committee of
China-Japan Union Hospital. Informed consent was given
by all patients.

Clinical and laboratory assessments

Clinical characteristics included sex, age, RA duration, morn-
ing stiffness, health assessment questionnaire (HAQ), swollen
joint count (SJC), tender joint count (TJC), 28-joint disease
activity score (DAS28) based on erythrocyte sedimentation
rate (ESR), and DAS28 based on C-reactive protein (CRP).
Laboratory characteristics included ESR, CRP, rheumatoid
factor (RF), and anti-cyclic citrullinated peptide (CCP)
antibody.

Serum collection and assessments

All serum samples were centrifuged and stored at −80 °C with-
out freeze/thaw cycles before they were analyzed. Serum CTX-
I and PINP levels were measured with the β-CrossLaps/serum
kit and total PINP kit (Roche Diagnostics, Mannheim,
Germany), which employed an electrochemiluminescence im-
munoassay (ECLIA). Serum RANKL, OPG, and DKK-1
levels were measured using the enzyme-linked immunosorbent
assay (ELISA) kit for RANKL and OPG (Biovendor, Brno,
Czech Republic) and DKK-1 (R&D Systems, Minneapolis,
MN, USA) according to the manufacturers’ instructions. Each
serum sample was tested in triplicate wells.

Radiographic assessments

Radiographs of the hands of patients with RA were collected,
and two specialists independently assessed the radiological
damage using the van der Heijde modification of the Sharp
score (SHS). The readers were blind to patient’s identity and
treatment, and for each radiograph, the scores of the two readers
were averaged as the final result. Total Sharp score (TSS; range,
0 to 280), erosion score (ES; range, 0 to 160), and joint space
narrowing score (JSN; range, 0 to 120) were collected.

Statistical analysis

Values were presented as the mean ± standard deviation (SD)
or median (interquartile range (IQR)) unless otherwise indi-
cated. First, the Shapiro-Wilk test was performed to test
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whether the variable distribution could be described as normal
or non-normal. Non-normal variables were log-transformed to
be normally distributed. Fisher’s exact test was used to de-
scribe categorical variables. To compare the serum regulators
and marker levels and DAS28 before and after treatment
among the three groups, repeated-measures analysis of vari-
ance (ANOVA) was used for general analysis and for specific
analysis, one-way ANOVA was used to compare values
among groups, and the paired t test was used to compare
values between times within each group. For the paired t test,
the Bonferroni correction was applied and the significance
level was adjusted to 0.05/2. To analyze the differences in
baseline characteristics and radiological score changes among
the three groups, ANOVA or the Kruskal-Wallis test was used
for normally or non-normally distributed values, respectively.
Pearson’s or Spearman’s correlation analysis was used to test
for correlation between changes in DAS28 and changes in
bone metabolism parameters for normally or non-normally
distributed values. All statistical analyses were performed
using Statistical Package for the Social Sciences (SPSS) ver-
sion 21.0. GraphPad Prism 6 was used to create the graph.
p values <0.025 for paired t test and p values <0.05 for other
comparisons were considered significant.

Results

Clinical characteristics

A total of 67 patients with RA were enrolled in the study.
Demographic, clinical, laboratory, and radiological character-
istics at baseline are summarized in Table 1. Patients in group
C had higher HAQ, CRP, and anti-CCP antibody levels com-
pared to those in groups A and B. No significant differences
were observed for other characteristics.

Disease activity measured by DAS28-ESR and DAS28-
CRP decreased significantly in all three groups in general
(both p < 0.001) but no significant difference was found
among groups (both p > 0.05). There was an interaction be-
tween treatment time and treatment plan for both DAS28-ESR
and DAS28-CRP (both p < 0.01). Specifically, DAS28-ESR
decreased significantly 6 and 12 months after treatment (base-
line vs. 6 months vs. 12 months: group A = 6.74 ± 1.03 vs.
4.93 ± 1.05 vs. 3.56 ± 1.02; group B = 6.25 ± 1.26 vs.
4.96 ± 1.55 vs. 3.41 ± 1.76; and group C = 6.85 ± 1.26 vs.
4.11 ± 1.42 vs. 2.94 ± 1.72; p < 0.001 at both points compared
with baseline for all groups), as did DAS28-CRP (baseline vs.
6 months vs. 12months: group A = 6.19 ± 0.94 vs. 4.62 ± 0.93

