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Abstract The objectives of this study are to assess the levels
of serum Interleukin-35 (IL-35) in patients with idiopathic
inflammatory myopathies (IIMs) and to evaluate the associa-
tion between IL-35 levels and [IM-related features. Serum IL-
35 was detected in 76 patients with dermatomyositis (DM), 28
patients with polymyositis (PM), 98 disease controls (40 rheu-
matoid arthritis (RA), 34 systemic lupus erythematosus
(SLE), 12 systemic sclerosis (SSc), and 12 sjogren syndrome
(SS)), and 43 healthy controls by ELISA. Follow-up was con-
ducted on 34 patients. Serum IL-35 was higher in myositis
(PM/DM) patients than in healthy controls (median 76.6 pg/
ml [interquartile range (IQR) 57.9—136.2] vs. 29.9 pg/ml (IQR
21.9-65.5), P < 0.001) and disease controls. Serum IL-35 in
IIM patients negatively correlated with disease duration mod-
erately (r = —0.35, P < 0.01). Patients with dysphagia had
higher IL-35 than those without (median149.35 pg/ml (IQR
87.97-267.32) vs. 70.72 pg/ml (IQR 54.49-123.42),
P = 0.001). Cross-sectional correlation analysis showed a
weak positive correlation between serum IL-35 and CK
(r = 0.293, P = 0.003), moderate positive correlation with
erythrocyte sedimentation rate (ESR) ( = 0.304, P = 0.002),
serum ferritin (SF) (r = 0.467, P = 0.001) and LDH levels
(r=0.401, P < 0.001). Additionally, serum IL-35 was higher
in patients who were positive for anti-HMGCR (median
292.04 pg/ml (IQR 67.9-442.86) vs. 74.66 pg/ml (IQR
57.24-131.32), P = 0.038) and anti-SRP antibody (median
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130.33 pg/ml (IQR 88.04-481.28) vs. 73.06 pg/ml (IQR
56.78-134.28), P = 0.009) than in negative patients, respec-
tively. Follow-up study showed that changes in IL-35 levels
after treatment correlated with changes in MYOACT scores
moderately (r = 0.375, P = 0.029). These data indicate that
increased serum IL-35 could act as a disease activity marker
and as a risk factor for esophageal involvement in [IM. IL-35
may participate in the pathophysiological processes of 1IM,
but it still needs further study to confirm.
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Introduction

Idiopathic inflammatory myopathies (IIMs) are a group of
heterogeneous, systemic disorders that can be divided into
the following subtypes based on clinicopathological features:
dermatomyositis (DM), polymyositis (PM), necrotizing auto-
immune myositis (NAM), sporadic inclusion-body myositis
(sIBM), and overlap myositis (OM) [1-3]. DM and PM are
two major clinical subtypes of IIMs that occur in Chinese
populations. The pathogenesis underlying [IMs is complicat-
ed and unclear. Cytokines were recognized to play both pro-
inflammatory and anti-inflammatory roles [4, 5] in IIM pro-
cesses. Interleukin-35 (IL-35) is a novel member of the IL-12
family, and it was thought to play a critical role in immuno-
regulatory and autoimmune disease processes. IL-35 is a het-
erodimeric cytokine composed of two subunits: p35 (IL-12a)
and Epstein-Barr-virus-induced gene 3 (EBI3, IL-27b) [6].
Bioactive IL-35 is constitutively produced by regulatory T
(Treg) cells and is required for their maximal suppressive ca-
pacity in mouse [6]. Human Treg cells do not express detect-
able amounts of IL-35 [7, 8], but IL-35 can convert human
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conventional CD4*Foxp3™ T cells (Tconv) into induced regu-
latory T cells (iTR) that exhibit immunosuppressive functions
[9]. To date, IL-35 has been studied in several autoimmune
diseases, but its role remains controversial. Several studies
report its pro-inflammatory roles [10—12] while others de-
scribe it as anti-inflammatory [13, 14]. To date, there has been
no study conducted on IL-35 in IIMs. Therefore, we aimed to
study IL-35 expression in sera of [IM patients and to evaluate
its association with myositis-related features.

