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Abstract
Objective

We investigated the impact of IL-35 and IL-10 on the immune response and pulmonary fibrosis using a bleomycin 
(BLM)-induced SSc mouse model.

Methods
BLM was administered subcutaneously to Balb/c mice and either mouse recombinant (rm)IL-35, rmIL-10 or

neutralising antibody of IL-35 and IL-10 was injected intraperitoneally after BLM administration. Lung fibrosis was 
assessed by the pathological alterations, hydroxyproline content, and the collagen I and α-SMA mRNA expression. 
The expression of immune cells and their related factors were respectively measured by flow cytometry and ELISA. 

Western blot was used to measure STAT3 pathway expression.

Results
Compared with controls, BLM exposure induced increased Ashcroft ratings, hydroxyproline and lung collagen I and 
α-SMA expression, which was lessened by rmIL-35 or rmIL-10 intervention, while it did not change after blocking 

IL-35 and IL-10. BLM exposure increased IL-4 and IL-17A expression in bronchoalveolar lavage (BAL) supernatant, 
which was downregulated by rmIL-35 or rmIL-10 administration. Compared with the BLM group, the RmIL-35 and 
rmIL-10 group both downregulated Th2/nTreg and Th17/nTreg percentage, while increased Treg cell proportion in 
the spleen. Moreover, the spleen iTr35 cell ratio was negatively correlated with BAL supernatant IL-17A and IL-4 
levels and lung collagen I and α-SMA expression. Further pathway analysis revealed that rmIL-35 administration 

decreased the phosphorylation of STAT3 compared with the BLM group.

Conclusion
Our findings suggest that IL-35 and IL-10 might alleviate pulmonary inflammation and fibrosis via upregulating 

the proportion of Treg cells and reducing BAL supernatant IL-17A and IL-4 levels in a bleomycin-induced 
SSc mouse model. 
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Introduction
Systemic sclerosis (scleroderma, SSc) is 
an autoimmune disease characterised by 
inflammation, vascular abnormalities, 
fibrosis of the skin and internal organs 
(1, 2). Presently, interstitial lung dis-
ease (ILD) remains a major contributing 
cause of both morbidity and mortality of 
SSc with an incidence of approximately 
40% and a 10-year mortality of up to 
40% (3). Data from the European Scle-
roderma Preliminaries and Exploration 
Gathering (EUSTAR) suggest that pul-
monary fibrosis is attributed to 35% of 
disease-specific mortality (4). 
The mechanisms involved in scleroder-
ma-associated interstitial lung disease 
(SSc-ILD) remain poorly understood, 
but there is no doubted that inflamma-
tion and immune activation are part of 
pathogenic events in SSc-ILD. Evi-
dences show that one important factor 
in the pathophysiology of SSc-ILD is 
excessive activation of CD4+ T cells, 
especially follicular T helper cells (Tfh) 
(5). Our previous studies have point-
ed to a decreased T helper 1 (Th1)/ T 
helper 2 (Th2) cell ratio, as well as T 
helper 17 (Th17)/regulatory T (Treg) 
cell imbalances in patients with SSc (6). 
Interleukin-4 (IL-4) and interleukin-13 
(IL-13) could modulate fibroblasts to 
myofibroblasts, leading to extracel-
lular matrix(ECM) accumulation (7). 
The role of interleukin-17A (IL-17A) 
in fibrosis remains controversial, with 
some studies emphasising a profibrotic 
(8), and others an antifibrotic role (9). 
Therefore, it is presumed that the im-
mune imbalance among T cell subsets is 
crucial for the progression of SSc-ILD.
Interleukin-10 (IL-10), secreted by an 
array of cells including T cells, B cells, 
macrophages and dendritic cells (10), 
could modulate the differentiation and 
function of CD4+ T cells (11). Martinez 
et al. revealed an up-regulation of IL-
10 mRNA expression in alveolar mac-
rophages and reduced levels of IL-10 
protein in the bronchoalveolar lavage 
(BAL) of patients with ILD (12). IL-
10 has also been demonstrated to play 
a protective role in bleomycin (BLM)-
induced mouse models of lung fibrosis 
(13). However, opposite results were 
emerged when using pulmonary fibro-
blasts (14).