Table 1 Baseline characteristics of patients with RA in the different treatment groups

Group A
(iguratimod)

Group B
(MTX)

Group C
(iguratimod + MTX)

p value

Patients (n) 21 22 24 –

Age (years) 47.90 ± 7.14 49.55 ± 7.51 51.46 ± 7.82 0.290

Female (n, %) 18 (85.71) 16 (72.73) 20 (83.3) 0.947

RA duration (months) 11.81 ± 5.59 15.55 ± 5.25 13.63 ± 5.45 0.089

Morning stiffness (mins) 181.43 ± 86.56 146.36 ± 69.32 183.33 ± 93.09 0.329

HAQ 1.10 ± 0.53 0.87 ± 0.63 1.36 ± 0.70 0.038

SJC (n) 11.38 ± 5.31 10.64 ± 4.76 13.25 ± 5.76 0.313

TJC (n) 17.67 ± 6.31 16.55 ± 5.94 19.83 ± 6.76 0.335

DAS28-ESR 6.74 ± 1.03 6.25 ± 1.26 6.85 ± 1.26 0.190

DAS28-CRP 6.19 ± 0.94 5.97 ± 1.07 6.63 ± 1.05 0.080

ESR (mm/1st h) 40.19 ± 19.82 34.91 ± 27.50 40.25 ± 23.51 0.756

CRP (mg/L) 16.53 ± 12.70 29.43 ± 41.22 42.03 ± 39.17 0.034

RF (IU/mL) 57.00 (<20.00, 304.00) 58.15 (<20.00, 390.00) 111.00 (10.30, 497.00) 0.323

CCP (RU/mL) 235.00 (162.00, 628.00) 150.00 (<25.00, 1039.00) 865.50 (373.75, 1333.75) 0.045

RANKL (pmol/L) 565.00 (229.00, 950.50) 562.5 (229.25, 1527.25) 971.00 (456.75, 1609.75) 0.434

OPG (pmol/L) 4.20 (2.67, 6.70) 4.47 (3.18, 5.75) 4.45 (3.86, 5.63) 0.938

DKK-1(pg/mL) 4234.24 (3056.39, 5721.21) 3492.48 (2515.78, 4504.82) 4687.62 (3212.93, 5906.61) 0.095

P1NP (ng/mL) 48.85 (34.67, 79.16) 41.66 (34.03, 84.75) 44.22 (28.75, 68.19) 0.529

CTX-I (ng/mL) 0.39 (0.23, 0.53) 0.28 (0.18, 0.47) 0.47 (0.22, 0.60) 0.264

Sharp-ES 0 (0, 4.25) 0 (0, 1.50) 0 (0, 8.38) 0.162

Sharp-JSN 0 (0, 4.50) 0 (0, 3.00) 0 (0, 7.75) 0.618

Sharp-TSS 0 (0, 8.50) 0 (0, 5.50) 0 (0, 17.25) 0.214

RF < 20 IU/mL and CCP < 25 RU/mL were considered normal. Values are mean ± SD or median (IQR) unless otherwise indicated. p values < 0.05 was
emphasized in italics
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vs. 3.28 ± 0.87; group B = 5.97 ± 1.07 vs. 4.76 ± 1.47
vs.3.49 ± 1.39; and group C = 6.63 ± 1.05 vs. 4.02 ± 1.13
vs. 2.97 ± 1.44; p < 0.001 at both points compared with base-
line for all groups). Analysis between groups showed signif-
icantly different DAS28-ESR and DAS28-CRP levels be-
tween groups A and C (p = 0.017 and p = 0.047, respectively)
and between groups B and C (p = 0.025 and p = 0.036, re-
spectively) 6 months after treatment. No difference was no-
ticed 12 months after treatment.

