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Abstract. Peripheral blood T lymphocytopenia has previously 
been identified in polymyositis/dermatomyositis (PM/DM) 
patients. Therefore, the present study aimed to examine the 
potential role of autophagy in peripheral blood T cell survival 
in PM/DM patients. Transmission electron microscopy was 
used to detect the formation of autophagosomes of peripheral 
blood cluster of differentiation (CD)3+ T cells obtained 
from 24  patients with PM/DM and 21 healthy controls. 
Protein and mRNA expression levels of autophagy‑related 
molecules were examined by western blot analysis and 
reverse transcription‑quantitative polymerase chain reaction, 
respectively. The number of peripheral blood CD3+ T cells 
decreased significantly in PM/DM patients. The median 
percentage of apoptosis of CD3+ T cells in PM/DM patients 
was significantly increased compared with healthy controls. 
Furthermore, the number of autophagosomes and the 
expression of the autophagy markers microtubule‑associated 
protein 1A/1B‑light chain 3 (LC3) and Beclin‑1 were 
significantly reduced in the circulating CD3+ T cells of PM/DM 
patients compared with those of healthy controls. LC3 and 
Beclin‑1 protein levels correlated negatively with apoptosis 
rates in circulating CD3+ T cells in patients with PM/DM. 
CD3+ T cells from PM/DM patients treated with rapamycin 
increased autophagy and decreased apoptosis compared with 
untreated cells (P<0.05). In conclusion, these results suggested 
that autophagy may serve a potential protective role in the 
peripheral blood T cells of patients with PM/DM.

Introduction

Inflammatory myopathies, mainly polymyositis (PM) and 
dermatomyositis (DM), are a group of autoimmune diseases. 
Immunohistochemical studies on PM/DM muscle biopsies 
have demonstrated that T lymphocytes often infiltrate muscle 

fibres (1,2). This abnormal behavior of T lymphocytes is a 
characteristic of the pathogenesis of these diseases, although 
their underlying mechanism remains unclear; in particular, 
how circulating T lymphocytes affect inflammatory myopathy.

Our previous study (3) demonstrated that T‑cell subsets in 
peripheral blood were significantly fewer in PM/DM patients. 
Numerous other studies have additionally indicated that 
PM/DM patients demonstrate significant decreases in their 
cluster of differentiation (CD) 3+CD4+ T cell counts  (4‑8). 
However, the exact function and mechanism of peripheral 
blood T lymphocyte subsets was not investigated in these 
studies.

T‑cell homeostasis is disrupted in autoimmune diseases, 
including systemic lupus erythmatosus (SLE) and rheumatoid 
arthritis (RA)  (1,9‑11). There is growing evidence that 
T‑cell homeostasis is, in part, regulated by the balance 
between apoptosis and autophagy (12,13). Previous studies 
have demonstrated that the lymphocytes of patients with 
autoimmune diseases undergo significantly higher rates of 
apoptosis compared with healthy controls. It is also widely 
accepted that increased rates of apoptosis in circulating 
lymphocytes can trigger an autoimmune reaction due to the 
release of autoantigens (14).

Autophagy is a highly conserved process by which 
subcellular components are sequestered and degraded via a 
lysosomal signalling pathway (15). It has been reported (16) 
that autophagy serves various functions in the immune 
system, depending on its cellular contexts or stimuli. On 
one hand, autophagy serves as a pro‑survival mechanism by 
clearing away intracellular pathogens and antigen presenta-
tion, in addition to contributing to lymphocyte homeostasis, 
thus preventing apoptotic cell death (16). In the absence of the 
autophagy‑related gene (Atg)‑5 or Atg‑7, CD4+ and CD8+ T 
lymphocytes rapidly undergo apoptosis (17,18). On the other 
hand, autophagy may additionally mediate cell death (17,18). 
When stress conditions are too harsh or prolonged, the 
autophagic machinery is overwhelmed, thus triggering cell 
death (19).