Interleukin-35 (IL-35), a heterodimer 
cytokine composed of p35 and Ebi3, 
is predominantly derived from Treg 
cells (15). Potent immunosuppressive 
properties of IL-35 could reduce the 
proliferation of effector T cells (Teff), 
alter the ratio of Th17 cells to Tregs, 
and influence Th2/Th17 responses (16). 
Evidence suggests that IL-35 is a sig-
nificant mediator in fibrosis. Serum lev-
els of IL-35 have been reported to be 
increased in SSc patients and associated 
with the severity of fibrosis in the skin 
and lungs (17, 18). Some experiments 
point to an anti-fibrotic role of Ebi3 
(19). Nevertheless, another study ob-
served contrasting results when using 
recombinant IL-35 protein (20). 
The underlying mechanisms of in SSc-
ILD are not completely understood. 
Moreover, the role of IL-35 and IL-10 
in SSc-ILD and their mutual effect has 
been only partially studied (21, 22), 
whether IL-35 added to IL-10 further 
affects fibrosis responses remains un-
known. To this aim, we conducted a 
murine experiment to assess the role of 
IL-35 and IL-10 in SSc-ILD develop-
ment. 

Materials and methods
Animals and animal experiments 
setup
Forty-two female Balb/c mice (aged 
6–8 weeks, weighing 25–30g) were 
kept in Guangxi Medical University 
Laboratory Animal Center (Nanning, 
China). The experiment was carried 
out in conformity with the guideline 
for animal testing and approved by the 
Animal Management and Ethics Com-
mittee of Guangxi Medical University. 
Seven groups of six mice each were ran-
domly assigned: (1) PBS group (PBS) 
mice were subcutaneously injected with 
the identical amount  of PBS; (2) BLM 
group (BLM) mice were subcutane-
ously administered with BLM (Mack-
lin, China, cat. no.  B802467) 100 μg 
per day daily for 3 weeks, as previously 
described (23); (3-4) BLM + rmIL-35 
group (BLM + rmIL-35) and BLM + 
rmIL-10 group (BLM + rmIL-10) mice 
were respectively intraperitoneally 
treated with mouse recombinant IL-35 
(Chimerigen, USA, no. CHIMF-11135) 
or mouse recombinant IL-10 (Pepro-
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Tech, USA, no. 210-10)  0.75 μg per day 
on 4, 7, 10, 13,16 and 19 days follow-
ing BLM injection. (5) BLM + rmIL-
35 + rmIL-10 group (BLM + rmIL-35 
+ rmIL-10) mice were intraperitoneally 
treated with mouse recombinant IL-35 
and mouse recombinant IL-10 as previ-
ously mentioned (6). BLM + neutralis-
ing anti-IL-35 Ab group (BLM + anti-
IL-35 Ab) mice were intraperitoneally 
treated with mouse anti-IL-35 Ab 
(R&D Systems, USA, no. MAB6688) 
25 μg per day on 3, 6,9,12 and 15 days 
following BLM injection. (7) BLM + 
neutralising anti-IL-35 Ab + neutralis-
ing anti-IL-10 Ab group (BLM + anti-
IL-35 Ab + anti-IL-10 Ab) mice were 
intraperitoneally treated with mouse 
anti-IL-35 Ab (R&D Systems, USA, 
no. MAB6688) and mouse anti-IL-10 
Ab (Invitrogen, USA, no. 16-7101-85) 
as group (6). On day 21, all the mice 
were mercy killed.

Histopathological assessment 
The dissected lung tissues were fixed 
and embedded, and eventually cut 
into slices for haematoxylin and eosin 
(H&E) staining. We randomly select 5 
fields (200 x magnification) for each 
lung specimen to assess the severity 
of pulmonary fibrosis using Ashcroft 
scoring method (24) under the blind 
supervision of two pathologists.

Hydroxyproline assay
The hydroxyproline content was quan-
tified with the kit (Solarbio, China, no. 
BC0255) as instructed by the manufac-
turer to determine the collagen deposi-
tion in lung tissue.

Flow cytometry analysis
Splenic cell suspension was obtained 
from mice and activated for four hours 
prior to staining using the leukocyte 
activating agent (BD, USA, cat. no. 

