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A B S T R A C T

Aim: The study aimed to investigate the changes in peripheral lymphocyte and CD4+T subsets and to observe
the regulatory effect of low-dose interleukin-2 (ld-IL2) on these cells in polymyositis or dermatomyositis (PM/
DM).
Methods: Lymphocyte subsets (CD3+T, CD4+T, CD8+T, B and natural killer (NK) cells), CD4+T subsets (Th1,
Th2, Th17 and regulatory T (Treg) cells) and multiple cytokines of 71 patients after admission and treatment
were measured by flow cytometry, as well as these indicators in 30 healthy controls (HCs). In DM, 35 cases were
administrated with ld-IL2 combined with conventional therapy, the remaining 26 patients received conventional
therapy only.
Results: The numbers of CD3+T and CD4+T cells in PM/DM were markedly decreased. Meanwhile, the absolute
number and percentage of peripheral Treg cells in PM/DM, as well as Th1 cells in DM, were significantly lower
than those in HCs (P < 0.05), but Th2 and Th17 cells had no significant difference. The ratio of Th17/Treg in
PM (P=0.031) and in DM (P=0.003) were obviously higher than that in HCs. The deficiency of Treg cells was
associated with the occurrence of interstitial lung disease (ILD) in myositis patients. Meanwhile, reduced pro-
duction of IL-2 was also observed in PM/DM (P < 0.001). ld-IL2 combination therapy could significantly in-
crease the numbers of CD4+T subsets in DM, especially Treg cells (expanded 2.5 times).
Conclusions: The decline of peripheral Treg cells and serum IL-2 were found in PM/DM. ld-IL2 combination
therapy could significantly increase the number of Treg cells.

1. Introduction

Dermatomyositis (DM) and polymyositis (PM) are chronic auto-
immune disorders primarily involving skeletal muscle, which is in-
filtrated by mononuclear cells (CD4+T, CD8+T cells and macrophages)
[1]. Other organs like the skin, heart and lungs are also often involved.
Although the pathogenesis of PM/DM is not well understood at present,
immunological imbalance is considered to be central to the disease
progress [2].
Naive CD4+ T cells could differentiate into effector T helpers in-

cluding Th1, Th2, Th9, Th17 and anti-inflammatory regulatory T (Treg)
cells [3]. Excessive immune responses exerted by these T helper cells
could cause autoimmune and inflammatory diseases. Treg cells are

critical for the suppression of excessive immune and inflammatory re-
sponse and can be served as a hallmark of immune tolerance [4].
Conventional view was that the pathogenesis of autoimmune disease
was caused by over-activation of effector T cells, so corticosteroids and
immunosuppressive agents were adopted as the main treatment option.
Recently, immune intolerance caused by quantitative and/or qualita-
tive deficiencies of Treg cells is regarded as the pivotal origin of auto-
immune diseases. Cytokines are also thought to be involved in the onset
of PM/DM [5–9]. Despite all of the above, studies recording the role of
peripheral lymphocyte and CD4+T subsets, especially Th17 and Treg
cells, and cytokines in PM/DM are rare.
Several studies have demonstrated that low-dose IL-2 (ld-IL2) ad-

ministration is safe and effective in maintaining the abundance and
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function of Treg cells in patients with graft-versus-host disease and
autoimmune diseases [10–13]. So immunoregulation executed by ld-
IL2 represents a potential therapy to maintain self-tolerance in auto-
immune diseases [11]. However, the treatment effect of ld-IL2 in PM/
DM has not been reported. The present work aimed to investigate the
changes in peripheral lymphocyte and CD4+T subsets and to observe
the regulatory effect of ld-IL2 on these cells in PM/DM.

2. Materials and methods

2.1. Patients

A total of 71 patients with myositis (10 PM and 61 DM patients
admitted to our inpatient department between January 2016 and
February 2019) and 30 age- and gender-matched healthy controls (HCs)
were recruited into the study. All the patients were diagnosed based on
the Bohan and Peter diagnostic criteria [14]. Patients older than 80
and/or are unable to exercise were excluded. Seven PM and 35 DM
patients were administrated with short-term and low-dose rhIL-2 (re-
combinant human interleukin-2, Beijing, China) and conventional
therapy, while 3 PM and 26 DM only received conventional therapy.
The rhIL-2, which was produced by Escherichia coli and has similar
bioactivity with Proleukin (aldesleukin), passed the review by the State
Food and Drug Administration, China. The rhIL-2 was administered
subcutaneously at a dose of 0.5 million IU per day for 5 days. Venous
blood samples were drawn on the second day after admission and one
week after treatment to detect various indicators. The diagnosis of in-
terstitial lung disease (ILD) was based on the respiratory symptoms,
HRCT scan findings and clinical presentations [15]. The study was
approved by the Ethics Committee of the Second Hospital of Shanxi
Medical University (2016KY007) and informed consent was obtained
from all patients and controls.