Previous studies (20‑24) have indicated that Atg5 and 
Atg16/1 polymorphisms are associated with susceptibility 
SLE, RA and Crohn's disease. Although numerous studies 
have focused on the role of autophagy and apoptosis in 
autoimmune diseases, very little information is available 
specif ically about autophagy in PM/DM. Previous 
examinations of inclusion‑body myositis (IBM) and 
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PM tissues with mitochondrial pathology have revealed 
a marked increase in levels of microtubule‑associated 
protein 1A/1B‑light chain 3 (LC3)‑II, a marker for mature 
autophagosomes (25). The accumulation of autophagosomes 
was also a confirmed trend in IBM muscle biopsies (26). 
Alger  et  al  (27) demonstrated that autophagy markers 
were upregulated in the muscle fibers of PM/DM patients 
and in murine myositis. All these studies focused on the 
role of autophagy in local muscle tissues and recognized 
autophagy as a non‑immune mechanism in idiopathic 
inflammatory myopathies. However, autophagy is not only a 
lysosome‑mediated catabolic process; it additionally serves 
a complex function in T cell development, activation, survival 
and proliferation. Specifically, autophagy helps to regulate 
cell death and survival in T cells (28). Increased induction 
of cell death has been reported in Beclin‑1‑deficient T cells, 
which correlates with the reduced size of the peripheral 
T cell compartment in mice bearing those cells (28).

A thorough understanding of the potential underlying 
mechanisms of autophagy in T‑cells remains to be elucidated. 
Therefore, the present study aimed to investigate the occur-
rence of autophagy in T cells and its potential role in the 
development of PM/DM to find a novel perspective on this 
immune mechanism.

Materials and methods

Subjects. Peripheral blood was obtained from 24 patients 
with PM/DM (6 PM, 18 DM; 8 male, 16 female; mean age, 
37±13  years; range, 19‑74  years) who were inpatients of 
the Rheumatology Department of China‑Japan Friendship 
Hospital (Beijing, China). The diagnoses of PM and DM were 
determined by combining the Bohan and Peter criteria with 
the European Neuromuscular Centre pathology diagnosis 
criteria  (29‑31). The muscle specimens were stained with 
hematoxylin‑eosin, modified Gomori trichrome and a 
number of enzyme stains, including nicotinamide adenine 
dinucleotide‑tetrazolium reductase, succinic dehydrogenase, 
adenosine triphosphatase, CD3, CD4, CD8, CD20, CD45RO 
and major histocompatibility complex class I. All subjects 
additionally had PM and DM histologically proven by their 
muscle biopsy results. At the time the serum samples were 
taken, none of the patients had received immunosuppressive 
agents during the previous month. These agents included 
prednisolone, hydroxychloroquine, cyclophosphamide, 
azathioprine, mycophenolate mofetil and methotrexate. A 
total of 21 age‑ and sex‑matched healthy individuals were 
selected to be healthy controls. Complete medical histories 
were taken and physical examinations were conducted for 
all patients during their first visit. Clinical and laboratory 
data, including serum muscular enzyme levels and  
auto‑antibody levels, were obtained at the time serum 
samples were taken.

Disease activity at the time of diagnosis was assessed 
using the Myositis Disease Activity Assessment Visual 
Analogue Scales (MYOACT) established by the International 
Myositis Assessment and Clinical Studies Group. The study 
was approved by the ethics committee of the China‑Japan 
Friendship Hospital and all subjects gave written informed 
consent to participate in the study.

Flow cytometry for analyzing T cell subgroup counts. The 
amount of CD3+CD4+ T cells and CD3+CD8+ T cells in 
peripheral blood was determined by flow cytometry using 
the following monoclonal antibodies: Anti‑CD4‑fluorescein 
isothiocyanate (FITC; catalog co. 557705, BD Biosciences, 
Franklin Lakes, NJ, USA), anti‑CD8‑phycoerythrin  
(PE;  cata log no.   555745,  BD Biosciences)  and 
anti‑CD3‑PE‑cyanine (catalog no. 555749, BD Biosciences). 
Serum samples were processed within 6 h of being obtained. 
Isotype control‑stained cells were also prepared. Data were 
analyzed using a Cytomics FC500 system (Beckman Coulter, 
Inc., Brea, CA, USA). In brief, after incubation 1x10 6 cells 
were suspended with 2.0 ml of a 1:10 dilution of FACS Lysing 
solution (BD Biosciences) and incubated with anti‑CD4‑FITC, 
anti‑CD8‑PE. and anti‑CD3‑PE‑cyanine antibodies in the 
dark for 10 min at room temperature. Cells were centrifuged 
at 540 x g for 5 min at 4˚C, the supernatant was discarded 
using Pasteur pipettes and the cell pellet was suspended in 
50 µl buffer solution. Cells were then washed with 2.0 ml 
PBS containing 0.5% bovine serum albumin (BSA; Hyclone, 
GE Healthcare Life Sciences, Chalfont, UK) and 0.09% 
sodium azide, vortexed, and centrifuged at 540 x g for 5 min 
at 4˚C. Finally, the supernatant was discarded and cells were 
suspended in 200 µl PBS containing 0.5% BSA. Cells were 
kept at 4˚C prior to analysis. After staining, samples were 
incubated for 15 min in the dark. Flow cytometric analysis 
was performed after 2 h fixation. The data were analyzed with 
CXP analysis software version 2.1 (Beckman Coulter, Inc., 
Brea, CA. USA).

