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Abstract
Objective: The objective was to investigate the expression of the cGAS- STING 
pathway- associated protein in idiopathic inflammatory myopathy (IIM) and to inves-
tigate whether it is related to myofiber atrophy/necrosis in patients with dermatomy-
ositis and immune- mediated necrotizing myopathy.
Material and Methods: Muscle specimens obtained by open biopsy from 26 IIM pa-
tients	(14	with	dermatomyositis	(DM),	8	with	immune-	mediated	necrotizing	myopathy	
(IMNM),	and	4	with	other	types	of	IIM),	4	dystrophinopathy,	and	9	control	patients	
were assessed for expression of cGAS- STING pathway members via Western blot, 
quantitative real- time PCR analysis (qRT- PCR), and immunochemistry. Meanwhile, 
analysis its location distribution througn immunochemistry.
Results: Compared to the control group, the expression of cGAS, STING, and related 
molecules was obviously increased in muscle samples of IIM patients. Upregulated 
cGAS and STING were mainly located in the vascular structure, inflammatory infil-
trates, and atrophic and necrotic fibers. While comparing to the Dys patients, the 
mRNA level of cGAS, STING, and TNF- a was upregulated, meanwhile, the protein of 
the TBK1, P- TBK1, and P- IRF3 associated with interferon upregulation was overex-
pressed through Western blot in IMNM and DM. Considering that cGAS and STING 
are located in necrotic and Mx1- positive atrophic fibers, it is really possible that the 
cGAS- STING pathway may lead to fibers atrophy/necrosis by producing IFNs.
Conclusion: The cGAS- STING pathway was activated in the muscle samples of IIM 
patients and its activation may be the reason of myofiber atrophy and necrosis in DM 
and IMNM patients.
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1  |  INTRODUC TION

Idiopathic inflammatory myopathy (IIM) is a heterogeneous family 
of chronic systemic autoimmune diseases, which include dermato-
myositis (DM), immune- mediated necrotizing myopathy (IMNM), 
antisynthetase syndrome (AS), and sporadic inclusion body my-
ositis (sIBM).1 The general pathological manifestations are muscle 
inflammation, muscle atrophy, muscle necrosis, and regeneration. 
Although the exact cause of IIM remains unclear, the interferons 
(IFNs) have been suggested to have a critical role in its pathogenesis 
and progression.2– 5 IFNs can be classified into three types based on 
their specific receptors: type I IFN (IFN- I), type II IFN (IFN- II), and 
type III IFN (IFN- III). Several studies have confirmed the presence of 
IFN signature, especially IFN- I, in the muscle,6 peripheral blood,7,8 
and skin9,10 of patients with DM.11 Also, human myxovirus resistance 
protein 1 (MX1), a type I interferon- inducible protein, has been con-
sidered as a sensitive diagnostic marker of DM.12 Moreover, recent 
studies have found that IFNI- signaling inhibitor ruxolitinib treatment 
improves refractory dermatomyositis facial skin rash and the quality 
of patient's life.13,14 In addition, RNA sequencing data show that the 
IFN pathway is activated not only in patients with DM, but also in 
patients with ASS, IMNM, and sIBM.3 IFN- 𝑟, one cytokine of IFN- II, 
messenger is significantly higher in IMNM than control.15 However, 
the main source of IFNs in IIM remains unclear.

Cyclic GMP– AMP synthase (cGAS)– stimulator of interferon 
genes (STING), is primarily involved in response to microbial infec-
tion. In addition, recent studies have revealed its fundamental role 
in developing a variety of inflammatory diseases and autoimmune 
diseases.16 Constitutive cGAS- STING pathway activation and asso-
ciated effector functions, such as interferon production, can result 
in cell or tissue damage. Consistent with this notion, dysregulation of 
the cGAS– STING signaling pathway in adipocytes,17 hepatocytes,18 
and renal tubule cells19–	21 are associated with metabolic dysfunc-
tion, impaired energy homeostasis, and kidney diseases. Beyond the 
canonical role of cGAS- STING in mediating cytokine production, 
growing evidence highlights the emerging role in regulating autoph-
agy and cell death (e.g., apoptosis, necroptosis, pyroptosis, ferropto-
sis, mitotic cell death, and immunogenic cell death).22,23 As in MEF 
cells, STING is a potential autophagy receptor and directly interacts 
with LC3 via its LIR motifs to mediate autophagy and its own auto-
phagic degradation to tune the innate immune response.24