Serum regulators of bone remodeling and bone
remodeling marker levels

There was no significant difference in the levels of all the serum
regulators of bone remodeling and bone remodeling markers at
baseline among the three groups. Generally, all groups showed a
significant decrease in RANKL after treatment (p < 0.001) but
there was no significant difference among groups (p > 0.05).
There was also an interaction between the two factors that af-
fected the RANKL levels: treatment time and plan (p < 0.001).
This indicated that the change in RANKL levels after treatment
differed because of the different treatment plans. Specifically,
RANKL levels were decreased in all three groups 6months after
treatment (baseline vs. 6 months: group A = 565.00 [229.00,
950.50] pmol/L vs. 411.00 [224.50, 654.00] pmol/L, p = 0.002;
group B = 562.5 [229.25, 1527.25] pmol/L vs. 399.50 [224.00,
1111.75] pmol/L, p = 0.005; and group C = 971.00 [456.75,
1609.75] pmol/L vs. 272.50 [151.00, 535.00] pmol/L,
p < 0.001) and 12 months after treatment (baseline vs.
12 months: group A = 565.00 [229.00, 950.50] pmol/L vs.
212.00 [62.00, 357.00] pmol/L; group B = 562.50 [229.25,
1527.25] pmol/L vs. 163.50 [26.00, 404.25] pmol/L; and group
C = 971.00 [456.75, 1609.75] pmol/L vs. 241.50 [105.00,
390.25] pmol/L; all p < 0.001). Group C showed lower
RANKL levels compared with the other two groups at 6 months
after treatment (groups A vs. C, p = 0.042; groups B vs. C,
p = 0.044), but this difference was not sustained at 12 months
after treatment (Fig. 1a). OPG levels did not change significantly
after treatment in all three groups (Fig. 1b), and this led to a
change in the ratio of RANKL/OPG similar to that in
RANKL. Generally, the ratio of RANKL/OPG decreased after
treatment (p < 0.001), and there was an interaction between
treatment time and plan (p < 0.01), but no significant difference
was found among groups (p > 0.05). Specifically, the RANKL/
OPG ratio decreased significantly only in group C at 6 months
post-treatment (baseline vs. 6 months: 205.17 [100.10, 378.12]
vs. 56.76 [29.23, 127.49], p < 0.001) whereas in the other two
groups, the decrease was not significant. All groups showed a
significant decrease 12 months post-treatment (baseline vs.
12 months: group A = 141.10 [56.95, 295.43] vs. 47.24 [8.63,
100.20]; group B = 108.23 [63.90, 341.75] vs. 47.34 [8.03,
114.67]; and group C = 205.17 [100.10, 378.12] vs. 44.56
[21.92, 104.62]; all p < 0.001). Six months after the treatment,

the RANKL/OPG ratio of group C was significantly lower than
that of the other two groups (groups A vs. group C, p = 0.029;
groups B vs. C, p = 0.019), but then, it tended to stay stable and
showed no significant difference at 12 months post-treatment
(Fig. 1c). Serum levels of DKK-1 did not change significantly
after treatment in any of the three treatment groups (Fig. 1d).

The serum PINP levels in general increased after treatment
(p < 0.001), but there was no interaction between treatment
time and plan (p > 0.05), and there was no significant difference
among the three groups (p > 0.05). Specifically, PINP levels
tended to increase 6 months post-treatment and showed signif-
icant differences at 12 months post-treatment in all three groups
(baseline vs. 12months: group A = 48.85 [34.67, 79.16] ng/mL
vs. 61.64 [49.91, 80.05] ng/mL, p = 0.007; group B = 41.66
[34.03, 84.75] ng/mL vs. 52.69 [33.33, 141.33] ng/mL,
p = 0.0249; and group C = 44.22 [28.75, 68.19] ng/mL vs.
67.98 [51.38, 87.19] ng/mL, p < 0.001). No significant post-
treatment difference was found among the three groups
(Fig. 1e). A general analysis showed that CTX-I changed after
treatment (p < 0.05), and these changes were affected by the
treatment plan (p < 0.05), but no significant difference was
found among the three groups (p > 0.05). Specifically, only
group C showed a significant decrease at 6 and 12 months after
treatment (baseline vs. 6 months vs. 12 months: 0.47 [0.22,
0.60] ng/mL vs. 0.31 [0.21, 0.49] ng/mL vs. 0.27 [0.14,
0.39] ng/mL; p = 0.023 and p < 0.001, compared with baseline,
respectively), whereas the other two groups did not experience
a significant change. However, no significant post-treatment
difference among the three groups was noticed (Fig. 1f).

