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Higher levels of serum interleukin-35 are associated with the severity
of pulmonary fibrosis and Th2 responses in patients with systemic
sclerosis
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Abstract

The aim of the study is to investigate the levels of serum interleukin-35 (IL-35) before and after treatment and its relation-
ship with clinical parameters as well as the frequency of different subsets of CD4* T cells in patients with systemic sclerosis
(SSc) to explore the role of IL-35 in the pathogenesis of SSc. The levels of serum IL-35, interferon-y (IFN-y), IL-4, IL-
17A, and IL-10 in 49 patients with SSc and 50 age- and gender-matched healthy subjects were measured by enzyme-linked
immunosorbent assay (ELISA). The percentages of peripheral blood Th1, Th2, Th17 cells and Tregs in 49 SSc patients and
20 healthy controls were characterized by flow cytometry. The relationship between the levels of serum IL-35 and the per-
centages of different subsets of CD4+ T cells, disease duration, the values of forced vital capacity (FVC), modified Rodnan
skin scores (MRSS) or high-resolution computed tomography (HRCT) scores was analyzed in patients with SSc. The levels
of serum IL-35 in SSc patients were significantly higher than that of healthy controls (P < 0.001), but significantly reduced
after treatment for 3 months (P=0.001). The levels of serum IL-35 were positively correlated with the HRCT scores in SSc
patients (P=0.014) and with disease duration in patients with diffuse cutaneous SSc (P =0.03), but negatively correlated
with the FVC values in SSc patients (P =0.034). In comparison with that in the healthy controls, significantly decreased
percentages of Th1, but increased Th2 and Th17 cells were detected in patients, leading to reduced ratios of Th1/Th2 and
increased ratios of Th17/Tregs (P <0.001). The levels of serum IL-35 were positively correlated with IL-4 (P =0.036) and
tended to be positively associated with the frequency of Tregs in SSc patients (P =0.054). Higher levels of serum IL-35 may
be associated with the development of SSc and severity of pulmonary fibrosis in SSc patients.
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Introduction

Systemic sclerosis (SSc) is a chronic systemic autoimmune
disease and is characterized by vasculopathy, inflammation,
and fibrosis, particularly in the skin and lung [1]. SSc is
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categorized based on the extent of skin involvement into
limited cutaneous SSc (IcSSc) and diffuse cutaneous SSc
(dcSSc). The prevalence of SSc is 88—489/million people,
and its incidence tends to be increasing in the world [2].
Currently, the pathogenic process of SSc is unclear.
Interleukin (IL)-35 is a heterodimeric and inhibitory
cytokine, composed of IL-12 subunit alpha (P35) and
Epstein—Barr virus-induced gene 3 (EBI3) [3]. A previous
study has shown that IL-35 is predominantly secreted by
regulatory T cells (Tregs) and CD8a+ dendritic cells, and
IL-35 can inhibit the activation and functional differentiation
of effector T cells, such as ILL-17A+Th17 cells and others,
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but promotes the expansion of Tregs [10]. IL-35 has been
considered as a therapeutic reagent for autoimmune dis-
ease [4]. A previous study has shown that elevated levels of
serum [L-35 in patients with SSc are associated with inflam-
mation at early stages of disease process and skin dermal
fibroblasts. Furthermore, transforming growth factor beta
1 (TGF-p1), a potent inducer of fibrosis, can induce IL-35
expression, which in turn activates resting fibroblasts and
enhances the release of collagen in SSc [5]. However, it is
unclear how the levels of serum IL-35 are associated with
the severity of pulmonary fibrosis and disease duration in
patients with SSc. There is no information on the dynamic
changes in the levels of serum IL-35 in patients with SSc
following standard therapies.