Mechanistically, cGAS can sense the presence of cytosolic 
DNA, after which cGAS is activated to generate the second mes-
senger cGAMP, in turn activating STING in the endoplasmic retic-
ulum. STING is then transported from the ER to the Golgi, where it 
forms a complex that, with TANK- binding kinase 1 (TBK1), is then 
transferred to the endolysosome, where it stimulates transcription 
factors, such as interferon regulatory factor 3 (IRF3) and nuclear 
factor- kB (NF- kB). These transcription factors facilitate the expres-
sion of interferons or pro- inflammatory cytokines, such as IFNs and 
tumor necrosis factor (TNF). Moreover, emerging evidence showed 
that the cGAS- STING pathway is not only activated by non- self 
DNA, such as DNA from viruses, bacteria, and protozoa, but also 

activated by self- DNA25,26 including intracellular, mitochondrial, and 
nuclear DNA27,28 which can enter the cytoplasm.

Based on the role of cGAS- STING in mediating cytokine produc-
tion and in regulating autophagy and cell death, we hypothesized 
that the cGAS- STING pathway might be involved in DM and IMNM 
pathogenesis. In our study, we compare the expression of the cGAS- 
STING pathway- associated protein and investigate possible role in 
patients with DM and IMNM.

2  |  MATERIAL AND METHODS

2.1  |  Patients

Muscle specimens were retrospectively obtained from 26 patients 
diagnosed with IIM according to European Neuromuscular Center 
criteria.29 Among the 26 patients with IIM, 14 had dermatomyositis 
(DM),	8	had	 immune-	mediated	necrotizing	myopathy	 (IMNM),	 and	
4 had non- specific IIM (NSIIM or NSM) which have muscle inflam-
mation with insufficient biopsy criteria to allow subclassification. 
Among them, five muscle biopsies were from Huashan Hospital. 
Four patients were diagnosed according to their clinical features, 
and pathological and genetic results were included in the dystrophi-
nopathy group (FSHD = 1 LAMA2 = 1, LGMD2H = 1, and BMD = 1). 
In addition, nine controls initially suspected of having muscle dis-
orders were included in the study. Open biopsies were performed 
for all patients. Normal histological findings were found, and these 
non- disease controls did not have any neuromuscular disease with 
longer follow- up times. The profiles of IIM patients are summarized 
in Table 1.

No other neurologic or immunologic diseases were present. No 
information on the history of viral infections was available for any 
patient or control. No patient received immunosuppressive drugs 
before the biopsy.

The Institutional Review Board of the first affiliated hospital of 
Soochow University approved the study. All patients signed the in-
formed consent.

2.2  |  Western blot

Western blotting was performed on muscle homogenates. A BCA 
assay kit (ES science Ltd, ES6002) was used to determine protein 
concentration. Briefly, 10ug of protein was loaded into 7.5%– 12.5% 
SDS- polyacrylamide gel for electrophoresis. Samples were then 
transferred onto polyvinylidene difluoride (PVDF) membranes and 
incubated with primary antibodies including anti- cGAS (Abcam, 
Cat#	 ab224144,	 RRID:	 AB_2904576),	 anti-	STING	 (Cell	 Signaling	
Technology,	 Cat#	 13647,	 RRID:	 AB_2732796),	 anti-	p-	STING	 (Cell	
Signaling	 Technology,	 Cat#	 50907,	 RRID:	 AB_2827656),	 anti-	p-	
IRF3	 (Cell	Signaling	Technology,	Cat#	29047,	RRID:	AB_2773013),	
anti-	TBK1	(Proteintech,	Cat#	28397-	1-	AP,	RRID:AB_2881132),	anti-	
p-	TBK1(Signalway	 Antibody,	 Cat#	 13488,	 RRID:	 AB_2904577),	
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anti- p- NFkB (Cell Signaling Technology, Cat# 3033, RRID: 
AB_331284),	 and	 GAPDH	 (Cell	 Signaling	 Technology	 Cat#	 5174,	
RRID: AB_10622025). Finally, chemiluminescence was detected by 
Western blot luminol reagent, and proteins were quantified using 
Image	J	software.