Materials and methods

Study population From the patients admitted to China-Japan
Friendship Hospital between April 2010 and September 2015,
104 adults who would be classified by the Bohan and Peter
criteria as [IM patients [15, 16] were enrolled in our study.
Patients with infections, tumors, and other non-IIM autoim-
mune diseases were excluded. Our initial evaluation divided
the patients into two groups: those who showed a poor re-
sponse to previous therapy (n = 63) and those who were
treatment-naive (n = 41). Clinical and laboratory data were
obtained from electronic medical records. The control group
included 98 disease controls (40 patients with rheumatoid ar-
thritis (RA), 34 with SLE, 12 with systemic sclerosis (SSc),
and 12 with sjogren syndrome (SS)) and 43 healthy volunteers
(27 females and 16 males, ages 23—70 with mean age of
47.7 years). There were no statistically significant differences
between the age and sex compositions of the I[IM patients and
the healthy control group (P =0.911, P =0.381, respectively).
Ethical approval for the research was obtained from the
Research Review Committee (RRC) and the Ethical Review
Committee (ERC) of the China-Japan Friendship Hospital.
All serum samples were collected and stored at —80 °C until
use.

Measurement of serum levels of 1L-35

Serum samples were collected from the 104 1IM patients (76
DM patients and 28 PM patients), 98 disease controls (40
patients with RA, 34 with SLE, 12 with SSc, and 12 with
SS), and the 43 healthy controls. Of the I[IM patients, 34 were
followed up (30 DM patients and 4 PM patients). The length
of observation time between the first and last follow-up visits
varied from 15 days to 53 months. The mean length of obser-
vation time was 11.1 months. Serum IL-35 levels were mea-
sured using an ELISA kit (USCN Life Sciences Inc., Hubei,
China) according to the manufacturer’s protocol. A standard
curve was generated for each plate, and the absolute concen-
trations of IL-35 were calculated. The limit of detection is
5.6 pg/ml.
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Assessment of disease activity

Myositis disease activity was evaluated by using the Myositis
Disease Activity Assessment Visual Analog Scales
(MYOACT), established by the International Myositis
Assessment and Clinical Studies IMACS) group [17].

Statistical analysis

Data were analyzed by using SPSS V .17.0 (SPSS), and fig-
ures were plotted by using GraphPad Prism 5 (version 5.01;
GraphPad Software). Measurement data are presented as
mean + SD unless stated otherwise. The normality of mea-
sured variables was assessed using the one-sample
Kolmogorov Smirnov test. The unpaired ¢ test or Mann-
Whitney test was used for comparisons between groups. The
Wilcoxon signed-rank test was used to compare paired data
when appropriate. Some non-normal data were transformed to
be normally distributed through log transformation. Pearson
correlations and Spearman’s rank correlations were used to
analyze normal and non-normal distribution data, respective-
ly. Correlation (r) strength was defined as follows:
0.2 < r<0.3, weak correlation; 0.3 < » <0.5, moderate corre-
lation; and 0.5 < » < 1, strong correlation. P values less than
0.05 were considered to be statistically significant.

Results

Demographic characteristics of IIM patients and healthy
controls

The 104 IIM patients who were enrolled in this study included
76 DM and 28 PM patients. Among them, 73 were female
(70.2 %) and 31 were male (29.8 %), with ages ranging from
21 to 77 years (mean age 48.0 years). Median disease duration
as measured at initial evaluation was 10.5 months (range
0.25-204 months). Table 1 summarizes the patients’ baseline
characteristics around the time of blood sampling. There were
no statistically significant differences between the age and sex
compositions of the IIM patients and the healthy control

group.
IL-35 is increased in the sera of IIM patients

Serum levels of IL-35 in IIM patients were higher than those
in healthy controls (median 76.6 pg/ml (IQR 57.9-136.2) vs.
29.9 pg/ml (IQR 21.9-65.5), P < 0.001), RA (35.1 pg/ml
(IQR 18.18-65.9), P < 0.001), SLE (14.01 pg/ml (IQR
8.61-32.09), P < 0.001), SSc (53.39 pg/ml (IQR 24.33—
78.98), P = 0.023), and SS (under the minimum detectable
dose) patients (Fig. 1)). Although serum IL-35 levels in DM
patients tended to be a little higher than those in PM patients,
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Table 1  Characteristics of patients with IIM based on serum analysis
IIM serum samples
(n=104)