2.2. Assessment of disease activity of PM/DM patients

The disease activity of PM/DM was evaluated by two experienced
physicians, using the Myositis Disease Activity Assessment Visual
Analogue Scales (MYOACT), which was established by the International
Myositis Assessment and Clinical Studies (IMACS) group [16], in-
cluding constitutional, cutaneous, skeletal, gastrointestinal, pulmonary,
cardiovascular, muscle, extra-muscular and a global score.

2.3. Analysis of the numbers of lymphocytes

The absolute numbers of peripheral lymphocyte subgroups
(CD3+T/CD4+T/CD8+T/B/NK cells) were analyzed by our modified
one-platform flow cytometry method, which is simpler and more ac-
curate than previous two-platform methods. First, we added 50 μL
EDTA-anticoagulated venous blood by reverse pipetting into Trucount
tube (Becton-Dickinson, USA) A and B respectively, which itself could
eliminate the variation produced by adding reference beads manually.
Next, anti-CD3/CD4/CD8/CD45 antibodies and anti-CD3/CD16/CD56/
CD45/CD19 antibodies were added into tube A and tube B, respec-
tively. Finally, cells were collected by flow cytometry (BD FACSCalibur)
and detected by MultiSET software. For CD4+T subsets (Th1/Th2/
Th17/Treg cells), we, first, added Ionomycin, PMA and GolgiStop into
heparin-anticoagulated venous blood to stimulate Th1/Th2/Th17 cells.
Then, cells were labeled by anti-CD4 antibody, followed by 1mL fresh
prepared Fixation/Permeabilization. Finally, we stained cells using
anti-IFN-γ/IL-4/IL-17 antibodies to identify Th1/Th2/Th17 cells. Treg
cells in 80 μL heparin-anticoagulated venous blood were labeled by
anti-CD4 and anti-CD25 antibodies, followed by 1mL fresh prepared
Fixation/Permeabilization, and then were stained by anti-FoxP3 anti-
body. We detected CD4+T subsets by flow cytometry (BD FACSCalibur)
and analyzed them by MultiSET software. The calculation formula is
that the number of CD4+T subsets= the number of CD4+T cells * the

percentage of CD4+T subsets.

2.4. Analysis of cytokines

The levels of serum cytokines [interleukin-2 (IL-2), IL-4, IL-6, IL-10,
tumor necrosis factor-α (TNF-α), interferon-γ (IFN-γ) and IL-17] in PM/
DM (serums were kept at −80 °C until analysis) were detected by
magnetic bead-based multiplex immunoassay using Human Th1/Th2/
Th17 subgroup test kit (JIANGXI CELLGENE BIOTECH CO., LTD) ac-
cording to the manufacturer’s protocol. The Bio-Plex 200 reader was
used to acquire the data of cytokines, which was output as Median
Fluorescence Intensity (MFI) and concentration (pg/mL) using the Bio-
Plex Manager software.

2.5. Statistical analysis

All data were analyzed by SPSS22.0 and/or Graphpad Prism 6.
Continuous data were expressed as Mean ± standard deviation
(M ± SD) or Median (Q25, Q75). Categorical variables were reported as
numbers. Results in three groups were compared by one-way analysis of
variance (ANOVA) or the Independent-samples Kruskal-Wallis test one-
way ANOVA. Paired-samples t-test or paired-samples Wilcoxon test was
used for comparison of changes before and after treatment.
Independent-samples t-test or Mann-Whitney U test was used to com-
pare the differences between two groups. Spearman’s rank correlation
test was used to evaluate the correlation between MYOACT and other
indicators. The correlation coefficient of 0.1 to 0.3 was weak correla-
tion, 0.3 to 0.5 was moderate correlation, and 0.5 to 1.0 was strong
correlation. Binary logistic regression was conducted to determine
which cell was an independent risk factor for ILD in PM/DM. P < 0.05
was considered statistically significant.

