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Abstract Rheumatoid arthritis (RA) is an inflammatory

disorder of the joints that affects 0.5–1 % of adults.

Excessive growth of the fibroblast-like synoviocytes (FLS)

promotes hyperplasia of synovial tissues and causes its

invasion into the bone and cartilage, which eventually

causes deformity and dysfunction of affected joints.

Interleukin 35 (IL-35) was shown to suppress the inflam-

matory responses to collagen-induced arthritis (CIA) via

upregulation of T regulatory cells and suppression of T

helper type 17 cells in a mouse model. To study the effects

of IL-35 on the proliferation and apoptosis frequency of

cultured FLS isolated from mice with CIA as well as to

examine the effects of IL-35 on CIA in vivo. Thirty DBA/

1 J mice, which are used as an animal model for RA, were

divided randomly (ten mice per group) to a CIA group

(collagen treatment), a CIA ? IL-35 group (collagen and

IL-35 treatments), and a control group (no treatment).

Starting on the 24th day after collagen administration, IL-

35 was injected intraperitoneally into mice of the

CIA ? IL-35 group once per day for 10 days. An arthritis

index was calculated, and pathological analysis of synovial

tissue was performed. FLS isolated from CIA mice were

treated with various concentrations of IL-35 (12.5–100 ng/

ml). The MTT assay was used to examine FLS prolifera-

tion, and apoptosis frequency of FLS was detected by flow

cytometry. On day 24, the CIA mice began to exhibit

arthritis symptoms, and the symptoms rapidly progressed

with time. Treatment with IL-35 significantly alleviated

arthritis symptoms and reduced the synovial tissue

inflammation. In addition, IL-35 treatment inhibited pro-

liferation and promoted apoptosis in cultured FLS from

CIA mice in a dose-dependent manner. IL-35 could ame-

liorate the symptoms of arthritis in the CIA mouse model

in vivo and inhibited FLS proliferation while promoting

FLS apoptosis in vitro, thereby exhibited the potential in

inhibiting the progression of RA.
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Abbreviations

RA Rheumatoid arthritis

FLS Fibroblast-like synoviocytes

IL-35 Interleukin-35

Th17 T helper type 17

CIA Collagen-induced arthritis

MTT 3-(4,5-Dimethyl-thiazoyl-2-yl)-2,5-

diphenyltetrazolium bromide

MMPs Matrix metalloproteinases

IACUC Institutional Animal Care and Use

Committee

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

H2O2 Hydrogen peroxide

DAB 3,3-Diaminobenzidine
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SDS-PAGE Sodium dodecylsulphate-polyarcylamide gel

electrophoresis

ANOVA One-way analysis of variance

SD Standard deviation

LSD Least significant difference

Ao-SMCs Human aortic smooth muscle cells

Introduction

Rheumatoid arthritis (RA) is an inflammatory disorder of

the joint that affects up to 0.5–1 % of adults [1], chronic

inflammation of the joints is the hallmark of RA and leads

to symmetrical and erosive injury to the cartilage and bone.

Although the pharmacological and non-pharmacological

measures control joint inflammation and prevent joint

deformity in certain patients, RA is still associated with

considerably morbidity and mortality [2]. The precise

pathogenesis of RA remains unclear, but multiple genetic

and environmental factors are believed to contribute to the

development of RA [1].

In RA, synovial tissue becomes hyperplastic and invasive

in nature. Fibroblast-like synoviocytes (FLS) residing in the

synovial intimal lining produce cytokines and inflammatory

mediators, thereby contributing to the pathogenesis of RA

[3]. In addition, FLS are the primary mediators of cartilage

damage in RA due to their tendency to secrete multiple

proteolytic enzymes such as matrix metalloproteinases

(MMPs) [4]. Excessive growth of the FLS promotes

hyperplasia of synovial tissues and induces its invasion into

the bone and cartilage, eventually leading to joint deformity

and dysfunction. Growth of FLS may result from an

imbalance between cell proliferation and apoptosis. Several

studies have demonstrated that FLS rarely undergo apoptosis

and can survive even in highly genotoxic rheumatoid syn-

ovium that is rich in reactive oxygen species [5, 6]. There-

fore, imbalance between synovial cell proliferation and

apoptosis has been regarded as a contributing factor for the

development of RA [7–9]. Promotion of FLS apoptosis

might be a new strategy for treating RA.

