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Abstract

Summary 1L-35 is a novel anti-inflammatory cytokine, but the
exact role of IL-35 in the progression of RA remains unclear,
especially associated with osteoporosis and bone erosion. The
present research has not been reported. Our purpose is to study
how IL-35 affects RA bone destruction.

Introduction This study investigated the effect of interleukin-
35 (IL-35) on OPG and RANKL expression in collagen-
induced arthritis (CIA) in rats and in cultured fibroblast-like
synoviocytes (FLS).

Methods Thirty DBA/1J mice were randomly assigned to
three groups (n=10 per group): the control group, the CIA
group, and the CIA+IL-35 group. Collagen-induced arthritis
was induced by immunization with collagen. IL-35 was intra-
peritoneally injected daily for 10 days, starting from the 24™
day after immunization. FLS cells were isolated and cultured
from CIA. The expression of IL-17, RANKL, and OPG was
determined by RT-PCR and Western blot. Each experiment
was repeated three times.

Results CIA mice exhibited arthritis symptoms on day 24,
followed by a rapid progression of arthritis. The expression
of IL-17 and RANKL was increased and the expression of
OPG was decreased in CIA mice compared with control mice.
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IL-35 treatment inhibited the development of arthritis in CIA
mice, accompanied by a decrease in the expression of IL-17
and RANKL and an increase in the expression of OPG.
Furthermore, IL-35 dose-dependently inhibited the expression
of RANKL and increased the expression of OPG in cultured
FLS cells.

Conclusion 1L-35 inhibits RANKL expression and increases
OPG expression in CIA mice. IL-35 may be used for treating
rheumatoid arthritis.

Keywords Interleukin-35 - OPG - RANKL - Rheumatic
arthritis

Abbreviations
RA Rheumatoid arthritis
FLS Fibroblast-like synoviocytes

IL-35 Interleukin-35

CIA Collagen-induced arthritis

RANK Receptor activator of nuclear factor kB

RANKL Receptor activator of nuclear factor kB ligand

OPG Osteoprotegerin

EBI Epstein-Barr virus-induced protein

Treg Regulatory T cells

Thl7 T helper type 17

CFA Complete Freund’s adjuvant

IFA Incomplete Freund’s adjuvant

FBS Fetal bovine serum

HE Hematoxylin and eosin

H-DMEM  High glucose Dulbecco’s Modified
Eagle’s medium

DAB 3,3'-diaminobenzidine

SDS-PAGE  Sodium dodecylsulphate-polyarcylamide
gel electrophoresis

10D Integratedoptical density
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AA Accumulated area

ANOVA One-way analysis of variance
SD Standard deviation

LSD Least significant difference

Introduction

Rheumatoid arthritis (RA) is an autoimmune disease in which
chronic inflammation causes severe damage of the joints [1,
2].RA is associated with a significant mortality and morbidity
rate, and if untreated, the 2—3-year morbidity rate of RA can
be as high as 70 % [3]. Bone destruction contributes to the
morbidity associated with RA [4]. Bone erosion occurs early
following the onset of RA and progresses throughout the
course of the disease [5, 6]. Osteoclasts are the primary bone
resorptive cells that are responsible for bone resorption, and
play an important role in bone destruction in RA [7].Targeting
osteoclasts represents a promising strategy for treating RA [8].

The receptor activator of the nuclear factor kB ligand
(RANKL) pathway is important for osteoclast differentiation
[9]. RANKL binds to the RANK receptor on osteoclast pre-
cursors and subsequently drives osteoclastogenesis [10]. The
RANKL receptor, osteoprotegerin (OPG), is expressed by os-
teoblasts and acts to inhibit the RANKL/RANK pathway,
leading to inhibition of osteoclast differentiation and forma-
tion [11].Several studies have shown that RANKL is upregu-
lated in animal models of RA and in patients with RA
[12—14], suggesting that RANKL plays an important role in
the pathogenesis of RA. Activation of the RANKL-RANK
pathway can lead to increased osteoclast formation in the
joints, thus promoting bone destruction in RA [15].