3. Results

3.1. Characteristics and demographic data of patients and HCs

Table 1 summarized the PM/DM patients’ baseline characteristics
and demographic data. Proximal muscle weakness was present in
88.73%, rash in 81.69%, arthritis in 45.07%, dysphagia in 32.39% and
myositis-associated ILD in 26.76% of all myositis patients. Mechanic’s
hands and Raynaud’s phenomenon were only observed in DM and ac-
counted for 3.28% and 4.92% of DM, respectively.

3.2. Manifestations of various indicators in PM and DM

The numbers of CD3+T (P=0.015, P=0.002) and CD4+T
(P=0.038, P=0.018) were markedly decreased in PM/DM. While
CD8+T (P=0.004) and NK (P < 0.001) cells were only significantly
reduced in DM, and B cells (P=0.012) were only obviously lower in
PM than that in HCs (Additional file 1). Furthermore, the number and
percentage of Treg cells in PM/DM, and those of Th1 cells in DM also
showed a significant decline compared with HCs (P < 0.05), but Th2
and Th17 cells had no significant changes (Fig. 1). Intriguingly, the
ratio of Th17/Treg in PM/DM (P=0.031, P=0.003) was significantly
higher than that in HCs (Additional file 1). No significant difference of
the above cells was observed between PM and DM patients (P > 0.05).
Notably, the concentration of soluble interleukin-2 receptor α (sIL-2Rα)
in PM/DM (P=0.001, P < 0.001) was greatly higher than that in HCs.
Corresponding to this, the level of IL-2 in patients with PM/DM was
significantly lower than that in HCs (P < 0.001, P < 0.001). Other
cytokines, however, including IL-4 (P=0.001), IL-6 (P=0.035,
P < 0.001), IL-10 (P=0.027, P < 0.001), TNF-α (P < 0.001), IFN-γ
(P < 0.001, P < 0.001) and IL-17 (P=0.004, P < 0.001), in PM/DM
were obviously higher than HCs, except for IL-4 (P=0.093) and TNF-α
(P=0.487) in PM (Additional file 2).
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3.3. Comparison of conventional treatment and short-term and low-dose IL-
2 treatment in DM

Since only 10 PM patients were recruited in the study, we only
discussed the changes of various indicators in DM before and after
treatment. Twenty-six DM patients received only conventional treat-
ment while 35 DM were given ld-IL2 combined with conventional
drugs. After conventional treatment, the numbers of lymphocyte sub-
sets (except for B cells) showed downward trends, as well as the
numbers of Th1, Th2 and Th17 cells, but no significant difference ex-
isted. The number of Treg cells remained the same as before treatment
(Additional file 3). As a result, the numbers of Th1, Th2 and Treg cells
after conventional treatment were significantly lowered than HCs
(P=0.016, P=0.033, P=0.038, respectively) (Fig. 2). Contrary to
conventional treatment, the lymphocyte subsets (except for NK cells) of
DM receiving ld-IL2 combination therapy have sharply proliferated and
the numbers of CD3+T, CD4+T and B cells returned to normal levels.
The numbers of CD4+T subsets were also significantly increased
(Fig. 2), as well as the percentage of Treg cells (P=0.048) (Additional
file 4). The levels of CRP (P < 0.001, P=0.028) and ESR (P < 0.001,
P=0.001) were down-regulated obviously in both conventional
therapy and ld-IL2 combination therapy group, and the former returned
to normal level but the latter was still higher than HCs. It is worth
noting that the serum concentration of CK (P < 0.001, P < 0.001),
which reflects the disease activity of myopathy, as well as LDH
(P=0.002, P=0.001) and HBDH (P=0.006, P=0.025), belonging
to muscle enzymes, significantly dropped in DM who received con-
ventional therapy and ld-IL2 combination therapy. Moreover, the level
of sIL-2Rα reduced significantly from 558.89 ± 250.15 (pg/mL) to
475.54 ± 167.13 (pg/mL) in DM who were administrated with ld-IL2
combination therapy (P=0.022). In terms of cytokines, the

concentration of IL-2 was significantly up-regulated (P=0.002) to
normal level in DM after ld-IL2 combination therapy (P=0.659). The
levels of IL-4 and IL-10, in DM, also sharply increased (P=0.009,
P=0.048), but no significant changes in IL-6, TNF-α, IFN-γ and IL-17
were found (Fig. 3).
In our study, DM patients treated by ld-IL2 were divided into 18

new-onset cases and 17 treated patients based on disease history. The
changes of multiple indicators in new and treated DM patients before
and after ld-IL2 combination therapy were also investigated. After ld-
IL2, the numbers of CD3+T (P=0.019), CD4+T (P < 0.001) and Treg
cells (P=0.015) increased to normal level in new DM patients. In
addition to B cells, however, no significant change about lymphocyte
and CD4+T subsets was found in treated DM patients.