550583). The Fixable Viability Stain 
510 (BD, USA, no. 564406) was used 
to stain the cells. Then cells were sur-
face stained with anti-CD4-BB700 
(BD, USA, no. 566408). For the intra-
cellular cytokine analysis, cells were 
divided into group I and II. Group I 
was fixed and permeabilised with the 
Fixation/Permeabilisation Kit (BD, 
USA, no. 554714) and then stained 
with anti-IL-17A-PE (BD, USA, no. 
561020) and anti-IL-4-APC (BD, 
USA, no. 554436). Group II was fixed 
and permeabilised using the Transcrip-
tion Factor Buffer Set (BD, USA, no. 
562574) and then stained with anti-
Foxp3-BV421 (Invitrogen, USA, no. 
404-5773-80), anti-Ebi3-APC (R&D 
Systems, USA, no. IC18341A), anti-
IL-12p35-PE (Invitrogen, USA, no. 
MA523559) and anti-IL-10-FITC (In-
vitrogen, USA, no. 11-7101-81).
All stained cells were detected by a 

Fig. 1. Effects of IL-35 and IL-10 on the severity of pulmonary fibrosis after BLM induction.
A. Representative images for H&E (200× magnification). B. The Ashcroft scores for the degree of lung fibrosis. C. Quantification of lung hydroxyproline 
(measured value specific lung wet weight). D-E. RT-PCR analysis of Collagen Ⅰ and α-SMA expression in the lung tissue. 
Data represent the mean ± SEM.
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FACSCelesta (BD, USA) and FlowJo 
software (version 10.8.1, BD, USA) was 
employed for analysis. Briefly, CD4+IL-

17A+T cells were used to characterise 
Th17 cells. CD4+IL-4+T cells were used 
to characterise Th2 cells. Tregs that arise 

naturally (nTreg cells) were described 
as CD4+Foxp3+T cells.CD4+Foxp3-

Ebi3+IL-12p35+T cells were used to 

Fig. 2. Effects of IL-35 and IL-10 on Th2/Treg and Th17/Treg balance after BLM induction.
A. The proportions of Th2 (CD4+IL-4+), Th17 (CD4+IL-17A+) and nTreg (CD4+Foxp3+) cells in the mouse spleen were quantified by flow cytometry. 
B-D. Th2, Th17 and nTreg ratio between groups. E-F. The Th12/nTreg and Th17/nTreg ratio between groups. G-H. BAL supernatant fluid levels of IL-4 and 
IL-17A as determined by ELISA. Data represent the mean ± SEM.
Th17: T helper cell 17; Th2: T helper cell 2; nTreg: naturally occurring regulatory T cell.
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characterise inducible IL-35 producing 
regulatory T (iTr35) cells. While Type 
1 regulatory T (Tr1) cells described as 
CD4+Foxp3-IL-10+T cells.

ELISA
Bronchoalveolar lavage fluid (BALF) 
was obtained from each mouse and su-
pernatant was separated via centrifuga-
tion. The levels of IL-35 (Elabscience, 
China, no. E-EL-M0733), IL-10 (Elab-
science, China, no. E-HSEL-M0004), 
IL-17A (Elabscience, China, no. E-
HSEL-M0005), and IL-4 (MULTI SCI-
ENCE, China, no. EK204/2-96) in the 
supernatant samples were measured by 
ELISA in compliance with the manu-
facturer’s guidelines.

Quantitative real-time PCR 
Total RNA was extracted from the 
lungs of mice using TRlzol reagent 
(Takara, China, no. 9109) according to 
the user manual. A Reverse Transcrip-
tion Kit (Applied Biological Materials 
Inc., Canada, no. G492) was utilised 
to synthesise cDNA. Real-time PCR 
assays were performed on a ViiA™ 7 
real-time PCR system (Applied Bio-
systems, USA) using the StarLighter 
SYBR Green qPCR kit (Beijing Qi-
hengxing Biotechnology Inc., China, 
no. FS-Q1002). The mRNA expression 
levels were normalised to beta-actin. To 
determine each target’s relative expres-
sion, the 2-Δct technique was employed. 
The primer sequences used were listed 
in the supplemental materials. 

Western blot analysis
The lung tissues’ total protein was ex-
tracted using RIPA lysis buffer (Beyo-
time, China, no. P0013B). The primary 
antibodies used in this study included 
p-STAT3 (1:500 dilution, CST, USA, 
no. 9131) and STAT3 (1:1000 dilu-
tion, Abcam, UK, no. ab68153). An 
internal control was provided by beta-
actin (1:5000, Proteintech, China, no. 
20536-1-AP).