T cell isolation and culture. Peripheral blood mononuclear  
cells (PBMCs) were isolated by Ficoll‑Hypaque (Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany) density‑gradient centrif-
ugation at 400 x g for 30 min at 37˚C, of samples from the 
PM/DM patients and the healthy controls. Separation of fresh 
CD3+ T cells from PBMCs was carried out by performing 
immunomagnetic‑based depletion of non‑T cells using the Pan 
T‑Cell Isolation kit II (Miltenyi Biotec, Bergisch‑Gladbach, 
Germany). The cell purity was >95%.

The cells were subsequently stimulated with 10 µg/ml 
phytohemagglutinin (Sigma‑Aldrich; Merck KGaA) and main-
tained in Roswell Park Memorial Institute 1640 medium 
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA), 
supplemented with 5% fetal bovine serum (Gibco; Thermo 
Fisher Scientific, Inc.), 2 mM L‑glutamine, 100 U/ml penicillin 
and 100 µg/ml streptomycin (Sigma‑Aldrich; Merck KGaA). 
They were subsequently treated with 50  nM rapamycin 
(Sigma‑Aldrich; Merck KGaA) for 48 h.

Transmission electron microscopy. Freshly isolated CD3+ T 
cells were prepared as described above. Briefly, CD3+ T cells 
were fixed in 3% glutaraldehyde, stained with 1% osmium 
tetroxide, embedded in SeaPlaque agarose (Cambrex Bio 
Science Rockland, Inc., ME, USA), dehydrated with ethanol 
and embedded in Epon/Araldite resin. Thin sections were cut 
to 70 nm, placed on Butvar‑coated 200 mesh copper grids, 
post‑stained with 3% aqueous uranyl acetate and Reynolds 
lead citrate and subsequently observed under a transmission 
electron microscope (TEM) using 200 kV power and x15,000 
magnification. Autophagic cells were defined as cells with 
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≥5 autophagosomes. The percentage of autophagic cells was 
quantified by examining >100 randomly selected TEM fields 
by two investigators.

RNA isolation, reverse transcription‑polymerase chain reac‑
tion (RT‑PCR) and RT‑quantitative (q)PCR. RNA was isolated 
from the harvested CD3+ T cells using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) following the 
manufacturer's protocol. All the RNA was reverse‑transcribed 
into cDNA (Promega Corporation, Madison, WI, USA). 
RT‑PCR was performed in 96‑well plate format using the ABI 
7000 Real‑Time PCR system (Applied Biosystems; Thermo 
Fisher Scientific, Inc.). The primers used were as follows: 
Forward, 5'‑GGC​TGA​GAG​ACT​GGA​TCA​GG‑3' and reverse, 
5'‑CTG​CGT​CTG​GGA​TAA​CG‑3' for Beclin‑1; forward, 
5'‑GAG​AAG​CAG​CTT​CCT​GTT​CTG​G‑3' and reverse, 
5'‑GTG​TCC​GTT​CAC​CAA​CAG​GAA​G‑3' for LC3‑II; and 
forward, 5'‑GGA​CTT​CGA​GCA​AGA​GAT​GG‑3' and reverse, 
5'‑TGT​GTT​GGC​GTA​CAG​GTC​TTT‑3' for β‑actin. mRNA 
expression levels of β‑actin were measured as an internal 
reference. The amplification program comprised three stages: 
An initial 95˚C Taq activation stage for 10 min, followed by 
45 cycles of 95˚C denaturation for 5 sec, and 60˚C annealing 

for 35 sec. Data were exported into SPSS version 17.0 software 
(SPSS Inc, Chicago, IL, USA) for further statistical analysis. 
Gene expression was quantified relative to the expression of 
endogenous reference genes by calculating the differences in 
cycle threshold and relative values determined by the 2‑ΔΔCq 
method (32).