Number of PM/DM 28/76

Number of males/females 31/73

Age (years) 48 +£12.5

Duration of disease at initial
evaluation, median (range), months

10.5 (0.25-204)

ANA-positive, no. (%) 54 (61.4 %)
MSA-positive?, no. (%) 72(69.2 % )
Serum CK® (IU/1), median (range) 173.5 (19-17,724)
Patients with ILD, no. (%) 49 (47.1 %)
Muscle weakness, no. (%) 71 (68.3 %)
Myositis-specific skin eruptions, no. (%) 56 (53.8 %)
Mechanic’s hands 20 (19.2 %)
Raynaud’s phenomenon 7 (6.7 %)
Calcinosis 0 (0 %)
Arthritis 27 (26.0 %)
Dysphagia 17 (16.3 %)
MYOACT score 0.22 £0.09

4 MSA myositis-specific autoantibodies include anti-synthetase (Jo-1,PL-
7,PL-12, OJ, EJ, KS, Zo, Ha); anti-Mi-2; anti-SRP; anti-MDAS; anti-
MXP2; anti-TIF-1 vy; anti-SAE1; anti-HMGCR autoantibodies. MSA-
positive refers to the positive presence of any of the antibodies

®Data available for 102 patients

the difference was not statistically significant (Fig. 1). In order
to know whether the serum levels of IL-35 could be influ-
enced by drugs, we compared the serum IL-35 levels of 41
treatment-naive 1IM patients with those of the patients who
responded inadequately to previous therapy and found there
was no statistically significant difference between the two
subgroups (median 90.69 pg/ml (IQR 57.16-149.29) vs.
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Fig. 1 Serum levels of IL-35 in patients with DM/PM and in controls. a
Serum levels of IL-35 are significantly higher in IIM patients than in other
controls. b Serum IL-35 levels are higher in both IIM subsets than in
healthy controls. ¢ Serum IL-35 levels are higher in both group 1 and

73.06 pg/ml (IQR 57.9-134.28), P = 0.28). The MYOACT
scores of the two groups were 0.272 + 0.096 and
0.193 £ 0.077, respectively (P < 0.01).

Correlation between serum IL-35 levels and clinical
manifestations

Furthermore, we conducted a correlation analysis between
serum IL-35 levels and clinical manifestations. One interest-
ing result was that the serum IL-35 levels of IIM patients
correlated negatively with disease duration moderately
(r =-0.35, P < 0.01) (Fig. 2). If we define disease duration
less than or equal to 6 months as “early stage”, and disease
duration longer than 6 months as “advanced stage”, then se-
rum IL-35 levels were higher in “early stage” IIM patients
than in “advanced stage” patients (P = 0.014). Another note-
worthy finding was that serum IL-35 levels were significantly
higher in patients with dysphagia than in patients without
dysphagia (P = 0.001) (Fig. 2), but no significant differences
were observed between patient subgroups with regard to
Raynaud’s phenomenon, Mechanic’s hands, muscle weak-
ness, different types of myositis-specific skin eruptions
(Gottron sign, Heliotrope sign, V sign, Shawl sign, Holster
syndrome), calcinosis, arthritis, and interstitial lung disease
(ILD) (Table 2).