Interleukin-35 (IL-35), a novel member of the IL-12

family, is specifically produced by regulatory T cells

(Tregs) and considered as an anti-inflammatory cytokine,

which is linked to many autoimmune diseases [10–12]. IL-

35 has been shown to suppress inflammatory responses via

Treg expansion and T helper type 17 (Th17) cell sup-

pression in mice with collagen-induced arthritis (CIA) [13].

Moreover, patients with established RA have significantly

higher serum IL-35 levels than those with controlled

osteoarthritis [14]. Furthermore, IL-35 expression is greater

in the synovial tissues of RA patients than in those of

patients with osteoarthritis or psoriatic arthritis [15]. These

clinical studies further suggest that IL-35 may be closely

related to the pathogenesis of RA. However, the role of IL-

35 in RA remains unknown, and the effects of IL-35 on

FLS proliferation and apoptosis have yet to be elucidated.

Therefore, in a CIA mouse model, we investigated how

would IL-35 affect the arthritis symptoms in RA and

evaluated its effects on the proliferation and apoptosis

frequency of cultured FLS isolated from mice with CIA.

The present study aimed at testing the hypothesis that IL-

35 can inhibit FLS proliferation and promote FLS

apoptosis.

Materials and methods

Animals

Institutional Animal Care and Use Committee (IACUC) of

China Medical University approved the study. Thirty male

DBA/1 J mice (Beijing HFK Bioscience Co. Ltd, China)

aged between 8–10 weeks and weighing 22.6 ± 2.8 g

were kept on a 12-h light/dark cycle and housed at room

temperature with 60 % humidity. Mice were fed standard

food and water ad libitum.

Reagents

Chicken type II collagen, Annexin V-FITC/PI (apoptosis

detection kit), a cell cycle kit, and a 3-(4,5-dimethyl-thia-

zoyl-2-yl)-2,5-diphenyltetrazolium bromide (MTT) kit

were obtained from Sigma-Aldrich, USA. Trypsin, fetal

bovine serum (FBS), complete Freund’s adjuvant (CFA),

incomplete Freund’s adjuvant (IFA), and IL-35 (mouse):

Fc (human IgG1) were purchased from R&D Systems,

USA. High-glucose Dulbecco’s modified Eagle medium

(H-DMEM) was obtained from Hyclone, USA. Goat anti-

mouse monoclonal antibodies against CD68 and cylin D1

were purchased from Abcam, UK. Goat anti-mouse

vimentin polyclonal antibody was purchased from

Proteintech, USA.

Mouse model of CIA

Thirty mice were divided randomly into three groups with

ten mice in each group, the CIA, CIA ? IL-35 and nega-

tive control group. The CIA and CIA ? IL-35 group was

generated by treatment with collagen. After feeding for

3 days, intradermal immunization of mice with chicken

type II collagen (0.2 ml of 2 mg/ml solution in acetic acid)

was started, and a subcutaneous booster was given on day

21. Collagen was delivered as a 1:1 emulsification in CFA

at a ratio of 1:1. On day 24, arthritis was successfully

induced, according to an arthritis index (AI)[4, and one
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paw showing a[1.6-fold increase in the volume of footpad

swelling.

Mice in the CIA ? IL-35 group were treated intraperi-

toneally with IL-35 (2 lg) once per day for 10 days as

previously described from day 24 [13]. The same volume

of phosphate-buffered saline (PBS) was given to the ani-

mals in the control and CIA groups. For each mouse paw,

the severity of arthritis was scored as 0 if normal, one if

there was mild swelling with no joint deformities with or

without erythema, two if there was severe swelling with no

joint deformities, and three if there were joint deformities

and ankylosis. The AI was the sum of the scores for all four

paws, and the maximum AI was 12 points. The severity of

swelling was assessed according to the measured footpad

thickness.

Five mice in each group were sacrificed on day 48. The

ankle joint of a hind limb was removed from each mouse,

and hematoxylin and eosin (HE) staining was performed

for pathological analysis of synovial tissues. Synovial

hyperplasia, inflammation, cell infiltration, pannus, and

bone erosion were scored as follows: (1) normal; (2) a

small number of inflammatory cells with or without pan-

nus, and without decalcification and bone erosion; (3) a

moderate number of inflammatory cells with many pannus,

and mild decalcification and bone erosion; (4) excessive

inflammatory cells with a large amount of pannus, and

moderate decalcification and bone erosion; and (5) exces-

sive inflammatory cells with a large amount of pannus, and

severe decalcification and bone erosion. For each joint, the

minimum score was one and the maximum score was five.