Western blot analysis. Purified CD3+ T lymphocytes were  
lysed in radioimmunoprecipitation assay buffer (Thermo 
Fisher Scientific, Inc.) containing 100 mM Tris‑HCl, pH 8; 
150 mM NaCl; 1% Triton X‑100; 1 mM MgCl2; and 25 mM 
Na3VO4 and a mixture of protease inhibitors (Thermo Fisher 
Scientific, Inc.). Protein content was determined by performing 
a Bradford assay (Thermo Fisher Scientific, Inc.). Lysates were 
centrifuged at ~14,000 x g for 15 min to pellet the cell debris. 
Equal amounts of protein (50  ng) was separated by 10% 
SDS‑PAGE and transferred onto nitrocellulose membranes. 
Membranes were blocked at room temperature for 1 h in a 
blocking solution containing 5% skimmed milk in Tris‑buffered 
solution (50 mM Tris‑HCl, 150 mM NaCl, pH=7.5) and 0.1% 
v/v Tween‑20. Membranes were incubated at 4˚C overnight 
with various primary antibodies, including: rabbit anti‑human 
Beclin polyclonal antibody (1:200; catalog no.  PD017; 

Table I. Clinical features of PM/DM patients and healthy controls.

Clinical feature	 PM	 DM	 HC	 P‑value

Patients and healthy controls, no (%)	 6 (25)	 18 (75)	 21	 NA
Male:female ratio	 1:5	 1:1.6	 1:2.2	 >0.05
Age of onset, mean ± standard deviation	 42.2±14.9 (23‑58)	 44.6±15.1 (18‑70)	 43.9±17.2 (20‑62)	 >0.05
(range), yrs
Duration of disease, mean ± standard	 31.5±41.1 (3‑108)	 15.2±18.5 (1‑72)	 NA	 NA
deviation (range), months
Clinical characteristics, n (%)
  Fever	 3 (50)	 6 (33)	 NA
  Cutaneous manifestations	 0 (0)	 18 (100)	 NA
  Muscle weakness	 6 (100)	 18 (100)	 NA
  Arthritis	 1 (16.7)	 5 (27.8)	 NA
  Dysphagia	 2 (33.3)	 5 (27.8)	 NA
  Interstitial lung disease	 3 (50)	 10 (55.6) 	 NA
  Cardiac involvement	 1 (16.7)	 0 (0) 	 NA
  Mechanic's hands	 1 (16.7)	 3 (16.7)	 NA
Levels of CK at the time of blood sampling, 	 1873.8±4364.5	 4151.8±5304.7	 NA	 >0.05a

mean ± standard deviation (IU/l)	
Anti‑Jo‑1 positive	 2 (33.3)	 4 (22.2)	 NA	 >0.05a

ANA positive	 2 (33.3)	 8 (44.4)	 NA	 >0.05a

MYOACT total disease activity score at the time	 6.3±1.2	 6.7± 1.6	 NA	 >0.05a

of blood sampling, mean ± standard deviation
White blood cell counts (x109/l)	 6.1±0.7	 6.5±1.1	 5.3± 0.8	 >0.05a

CD3+ T cell count (cell/mm3)	 489.2±357.8	 534.6±309.2	 1532±1092.4	 <0.05a

CD3+CD4+ T cell count (cell/mm3)	 273.6±157.1	 256.2±210.0	 681.7±262.5	 <0.05
CD3+CD8+ T cell count (cell/mm3)	 210.3±182.2	 229.6±207.8	 437.5±275.4	 <0.05

PM, polymyositis; DM, dermatomyositis; HC, healthy controls; ILD, interstitial lung disease; CK, creatine kinase; ANA, antinuclear antibody; 
NA, not assessed; MYOACT, Myositis Disease Activity Assessment Visual Analogue Scales. aPM and DM vs. healthy control.
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Medical & Biological Laboratories Co., Ltd., Nagoya, Japan); 
mouse anti‑human LC3 monoclonal antibody (1:200; catalog 
no:  SAB1305552; Sigma‑Aldrich; Merck KGaA) and anti 
β‑actin polyclonal antibody (1:500; catalog no. PM053; Medical 
& Biological Laboratories Co., Ltd). Membranes were washed 
and subsequently incubated with peroxidase‑conjugated goat 
anti‑mouse IgG (1:500, catalog no.  ZB‑2305, ZSGB‑Bio, 
Beijing, China), and peroxidase‑conjugated goat anti‑rabbit 
IgG (1:500, catalog no. ZB‑2301, ZSGB‑Bio) for 1 h at room 
temperature. Membranes were developed with an Enhanced 
Chemiluminescence substrate (catalog no. WP20005; Thermo 
Fisher Scientific, Inc.), and protein bands were captured using 
a UVP gel imaging system (UVP, Upland, CA, USA). Protein 
bands were digitized and subjected to densitometry using 
ImageJ software version 1.48 (National Institutes of Health, 
Bethesda, MD, USA), on a GS‑700 Imaging Densitometer 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA). β‑actin was 
used as a loading control to normalize the density of protein 
bands.