Interleukin-35 (IL-35) is a novel anti-inflammatory cyto-
kine comprising of Epstein-Barr virus-induced protein (EBI)-
3 and IL-12 p35. It belongs to the IL-12 family and is specif-
ically secreted by regulatory T cells (Treg) [16]. IL-35 has
been found to inhibit the progression of RA in a mouse model
of collagen-induced arthritis (CIA) [17]. In addition, IL-35 has
been shown to inhibit the proliferation of Th1 and Th17 cells.
It has also been demonstrated to reduce the development of T
cell-dependent colitis in mice [18]. Previous reports suggest
that Th17 cells play an important role in osteoclast differenti-
ation and bone destruction in RA [19]. IL-35 suppresses dif-
ferentiation of Th17 cells [16, 17]. Therefore, IL-35 may play
an important role in the pathogenesis of RA.

In this study, we investigated the effect of IL-35 on the
expression of RANKL and OPG in a mouse model of
collagen-induced arthritis (CIA) and in cultured FLS isolated
from CIA mice. This study aimed to investigate the effect of
IL-35 on the RANKL/OPG pathway in RA.
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Materials and methods
Animals

The Institutional Animal Care and Use Committee of China
Medical University approved all experimental protocols asso-
ciated with this study. Thirty DBA/1J mice (male, 68 weeks
old, weighing 22.84+2.6 g) were obtained from HFK
Bioscience Co. Ltd, Beijing, China. Mice were housed at
room temperature (25 °C) with 60 % humidity and a 12 h
light/dark cycle. Mice were fed standard rat chow and water.
The animals were randomly assigned to three groups: the con-
trol group (n=10), the CIA group (n=10), and the CIA+IL-35
group (n=10).

Reagents

Chicken Type II collagen and interleukin-35 (mouse):Fc (hu-
man IgG1) were purchased from Sigma Company, USA. The
complete Freund’s adjuvant (CFA), incomplete Freund’s ad-
juvant (IFA), and goad anti-mouse IL-17 monoclonal antibod-
ies were obtained from R&D Company, USA. Goat anti-
mouse vimentin polyclonal antibodies were obtained from
Proteintech, USA. Goat anti-mouse CD68 monoclonal anti-
bodies, goat anti-mouse RANKL monoclonal antibodies, goat
anti-mouse OPG monoclonal antibodies, rabbit anti-goat
horseradish peroxidase-conjugated secondary antibodies,
RT-PCR kits, TRizol reagents, total protein extraction kit,
and BCA protein quantification kit were obtained from
Abcam Company, UK.

Collagen-induced arthritis animal model

Mice were immunized 3 days after feeding commenced. Mice
in the CIA and CIA+IL-35 groups were immunized subcuta-
neously at the base of the tail with 0.2 ml of chicken type II
collagen (2 mg/ml) in acetic acid, and emulsified in CFA at a
ratio of 1:1. Twenty-one days after primary immunization,
mice were boosted subcutancously at the base of the tail with
0.2 ml of chicken type II collagen (2 mg/ml) in IFA using a
ratio of 1:1. The collagen-induced arthritis models were suc-
cessfully generated on day 24 after primary immunization
when the mice had an arthritis index (AI)>4, and the volume
of the footpad swelling below the angle on one paw had in-
creased by >1.6-fold.

From day 24, the mice in the CIA+1L-35 group received a
daily intraperitoneal injection of IL-35 (2 pg) in phosphate
buffered saline (PBS) for 10 days. The mice in the control
and CIA group received the same volume of PBS once a
day for 10 days. The severity of arthritis in each paw was
scored as follows: 0, normal; 1, mild swelling with or without
erythema and with no joint deformities; 2, severe swelling
without joint deformities; and 3, joint deformities and
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ankylosis. The cumulative score of all four paws was used as
the Al. The maximum score was 12 points for each mouse.
The severity of swelling was evaluated by measuring the
thickness of the footpad.

Isolation and culture of fibroblast-like synoviocytes

Under aseptic conditions, the joint cavity of mice in the CIA
group was opened up to expose the synovial tissues. After
removal of the fat tissues and blood vessels, the synovial tis-
sues were cut into small pieces (1 mm?). The tissue pieces (8—
12 pieces) were then evenly placed on the bottom of a culture
bottle with a distance of 5 mm between the pieces. The syno-
vial pieces were cultured in H-DMEM supplemented with
15 % FBS, 100 IU/ml penicillin, and 100 pg/ml streptomycin
at 37 °C in 5 % CO, for 24 h. The synovial pieces were
removed, and culture media was changed every 2 days. The
cells were passaged at 70-80 % confluence and cells from
passages 3—5 were used for the following experiments.