Isolation and culture of FLS

After removal of the paw bones from mice in all groups,

the joint cavity was cut open to reveal the synovial tissues,

which were sliced into 1 mm3 pieces. These pieces (8–12

pieces) were washed with H-DMEM containing 15 % FBS

and transferred to a culture bottle for culture in H-DMEM

containing 15 % FBS, 100 IU/ml penicillin, and 100 lg/ml

streptomycin at 37 �C in 5 % CO2 for 24 h. Afterward, the

tissue pieces were collected and cultured in culture media.

Cell growth was observed under a microscope.

Cells subcultured to 70–80 % confluence were digested

with 0.25 % of trypsin at 37 �C for 3–5 min. H-DMEM

containing Ca2? was added to inhibit trypsin activity. The

cells were harvested and centrifuged at 1000 r/min. The

supernatant was decanted and the pellet was re-suspended

in H-DMEM. Cells were passaged at a ratio of 1:2, and

passages 3–5 of the cells were used.

Cells seeded at 5 9 104 cells/ml within wells of 96-well

plates were used in six different treatment groups: the

negative control group, the CIA group, and four CIA ? IL-

35 groups that were treated with 12.5, 25, 50, or 100 ng/ml

IL-35. After culture in H-DMEM supplemented with 15 %

FBS, the cells were incubated at 37 �C in 5 % CO2 for

12 h. Next, IL-35 was added at the indicated concentra-

tions for further culture for 24, 48, 72, 96, and 120 h.

Immunocytochemistry

FLS were plated at a density of 2 9 104 cells/ml, cultured

for 48 h, and then fixed in 4 % paraformaldehyde. The

fixed cells were washed in PBS three times (3 min each)

and incubated in 3 % H2O2 for 15 min. To block non-

specific protein binding sites, the cells were incubated in

5 % BSA for 20 min at room temperature. Further, the

cells were incubated with CD68 (goat anti-mouse CD68,

dilution 1:100) and vimentin (goat anti-mouse vimentin,

dilution 1:100) primary antibodies overnight at 4 �C, fol-
lowed by incubation with rabbit anti-goat secondary anti-

bodies with conjugated biotin (dilution 1:200) at 37 �C for

30 min. Cells were then incubated with streptavidin

horseradish peroxidase for additional 20 min at 37 �C,
followed by application of 3,3-diaminobenzidine (DAB)

substrate. Cells were counterstained with hematoxylin.

Samples incubated in PBS not containing primary anti-

bodies served as negative controls. All cells were examined

and photographed under a light microscope.

MTT assay

FLS proliferation was evaluated using the MTT assay.

Briefly, 5 9 104 cells/ml were seeding into 96-well plates

and treated with IL-35 at different concentrations (12.5,

25, 50, or 100 ng/ml) or vehicle for 0, 24, 48, 72, 96, and

120 h. The cell proliferation detection MTT dye was

added to a final concentration of 5 mg/ml, and plates were

incubated for 4 h. After that, 150 ll of dimethyl sulfoxide

(DMSO) was added, and then the plate was incubated for

10 min in darkness at room temperature. The absorbance

of the solution in each well was read at 490 nm in a

microtiter plate reader, and the average values from

triplicate readings were used to plot a FLS cell prolifer-

ation curve.

Flow cytometry

Flow cytometry was used to detect FLS apoptosis fre-

quency and cell cycle. Briefly, 5 9 105 FLS were seeded

into of 24-well plates. After incubation with IL-35 for

48 h, cells (1 9 105/ml) were collected by trypsin

digestion, followed by centrifugation at 1000 rpm for

5 min. For cell apoptosis analysis, the cells were resus-

pended in 500 ll binding buffer and incubated with 5 ll
Annexin-V-FITC. Then cells were incubated with 5 ll
propidium iIodide solution for 15 min in darkness at room
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temperature. For cell cycle analysis, cells were incubated

with 25 ll propidium iodide and 10 ll RNase A at 37 �C
for 30 min. The cell apoptosis frequency and cell cycle

was analyzed by flow cytometer (Becton Dickenson,

USA).