T cell apoptosis analysis. Apoptotic CD3+ T cells were 
assayed using the Annexin V‑FITC kit and propidium 
iodide (PI) staining according to the manufacturer's protocol  
(BD Biosciences, Franklin Lakes, NJ, USA). Apoptosis in cells 
was assessed using the FITC Annexin V Apoptosis Detection 
kit (BD Biosciences; Annexin V‑FITC, PI solution and annexin 
V binding buffer). This assay involves staining cells with 
Annexin V‑FITC (a phospholipid‑binding protein that binds 
to disrupted cell membranes) in combination with PI (a vital 
dye that binds to DNA that penetrates into apoptotic cells). 
Flow cytometric analysis was performed to determine the 
percentage of cells that were undergoing apoptosis (Annexin 
V+/PI‑ and Annexin V+/PI+).

Statistical analysis. For group comparisons associated with 
binary data, either the χ2 test or Fisher's exact test was used. 
Comparisons of continuous data were made using the Student's 
t‑tests or the Mann‑Whitney U test. Data are expressed as 
the mean ± standard deviation and all statistical calculations 
were performed using SPSS version 17.0 software (SPSS Inc, 
Chicago, IL, USA). P<0.05 was considered to indicate a statis-
tically significant difference.

Results

Clinical, serological features and peripheral blood T cell 
subsets in PM/DM patients. Muscle biopsies were performed 
on specimens from the 24 PM/DM patients who were enrolled 
in the study. Among them, 6 patients had PM and 18 had DM. 
The clinical characteristics of the patients recruited for this 
study are summarized in Table I. The male to female ratio was 
1:2 among the study subjects. The mean age of onset of PM 
and DM in these patients was 42.4 and 44.6 years, respectively. 
In addition, the mean disease duration that the PM and DM 
patients experienced was 31.5 and 15.2 months, respectively. 
Disease activity was further assessed using MYOACT tools. 
The results demonstrated that all PM and DM patients were at 
the disease activation stage. PM patients had mean MYOACT 
scores of 6.3±1.2, while DM patients had mean scores of 
6.7±1.6.

Counts of various peripheral blood T‑lymphocyte subpopu-
lations were evaluated by flow cytometry. T‑cell lymphopenia 
was identified in PM and DM patients. As demonstrated in 
Table I, counts of CD3+ T, CD3+CD4+ T and CD3+CD8+ T cells 
in PM/DM patients were all significantly reduced compared 
with healthy controls (all P<0.05). Although there were fewer 
T lymphocytes in PM and DM patients, neutrophils levels 
were normal in PM and DM patients.

Peripheral blood T cells increased apoptosis rates in 
PM/DM patients. Considering that peripheral blood T 
lymphocytopenia was identified in PM/DM, the first goal of 
the present study was to investigate whether T lymphocyto-
penia in peripheral blood from PM/DM patients was caused 
by T‑cell apoptosis. T‑cell apoptosis was assessed by flow 
cytometry. Freshly isolated circulating CD3+ T lymphocytes 
were analyzed for apoptosis using FITC‑conjugated Annexin 
V and PI by flow cytometry (Fig.  1A). As demonstrated 
in Fig.  1B, the median percentage of apoptotic CD3+ T 
cells in patients with PM was 9.95±0.83%, whereas it was 
14.3±0.88% in patients with DM. These were significantly 
increased compared with the healthy controls (5.83±0.45%; 
P<0.001). In addition, the percentage of apoptotic CD3+ T 
cells in DM patients was significantly increased compared 
with PM patients (P<0.05). Following this, the correlation 
between apoptotic rates and CD3+ T lymphocytes was exam-
ined. A significant negative correlation between the higher 
rates of CD3+ T lymphocyte apoptosis and counts of CD3+ 
T cells in PM/DM patients was identified (P<0.05; Fig. 1C 
and D). As was expected, increased rates of apoptosis led to 
reduced T‑cell counts.