Fibroblast-like synoviocytes (FLS) were identified by immu-
nocytochemistry for their vimentin-immunopositivity and
CD68-immunonegativity.

The cells were seeded on a 24-well plate at a density of 5%
10*/ml, and were assigned to four groups (n=4 per group): the
control group without IL-35 treatment, the 25 ng/ml IL-35
group treated with 25 ng/ml IL-35, the 50 ng/ml IL-35 group
treated with 50 ng/ml IL-35, and the 100 ng/ml IL-35 group
treated with 100 ng/ml IL-35. The cells were cultured in H-
DMEM supplemented with 15 % FBS at37 °Cin 5 % CO, for
12 h. IL-35 was subsequently added into each well. Cells were
further cultured for 48 h, and used for the following
experiments.

Real-time RT-PCR
Total RNA was isolated from synovial tissues or FLS cells

using TRizol reagents according to the manufacturer’s proto-
col. RNA was reverse transcribed into complementary DNA
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using a reverse transcription system. RT-PCR was performed
in a final volume of 20 pl containing 2 ul of cDNA, 0.5 ul of
each primer, and 10 pul of SYBR Green. For the synovial
tissues of mice, the primers used were as follows: 5'-
CTTCGTGCCTTGATGGA-3" (forward) and 5'-
TTGGGAAAGTGGGATGT-3' (reverse) for OPG, 5'-
ACCAAGATGGCTTCTATTACC-3" (forward) and 5'-
TCCCTCCTTTCATCAGGTTAT-3' (reverse) for RANKL,
and 5-ACCGCAATGAAGACCCTGAT-3’ (forward) and 5'-
ACACCCACCAGCATCTTCTC-3' (reverse) for IL-17. The
reaction conditions were as follows: 94 °C for 2 min; 30 cycles
of 94 °C for 30 sec, 65 °C for 30 sec, 72 °C for 30 sec; and

Fig. 2 The mRNA expression of

IL-17, RANKL, and OPG in the
synovial tissues of mice from the A
control, CIA, and CIA+IL-35
groups on day 48. a—¢
Representative agarose gel
showing the expression of IL-17
(a), RANKL (b), and OPG (c¢) in
mice from the control, CIA, and
CIA+IL-35 groups. d—f The
relative mRNA expression of IL-
17 (d), RANKL (e), and OPG (f)
normalized with the expression of
[3-actin. n=5.#P<0.05 vs control,
#P<0.05 vs CIA
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72 °C for 2 min. The PCR products were analyzed by electro-
phoresis on an agarose gel containing ethidium bromide, and
the gel was viewed with a digital imaging system. The relative
expression of [IL-17, RANKL, and OPG were normalized with
a (3-actin internal control.

For FLS cells, the primers used were as follows:5'-
TGAGAGAACGAGAAAGACCTGC-3' (forward) and 5'-
CGGATTGAACCTGATTCCCTAT-3' (reverse) for OPG,
and 5'-CAACATTTGCTTTCGGCATCAT-3' (forward) and
5'- TTTCGTGCTCCCTCCTTTCATC-3' (reverse) for
RANKL. The reaction conditions were as follows: 95 °C for
10 min; 40 cycles of 95 °C for 10 sec, 60 °C for 20 sec, and
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72 °C for 30 sec; and 4 °C for 5 min. (3-actin (size, 453 bp)
was used as an internal control. The relative expression of
RANKL and OPG normalized with the (3-actin internal con-
trol was calculated using the 2"%“T method.

Western blot

The synovial tissues of mice in each group or FLS cells were
homogenized on ice in a lysis buffer. Proteins were resolved
using SDS-PAGE, and transferred onto polyvinylidene fluo-
ride membranes by electroblotting. Membranes were incubat-
ed with primary antibodies against RANKL (dilution 1:1,
000), OPG (dilution 1:2,000), and IL-17(dilution 1:1,000) at
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Fig. 3 Western blot analysis showing the protein expression of IL-17,
RANKL, and OPG in the synovial tissues of mice from the control, CIA,
and CIA+IL-35 groups on day 48. a—c Representative Western blot
showing the expression of IL-17 (a), RANKL (b), and OPG (c¢) in mice

4 °C overnight. Membranes were incubated with secondary
antibodies (horseradish peroxidase-conjugated rabbit anti-
goat IgG, dilution, 1:2000) at room temperature for 2 h. A
chemiluminescence detection system was used to detect pro-
tein bands. Band intensities were analyzed using Quantity one
software.