Western blot

FLS were homogenized on ice in lysis buffer on ice after

48 h in culture. Proteins were first separated in SDS-PAGE

gels by electrophoresis and then transferred to polyvinyli-

dene fluoride (PVDF) membranes. The PVDF membranes

were incubated with primary antibodies against cyclin D1

(goat anti-mouse monoclonal antibodies, diluted 1:100) for

2 h at room temperature. Then, the membranes were

incubated with horseradish peroxidase-conjugated rabbit

anti-goat secondary antibodies (dilution 1:5000) for 1 h at

room temperature. b-actin was used as the internal control

standard. Bands were detected using a chemiluminescence
detection kit, and band intensities were analyzed with

Quantity one software.

Fig. 1 Arthritis index after intraperitoneal injection of IL-35 (2 lg/d,
0.1 mg/kg) on day 24 after the first collagen treatment to elicit CIA.

Data are expressed as mean ± SD, n = 5. *P\ 0.05 versus CIA

mice

Fig. 2 a Representative HE

staining of synovial tissues from

control, CIA, and CIA ? IL-35

mice on day 48.

Magnification:9200.

b Pathological scores. Data are

expressed as mean ± SD,

n = 5, #P\ 0.0001 versus

Control mice, *P\ 0.0001

versus CIA mice
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Statistical analysis

The All statistical analyses were completed using SPSS

17.0 (SPSS Inc., Chicago, IL). Data were presented as

mean ± standard deviation (SD). One-way analysis of

variance (ANOVA) or repetitive measure ANOVA was

used to compare the significant differences among the

groups, followed by least significant difference (LSD) tests.

Probability values \0.05 were considered as statistically

significant.

Results

IL-35 ameliorated the arthritis severity in the mouse

model of CIA

By day 24, The CIA collagen-treated mice of the CIA

group exhibited arthritis symptoms rapidly progressed with

time (Fig. 1), with the AI peaking on day 48. Treatment

with IL-35 led to a significantly reduced AI score in CIA

mice (P\ 0.05), suggesting that IL-35 ameliorated the

arthritis severity in mice with CIA.

IL-35 prevents pathological damage of synovial

tissue in CIA mice

HE staining showed no synovial hyperplasia, cell infiltra-

tion, dilatation, or congestion in blood vessels, pannus, or

inflammation in synovial tissues of the control group.

Synovial tissues of the CIA group exhibited obvious

hyperplasia, inflammatory cell infiltration, dilatation and

congestion in blood vessels, and pannus. Following treat-

ment with IL-35, only a few infiltrating inflammatory cells

and pannus were observed in synovial tissues of mice in the

CIA group. The pathological score was significantly lower

for the CIA ? IL-35 group than for the CIA group

(P\ 0.0001; Fig. 2b), but significantly higher than in the

control group (P\ 0.0001, Fig. 2b).

Fig. 3 a Third to fifth generations of FLS isolated from mice with

CIA. Magnification 9100. b Representative immunostaining of FLS

for CD68 and vimentin. FLS were negative for CD68 and positive for

vimentin. The last photo shows negative vimentin staining as the

negative control. Magnification 9200

Fig. 4 Time course of proliferation of FLS treated with 12.5, 25, 50,

or 100 ng/ml IL-35. Data are expressed as mean ± SD, n = 4,
#P\ 0.05 versus Control mice, *P\ 0.05 versus CIA mice
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Identification of cultured FLS

Under the microscope, FLS appeared spindle-like

(Fig. 3a). According to the immunohistochemical studies,

the cells isolated and cultured from CIA mice were

vimentin-positive and CD68-negative, suggesting that they

were indeed FLS cells (Fig. 3b).

IL-35 inhibits FLS proliferation in vitro

Figure 4 shows the time course of FLS proliferation upon

treatment with different concentrations of IL-35. Cells

proliferated slowly in the control group, whereas cells in

the CIA group proliferated rapidly with time. IL-35 treat-

ment significantly inhibited FLS proliferation at each time

point (P\ 0.05; Fig. 4), and this inhibition was dose-

dependent.

IL-35 inhibits cell cycle progression in FLS in vitro

We examined the effect of IL-35 on FLS cell cycle pro-

gression in culture cells using flow cytometry. Compared

with the CIA group, IL-35 (12.5–100 ng/ml) treatment for

48 h significantly increased the number of cells in G1

phase while significantly decreased the number of cells in

S/G2 phases (Fig. 5, P\ 0.05). These findings suggested

that IL-35 slowed cell cycle progression and thereby

inhibited cell proliferation.