The balance between pro-inflammatory T cells and
Tregs as well as their produced cytokines is crucial for the
pathogenesis of SSc. Thl cells and their secreted interferon
gamma (INF-y) are powerful anti-fibrosis factors [6]. Th17
cells can secrete IL-17A, IL-21 and IL-22, and promote
inflammation, resulting in the development and progression
of autoimmune diseases [8]. In contrast, Th2 cells and their
produced IL-4 and IL-13 can promote collagen synthesis and
fibrosis [7]. Tregs can produce IL-10 and TGF-f1, which are
essential for maintaining self-tolerance and preventing auto-
immunity [9]. However, the frequency of different subsets
of CD4+T cells and the relationship between the levels of
serum IL-35 and IFN-y, IL-4, IL-17A or IL-10 as well as
the percentages of each subset of CD4+ T cells in patients
with SSc have not been clarified.

This study was aimed at examining the levels of serum
IL-35 in SSc patients before and after standard therapies
as well as in age- and gender-matched healthy subjects and
determining the frequency of different subsets of CD4+T
cells and their serum representative cytokine levels. Fur-
thermore, we explored the relationship between the levels
of serum IL-35 and disease severity, duration, the percent-
ages of different subsets of CD4+ T cells and their serum
cytokines in patients with SSc to explore the potential role
of IL-35 in the development of SSc.

Materials and methods
Clinical data

A total of 49 patients with SSc were recruited at the inpa-
tient service of the Department of Rheumatology in the
First Affiliated Hospital of Guangxi Medical University
from June 2014 to June 2016. Individual patients with SSc
were newly diagnosed by the criteria of American College of
Rheumatology (ACR)/European league against rheumatism
(EULAR) [11]. Patients were classified as 1cSSc (n=20) or
dcSSc (n=29), according to the 2013 classification criteria
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for SSc. The disease duration of patients was defined from
the onset time of the first non-Raynaud event to enrollment
time [12]. Those patients did not receive any treatment of
corticosteroids and immunosuppressive drugs during base-
line measurement. Individual patients were excluded if she/
he had currently infectious disease or a seriously chronic dis-
ease in the respiratory, cardiovascular, nervous, endocrine,
blood system, liver, kidney disease or malignant tumors.
Fifty age- and gender-matched healthy individuals were
recruited as the controls. Their demographic, clinical and
laboratory characteristics are summarized in Table 1. The
experimental protocol was approved by the Ethical Com-
mittee of the First Affiliated Hospital of Guangxi Medical
University. Written informed consent was obtained from all
subjects.

Treatment

All patients were treated with glucocorticoids and/or immu-
nosuppressants for 3 months. A total of 34 patients were
treated with both glucocorticoids (5-40 mg/day) and immu-
nosuppressants, 12 with immunosuppressants alone, and 3
with glucocorticoids alone. Most patients received small and
medium doses of prednisone, and the patients with severe
interstitial lung disease were treated with 30-40 mg/day
of prednisone. According to their disease condition, some
patients were treated by a combination therapy with two
immunosuppressants. There were 28 patients, who were
treated with cyclophosphamide (1 g, every 4 weeks), 4 with
azathioprine (100 mg/day), 3 with cyclosporine (50 mg, tid),
11 with methotrexate (10-15 mg, weekly), 3 with lefluno-
mide (20 mg/day), 8 with thalidomide (50-75 mg/day), 4
with mycophenolate mofetil (75 mg, bid), and 3 with trip-
terygium glycosides (50 mg, tid). The specific drug deliv-
ery methods and dosage of the immunosuppressants in the
whole process of disease treatment were individualized,
according to the patients’ condition. There was no renal cri-
sis in any patient during the observation period.

The pulmonary function test

All patients had undergone pulmonary function tests which
were completed by specialists in the pulmonary function
testing section of our hospital. The forced vital capacity
(FVC) values were recorded at baseline and after therapy.