Decreased autophagy levels in freshly isolated T cells 
from PM/DM patients. According to data from a previous 
study (28), autophagy additionally contributes to the main-
tenance of lymphocyte homeostasis. Therefore, to study how 
the autophagy machinery in peripheral CD3+ T lymphocytes 
determines cell survival in PM/DM patients, these cells 
were examined for the presence of autophagosomes using 
TEM, and for the presence of the autophagosomal markers 
LC3‑II and Beclin‑1 by western blot analysis and RT‑qPCR. 
Autophagosomes were imaged in healthy control (Fig. 2A) 
and DM (Fig.  2B) patients. In addition, TEM revealed 
fewer numbers of autophagosomes in PM/DM patients 
than in healthy controls (P<0.05; Fig.  2C). To examine 
autophagic activity in PM/DM patients, Beclin‑1 mRNA 
and protein expression levels were examined in addition to 
LC3 mRNA and protein expression, using RT‑qPCR and 
western blot analysis. LC3 mRNA (Fig. 2D) and protein 
(Fig. 2E) expression levels were significantly reduced in 
PM/DM patients compared with healthy controls (P<0.01 
and P<0.001, respectively). Beclin‑1 mRNA (Fig.  2F) 
and protein (Fig. 2G) expression levels were additionally 
reduced in PM/DM patients compared with healthy controls 
(P<0.01 and P<0.001, respectively). Representative images 
of mRNA and protein expression levels of LC3 and Beclin‑1 
are presented in Fig. 2H and I, respectively. Together, these 
results indicated that autophagy rates are reduced in PM/DM 
and that autophagy may be involved in the pathogenesis of 
PM/DM.
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To understand the role of autophagy in peripheral CD3+ T 
cell survival, the correlation between LC3‑II or Beclin‑1 levels 
and apoptosis rates in peripheral CD3+ T cells in PM/DM 
patients was analyzed. As presented in Fig. 3A, there was a 
significant negative correlation between LC3‑II protein levels 
and apoptosis rates in circulating CD3+ T cells in PM/DM 
patients (r=‑0.7, P=0.0001). There was additionally a signifi-
cant negative correlation between apoptosis rates and Beclin‑1 
protein levels in peripheral blood CD3+ T cells in PM/DM 
patients (r=‑0.58, P=0.003; Fig. 3B). This result may indirectly 
suggest that decreased autophagy activity contributes to the 
apoptosis of peripheral blood T cells.

Autophagy prevents CD3+ T cell apoptosis in PM/DM patients. 
To explore whether autophagy has a cytoprotective effect 
on peripheral blood T cells in PM/DM patients, the effect 
of autophagy on T‑cell survival in vitro was next examined. 
First, CD3+ T cells from 10 DM patients were treated with the 
autophagy inducer rapamycin for 48 h. Following this treat-
ment, LC3‑II protein levels in CD3+ T cells of DM patients were 
significantly increased compared with untreated CD3+ T cells 
(0.54±0.17 vs. 0.18±0.08 P<0.05, Fig. 4A). Secondly, LC3‑II 
protein levels in the CD3+ T cells of healthy controls were 
detected. No significant difference was observed in LC3‑II 
protein expression levels between CD3+ T cells treated with 
rapamycin and those not treated with rapamycin (0.52±0.28 

vs. 0.43±0.23; P>0.05). Furthermore, no significant difference 
was observed in LC3‑II levels between the rapamycin‑treated 
T cells of DM patients and those of healthy controls (Fig. 4A; 
P>0.05).

The apoptosis rates of CD3+ T cells from PM/DM patients 
and healthy controls following rapamycin treatment were 
additionally assessed. The results demonstrated that all CD3+ 
T cells had decreased apoptosis rates following treatment by 
rapamycin, regardless of donors. Apoptosis rates in PM/DM 
patients treated with rapamycin were significantly reduced 
compared with untreated patients (7.15±0.21% vs. 13.7±0.33%; 
P<0.05; Fig. 4B). Apoptosis rates in rapamycin‑treated healthy 
controls were slightly reduced compared with untreated 
healthy controls; however, this was not significant (4.98±0.14% 
vs. 5.56±0.27%; P>0.05; Fig. 4B).

Similar results were observed in PM patients (data not 
shown). All these results implied that autophagy activation 
could lead to cytoprotection in PM/DM patients.