3.4. Association between various indicators and myositis disease activity

We analyzed the disease activity of myositis patients (Additional file
5). The levels of lymphocyte subgroups, CD4+T subsets, multiple
muscle enzymes, et al. were found to be associated with the disease
activity of DM patients. The results showed that constitutional disease
activity score was negatively correlated with the numbers of CD3+T
(r=−0.398, P=0.001), CD4+T (r=−0.400, P=0.001), CD8+T
(r=−0.298, P=0.020), NK (r=−0.347, P=0.006), Th1
(r=−0.337, P=0.008), Th2 cells (r=−0.303, P=0.018), but it
was positively associated with the percentage of B cells (r= 0.314,
P=0.014), and the levels of ALT, AST, LDH and HBDH (r= 0.282,
P=0.029; r= 0.359, P=0.005; r= 0.317, P=0.013; r= 0.341,
P=0.007, respectively). With regard to cutaneous disease activity
score, negative correlations were found with the numbers of CD3+T
(r=−0.336, P=0.008), CD4+T (r=−0.314, P=0.014), CD8+T
(r=−0.325, P=0.011), Th1 (r=−0.267, P=0.037), Th2

Table 1
Laboratory data and clinical manifestations of PM, DM and HCs.

PM (n=10) DM (n=61) HCs (n= 30) P

PM vs. HCs DM vs. HCs PM vs. DM

Age (years)a 48.00 (34.00,59.25) 56.00 (47.00,63.50) 53.00 (48.00,60.25) 0.225
Female/maleb 5/5 42/19 20/10 0.521
WBC (*109/L)a 7.25 (5.42, 8.20) 7.49 (5.50, 9.34) 5.83 (4.73, 6.72) 0.283 0.004 1.000
NEUT (*109/L)a 5.48 (3.58, 6.74) 5.58 (3.49, 7.04) 3.28 (2.57, 3.96) 0.013 < 0.001 1.000
LYMP (*109/L)a 0.85 (0.45, 1.93) 1.15 (0.83, 1.76) 1.91 (1.70, 2.27) 0.002 < 0.001 1.000
PLT (*109/L)a 282.00 (182.25, 314.75) 240.00 (174.00, 306.00) 245.50 (218.25, 270.25) 0.791
RDW (fL)a 46.20 (43.15, 52.10) 44.70 (41.88, 48.43) 41.30 (40.48, 43.38) 0.010 0.001 1.000
ESR (mm/h)a 73.00 (26.25, 120.00) 40.00 (23.25, 71.50) 12.50 (6.00, 15.00) <0.001 <0.001 0.943
CRP (mg/L)a 18.95 (9.31, 74.63) 12.85 (5.08, 49.55) 2.73 (1.88, 3.91) <0.001 <0.001 0.984
ALT (U/L)c 50.10 (25.70, 63.50) 34.75 (16.35, 65.95) – – – 0.412
AST (U/L)c 35.25 (26.35, 62.58) 36.30 (25.78, 72.50) – – – 0.880
CK (U/L)c 536.50 (38.00, 2291.50) 56.00 (35.77, 354.00) – – – 0.111
LDH (U/L)c 406.50 (324.00, 632.63) 338.00 (262.00, 476.00) – – – 0.168
HBDH (U/L)c 286.50 (223.00, 527.48) 247.00 (195.50, 328.50) – – – 0.116
IgG (g/L)c 15.70 (6.57, 17.85) 13.50 (9.65, 16.05) – – – 0.765
IgA (g/L)c 2.48 (1.15, 4.86) 2.39 (1.72, 3.44) – – – 0.911
IgM (g/L)c 1.02 (0.48, 1.37) 1.08 (0.83, 1.72) – – – 0.217
sIL-2Rα (pg/mL)a 330.05 (262.73, 584.35) 497.85 (293.98, 703.53) 119.50 (95.17, 145.05) 0.001 < 0.001 1.000
Muscle weaknessb 8 55 – – – 0.687
Rashb 3 55 – – – < 0001
Mechanic’s handsb 0 2 – – – 1.000
Raynaud’s phenomenonb 0 3 – – – 1.000
Arthritisb 3 29 – – – 0.490
Interstitial lung diseaseb 2 17 – – – 0.892
Dysphagiab 3 20 – – – 1.000