The modified Rodnan skin score (MRSS)

The skin thickness of individual patients was measured by
the MRSS [13]. The skin thickness of 17 body sites was
measured by palpation of two physicians in a blinded man-
ner and rated on a scale of 0-3 as 0 (normal), 1 (mild), 2
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Table 1 The demographic, clinical and laboratory characteristics of subjects
Healthy individual SSc patients dcSSc 1cSSc
Demographic data
Number 50 49 29 20
Gender (male/female) 30/20 18/31 12/17 6/14
Age (year) 50.76 +11.68 50.39+11.73 49.41+12.09 51.8+11.34
Clinical data
Disease duration (month), M +Q - 16.0+22.50 16.0+22.0 11.5+25.25
Chest HRCT score, M+ Q - 14+12.5 17.00+11.00 12+14.75
MRSS, M+Q - 16.00£12.00 22.00+11.00 (o) 9.00+8.75 (o)
FVC (before treatment), M+ Q - 2.16+0.61 2.22+0.69 2.14+0.68
FVC (after treatment), M +Q - 2.43+0.56 2.28+0.63 2.43+0.53
Anti-ANA (+) 43/49 (87.76%) 28/29 (96.55%) 15/20 (75%)
Anti-Scl-70 (+) 33/49 (67.35%) 22/29 (75.86%) 11/20 (55%)
Organ involvement
Skin - 49/49 (100%) 29/29 (100%) 20/20 (100%)
Lungs - 46/49 (93.88%) 28/29 (96.55%) 18/20 (90%)
Bone and joint - 6/49 (12.24%) 529 (17.24%) 1720 (5%)
Gastrointestinal tract - 28/49 (57.14%) 21/29 (72.41%) 7/20 (35%)
Heart - 3/49 (6.12%) 3/29 (10.34%) 0/20 (0%)
Kidney - 7/49 (14.29%) 529 (17.24%) 2/20 (10%)
Scleroderma renal crisis - 0/49 (0%) 0/29 (0%) 0/20 (0%)
Hypothyroidism - 10/49 (20.41%) 9/29 (31.03%) 1720 (5%)
Laboratory data
INF-y, mean+SD 20.46+7.56 (0) 12.39+5.33 (0) 10.74+4.47 (B) 14.80+5.66 (B)
IL-17A, mean+SD 17.72+5.28 (y) 24.68+15.58 (y) 24.84+17.19 24.44+13.32
IL-10, mean+SD 2.77+1.53(d) 1.88+1.07 (8) 1.91+1.09 1.83+1.06
IL-4, mean + SD 18.95+8.75 (¢) 48.82+21.66 (¢) 48.54 +20.67 49.22 +23.55
IL-35 (before treatment), mean + SD 48.86 +30.87 () 89.39+60.84 () 84.01+65.33 97.18 +54.35
IL-35 (after treatment), mean + SD - 55.22+31.70 54.20+34.79 56.71+27.41

Data are expressed as the real case number or mean + SD, except for specified

M + Q median +p75-p25, SSc systemic sclerosis, dcSSc diffuse cutaneous systemic sclerosis, [cSSc limited cutaneous systemic sclerosis. The
parameters that denoted by the same Greek symbols are significantly different (P value < 0.05)

(moderate) or 3 (severe skin thickening), leading to a total
skin score of 0-51 [14].

Chest high-resolution CT (HRCT) score

The severity of pulmonary fibrosis in individual patients was
tested by HRCT and scored as described previously [15].
Briefly, each lung was divided into three zones of the upper
(lung apex to aortic arch), middle (aortic arch to inferior pul-
monary veins), and lower (inferior pulmonary veins to lung
bases). The extent of pulmonary abnormality in each of six
zones in individual patients was scored using a scale from 0
to 4, as 0, absent; 1, 1-25%; 2, 26-50%; 3, 51-75%; and 4,
76-100%. The degrees of pulmonary fibrosis were defined as
the pure ground-glass opacity (pGGO), pulmonary fibrosis
(PF) or honeycomb cysts (HCs). The change in the extent of
pulmonary abnormality in each of the six zones was scored

by HRCT during the followed up period. The HRCT images
were scored by two radiologists in a blinded manner.