Discussion

To the best of our knowledge, the present study addressed for 
the first time the autophagic behaviour of peripheral blood T 
lymphocytes in PM/DM patients. The results suggested that 
decreased autophagy and increased apoptosis in peripheral 
blood T cells from PM/DM patients may be involved in the 

Figure 1. Apoptosis detection in freshly isolated peripheral blood T cells from patients with PM/DM and from healthy controls. (A) Flow cytometry analysis 

of lymphocyte apoptosis. Representative dot plots of flow cytometry analysis (PI on y‑axis vs. AV on x‑axis). Numbers reported for AV single‑positive cells and 

for AV/PI double‑positive cells represent percentages of apoptotic lymphocytes in the bottom‑right quadrants. (B) The median percentage of apoptotic CD3+ 
T lymphocytes in peripheral blood was obtained from 9 patients with PM, 18 patients with DM and 21 healthy controls. Percentages of apoptotic T cells in PM 

(9.95±0.83%) and DM (14.3±0.88%) were significantly increased compared with HCs (5.83±0.45%). Data are presented as the mean ± standard deviation. There 

was a significant negative correlation between increased apoptosis rates of CD3+ T lymphocytes and counts of CD3+ T cells in (C) PM and (D) DM patients 
(r=‑0.85, P=0.03; r=‑0.82, P<0.0001, respectively). PM, polymyositis; DM, dermatomyositis; PI, propidium iodide; AV, Annexin V; HC, healthy controls; CD, 
cluster of differentiation.
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pathogenesis of inflammatory myopathies. The results from 
the present study also suggested that decreased autophagy may 
serve a role in the increased apoptosis of peripheral blood T 
cells. Taken together, these findings clarify the potential role 
of autophagy in preventing inflammatory myopathies by regu-
lating peripheral T‑cell survival.

The pathogenesis of inflammatory myopathy is complex. 
Previous studies have mainly focused on the muscular 

microenvironment  (33‑35); research on peripheral blood 
immune cells is lacking. T‑cell homeostasis is disrupted in 
autoimmune diseases, including SLE and RA (36,37). Recent 
immunohistochemical studies on muscle biopsies from our 
laboratory and others have also demonstrated that T lympho-
cytes often infiltrate muscle fiber in PM/DM (38,39). T‑cell 
abnormalities have additionally been observed in murine 
models (40). However, only a small number of studies have 

Figure 2. Autophagy levels in freshly isolated CD3+ T cells from PM/DM patients. TEM images are representative samples from (A) healthy control and (B) DM 

patients. A total of 10 fields in each sample were randomly examined. Arrows denote autophagosomes. (C) Quantitative analysis of number of autophagosomes 

detected by TEM with 200 kV power and x15,000 magnification. Data are expressed as the mean ± standard deviation. *P<0.0001 vs. DM andPM/DM groups; 

♦P>0.05 vs. PM and HC patients. RT‑qPCR and western blot analysis were performed to evaluate the expression of autophagy‑specific markers LC3‑II and 

Beclin‑1. Dot plots are representative of independent experiments performed on the CD3+ T cells of 21 healthy donors, of 6 PM patients and of 18 DM patients. LC3 
(D) mRNA and (E) protein expression levels. Beclin‑1 (F) mRNA and (G) protein expression levels. Representative (H) RT‑qPCR and (I) western blot images 
of Beclin‑1 and LC3mRNA and protein expression levels, respectively. β‑actin served as an internal control. PM, polymyositis; DM, dermatomyositis; TEM, 

transmission electron microscope; HC, healthy controls; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; LC3, microtubule‑associated 

protein 1A/1B‑light chain 3; CD, cluster of differentiation.
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investigated the characteristics and pathogenesis of PM/DM 
in peripheral blood T lymphocytes. Data from our previous 
study (3) and the present study demonstrated that circulating 
T lymphopenia occurs in PM/DM patients. The findings of the 
present study are consistent with a recent study that additionally 
identified a high frequency of lymphopenia in PM/DM (41).

A potential reason for this lymphopenia in PM/DM is 
increased apoptosis of peripheral T cells. The results of 
the present study demonstrated that apoptosis rates were 
significantly increased in PM/DM patients compared with 
healthy controls. Furthermore, PM/DM patients possessed 
lymphopenia that inversely correlated with T‑cell apoptosis, 
suggesting a cause and effect association. Similar findings 
were observed in SLE patients: Dhir et al  (42) confirmed 
an increased rate of apoptosis in the T‑lymphocytes of SLE 
patients, and identified that peripheral blood T lymphopenia 
had a direct negative correlation with T‑cell apoptosis rates.