Data were reported as number or mean ± SD or median (IQR).
Abbreviations: WBC: white blood cell; NEUT: neutrophile granulocyte; LYMP: lymphocyte; PLT: platelet; RDW: red cell distribution width; ESR: erythrocyte sedi-
mentation rate; CRP: C-reactive protein; ALT: alanine aminotransferase; AST: aspartate aminotransferase; CK: creatine kinase; LDH: lactate dehydrogenase; HBDH:
hydroxybutyrate dehydrogenase; sIL-2Rα: soluble interleukin-2 receptor α.
a Intergroup and within-group data were compared by the Independent-Samples Kruskal-Wallis test one-way ANOVA.
b Differences of categorical variables were measured by the Chi-square test.
c Data between both groups were compared using the Mann-Whitney U test.
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(r=−0.296, P=0.021) and Treg cells (r=−0.315, P=0.013), and
positive correlation was found with the percentage of B cells
(r= 0.426, P=0.001). As for skeletal disease activity score, no cor-
relation was found with lymphocyte and CD4+T subsets, but it was
positively correlated with the levels of ESR, CRP, LDH and HBDH
(r= 0.392, P=0.002; r= 0.342, P=0.010; r= 0.276, P=0.031;
r= 0.265, P=0.039, respectively). Furthermore, gastrointestinal dis-
ease activity score was inversely correlated with the numbers of CD8+T

(r=−0.313, P=0.014), NK (r=−0.272, P=0.034) and Th1 cells
(r=−0.329, P=0.010), but it was associated with the percentage of B
cells (r= 0.333, P=0.009) positively. In addition, negative correla-
tions were found between pulmonary disease activity score and the
numbers of CD3+T, CD4+T, CD8+T, Th1, Th17, Treg cells
(r=−0.352, P=0.005; r=−0.334, P=0.009; r=−0.311,
P=0.015; r=−0.375, P=0.003; r=−0.328, P=0.017;
r=−0.284, P=0.027, respectively). No correlation was found in

Fig. 1. Differences of the number and percentage of CD4+T subsets among PM (n=10), DM (n=61), and healthy controls (n=30). Data were presented as Median
(IQR) and were compared by the Independent-Samples Kruskal-Wallis test one-way ANOVA. *P < 0.05, **P < 0.001. P < 0.05 was considered statistically sig-
nificant.

Fig. 2. Comparison of CD4+T subsets in healthy controls (HCs) and DM patients before and after conventional and low-dose IL-2 (ld-IL2) treatment. Data were expressed as
Median (Q25, Q75) and were analyzed by the Independent-Samples Kruskal-Wallis test one-way ANOVA. *P < 0.05;**P < 0.001. P < 0.05 was considered statistically
significant.
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cardiovascular disease activity with other indicators. Intriguingly,
serum concentration of IL-2 was strongly correlated with muscle disease
activity score (r=−0.503, P=0.024) (Fig. 4A). Our results also
showed negative correlations between extra-muscular score and the
numbers of CD3+T, CD4+T, CD8+T, Th1, Th2 and Th17 cells
(r=−0.384, P=0.002; r=−0.363, P=0.004; r=−0.353,
P=0.005; r=−0.360, P=0.004; r=−0.290, P=0.024;
r=−0.277, P=0.046, respectively), but the former was positively
associated with the percentage of B cells (r= 0.255, P=0.047) and the
level of AST (r= 0.291, P=0.024). Global score was associated with
the numbers of CD3+T (r=−0.388, P=0.002), CD4+T (r=−0.360,
P=0.004), CD8+T (r=−0.364, P=0.004), Th1 (r=−0.386,
P=0.002), Th2 (r=−0.282, P=0.028), Treg cells (r=−0.262,
P=0.041) negatively, but correlated with AST positively (r= 0.289,
P=0.025) (Fig. 4B).