Flow cytometry

Peripheral blood samples were collected from 49 SSc
patients and 20 healthy controls and peripheral blood
mononuclear cells (PBMCs) were isolated by density-
gradient centrifugation using Ficoll-Hypaque (Pharmacia,
Uppsala, Sweden). The PBMCs (10%tube) were stimulated
with 25 ng/ml of phorbol-12-myristate-13-acetate (PMA,
Sigma) and 1 pg/ml of ionomycin (Sigma) at 37 °C for
1 h and cultured in the presence of 10 pug/ml of brefeldin
(BFA, Sigma) for another 4 h. The cells were stained with
ALEXA 488-anti-CD4 (BD PharMingen), fixed, permea-
bilized and stained with PE-anti-IL-17A, APC-anti-INF-y,
PerCP-anti-IL-4 (BD PharMingen). The percentages of
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CD4*IL-17A* Th17, CD4*INF-y* Th1 and CD4*IL-4" Th2
cells were determined by flow cytometry on a BD FACS-
Calibur (Beckman Coulter; BD Biosciences). The data were
analyzed using FCS ExpressV4 software (lenovo, Toronto,
ON, Canada). In addition, CD4* T cells were purified by
negative selection and stained with ALEXA 488-anti-CD4,
PE-CY7-anti-CD25 (BD PharMingen). The cells were fixed,
permeabilized using the permeabilization kit (Caltag Labo-
ratories) and stained with ALEXA647-anti-FoxP3 (eBiosci-
ence, USA). The percentages of CD4+ CD25+ Foxp3+ Tregs
were determined by flow cytometry.

Enzyme-linked immunosorbent assay (ELISA)

Peripheral blood samples were collected from 49 individual
patients before and after 3-month treatment and their serum
samples were prepared. Similarly, serum samples were pre-
pared from 50 individual healthy subjects. All serum sam-
ples were stored at — 80 °C. The concentrations of serum
IL-35, IL-4, IL-17A, INF-y and IL-10 in SSc patients and
healthy controls were measured by ELISA using cytokine-
specific kits (R&D Systems, Minneapolis, MN, USA),
according to the manufacturer’s protocols. All samples were
assayed in triplicates.

Statistical analysis

Data were analyzed with the SPSS statistical software ver-
sion 22 (SPSS, Chicago, USA). Category data are sum-
marized as counts and percentage. Quantitative data are
expressed as the mean + standard deviation or median and
quartile range according to their distribution. The differ-
ence between groups was determined by Student’s 7 test or
Mann—Whitney U test. The relationship between measures
was analyzed by Pearson correlation or Spearman’s rank
correlation. A two-tailed P value of <0.05 was considered
statistically significant.

Result

The levels of serum IL-35 in patients with SSc
before and after treatment

To explore the potential role of IL-35 in the development of
SSc, 49 patients with SSc and 50 age- and gender-matched
healthy subjects were recruited. As expected, those patients
had varying levels of skin thicknesses (100%), pulmonary
abnormalities (93.88%), bone/joint involvements (12.24%),
clinical gastrointestinal manifestations (57.14%), heart
involvements (6.12%), kidney involvements (14.29%) and
hypothyroidism (20.41%, Fig. 1c; Table 1). Moreover, most
patients developed anti-ANA and anti-Scl-70 autoantibodies,
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particularly for those with diffuse cutaneous systemic scle-
rosis (dcSSc, Table 1). ELISA indicated the levels of serum
IL-35 in patients with SSc were significantly higher than
that of healthy controls (P <0.001, Fig. 1a), but there was no
significant difference in the levels of serum IL-35 between
the patients with deSSc and 1cSSc (P =0.462). Further-
more, the levels of serum IL-35 in patients with SSc were
positively correlated with chest HRCT scores (rho = 0.350,
P=0.014), but not significantly with the values of MRSS
(rho = —0.124, P=0.396, Fig. 2). And the levels of serum
IL-35 in patients with SSc were negatively correlated with
the FVC values (tho = —0.303, P=0.034, Fig. 2). In addi-
tion, the levels of serum IL-35 in patients with dcSSc were
positively correlated with the disease duration in patients
with dcSSc (rho=0.3534, P=0.030), but not in those with
1cSSc (Fig. 1b). After standard treatment for 3 months, the
levels of serum IL-35 in those patients were significantly
reduced (P=0.001) and were similar to that of the healthy
controls (Fig. 1a). Hence, high levels of IL-35 were associ-
ated with the development and severity of SSc in human
patients and significantly reduced after standard therapies.