Statistical analysis
The means ± SEMs are used to express 
the data. To conduct the statistical anal-
ysis, GraphPad Prism (v. 8.0, Graph-
Pad Software Inc., USA) was used. 
Comparison between two groups were 

performed using the Student’s t-test or 
the Mann Whitney U-test. Variables in 
more than two groups were compared 
by one-way ANOVA. The correlation 
coefficients were determined using 
Spearman’s correlation analysis. p-
values less than 0.05 were regarded as 
statistically significant.

Results
Inhibition of BLM-induced 
pulmonary fibrosis by IL-35 and IL-10 
Compared with controls, BLM expo-
sure induced increased pulmonary fi-
brosis, which was diminished remark-
ably by rmIL-35, rm-IL-10, or rmIL-35 
combined with rm-IL-10 administra-
tion (Fig. 1A). Particularly, BLM expo-
sure increased the degree of pulmonary 
fibrosis and the hydroxyproline levels 
compared with PBS treatment (Fig. 1B-
C). The Ashcroft ratings were reduced 
in the rmIL-35, rm-IL-10, or rmIL-35 
combined with rm-IL-10 groups than 
that in the BLM group (Fig. 1B). Fur-
thermore, the hydroxyproline levels 
were much less in the rmIL-35 and/or 
rmIL-10 groups than that in the BLM 
group (Fig. 1C). However, there is 
no additive effect when rmIL-35 was 
added in combination with rmIL-10. 
We used RT-PCR analysis to meas-
ure fibrosis markers levels (collagen 1 
and α-SMA) in the lung tissue in or-
der to further evaluate the impact of 
IL-35 and IL-10 on lung fibrosis. As 
expected, rmIL-35, rm-IL-10, or rmIL-
35 combined with rm-IL-10 interven-
tion decreased BLM-induced collagen 
I and α-SMA mRNA expression (Fig. 
1D-E). And surprising, neutralising an-
tibodies to IL-35 or IL-10 had no effect 
on a range of measures.

Imbalance of Th2 and Th17 
responsein IL-35 and IL-10 
administrated mice
We evaluated whether IL-35 or IL-10 
affects the differentiation of Th2, Th17 
and nTreg cells in spleen of SSc-ILD 
mice, further depicting the inflamma-
tory condition with Th2/nTreg and 
Th17/nTreg percentage. The number of 
nTreg cells was increased with rmIL-10 
administration (Fig. 2D). Furthermore, 
rmIL-35 or rmIL-10 intervention sig-
nificantly downregulated Th2/nTreg 

and Th17/nTreg percentage (Fig. 2(E-
F)), having a notable impact on inflam-
mation of SSc-ILD mice. The concen-
tration of inflammatory factors in the 
BAL supernatant was further measured. 
Results suggested that BLM exposure 
upregulated IL-4 and IL-17A levels in 
the BAL supernatant of mice compared 
with the PBS control (Fig. 2G-H). Con-
versely, rmIL-35 or rmIL-35 combined 
with rm-IL-10 administrated mice 
showed downregulation of IL-4 levels 
in the BAL supernatant (Fig. 2G). Simi-
larly, mice administrated with rmIL-35, 
rmIL-10 or rmIL-35 combined with rm-
IL-10 showed reduced IL-17A levels 
(Fig. 2H).

Upregulated iTreg cells activities 
in the presence of IL-35 and IL-10
Next, we investigated the potential of 
IL-35 and IL-10 to stimulate the activ-
ity of iTreg cells (Fig. 3). Interesting, 
the number of iTr35 and Tr1 cells were 
significantly increased in the presence 
of rmIL-35, while they were not affect-
ed by the rmIL-10 only or combined 
action of rmIL-35 and rmIL-10. To our 
surprise, there was no significant dif-
ference in IL-35 and IL-10 expression 
in BAL supernatant of mice between 
BLM and PBS group. Results also 
demonstrated increased IL-35 levels 
in response to rmIL-35, but not rmIL-
10 alone or rmIL-35 combined with 
rmIL-10. For up-regulation of IL-10 
levels, administration with rmIL-35 or 
rmIL-10 alone was significantly more 
effective than when the cytokines were 
combined. 