3.5. Analysis of the role of lymphocyte subgroups and CD4+T subsets in
contributing to ILD in myositis patients

To reveal the role of lymphocyte and CD4+T subsets in contributing
to ILD in myositis patients, logistic regression analysis was performed.
The numbers of CD3+T, CD8+T and Treg cells were significantly lower
in ILD subsets by univariate analysis. Next, multivariate analysis was
conducted. The above-described meaningful cell subsets were included
as independent variables, and the presence or absence of ILD as the
dependent variable. The results showed only Treg cells were most sig-
nificantly associated with the occurrence of ILD in PM/DM
[β=−0.129, P=0.009, odds ratio (OR) 0.879, 95% confidence in-
terval (CI) 0.798–0.968]. Based on this, a receiver operating char-
acteristic (ROC) curves was drawn to assess the accuracy of Treg cells in
predicting whether or not patients with PM/DM have ILD, and the area
under the ROC curve (AUC) was 0.720, sensitivity and specificity were
89.47%, 53,85%, respectively (Fig. 5).

Fig. 3. Comparison of serum concentrations of cytokine (including IL-2, IL-4, IL-6, IL-10, TNF-α, IFN-γ and IL-17) between healthy controls (HCs) and DM patients
before and after low-dose IL-2 (ld-IL2) combination therapy. Paired sample T test and Wilcoxon symbolic rank test were used to compare the levels of serum
cytokines between DM patients before and after ld-IL2 injection. Mann-Whitney U test was used to compare the levels of serum cytokines between HCs and DM
patients after ld-IL2 combination treatment. *P < 0.05; **P < 0.001. P < 0.05 was considered statistically significant.
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3.6. Comparison of the number of Treg cells labeled by different forms

Treg cells were defined by different forms in several studies, in-
cluding CD4+CD25+, CD4+FoxP3+, CD4+CD25+FoxP3+, etc. In our
study, Treg cells were determined by CD4+CD25+FoxP3+T cells.

Different definitions of Treg cells may contribute to controversial re-
sults. We compared the number of Treg cells labeled by CD4+CD25+

and CD4+CD25+FoxP3+ in all myositis patients. The results showed
that the number of Treg cells labeled by CD4+CD25+FoxP3+ was
markedly lower than that marked by CD4+CD25+ [(9.09 (5.08,16.40)
vs. 12.64 (6.62,22.31), P=0.048].

4. Discussion

The results of our study demonstrated 1) the number of Treg cells in
PM/DM patients was only about one-third that of HCs, while no ob-
vious change was found in Th17 cells; 2) Opposite to sIL-2Rα, the serum
concentration of IL-2 in PM/DM was significantly lower than that in
HCs; 3) ld-IL-2 could up-regulate lymphocyte cells, especially Treg cells
(expanded 2.5 times); 4) In general, patients’ disease activity was ne-
gatively correlated with T cell subsets, IL-2, ESR and CRP, but it was
positively associated with the percentage of B cells and the levels of
muscle enzymes; 5) the deficiency of Treg cells was an independent risk
factor for the occurrence of ILD in myositis patients, and Treg cells
could be used to assist in the diagnosis of ILD in myositis patients.
Although the pathogenesis of PM/DM is not well clear thus far,

there is a body of evidence that the onset of PM/DM is due to the
disruption of immune balance [17–19]. Both the over-activation of T
helpers and the reduction of Treg cells could lead to immune im-
balance, but the exact cause remains to be determined. Limited number
of samples made our results cannot represent the truth of pathogenesis
of PM/DM, but can reflect certain trends to some extent. Consistent
with our findings, a body of studies have confirmed that