Correlation between serum IL-35 levels and laboratory
parameters

Associations between serum IL-35 concentrations and labora-
tory data were also evaluated. Correlation analysis showed a
weak correlation between serum IL-35 levels and CK
(r = 0.293, P = 0.003), moderate positive correlation with
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Fig. 2 Correlation between serum IL-35 levels and clinical manifesta-
tions. a Serum IL-35 levels in IIM patients correlate negatively with
disease duration moderately. Disease duration and concentration of serum
IL-35 were log transformed in the statistical analyses. b Higher IL-35
serum levels were found in early stage IIM patients than in those with
advanced disease (P = 0.035). *Disease duration <6 months; # disease
duration >6 months. (Early stage vs. advanced stage). ¢ Serum levels of
IL-35 in IIM with or without dysphagia. d Serum levels of IL-35 in [IM
with or without ILD. Horizontal bars represent the median

erythrocyte sedimentation rate (ESR) ( = 0.304, P = 0.002),
serum ferritin (SF) (» = 0.467, P = 0.001), and LDH
(r=0.401, P < 0.001) levels. Correlational analysis between
serum IL-35 levels and peripheral blood lymphocyte subset
counts showed no significant correlations. However, serum
IL-35 levels were significantly higher in patients who were
positive for antinuclear antibodies (ANA) (P = 0.026), anti-
HMGCR antibody (P = 0.038), and anti-SRP antibody

(P = 0.009) than in those who were negative, respectively
(Fig. 3).

Serum IL-35 is associated with clinical disease activity
in IIM patients

We further investigated whether serum IL-35 levels could be
associated with myositis activity. Disease activity was evalu-
ated according to MYOACT scores at the time of blood sam-
pling. We found a weak positive correlation between serum
IL-35 levels and MYOACT scores (r = 0.274, P=0.005) in a
cross-sectional study of the 104 IIM patients. The correlation
existed especially for PM patients (»r = 0.459, P = 0.014)
(Fig. 4a—c).

Follow-up study

In order to further investigate whether the changes in serum
IL-35 levels could reflect the changes in disease activity, a
follow-up study was conducted on 34 patients. The median
follow-up time was 11.1 months with a range of 0.5—
53 months. Serum and clinical data were collected at each
follow-up visit. Serum levels of IL-35 (P = 0.014) and CK
(P < 0.001) were decreased significantly after treatment with
glucocorticoids and immunosuppressive agents (Fig. 4d, e).
Myositis disease activity also decreased (P < 0.001) (Fig. 4f).
A moderate positive correlation was found between changes
in serum IL-35 levels and changes in MYOACT scores
(r=0.375, P =0.029) (Fig. 4g).

Discussion

In this study, we found that serum IL-35 levels in pa-
tients with PM/DM were higher than in healthy con-
trols. The role of IL-35 in IIM is unknown. IL-35
may play dual roles in the regulation of autoimmune
diseases and depend heavily on T cell activation, in a

Table 2 Associations of IL-35

levels with organ involvement in Organ involvement Status Serum IL-35 levels (pg/ml), median (range) P value
M
Dysphagia 149.35 (47.7-452.56) 0.001
70.7 (8.68-1864.1)
Raynaud’s phenomenon 129.67 (39.85-225.95) 0.367
74.1 (8.68-1864.14)
Mechanic’s hands 72.65 (26.88-526.92) 0.934
78.27 (8.68-1864.14)
Muscle weakness 86.89 (8.68-1864.14) 0.199
72.23 (16.19-526.92)
ILD 75.22 (16.19-1864.14) 0.997
79.04 (8.68-526.92)
Arthritis 73.06 (23.92-452.56) 0.619

78.54 (8.68-1864.14)
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Fig. 3 Correlation between serum IL-35 levels and laboratory data in
IIM patients Correlations between the IL-35 levels and a serum creatine
kinase (CK) levels (n = 102), b erythrocyte sedimentation rate (ESR)
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similar manner as TGF-f and IL-10 [18-21]. In our
study, serum IL-35 levels in SLE patients and SS pa-
tients were lower than in healthy controls while there
was no statistically significant difference of serum IL-35
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scores moderately. Serum IL-35 values in Fig. 4a, b were log transformed
in the statistical analyses. Changes in MYOACT scores refer to decrease
rates of MYOACT scores which mean MYOACT scores before treatment
minus MYOACT scores after treatment and then divided by MYOACT
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may act as an anti-inflammatory cytokine but not exert
its suppressive role if the corresponding receptor expres-
sion is lacking, or there may be other defects in the
suppressive signaling pathway of IL-35 in PM/DM pa-
tients [22], or elevated levels of IL-35 may be a pro-
tective anti-inflammatory response to diseases that pro-
tect against pathogenic factors to avoid the impairment
of tissues and organs, but this upregulation may be an-
tagonized by pro-inflammatory factors like in SLE [23].
However, we cannot exclude the possibility of a pro-
inflammatory role that elevated serum IL-35 could play
in PM/DM patients.