IL-35 downregulates cyclin D1 expression in FLS

in vitro

We next examined the expression of cyclin D1, which

regulates cell cycle checkpoint in G1 phase, upon treatment

with IL-35. Western blot results showed that cyclin D1

expression was significantly greater in the CIA group than

in the normal group (P\ 0.05; Fig. 6). Moreover, IL-35

treatment dose-dependently downregulated cyclin D1

expression.

IL-35 promotes FLS apoptosis in vitro

FLS apoptosis in each group was measured by flow

cytometry. In the control group, the frequency of apoptotic

FLS was 40.03 ± 1.49 %. In the CIA group, the frequency

of apoptotic FLS was only 3.45 ± 1.00 %, which was

significantly lower (all P\ 0.05) than measurements in the

CIA ? 12.5 ng/ml IL-35 group (11.16 ± 1.32 %), CIA ?

25 ng/ml IL-35 group (16.50 ± 1.11 %), CIA ? 50 ng/ml

IL-35 group (20.32 ± 1.00 %), and CIA ? 100 ng/ml IL-

35 group (25.81 ± 3.01 %) (Fig. 7), suggesting that IL-35

induced apoptosis in FLS in a dose-dependent manner. The

late apoptotic rate, but not early apoptotic rate, significantly

changed (Fig. 7a), suggesting that IL-35 promoted late

apoptosis and necrosis in FLS. (In Fig. 7a, the right upper

quadrant represents the late stage of FLS apoptosis, and the

right lower quadrant represents the early stage of FLS

apoptosis).

Discussion

Here, we studied the effect of IL-35 on CIA in DBA/

1 J mice, a well-established mouse model of human RA

[16]. Our experiments showed that IL-35 treatment atten-

uated the RA symptoms of CIA mice and, more specifi-

cally, protected synovial tissues against pathological

damage in this mouse model. Furthermore, we

bFig. 5 IL-35 inhibited cell cycle progression in cultured FLS.

a Representative flow cytometric results for cell cycle in FLS treated

with different concentrations of IL-35. b–d The percentages of FLS in

G1, S, and G2 phase after IL-35 treatment. Data are expressed as

mean ± SD, n = 4. #P\ 0.05 versus Control group, *P\ 0.05

versus CIA group

Fig. 6 IL-35 downregulated cyclin D1 expression in FLS. a Repre-

sentative Western blot showing cyclin D1 expression in FLS treated

with different concentrations of IL-35. b-actin was used as a loading

and normalization control. b Quantification of cyclin D1 expression

normalized to b-actin expression. Data are expressed as mean ± SD,

n = 4. #P\ 0.05 versus Control mice, *P\ 0.05 versus CIA mice.

P\ 0.05 for CIA ? 12.5 ng/ml IL-35 versus CIA ? 25 ng/ml IL-35

groups, P\ 0.05 for CIA ? 25 ng/ml IL-35 versus CIA ? 50 ng/ml

IL-35 groups, P\ 0.05 for CIA ? 50 ng/ml IL-35 versus

CIA ? 100 ng/ml IL-35 groups
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demonstrated that IL-35 inhibited the proliferation of FLS

from CIA mice while promoting apoptosis of these cells.

Our results suggested that IL-35 might prevent the devel-

opment of RA and thus may represent a potential strategy

for treating this common and debilitating condition.

Proliferation and inflammation of the synovial intimal

lining are the prominent pathological features of RA. FLS

have been found to contribute to the pathogenesis of RA

via the release of inflammatory cytokines and production

of proteolytic enzymes such as MMPs [4]. Mutations in

tumor protein p53 have been found in synovial tissues and

FLS in RA patients, and mutant p53 differentially regulates

the expression of human MMPs 13 (hMMP-13) in FLS

[17], suggesting that dysregulation of hMMP-13 in FLS

due to the inactivation of p53 may contribute to the

pathogenesis of RA. In addition, FLS secrete various

inflammatory cytokines and promote the development of

inflammation and autoimmunity [18]. Therefore, effective

inhibition of FLS proliferation and promotion of FLS

apoptosis may be a therapeutic strategy against RA. In this

study, IL-35 treatment significantly inhibited FLS prolif-

eration and increased FLS apoptosis, suggesting that IL-35

may be a novel cytokine that can be used for the effective

treatment of RA.