The frequency of different subsets of CD4* T cells
in patients with SSc

Next, we characterized the frequency of different subsets
of CD4+T cells from 49 SSc patients and 20 healthy indi-
viduals by flow cytometry. As shown in Fig. 3, the per-
centages of CD44 INF-y+Thl cells in patients SSC were
significantly lower than that of healthy control (7.16+2.09
vs.12.23 +4.64, P <0.001) while the percentages of
CD4+1L-4+Th2 (5.38 +1.82 vs. 2.47+0.89, P<0.001) and
CD4+1L-17A+Th17 (1.66+0.80 vs. 0.93+0.28, P <0.001)
in patients with SSC were significantly higher than that of
healthy controls. However, there was similar percentages
of CD4+ CD25+ Foxp3+ Tregs between the patients and
healthy controls (3.90+1.07 vs. 3.56 +£0.97, P=0.224). As
a result, the ratios of Th1 to Th2 in patients with SSc were
significantly lower than that of healthy controls while the
ratios of Th17 to Tregs were significantly higher than that of
healthy controls. Apparently, higher frequency of Th2 and
Th17 cells were associated with the development of SSc in
human patients.

The relationship between the levels of serum IL-35
and the percentages of different subsets of CD4+T
cells in SSc patients

To further clarify the role of IL-35 in SSc, we studied the
relationship between the levels of serum IL-35 and the per-
centages of different subsets of CD4+ T cells in patients with
SSc. There was a tendency that the levels of serum IL-35
were positively associated with the percentages of Treg cells
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Fig.1 The levels of serum IL-35 in individual patients and age- and
gender-matched healthy subjects were determined by ELISA. Follow-
ing treatment with standard therapies, the levels of serum IL-35 were
tested. Data are expressed as the mean values of individual subjects
(n=49 for patients; n=50 for healthy controls) from three separate
experiments. The relationship between the levels of serum IL-35 and

(r=0.277, P=0.054), but negatively associated with the
percentages of Thl cells (r = —0.255, P=0.121, Fig. 4).
These data support the notion that IL-35 is predominantly
secreted by Tregs.

The relationship between the levels of serum IL-35
and other cytokines tested in patients with SSc

To further shed light on the potential role of IL-35 in SSc,
we studied the correlation between the levels of serum
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the disease duration in patients with SSc was analyzed by Spearman’s
rank correlation. a The levels of serum IL-35. b The levels of serum
IL-35 were positively correlation with the disease duration in dcSSc
patients, but not in 1cSSc patients. ¢ The organ involvement in 49 SSc
patients

IL-35 and other cytokines tested in patients with SSc. We
found that the levels of serum IL-35 were positively corre-
lated with the levels of serum of IL-4 (r=0.301, P=0.036,
Fig. 5), but not significantly with other cytokines tested in
patients with SSc. These, together with higher frequency
of Th2 cells, suggest that both IL-35 and Th2 responses
may contribute to the development of SSc in human
patients.
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Fig.3 The frequency of different subsets of CD4+T cells in 49 SSc
patients and 20 controls. The percentages of Thl, Th2, Th17 cells and
Tregs in individual patients and healthy subjects were determined by