Possible associations between changes in disease activity and
changes in regulators of bone remodeling and bone remodeling
markers were also examined. ΔDAS28-ESR correlated with
ΔCTX-I positively and with ΔPINP negatively (r = 0.577,
p = 0.006 and r = −0.443, p = 0.044, respectively) and
ΔDAS28-CRP also correlated positively with ΔCTX-I
(r = 0.625, p = 0.001) in group A after 6 months of treatment.
In group C,ΔDAS28-ESR andΔDAS28-CRP correlated neg-
atively with ΔPINP (r = −0.433, p = 0.034 and r = −0.554,
p = 0.005, respectively) at 12 months after treatment. No signif-
icant correlations between other changes in values were noticed.

Radiological assessment

Radiological score changes from baseline to 6 and 12 months
after treatment were assessed to define the difference in radio-
logical progression among different medications (Table 2). No
significant differences among groups were noticed.

Discussion

We evaluated the effects of iguratimod and MTX, alone or in
combination, on serum levels of regulators of bone
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remodeling and bone remodelingmarkers and on radiographic
assessment of patients with RA to discover the possible roles
of these drugs in bone protection. MTX, which is a classic
DMARD, is used as the first-line drug for the treatment of
patients with RA. Comparing the effects of iguratimod and
combination therapy with MTX may further support the use
of iguratimod in clinical practice.

Iguratimod is a small-molecule DMARD that is widely
used in China and Japan. A previous study showed that its
clinical efficacy was comparable to that of salazosulfapyridine
[18]. Other studies showed that combined use of iguratimod
and MTX resulted in better clinical outcomes than did the use
of either drug alone [19–21]. In our study, patients were treat-
ed based on the disease condition and according to the CRA
recommendations (2010) for the management of RA and our
clinical experience. Patients in the combination treatment
group had higher HAQ, CRP, and anti-CCP antibody levels,
which corresponded to more severe disease activity. MTX
was administered 10 mg/week because, in our clinical prac-
tice, this dose could efficiently suppress inflammation and
decrease the disease activity without causing too many ad-
verse effects. After treatment, DAS28, which is widely used
to represent disease activity, decreased in all three groups.
Moreover, in patients treated with combination therapy,
DAS28 showed an even greater decrease 6 months post-treat-
ment, suggesting quicker and stronger effects. In addition,
iguratimod has shown effects on bone protection in mice with
collagen-induced arthritis and on promoting osteoblast differ-
entiation and inhibiting osteoclast differentiation in vitro
[14–16].

The RANKL/RANK/OPG system and Wnt pathway are
two major systems that regulate the homeostasis of bone me-
tabolism. RANKL and macrophage colony-stimulating factor
are essential in osteoclast differentiation. RANKL can be
expressed as a membrane protein on osteoblasts, T cells and
other cells, or as a soluble form that can be detected in serum
and synovial fluid. RANKL interacts with RANK, its receptor
located on osteoclast precursor cells and thereby promotes the
differentiation of osteoclast precursors into mature osteoclasts,
which are pivotal cells for bone resorption [7]. However, this
interaction can be counterbalanced by OPG, an endogenous
antagonist of RANKL [2]. The balance of RANKL and OPG
is critical for osteoclastogenesis modulation and the homeosta-
sis of bone metabolism [4]. Serum and synovial fluid RANKL
levels are higher in patients with RA than in healthy people or
those with osteoarthritis (OA) [22, 23]. The serum ratio of
RANKL/OPG has been suggested as a predictor of bone dam-
age progression andmay contribute to the loss of bonemass [9,
22]. In our study, we found that serum RANKL levels de-
creased significantly after treatment with iguratimod, MTX,
or their combination; OPG levels were stable and there was a
corresponding similar significant reduction in the RANKL/
OPG ratio. A previous study of ours and other studies on