Immunofluorescence

The FLS cells were placed on a 24-well plate at a density of
2x10%ml. After culture for 48 h, cells were fixed in 4 %
paraformaldehyde and permeabilized with 0.1 % Triton
X-100 for 15 min. The cells were then incubated in 5 %
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expression of IL-17 (d), RANKL (e), and OPG (f). n=5. *P<0.05 vs
control, *P<0.05 vs CIA
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BSA for 20 min at room temperature to block non-specific
protein binding sites. The cells were incubated with primary
antibodies against RANKL (dilution 1:100) at 4 °C overnight.
After the primary antibody was removed following washing
with PBS, immunoreactivity was detected by incubation with
Cy3-coupled secondary antibodies (dilution 1:200) at room
temperature for 1 h. The cells were counterstained with
DAPI and examined using a fluorescent microscope. The
IOD and AA were measured using Image J software, and the
mean IOD/AA ratio was used for comparison among groups.

Statistical analysis

Analyses were performed using SPSS 19.0. Data are present-
ed as mean=standard deviation. The difference of means
among groups were compared by one-way analysis of vari-
ance (ANOVA) followed by post hoc LSD (least significant
difference) tests. Probability values less than 0.05 were con-
sidered as statistically significant.

Results
IL-35 inhibits arthritis symptoms in CIA mice

Compared with the control mice, the CIA mice exhibited ar-
thritis symptoms on day 24. The Al score rapidly increased
with time and reached a peak on day 48 (Fig. 1). The Al score
was significantly reduced in CIA mice treated with IL-35
(P<0.05), suggesting that IL-35 inhibited arthritis symptoms
in CIA mice.

IL-35 inhibits the expression of IL-17 and RANKL
and increases the expression of OPG in synovial tissues
of CIA mice

We further examined the effect of IL-35 on the expression of
IL-17, RANKL, and OPG using RT-PCR and Western blot.
RT-PCR results showed that the expression of IL-17 and
RANKL was significantly increased in CIA mice compared
with control mice (Fig. 2a, b). IL-35 treatment significantly
inhibited CIA-induced increases in the expression of IL-17
and RANKL (Fig. 2a, b). In contrast, the expression of OPG
was significantly decreased in CIA mice compared with con-
trol mice (Fig. 2¢). IL-35 treatment significantly increased the
expression of OPG in CIA mice (Fig. 2¢).Consistent with the
RT-PCR results, Western blot analysis showed that IL-35
treatment significantly reduced the protein expression of IL-
17 and RANKL (Fig. 3a, b) and increased the protein expres-
sion of OPG (Fig. 3¢) in CIA mice.
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IL-35 inhibits the expression of RANKL in cultured FLS
cells

We then examined the effect of IL-35 on the expression of
RANKL in cultured FLS cells. RT-PCR showed that IL-35
treatment for 48 h significantly decreased the messenger
RNA (mRNA) expression of RANKL in cultured FLS cells
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Fig.4 IL-35 inhibited the expression of RANKL in cultured FLS cells. a
RT-PCR results showing the relative expression of RANKL mRNA in
FLS cells treated with 0, 25, 50, and 100 ng/ml IL-35. The relative mRNA
expression of RANKL was normalized with the expression of 3-actin. n=
4. *P<0.05 vs 0 ng/ml IL-35, *P<0.05 vs 25 ng/ml IL-35. b Represen-
tative Western blot showing the expression of RANKL in cultured FLS
cells treated with 0, 25, 50, and 100 ng/ml IL-35. ¢ Quantification of the
protein expression of RANKL.n=4. ¥*P<0.05 vs 0 ng/ml IL-35, *P<0.05
vs 25 ng/ml IL-35
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(P<0.05, Fig. 4a). IL-35 inhibited the expression of RANKL
in a dose-dependent manner (Fig. 4a). Consistent with RT-
PCR results, Western blot analysis showed that IL-35
inhibited the protein expression of RANKL in a dose-
dependent manner (Fig. 4b, c). Similarly, IL-35 dose-depen-
dently reduced RANKL-immunopositive staining in cultured
FLS cells (Fig. 5).