Correlation of the spleen iTr35 
and Tr1 cells frequency with BAL 
supernatant cytokine levels, spleen 
inflammatory cell ratio and lung 
fibrosis markers expression
To visualise the potential role of Tr1 and 
iTr35 cells in inflammatory response 
and pulmonary fibrosis, we combined 
the data for correlation analysis (Fig. 
4). As our expected, iTr35 cell fre-
quency and IL-35 levels were signifi-
cantly positively correlated (r=0.6298, 
p=0.0051), which indicates a positive 
feedback loop between each other. We 
found the proportion of iTr35 cells was 
negatively correlated with IL-17A and 



1403Clinical and Experimental Rheumatology 2025

IL-35 and IL-10 on systemic sclerosis mice / Y. Huang et al.

IL-4 levels (r= -0.5212, p=0.0266; r= 
-0.4750, p=0.0464, respectively) and 
positively correlated with IL-10 lev-
els (r=0.6017, p=0.0083). Similarly, 
iTr35 cells proportion was conversely 
correlated with Th17 and Th2 cell ra-
tio (r= -0.6501, p=0.0035, r= -0.6326, 
p=0.0048, respectively) and positively 
correlated with Tr1 cell ratio (r=0.5671, 
p=0.0141). Moreover, the lung colla-
gen I and α-SMA mRNA expression 
was inversely correlated with iTr35 
cell frequency (r= -0.5191, p=0.0273, 
r= -0.6512, p=0.0034, respectively). 
The percentage of Tr1 cells was posi-
tively correlated with IL-35 levels 
(r=0.4290, p=0.0381) and negatively 
correlated with Th17 and Th2 cell ra-
tio (r= -0.5425, p=0.0200, r= -0.5835, 
p=0.0110, respectively). Unexpectedly, 
there was no clear correlation between 
nTreg cells percentage and either iTr35 
or Tr1 cells proportion. Besides, there 
was no significant correlation between 

the Tr1 cell frequency and IL-4, IL-17A 
and IL-10 levels, as well as the lung 
collagen I and α-SMA mRNA expres-
sion.

IL-35 decreased the activation 
of STAT3 expression in lung tissues
To investigate the mechanisms of IL35 
and IL-10 in modulating lung fibro-
sis, we detected the changes in STAT3 
phosphorylation, which has been sup-
ported to participate in the pathogenici-
ty of ILDs (25). We observed increased 
p-STAT3 expression in lung tissues 
of BLM-induced mice compared to 
controls, while rmIL-35 and rmIL-35 
combined with rm-IL-10 administrated 
mice showed significantly reduced lev-
els of p-STAT3. Nevertheless, rmIL-10 
administration alone could not block 
this pathway. Similarly, there were no 
effect by IL-35 or IL-10 neutralising 
antibody. The specific results are pre-
sented in Figure 5.

Discussion
The pathogenesis of SSc is a progres-
sive process of amplification that starts 
with microvascular damage and pro-
gresses to inflammation and immuno-
logical response, and finally character-
ised by skin and visceral fibrosis (26). 
IL-10, an anti-inflammatory mediator, 
has been a potential target for anti-fi-
brosis therapy given the link between 
inflammation and fibrogenesis (27). 
IL-35, an immunosuppressive factor, 
has been found to be increased in SSc 
patients (17). There are, however, few 
researches elaborate the roles of IL-10 
and IL-35 in pulmonary inflammation 
and fibrosis of SSc. Our findings dis-
played that the Ashcroft ratings, hy-
droxyproline content and collagen I 
and α-SMA mRNA expression in the 
lung tissue were increased in BLM-
induced SSc mouse model, suggesting 
that pulmonary fibrosis was aggravat-
ed. After administrated with rmIL-35, 

Fig. 3. Effects of IL-35 and IL-10 on regulatory T cell activity after BLM induction.
A: The proportions of iTr35 (CD4+Foxp3-Ebi3+IL-12p35+) and Tr1 (CD4+Foxp3-IL-10+) cells in the mouse spleen were quantified by flow cytometry. 
B-C: iTr35 and Tr1 ratio between groups. D-E. BAL supernatant fluid levels of IL-35 and IL-10 as determined by ELISA. 
Data represent the mean ± SEM. 
iTr35: inducible IL-35 producing regulatory T cell; Tr1: type 1 regulatory T cell.
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rm-IL-10 or rmIL-35 combined with 
rm-IL-10, these BLM-exposed mice’ 
expanded pulmonary fibrosis was ab-
rogated to a great extent and the col-
lagen I and α-SMA mRNA expression 
in the lung tissue of mice was lessened. 
However, IL-35 and IL-10 do not show 
obvious collaboration.
Recent studies have shown similar 
results. Ebi3 (one subunit of IL-35) 
knockdown aggravated fibrosis in a 