treatment with MTX or bDMARDs support our results
[24–26]. Specific analysis suggested that only combination
therapy showed a significant decrease in the RANKL/OPG
ratio 6months post-treatment while the ratio tended to decrease
in the other two groups, but not significantly. Moreover, com-
pared to therapy with a single agent, combination therapy had a
stronger effect on RANKL and the RANKL/OPG ratio at
6 months after treatment, but this difference was not sustained
at the 12-month follow-up. These all suggested that all three
treatments may eventually achieve similar levels of RANKL
and the RANKL/OPG ratio, but the combination of iguratimod
and MTX was able to more quickly downregulate RANKL
and the RANKL/OPG ratio in the serum of patients with RA
compared to any single drug. There was, therefore, a synergis-
tic effect between iguratimod and MTX.

The Wnt pathway promotes bone formation by stimulating
osteoblast differentiation, and by inhibiting osteoblast apopto-
sis and osteoclastogenesis [10]. Among the regulators of the
Wnt pathway, DKK-1, an endogenous inhibitory factor that
binds to the Wnt co-receptor LRP5/6 to block Wnt signaling,
plays a critical role [11]. Previous studies have shown that in
patients with RA, serumDKK-1 levels at baseline may predict
joint structural progression and might be a new structural bio-
marker [12, 27]. In addition, studies of animal models indicate
that DKK-1 is a regulator of bone mass, and a therapy
targeting DKK-1 showed that bone mineral density (BMD)
in mice increased after treatment [28]. Serum DKK-1 levels
are higher in patients with RA than in healthy controls and
may decrease after treatment with bDMARDs such as
infliximab, anakinra, and tocilizumab [12, 29]. However, in
our study, we were the first to find that iguratimod had no
significant effect on serum DKK-1 levels in patients with
RA. All three groups showed no significant change in serum
DKK-1 levels before and after treatment. In a study by
Swierkot et al., patients who responded well to MTX treat-
ment had significantly decreased serum DKK-1 levels
6 months after treatment [24]; however, our study showed
no significant difference in the MTX treatment group. We
suppose the difference may be due to differences in patient
characteristics and different doses of MTX. Our patient cohort
was composed of both males and females with shorter disease
duration, and they were treated with a smaller dose of MTX.
There was also an interaction between the RANKL/RANK/
OPG system and Wnt pathway. The decrease of DKK-1 may
lead to the increase of OPG [6]. This might help explain why
neither OPG nor DKK-1 showed a significant change during
our study.

CTX-I and PINP are two of the most widely used bone
remodeling markers. They are recommended as markers of
bone resorption and bone formation, respectively [30]. In
our study, in all three groups, serum PINP levels showed a
significant increase 12 months after treatment. For CTX-I,
only combination therapy showed a significant decrease 6
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and 12 months after treatment. These findings suggested that
all three therapeutic strategies could stimulate bone formation,
but only the combination of iguratimod and MTX could effi-
ciently prevent bone resorption.

We also investigated the associations between changes in
disease activity and changes in regulators of bone remodeling
and bone remodeling markers. No correlation between
DAS28 and RANKL, OPG, the RANKL/OPG ratio or
DKK-1 was noticed. This indicated that iguratimod could di-
rectly affect the RANKL/RANK/OPG system and that the
effects were independent of the control of inflammatory activ-
ity. However, changes in CTX-I and PINP significantly cor-
related with the change in DAS28 in the iguratimod and com-
bination therapy group, suggesting that iguratimod could not
only regulate the RANKL/RANK/OPG system, but also
could participate in bone resorption and formation by sup-
pressing inflammation.