IL-35 increases the expression of OPG in cultured FLS
cells

We further investigated the effect of IL-35 on the expression
of OPG in cultured FLS cells. RT-PCR showed that IL-35
treatment for 48 h significantly increased the expression of
OPG in cultured FLS cells (P<0.05, Fig. 6a). The effect of
IL-35 on the expression of OPG occurred in a dose-dependent
manner (Fig. 6a). Consistent with RT-PCR results, Western
blot analysis showed that IL-35 increased the protein expres-
sion of OPG in a dose-dependent manner (Fig. 6b, c).

0 ng/ml

25 ng/ml

50 ng/ml

100 ng/ml

Discussion

A hallmark of RA pathogenesis is bone destruction that is
caused by an elevation of bone resorption by osteoclasts [4].
It is well known that osteoclasts are dependent on the presence
of RANKL, a signal for osteoclast differentiation and forma-
tion [2]. It has been reported that RANKL is upregulated in the
synovial tissues in patients with RA [12, 13], suggesting that
RANKL contributes to the pathogenesis of RA. Targeting
RANKL may be a novel therapeutic strategy for the treatment
of RA. In the present study, we investigated the effect of IL-35
on the expression of RANKL and its receptor OPG in a mouse
model of collagen-induced arthritis, a well-established animal
model for human RA [20]. We found that IL-35 treatment
inhibited the development of arthritis in CIA mice, and was
accompanied by a decrease in the expression of RANKL and
an increase in the expression of OPG. Furthermore, we found
that IL-35 dose-dependently inhibited the expression of
RANKL and increased the expression of OPG in cultured
FLS cells. Our study suggests that IL-35 may inhibit

Fig. 5 Representative immunofluorescence staining for RANKL in cultured FLS cells treated with 0, 25, 50 and 100 ng/ml IL-35. Magnification, x400.

Scale bar: 50 pm
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Fig. 6 1L-35 increased the expression of OPG in cultured FLS cells. a
RT-PCR results showing the relative expression of OPG mRNA in FLS
cells treated with 0, 25, 50, and 100 ng/ml IL-35. The relative mRNA
expression of RANKL was normalized with the expression of 3-actin. n=
4. *P<0.05 vs 0 ng/ml IL-35, *P<0.05 vs 25 ng/ml IL-35. b Represen-
tative Western blot showing the expression of OPG in cultured FLS cells
treated with 0, 25, 50, and 100 ng/ml IL-35. ¢ Quantification of the
protein expression of OPG.n=4. *P<0.05 vs 0 ng/ml IL-35, *P<0.05
vs 25 ng/ml IL-35

osteoclast function by promoting the expression of OPG and
inhibiting the expression of RANKL. IL-35 may be a potential
therapeutic agent for the treatment of RA.

Niedhala et al. reported that IL-35 treatment inhibited ar-
thritis symptoms in CIA mice [17]. Consistent with this report,
we found that IL-35 inhibited the development of arthritis in
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CIA mice. Several studies have demonstrated that IL-35 in-
hibits proliferation and differentiation of effectors T cells, in-
creases secretion of the anti-inflammatory cytokine IL-10, and
promotes the proliferation and differentiation of regulatory T
cells, including Thl, Th2, and Th17 [21-27]. Recent studies
have shown that Th17 cells can regulate osteoclast differenti-
ation and promote bone destruction and are therefore believed
to be involved in the pathogenesis of RA [19, 28]. Th17 cells
secrete many cytokines including IL-17, which can promote
osteoclast differentiation [28]. IL-17 has been found in high
concentrations in the synovium and synovial fluid of patients
with RA and its expression levels are associated with joint
damage progression in RA [29-31]. Furthermore, Niedbala
et al. reported that [L-35 inhibited differentiation of Th17 cells
and reduced secretion of IL-17 [17]. Our findings that IL-35
inhibited arthritis development and inhibited CIA-induced in-
creases in the expression of IL-17 suggest that IL-35 may
inhibit RA via reducing secretion of IL-17 from Th17 cells.