Numerous mechanisms have been proposed to explain the 
increased apoptosis rates of T cells in autoimmune diseases. 
Among these, the importance of autophagy in the maintenance 
of T‑lymphocytes homeostasis has been recognized (15,16). 
Autophagy has been identified to be deregulated in CD3+ T 
cells from lupus‑prone mice (43). T lymphocytes from SLE 
patients were resistant to autophagic induction and exhibited 
an upregulation of genes that inhibit autophagy (44). This 
resistance and inhibition may explain the increased apoptosis 
rates detected in SLE patients  (44,45). In agreement with 
these results, the present study demonstrated that autophagy 
decreased and apoptosis increased in circulating CD3+ T cells. 
Increased induction of cell death has been reported (28) in 
Beclin‑1‑deficient T cells, which correlated with the reduced 
size of the peripheral T‑ cell compartment in mice bearing those 
cells. The present study demonstrated that circulating CD3+ 
T‑cell counts in PM/DM patients were reduced compared with 

Figure 3. Correlation between apoptosis and autophagy in patients with PM/DM. Linear regression analysis of correlation between apoptosis and (A) LC3‑II or 
(B) Beclin‑1 protein expression in T cells from patients with PM/DM. PM, polymyositis; DM, dermatomyositis; LC3, microtubule‑associated protein 1A/1B‑light 

chain 3.

Figure 4. Effects of rapamycin on peripheral blood CD3+ T cell survival and autophagy activity in PM/DM patients. Increasing autophagy via rapamycin 
treatment protects CD3+ T cells from injury in patients with PM/DM. (A) LC3‑II protein levels in the rapamycin‑treated CD3+ T cells of DM patients were 
significantly increased compared with untreated cells (0.54±0.17 vs. 0.18±0.08; P<0.001) although no significant difference was observed in LC3‑II protein 
levels in the rapamycin‑treated CD3+ T cells of healthy controls compared with untreated T cells (0.52±0.28 vs 0.43±0.23; P>0.05). Furthermore, no significant 
difference was observed between rapamycin‑treated DM patients and rapamycin‑treated healthy controls (P>0.05). (B) Similarly, apoptosis rates in patients 
treated with rapamycin were redcued compared with untreated patients (7.15±0.21% vs. 13.7±0.33%; P<0.05). Apoptosis rates in rapamycin‑treated healthy 
controls were only slightly reduced compared with untreated healthy controls (4.98±0.14% vs. 5.56±0.27%; P>0.05). PM, polymyositis; DM, dermatomyositis; 
LC3, microtubule‑associated protein 1A/1B‑light chain 3; CD, cluster of differentiation.
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healthy controls, which may result from decreased autophagy. 
CD3+ T cells from PM/DM patients treated with rapamycin 
had even further reduced apoptosis rates compared with 
similar but untreated T cells (P<0.05), while apoptosis rates 
were similarly decreased in treated and untreated CD3+ T cells 
from healthy controls (P>0.05). These findings indicated that 
abnormal autophagy may result in increased apoptosis of 
peripheral blood T cells in PM/DM.

Links between autophagy and apoptosis have been observed 
in various eukaryotic cells (46). Atg7‑/‑ T lymphocytes upregulate 
the expression of Bcl‑2 (47). Beclin‑1‑deficient T lymphocytes 
exhibit markedly increased levels of pro‑apoptotic pro‑caspase‑8, 
pro‑caspase‑3 and Bcl‑2‑like protein 11 (48). However, the exact 
mechanism by which autophagy regulates apoptosis in T lympho-
cytes remains to be elucidated. Numerous mechanisms have been 
proposed to explain the involvement of autophagy in the regula-
tion of T cell survival (49). Altered degradation of mitochondria 
with increased production of reactive oxygen species (ROS) has 
been observed in autophagy‑deficient T cells (47). An uncon-
trolled burst in the generation of ROS following T‑cell receptor 
engagement may account for the increased rates of cell death 
observed in activated autophagy‑deficient T cells. Endoplasmic 
reticulum stability is additionally dependent on autophagy in 
T cells, and autophagy‑deficient T cells demonstrate functional 
defects in calcium signaling, a potential consequence of altered 
mobilization from the intracellular calcium stores of the endo-
plasmic reticulum (28).

In conclusion, the present study indicated that autophagy 
may serve a potential cytoprotective role in PM/DM, potentially 
via inhibition of apoptosis in circulating CD3+ T cells. These 
data suggested that autophagy may not only be cytoprotec-
tive in preventing inflammatory myopathies, but additionally 
serve a pivotal role in apoptosis regulation. Further studies are 
required to investigate the underlying molecular mechanisms 
and interactions between abnormal autophagy and apoptosis 
in the development of PM/DM.
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