Concerning the sources of elevated serum IL-35 in
IIM patients, our study shows there was no correlation
between serum IL-35 levels and peripheral blood lym-
phocyte subset counts. Other studies showed a lower
percentage of peripheral blood Treg cells in PM/DM
patients than in healthy controls. Also, CD3 (+) cells,
CD3 (+) CD4 (+) cells, and CD3 (+) CD8 (+) cells in
patients with active DM patients were lower than in
patients with inactive DM and in healthy controls
[24-26]. Based on these data, we speculate that the
sources of IL-35 may be stimulated, not by peripheral
blood T cells, but by human skeletal muscle cells,
which can secrete many kinds of cytokines under pro-
inflammatory stimuli in PM/DM patients [27]. Other
non-T cell sources, such as immature dendritic cells,
microvascular endothelial cells, epithelial cells, CD138"
plasma cells, and smooth muscle cells, may also con-
tribute to the elevated serum IL-35 [28-32]. But the
exact origin of the serum IL-35 in IIM still needs to
be explored.

One interesting finding in our study is that the serum
levels of IL-35 correlated negatively with IIM disease
duration. We do not know the reason for these results.
Perhaps it is because the different pathways involved
have varying levels of influence during the different
stages of the disease, and the results may suggest that
IL-35-related immune pathways may play a more impor-
tant role in the early stages than in the advanced stages
of IIMs. However, the exact mechanism of the differ-
ence needs to be investigated.

Dysphagia is a refractory complication that lacks a
definitive serum biomarker in IIM. Our study reveals that
IIM patients with dysphagia have significantly higher IL-
35 levels than those without. Meanwhile, serum IL-35
levels were higher in patients carrying anti-HMGCR
and anti-SRP antibodies than in patients who did not
carry those autoantibodies. The anti-HMGCR and anti-
SRP antibodies have been shown to be significantly as-
sociated with severe necrotizing myopathy, and their
presence increases the risk for dysphagia [33, 34]. Our
results indicate that elevated serum IL-35 could be used
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as a marker for dysphagia, in addition to the anti-SRP
and anti-HMGCR autoantibodies. It was reported that IL-
35 does not affect human primary aortic smooth muscle
cell apoptosis, necrosis, or viability [35]. But there is no
report on the effect of IL-35 on esophageal smooth mus-
cle. Our data invites consideration of this interesting
question. The mechanism of the association between
IL-35 and dysphagia still needs to be studied.

It is worth noting that serum levels of IL-35 seem to be unaf-
fected by the use of corticosteroids or immunosuppressive
agents. However, IL-35 was significantly associated with myo-
sitis disease activity as represented by MYOACT scores, espe-
cially in PM patients. Follow-up studies also show decreased
serum IL-35 levels after disease remission, and the change in
IL-35 levels after treatment correlated with the change in
MYOACT scores. These data suggest that increased serum IL-
35 could act as a disease activity marker in clinical practice.

The limitation of our study is that we did not detect IL-35
expression in [IM muscle tissue and did not find the source of
IL-35, so further studies are required to elucidate these poten-
tial mechanisms. Our study is a single center study and it still
needs confirmation in additional centers.

In conclusion, this study is the first to show that
serum IL-35 levels are elevated in both PM and DM
patients, and increased serum IL-35 could be an IIM
disease activity marker and risk factor for esophageal
involvement in IIM. Our findings suggest that IL-35
may participate in the pathogenesis of IIM but it still
needs to be confirmed. Further study is necessary to
clarify the source of serum IL-35 production and its
immunoregulatory role in IIMs.
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