Fig. 4. (A) The correlation between
serum IL-2 and muscle disease activity
score (VAS). Shown are linear regression
lines with interpolated 95% confidence
interval curves (broken lines). (B)
Correlations between multiple indicators
and MYOACT. Heatmap representation of
correlation of MYOACT (including con-
stitutional, cutaneous, skeletal, gastro-
intestinal, pulmonary, cardiovascular,
muscle, extra-muscular and a global
MYOACT score) with lymphocyte sub-
population (including CD3+T, B, CD4+T,
CD8+T and NK cells), CD4+T subsets
(including Th1, Th2, Th17 and Treg cells),
Erythrocyte Sedimentation Rate (ESR), C-
Reactive Protein (CRP), Alanine
Aminotransferase (ALT), Aspartate
Aminotransferase (AST), Lactate
Dehydrogenase (LDH) and Hydrox
ybutyrate Dehydrogenase (HBDH) in DM
patients (n=61). *P < 0.05,
**P < 0.01 by Spearman correlation test.
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Fig. 5. Receiver operating characteristic (ROC) curve of Treg cells for pre-
dicting the occurrence of interstitial lung disease (ILD) in myositis patients. The
area under the ROC curve (AUC) was 0.720, sensitivity and specificity were
89.47%, 53.85%, respectively.
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lymphocytopenia (low levels of CD3+T, CD4+T, CD8+T, B and NK
cells) was common in DM[2,20], indicating that immune hyperfunction
is not the main reason of PM/DM. We found, interestingly, the absolute
number of Treg cells was fivefold more than Th17 cells among the
CD4+T subsets in HCs, implying that Treg cells play a more important
role in maintaining self-immune-balance rather than Th17 cells. Fur-
thermore, the number and percentage of Treg cells in PM/DM were
significantly lower than those in HCs, but no obvious change was found
in Th17 cells. As a result, the ratio of Th17/Treg in PM/DM was
markedly increased compared than HCs, further implying that immune
imbalance may be caused by Treg cells reduction rather than the over-
activation of T helpers in PM/DM and providing a theoretical basis for
the idea that we should use immunoregulation to induce immune tol-
erance rather than immunosuppression therapy. In addition, the sup-
pressive function of Treg cells need to be further verified. The con-
centration of sIL-2Rα, which could compete with membrane surface IL-
2Rα to bind to IL-2, has been observed to be up-regulated in many
autoimmune disease [21,22], and sIL-2Rα could be used to assess
myositis activity [21]. Jing He and Masayuki Mizui observed the pro-
duction of IL-2 was reduced in patients with SLE [23,24]. Similarly, we
also found elevated serum sIL-2Rα and decreased IL-2 in myositis pa-
tients. In autoimmune hepatitis (AIH) patients, IL-2 deficiency has been
reported to trigger apoptosis of Treg cells [25]. Thus, we hypothesize
that the decline of Treg cells in PM/DM may be partly caused by the
increased apoptosis of Treg cells, which is arisen by IL-2 deficiency.
Furthermore, many researches have also found serum concentrations of
IL-4, IL-6, IL-10, TNF-α and IFN-γ were over-expressed in many auto-
immune diseases, such as multiple sclerosis (MS), rheumatoid arthritis
(RA), systemic lupus erythematosus (SLE) and idiopathic inflammatory
myopathies (IIM) [5–9]. IL-6, a cytokine with pro-inflammatory and
anti-inflammatory role, was confirmed as a contributor to muscle cell
reduction and could be served as a biomarker to predict disease activity
of adult and juvenile DM [26,27].
Conventional treatment for PM/DM relies upon the empirical ap-

plication of corticosteroids and immunosuppressive agents, accom-
panying with substantial side-effects, such as infection and cancer [28].
Moreover, corticosteroid itself is related with the occurrence of myo-
pathy, including muscle weakness [28,29], and quite a few people are
refractory to conventional therapy [30]. In recent years, IL-2 was
confirmed that it has dual and opposing role in immunity. High-level IL-
2 could promote the development of effector cells whereas low-dose IL-
2 was believed to be safe in vivo and to play a critical role in increasing
immune tolerance by enhancing Treg cells differentiation, function and
survival [23,31]. Owing to the deficiency of Treg cells and reduced
production of serum IL-2 in PM/DM, it was reasonable that therapeutic
strategies of PM/DM turn to using ld-IL2. The application of ld-IL2,
however, for the management of PM/DM are still unreported, the study
conducted by us was the first to investigate the regulatory effect of ld-
IL2 on lymphocyte and CD4+T subsets in PM/DM. Peripheral lym-
phocyte subgroups (except for NK cells) and CD4+T subsets were sig-
nificantly increased in DM who received ld-IL2 combination therapy,
and Treg cells’ amplification was most pronounced, approximately 2.5
times of that before treatment, indicating that Treg cells were highly
sensitive to IL-2. Jing He et al. also demonstrated that not only could ld-
IL2 enhance the abundance and the suppressive function of Treg cells,
but it markedly alleviate the disease activity of SLE patients [24]. The
application of ld-IL2 not only enhance immune tolerance by increasing
the number of Treg cells, but also reduce the risk of infection by sui-
tably increasing the number of effector T cells, which was an indirect
evidence that immunoregulation therapy using ld-IL2 was more su-
perior than immunosuppressive therapy for autoimmune diseases.
Furthermore, the level of sIL-2Rα decreased greatly in DM after ld-IL2
administration, which was also a good sign for patients. The serum level
of IL-2 was elevated to normal level after the administration of ld-IL2,
which may be due to the injection of rhIL-2 and/or the proliferation of
Th1 cells after ld-IL2 combination therapy. The concentration of IL-4