Discussion

In this study, we found significantly higher levels of
serum IL-35, higher frequency of Th2 and Thl17 cells,
but decreased percentages of Thl cells and the ratios of
Th1 to Th2 cells in SSc patients, relative to that in the
healthy controls. The increased levels of serum IL-35 in
SSc patients were similar to a previous study [3]. The
decreased ratios of Th1l and Th2 cells, together increased
frequency of peripheral blood Th17 cells, were consistent
with previous reports [18, 19]. These findings support the
notion that dysregulated T cell responses and their pro-
duced cytokines are crucial for the pathogenesis of SSc
[16]. However, our data were in disagreement with another
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flow cytometry. The ratios of Thl to Th2 or Th17 to Tregs were cal-
culated. Data are expressed as the mean + SD of each group from sev-
eral experiments. (n=49 for patients; n =20 for healthy controls)

report that higher levels of pro-inflammatory cytokine pro-
duction in SSc patients [17]. The difference may stem from
different populations of patients at varying stages of dis-
ease process. More importantly, the levels of serum IL-35
were positively correlated with chest HRCT scores in SSc
patients and disease duration in dcSSc patients, but nega-
tively correlated with FVC values in SSc patients. Hence,
the levels of serum IL-35 may be valuable for evaluating
the severity of pulmonary fibrosis in SSc patients.

IL-35 is an anti-inflammatory cytokine and is mainly pro-
duced by CD4+ CD25+ Foxp3+ Tregs [25]. IL-35 binds to
its receptors to positive feedback promote its own expres-
sion. Functionally, IL-35 can inhibit immune responses, but
promote the expansion of Tregs [26]. We detected higher
levels of serum IL-35 in patients with SSc, but significantly
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reduced after 3-month therapies. Importantly, the lev-
els of serum IL-35 were positively correlated with chest
HRCT scores in SSc patients and disease duration in dcSSc
patients. Given that IL-35 has been reported to regulate col-
lagen expression [5], it is possible that IL-35 may participate
in the pathogenesis of SSc. Alternatively, the higher levels
of serum IL-35 may reflect compensatory anti-inflammatory
responses to inhibit Th17, Th2 and Th1 responses during the
development and progression of SSc.

In this study, we also found that the levels of serum IL-35
had a tendency to be positively correlated with the frequency
of Treg cells in SSc patients, which supports the notion that
IL-35 is mainly secreted by Tregs. In addition, a previous
study has shown higher frequency of peripheral blood Tregs
in patients with a high interstitial lung disease (ILD) score
on computed tomography than those with normal ILD scores
[1]. Our previous study has also found that the percentages
of peripheral blood Tregs in patients with SSc are positively
correlated with the chest HRCT scores. It is notable that
Tregs can secrete TGF-f1, and Treg infiltrates in the skin
can secrete Th2-like cytokines, such as IL-4 and IL-13 as
well as some chemokines [28]. Actually, increased levels of
IL-4 expression are detected in plasma and the skin of SSc
patients [29-31]. We also found that higher levels of serum
IL-35 were correlated positively with the levels of serum
IL-4 in SSc patients. Therefore, IL-35, together other mol-
ecules from Tregs, may contribute to the process of fibrosis.

In conclusion, our data indicated significantly higher lev-
els of serum IL-35, higher frequency of Th2 and Th17 cells,
but decreased percentages of Th1 cells and the ratios of Thl
to Th2 cells in SSc patients. The levels of serum IL-35 were
positively correlated with the chest HRCT scores in SSc
patients and disease duration in dcSSc patients, but nega-
tively correlated with the FVC values in SSc patients, and
significantly reduced after 3-month therapies. Furthermore,
the levels of serum IL-35 had a tendency to be associated
with the percentages of peripheral blood of Tregs in SSc
patients. Hence, IL-35, together with Th2 cytokines and
other molecules secreted from Tregs, may contribute to the
pathogenesis of fibrosis during the development of SSc and
the levels of serum IL-35 may be valuable for evaluating the
severity of pulmonary fibrosis in SSc patients. However, we
recognized that our study did not include a disease control
group of patients with idiopathic ILD. We are interested in
further exploring this field in the future.
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