IL-17 has been found to promote the expression of
RANKL, while inducing osteoclastogenesis [32, 33].
RANKL has been known to play an important role in osteo-
clast cell differentiation and bone resorption [9]. Both clinical
and animal studies have shown that RANKL is upregulated in
the synovial tissues [ 12—14]. Consistent with previous studies,
we found that IL-17 and RANKL were significantly upregu-
lated in synovial tissues in CIA mice, suggesting that IL-17
and RANKL may contribute to the pathogenesis of RA.
Furthermore, we found that IL-35 treatment reduced the ex-
pression of IL-17 and RANKL in CIA mice, suggesting that
IL-35 may inhibit arthritis progression by reducing the pro-
duction of IL-17 and RANKL. The inhibitory effect of IL-35
on the expression of RANKL in vivo was further supported by
the findings that IL-35 dose-dependently inhibited the expres-
sion of RANKL in cultured FLS cells. It has been reported that
inhibition of RANKL prevents loss of bone and cartilage in
mice [34]. Our findings suggest that IL-35 may be used to
prevent bone loss via inhibition of RANKL, and thus may
be a novel therapeutic agent for the treatment of RA.

OPG is a decoy receptor for RANKL with a high affinity
and competes with RANK for RANKL binding. It thus func-
tions as an inhibitor of RANK-RANKL interaction and in-
hibits osteoclast maturation and activation [11, 35]. In the
present study, we found that IL-35 inhibited the development
of arthritis in CIA mice, accompanied by an increase in the
expression of OPG and a decrease in the expression of
RANKL in synovial tissues of CIA mice, suggesting that IL-
35 may inhibit arthritis by promoting the expression of OPG
which inhibits the RANKL pathway. Furthermore, we found
that IL-35 dose-dependently increased the expression of OPG
in cultured FLS cells, suggesting that IL-35 induced OPG
expression. Several studies have shown that OPG treatment
slows joint destruction, decreases bone erosion, and prevents
bone loss in animal models of arthritis [36—39]. Our findings
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suggest that IL-35 may prevent bone loss and destruction via
promoting the expression of OPG.

Although the overall structure and function of the immune
system is very similar in humans and mice, there are some
significant differences between mouse and human immunol-
ogy, including the expression and function of many cytokines
and their receptors. It has been reported that the expression of
IL-35 is different between mice and humans [25, 40]. IL-35 is
constitutively expressed in non-stimulated mouse Tregs and
stimulated human Tregs, but not in non-stimulated human
Tregs [40—42]. The AU-rich element (ARE) binding proteins
and microRNAs that regulate IL-35 subunit transcripts have
been reported to contribute to the differential expression status
associated with IL-35 [25], possibly leading to differences in
IL-35 expression between humans and mice. Although the
expression status of IL-35 is different between humans and
mice, IL-35 has been reported to produce similar effects in
suppressing effector T cells such as Th1, Th2, and Th17 cells
in both humans and mice [16, 43]. In addition, it has been
demonstrated that IL-35 can induce an increase in regulatory
B cells in both humans and mice [44]. Therefore, it appears
that IL-35 produces similar effects in both humans and mice.

In this study, we found that IL-35 inhibited the progression
of arthritis in a mouse model of CIA, a well-established model
of human RA. Similarly, several studies have reported that IL-
35 inhibited inflammation in collagen-induced arthritis and
experimental colitis in mice [16, 18], suggesting that IL-35
may exert anti-inflammatory effects in mice. However, to
date, there are no clinical reports showing the anti-
inflammatory effect of IL-35 in patients with RA. Our prelim-
inary study has shown that the serum levels of IL-35 are sig-
nificantly higher in patients with RA compared with healthy
controls (unpublished data), suggesting that IL-35 may be
involved in the pathogenesis of RA. Furthermore, Senolt
et al. [45] reported that the synovial levels of IL-35 are signif-
icantly correlated with disease activity in patients with RA,
further suggesting that IL-35 plays an important role in the
development of RA. These results suggest that IL-35 may be a
potentially novel therapeutic strategy for the treatment of RA.
Further clinical studies are required to confirm our observa-
tions that IL-35 inhibited the development of arthritis by up-
regulating OPG and downregulating RANKL in a murine
model.

Conclusions

In summary, we found that IL-35 inhibited the progression of
arthritis. This was accompanied by a decrease in the expres-
sion of [L-17 and RANKL, and an increase in the expression
of OPG in a mouse model of CIA. In cultured FLS cells, IL-35
dose-dependently inhibited the expression of RANKL and
increased the expression of OPG. Our findings suggest that

IL-35 may prevent the development of arthritis by upregulat-
ing OPG and downregulating RANKL.
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