and IL-10 were also obviously elevated after the injection of ld-IL2 in
DM. We hypothesized that this might be due to the increased number of
Th2 cells after ld-IL2 administration. Although there was no significant
difference, the lymphocyte and CD4+T subsets, on the contrary,
showed a downward trend in DM who only received conventional
drugs. That is to say, the problem of immune intolerance still exists. We
hypothesized that the lack of statistical differences in the data may be
attributed to the small sample size of this group. Moreover, the reg-
ulatory effects of ld-IL2 on lymphocyte and CD4+T subsets in new and
treated DM patients were different. Treg cells remarkedly proliferated
in new DM patients, but not in treated DM. The reason, we hypothe-
sized, might be that treated DM patients used to be administrated with
immunosuppressive agents, leading to the decrease of pre-Treg cells.
We also found the proliferation of Treg cells was the major part of
CD4+T cell expansion for new DM patients. Thus, we guess ld-IL2 was
more efficient for patients without history of treatment.
In current study, multiple indicators were found to be associated

with MYOACT in DM, implying the engagement of these indicators in
the occurrence of DM. Our results demonstrated that, in brief, the de-
ficiency of lymphocytes other than B cells, which could speed up the
progression of autoimmune diseases by producing auto-antibodies,
mainly increase constitutional, cutaneous, gastrointestinal, pulmonary
disease activity. Consistent with our results, other studies also found
associations between increased disease activity and decreased numbers
of CD3+T, CD4+T and CD8+T cells, which suggested that occurrence
of PM/DM may not be due to the activation of effector cells [2]. Fur-
thermore, our results demonstrated that the levels of ESR, CRP, LDH
and HBDH could reflect joint involvement in some degree. Reduction of
IL-2, notably, was a strong risk factor for muscle damage, which
strengthened our belief that the development of DM (especially muscle
damage) was closely related to the lack of IL-2, and gave us more
confidence to treat DM with ld-IL2. Evaluation of these markers, which
could reflect the disease activity of DM to some extent, is very useful in
assisting clinicians in making clinical decisions.
As we all know, PM and DM are usually complicated by ILD [32],

which lead to increased morbidity and mortality of patients with
myositis patients [33]. Thus, we also investigated that whether the
occurrence of ILD was associated with the reduction of lymphocyte and
CD4+T subsets. Our results showed that Treg cells [β=−0.129,
P=0.009, OR 0.879, 95% CI 0.798–0.968] were an independent pro-
tective factor against ILD in patients with myositis. In other words, the
reduction of Treg cells was a risk factor for the happening of ILD in
myositis patients. In addition, a study conducted by Kotsianidis et al.
has confirmed that patients with idiopathic pulmonary fibrosis (IPF)
had impaired abundance and function of Treg cells, which were closely
related to the degree of pulmonary fibrosis [34], suggesting the im-
portant role of Treg cells in inhibiting pulmonary fibrosis.
Another advantage of our study was that Treg cells were labeled by

anti-CD4/CD25 /FoxP3 antibodies. FoxP3, regarded as the most spe-
cific marker of Treg cells, was truly important for the suppressive
function of Treg cells [35,36]. Our results showed that the number of
Treg cells defined as CD4+CD25+FoxP3+ was obviously lower than
those labeled by CD4+CD25+, suggesting that CD4+CD25+T cells
could not exhibit the true level of Treg cells. Moreover, we observed, in
our study, the changes of the proportion and absolute number of cells
were sometimes not very consistent, and the change of the percentage
of one subset is not only absolutely due to changes in its cell number,
but the changes in the number of other cells. Thus, proportion of cells
should not completely replace the absolute number of cells to represent
the cellular level, and we should pay more attention to the absolute
number of cells.
Despite the remarkable and clinically relevant findings in this study,

there are some drawbacks to our study. First, the number of patients,
especially PM, was not large. We further need to expand the sample size
to study the pathogenesis of PM/DM. Secondly, patients were admini-
strated with ld-IL2 therapy for a short time, and the long-term effects of
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ld-IL2 combination therapy require further observation.
In conclusion, the size of peripheral Treg cells pool was contracted

while Th17 cells had no significant difference in PM/DM. ld-IL2 com-
bination treatment could up-regulate Treg cells to restore immune
balance and decrease serum enzymes concentration related to DM
disease activity. The reduction of Treg cells was the independent risk
factor for the happening of ILD in myositis patients.
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