mouse model of BLM-induced skin 
and lung fibrosis (19, 28). Kudo et al. 
also observed that Ebi3 downregulated 
the collagen I expression in normal 
and SSc fibroblasts (28). Administra-
tion of IL-10 partially reversed pulmo-
nary fibrosis in mice treated with BLM 
(13). IL-10 has also been confirmed 
to degrade the abnormal deposition 
of ECM with downregulated collagen 
expression and upregulated expression 

of matrix metalloproteinases (MMPs) 
in dermic fibroblasts (29). Our results 
suggest that IL-35 and IL-10 can im-
prove pulmonary fibrosis in SSc mouse 
models, but there is no synergistic ef-
fect. Here, we speculate that upregu-
lated IL-35 expression in the patients 
of SSc is possibly compensatory but 
ineffective.
As mentioned before, ILD might be 
the final result of the excessive acti-

Fig. 4. Correlation analysis of BAL supernatant cytokine levels, spleen inflammatory cell ratio, lung fibrosis markers expression and the spleen iTreg cell ratio.
A-D. Spearman correlation between expression of iTr35 cells in the spleen and IL-35, IL-10, IL-17A and IL-4 levels in BAL supernatant. E-H. Spearman 
correlation between expression of Tr1 cells in the spleen and IL-35, IL-10, IL-17A and IL-4 levels in BAL supernatant. I-O. Spearman correlation between 
the proportions of different inflammatory cells in the spleen. P-S. Spearman correlation between expression of collagen I and α-SMA in the lung and the 
proportions of iTr35 and Tr1 cells in the spleen.
iTreg: inducible Treg cell; iTr35: inducible IL-35 producing regulatory T cell; Tr1: Type 1 regulatory T cell; Th17: T helper cell 17; Th2: T helper cell 2; 
nTreg: naturally occurring regulatory T cell.
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vation of immune system in SSc (30). 
As found previously, Th2 and Th17 
responses were hyperactivated in SSc 
and contribute to fibrosis (31). Our re-
sults also demonstrated that exposure 
to BLM significantly induced IL-17A 
and IL-4 production. Accumulating 
evidences have shown that IL-35 and 
IL-10 can induce the production of Treg 
cells and inhibit the activity of CD4+ ef-
fector T cells including Th1, Th2 and 
Th17 cells (16, 32). Our findings are 
consistent with the literature described 
above. The results confirmed that IL-
35 could promote Treg cells generation 
and limit Th2 and Th17 response, as 
indicated by the increased IL-35, IL-
10, iTr35 and Tr1 cells and decreased 
IL-17A and IL-4 levels, as well as the 
downregulated Th2/nTreg and Th17/
nTreg percentage. IL-10 exhibited a 
comparable effect as shown by the in-
creased IL-10 and nTreg cells expres-
sion and the downregulated IL-17A 
levels, Th17/nTreg and Th17/nTreg 
percentage. Though these two anti-
inflammatory cytokines largely over-
lapped in regulating immune response 
of CD4+ T cells, IL-35 seemed to play a 
broader and stronger role. Studies have 
suggested that IL-10 and IL-35 acted in 
cooperation to inhibit T cells activation 
and maintain immune tolerance (21, 
22). Our previous study also discovered 
that IL-35 and IL-10 cooperatively in-
duced the differentiation of iTr35 and 
Tr1 cells in vitro (33). Here we showed 
that both IL-35 and IL-10 can modulate 