The homeostasis of bone metabolism is based on the bal-
ance of bone resorption and bone formation. Bone loss,
whether periarticular or systemic, appears in RA, and one of
the targets of treatment is to regain the homeostasis of bone
metabolism to prevent joint deformities and secondary osteo-
porosis. In our study, iguratimod as a novel DMARD that
showed great effects on stimulating bone formation, but it
had limited effects on preventing bone resorption. Its effects
were most likely achieved through regulating the RANKL/
RANK/OPG system rather than through regulating DKK-1
levels. The effects of iguratimod on regulators of bone remod-
eling and bone remodeling markers were comparable with
those of MTX. Moreover, the combination therapy also had
an effect not only on stimulating bone formation, but also on
preventing bone resorption, and resulted in a faster decrease in

serum RANKL levels and the RANKL/OPG ratio. This sug-
gested that the combination of iguratimod and MTX had
stronger effects than any single drug.

Bone erosion may be evaluated by radiographic assess-
ment. In a study conducted by Hara et al., iguratimod showed
no significant effects on the progression of articular destruc-
tion compared with salazosulfapyridine or placebo 6 months
after treatment in a group of RA patients with a long disease
duration [18]. In our study, iguratimod showed comparable
effects to those of MTX on the progression of articular de-
struction. We were also the first to evaluate the effects of
iguratimod on radiographic assessment 12 months after treat-
ment. Stronger effects of the combination therapy group was
expected, but there was no significant difference. We suppose
this might be because the sample size in our study was not
large and there was not a very high rate of progression because
of low scores of damage at baseline and a good disease control
after only 12-month treatment. In future studies, larger sample
sizes with longer observation times could enable better assess-
ment of the inhibitory effects of iguratimod on articular
destruction.

Our study had limitations, which arise from the small study
group, observation of only Chinese patients diagnosed and
treated at only one hospital. In the future, studies involving
larger groups of patients including patients with RA from
different centers would do great help to confirm our results.

In conclusion, our study is the first to show the effects of
iguratimod, used alone or in combination with MTX, on cir-
culating regulators of bone remodeling, bone remodeling
markers, and radiographic progression in patients with RA
during a 1-year study. Iguratimod could stimulate bone forma-
tion and show effects on regulating the RANKL/RANK/OPG
system but not DKK-1 levels. Its effects are comparable with
those of MTX and the combination therapy shows even stron-
ger effects. These results imply that iguratimod participates in
bone metabolism and may protect against bone destruction
and even potential secondary osteoporosis. They may further
support the use of iguratimod in clinical practice.

Table 2 Radiographic changes
from baseline to 6 and 12 months
in the different treatment groups

Group A
(iguratimod)

Group B (MTX) Group C
(iguratimod + MTX)

p value

Sharp-ES

Δ0–6 months 0 (0, 4.00) 0 (0, 1.00) 0 (0, 5.5) 0.829

Δ0–12 months 0 (0, 2.75) 0 (−0.13, 0) 0 (0, 4.75) 0.326

Sharp-JSN

Δ0–6 months 0 (0, 1.75) 0 (0, 1.63) 0 (0, 2.13) 0.990

Δ0–12 months 0 (0, 0.50) 0 (0, 0.13) 0 (0, 4.88) 0.522

Sharp-TSS

Δ0–6 months 0 (0, 6.00) 0 (0, 1.63) 0 (0, 4.75) 0.980

Δ0–12 months 0 (0, 2.25) 0 (0, 0) 0 (0, 6.75) 0.375

Values are median (IQR)

�Fig. 1 Serum levels of RANKL (a), OPG (b), the ratio of RANKL/OPG
(c), DKK-1 (d), PINP (e), and CTX-I (f) were measured at baseline, 6 and
12 months after treatment with iguratimod (group A), MTX (group B) or
their combination (group C) in patients with RA. Values are presented as
median (IQR), #p < 0.05, ##p < 0.01, ###p < 0.001 compared with
baseline, and *p < 0.05 compared with Group C
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