Fig. 7 IL-35 increased FLS

apoptosis. a Representative flow

cytometric analysis of FLS

apoptosis. b Percentages of

apoptotic FLS after IL-35

treatment. Data are expressed as

mean ± SD, n = 4. #P\ 0.05

versus Control mice, *P\ 0.05

versus CIA mice. P\ 0.05 for

CIA ? 12.5 ng/ml IL-35 versus

CIA ? 25 ng/ml IL-35 groups,

P\ 0.05 for CIA ? 25 ng/ml

IL-35 versus CIA ? 50 ng/ml

IL-35 groups, P\ 0.05 for

CIA ? 50 ng/ml IL-35 versus

CIA ? 100 ng/ml IL-35 groups
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As an anti-inflammatory cytokine with a protective role

in RA pathogenesis, IL-35 also has anti-inflammatory

properties in animal models [13]. However, by increasing

the severity of inflammation, IL-35 enhanced Lyme

arthritis in Borrelia-vaccinated and infected mice [19]. IL-

35 produces anti-inflammatory effects by promoting pro-

liferation and differentiation of Tregs, increasing produc-

tion of IL-10 (anti-inflammatory cytokine), and inhibiting

growth and differentiation of effector T cells [20–24].

Collison et al. reported that IL-35 is specifically secreted

by CD4 ? CD25 ? Tregs and is necessary for the maxi-

mal inhibitory effects of these cells [11]. Niedbala et al.

found that IL-35 reduced the incidence of CIA and inhib-

ited arthritis symptoms [13]. Consistent with these previous

findings, we observed that arthritis symptoms were sig-

nificantly reduced after treatment of CIA mice with IL-35.

Furthermore, IL-35 inhibited proliferation and cell cycle

progression in FLS harvested from CIA mice in a dose-

dependent manner, accompanied by downregulation of

cyclin D1.

The cell cycle is a fundamental processes of cell life cycle;

the start ofG1 being a key regulatory step. Cell cycle proteins

(cyclins), cyclin-dependent kinases, and CDK inhibitors are

themajor factors involved in cell cycle regulation. CyclinD1

is a key protein that regulates cell cycle at G1 and is essential

for cell cycle progression through G1/S. Overexpression of

cyclin D1 is the leading cause of detection of point defects in

G1/S phase. Our results demonstrate that IL-35 can inhibit

the expression of cyclin D1, thereby suppressing the pro-

gression of cell cycle, inhibiting the proliferation of synovial

cells. Our data indicate that IL-35 may protect against

arthritis by inhibiting FLS proliferation via downregulation

of cyclin D1 and slowing cell cycle progression. In addition,

we found that IL-35 treatment significantly promoted FLS

apoptosis, whichmay be another mechanism bywhich IL-35

prevents arthritis.

It has been reported that IL-35 affects cell apoptosis, but

the corresponding role differs among different cells. Several

papers show both pro- and anti-apoptotic roles for IL-35 in

different diseases. IL-35 suppresses cancer activity and cell

growth, and increases the sensitivity of human cancer cells to

apoptosis by regulating genes associated with the cell cycle

and apoptosis [25]. Other studies show that IL-35 directly

reduces apoptosis of acute myeloid leukemia blasts and

promotes their proliferation [26]. IL-35 inhibits apoptosis

and induces proliferation in association upregulation of

cyclin D and downregulation of p27 expression in pancreas

cancer [27]. IL-35 slightly enhanced ICAM-1 surface

expression and increased IL-32 mRNA expression in Ao-

SMCs, but IL-35 did not affect Ao-SMC apoptosis, necrosis,

or viability [28]. The mechanisms of FLS apoptosis are

complex, involving multiple pro-apoptotic factors such as

Bcl and anti-apoptotic factors such as Bax. However, in the

present study, we did not investigate the mechanisms

through which IL-35 promoted FLS apoptosis. Further

studies are required to identify the signaling pathway that

mediates IL-35-induced apoptosis in FLS.

Conclusions

IL-35 ameliorated arthritis index by blocking synovial

tissue hyperplasia and inflammation in mice with CIA.

Furthermore, IL-35 inhibited FLS proliferation in vitro,

possibly by downregulating cyclin D1 and slowing cell

cycle progression. We also found that IL-35 promoted FLS

apoptosis. Our results indicated the potential of IL-35 in

RA therapy by inhibiting FLS proliferation and promoting

FLS apoptosis.
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