immune response in SSc mouse mod-
els, but there is no cooperative impact. 
We found an upregulation in the levels 
of IL-10 and Tr1 cells following rmIL-
35 administration, suggesting that IL-
35 may intensify its immunosuppres-
sion by increasing IL-10 levels.
Both Tr1 and iTr35 cells have potent 
roles in suppressing autoimmune re-
sponse and chronic inflammation (34, 
35). We have previously noted an in-
creased iTr35 cells and decreased Tr1 
cells expression in SSc patients’ pe-
ripheral blood, and iTr35 cells could 
prevent T cell multiplication and fi-
broblast-induced α-SMA expression in 
vitro (33). Comparing Tr1 with iTr35 
cells, we observed that elevated iTr35 
cells expression was more strongly re-
lated with T cell immune response and 
reduced collagen and α-SMA produc-
tion, which suggests that lung fibrosis 
was likely regulated by iTr35 cells via 
inflammation response. iTr35 cells may 
mediate the T cells-fibroblasts com-
munication. Furthermore, there was an 
obvious positive relationship between 
the expression of iTr35 cells and IL-
35, implicating iTr35 cells work in an 
IL-35-dependent manner. Studies by 
Wang et al. also verified the favourable 
interaction between IL-35 and iTr35 
cells (36). SSc-ILD is a chronic autoim-
mune disease that can seriously impair 
life quality of patients and even lead to 
death (3). Combined therapy is gener-
ally adopted with immunosuppressants, 
biological and antifibrotic therapies, 

but it has limited effect. iTr35 cells are 
found to be very stable in the circula-
tion of human body (35), which makes 
it to be a promising therapeutic target.
Previous studies have shown that the 
JAK/STAT pathway is involved in the 
pathogenesis of SSc-ILD (37). Between 
different STAT subtypes, it seems that 
STAT3 is predominant in the progres-
sion of ILDs (25), which prompt us 
to concentrate on the impact of IL-35 
and IL-10 on STAT3 signalling. Here, 
we also found that BLM exposure can 
increase p-STAT3 expression. Indeed, 
STAT3 can mediate the biological ef-
fects of many cytokines, including 
IL-35 and IL-10. Some studies have 
revealed that IL-35 can attenuate the 
phosphorylation of STAT3 (38), while 
other studies have demonstrated a pro-
moting effect of IL-35 on STAT3 (39). 
Whereas IL-10 exerts biological effects 
via upregulated expression of p-STAT3 
levels (40). In our study, IL-35 marked-
ly suppressed STAT3 phosphorylation 
in the lung tissue of the mice induced 
by BLM, suggesting that IL-35 amelio-
rates pulmonary fibrosis via the STAT3/
p-STAT3 pathway. However, we failed 
to discover perceptible differences in 
lung p-STAT3 levels with or without 
IL-10 treatment, which suggested that 
the STAT3/p-STAT3 pathway was not 
necessary for the protective effects of 
IL-10 on pulmonary fibrosis.
In this study, there was no amplifica-
tion effect when IL-35 and IL-10 were 
used together, implicating that they did 

Fig. 5. The impact of IL-35 and IL-10 on STAT3 signalling in the lung after BLM induction.
A-B: Western blotting analysis of the lung levels of p-STAT3/STAT3 in the mouse model. Data represent the mean ± SEM.
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not depend on each other for their anti-
inflammatory and anti-fibrotic effects. 
Unexpectedly, there were no significant 
differences on a range of measures af-
ter IL-35 or IL-10 neutralising antibody 
intervention. One possible explanation 
for this is that we used neutralising an-
tibody only against p35, one subunit of 
IL-35, which could not completely neu-
tralise IL-35. In addition, IL-10 neutral-
ising antibody could not work well as 
a result of the very short half-life (13) 
and low expression of IL-10 in vivo.
In summary, we demonstrate that IL-35 
and IL-10 attenuated pulmonary inflam-
mation and fibrosis by inducing Tregs 
(including nTreg, iTr35 and Tr1 cells) 
and repressing IL-17A and IL-4 levels 
in BAL supernatant in a mouse model of 
SSc. Moreover, IL-35 might play a role 
in pulmonary inflammation and fibro-
sis through STAT3 signalling pathway. 
Furthermore, our results demonstrate 
that iTr35 cells may be a potential im-
munomodulatory molecule with anti-
fibrotic effects, which offers valuable 
theoretical basis for the treatment of 
SSc-ILD. But our research results also 
indicate that blocking IL-35 and IL-10 
does not regulate inflammation and fi-
brosis in the lungs of SSc mice. In ad-
dition to the previously mentioned rea-
sons, it is speculated that the mechanism 
of lung inflammation and fibrosis in SSc 
mice is relatively complex, and not only 
one cell or factor acts, but multiple cells 
and factors participate in the action. 
Simply blocking one or two cytokines 
does not have a significant effect.
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