2.3  |  Quantitative real- time PCR analysis  
(qRT- PCR)

Myotubes were processed, and RNA was extracted using the tissue 
RNA purification kit plus (ES science, Ltd., ES- RN002plus) following 
the manufacturer's instructions. RNA concentration was determined, 
and	cDNAs	were	synthesized	from	0.2 μg of total RNA using a reverse 
transcription kit (ES science, Ltd., ES- RT001). The synthesized cDNAs 
were used as templates for qRT- PCR performed with the 7500 FAST 
Real- Time PCR system (Roche) using SYBR Green Master Mix (Thermo 
Fischer, A25742) in a 20- μl volume. The following primers were 
used:	GAPDH:	5′-	CATGTTCGTCATGGGTGTGAACCA-	3′	 (Forward),	

5′-	AGTGATGG	CATGGACTGTGGTCAT-	3′	 (Reverse);	 cGAS:	 5′-	AGA	
AGGCCTGCGCA	TTCAAA-	3′	 (Forward),	 5′-	GCCGCCATGTTTCTTC	
TTGGA-	3′	 (Reverse);	 STING:	 5′-	GAAATTATTCCTGCAAGCCAAT	
TT-	3′	 (Forward),	 5′-	TCACCCTTCTTTTTCATGTAGCA-	3′	 (Reverse);	
TNF-	a:	5′-	TCTCTCAGCTCCACGCCATT-	3′	 (Forward),	5′-	CCCAGGC	
AGTCAGATCATCTTC-	3′	 (Reverse).	 The	 change	 in	 the	 relative	 ex-
pression of each gene was calculated using the comparative CT 
method (2−△△CT).

2.4  |  Immunohistochemistry

Eight- micrometer cryostat sections of muscle tissue were air- dried 
at	 room	 temperature	 for	 30 min	 and	 then	 fixed	 in	 cool	 acetone	
(4°C)	 for	10	min.	The	PV-	9000	polymer	detection	system	(ZsBio	
Ltd.) was used. After rehydrating in phosphate- buffered saline 
(PBS), all sections were incubated overnight at 4°C, with the fol-
lowing primary antibodies (brand, number, and dilution): anti- 
cGAS	 (Proteintech,	Cat#26416,	RRID:	AB_2880507),	anti-	STING	

TA B L E  1 Clinical	and	pathological	profile	in	IIM	patients

Patients no. Sex (F:M) Age
Disease duration 
(Mon) MSA

Skin 
rash PFA

Inflammatory 
infiltrates Necrosis

1 F 64 8 PM- Scl100 Y Y ++ +

2 M 80 12 TIFr Y Y ++ +

3 M 24 5 MDA5 Y Y ++ −

4 F 24 12 NXP2 Y Y ++ −

5 F 48 36 TIF1r，PL- 7 Y Y + −

6 F 42 3 NXP2 N Y ++ +

7 F 52 12 TIF1 Y Y ++ −

8 M 54 1 NXP2 Y N ++ −

9 M 57 0.25 − Y N + −

10 F 51 2 MDA5 Y N ++ +

11 F 81 2 TIF1 Y Y ++ +

12 M 52 1 MDA5 Y N ++ +

13 F 74 2 − Y N + −

14 F 65 1 − Y N + −

15 F 27 24 HMGCR N N ++ +++

16 F 28 48 SRP N N ++ +++

17 M 50 6 SRP N N + +++

18 F 72 36 − N N + ++

19 F 67 24 NA N N + ++

20 F 83 2 OJ N N ++ ++

21 F 56 8 NA N N ++ +++

22 F 26 3 NA N N ++ +++

23 F 62 5 − N N − −

24 M 54 36 − N N ++ −

25 M 30 2 Mi- 2 N N ++ +

26 M 49 2 − N N + _

Abbreviations:	−,	negative;	+, mild; ++, moderate; +++, severe; MSA, myositis- specific antibody; N, no; Y, yes.
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(Proteintech,	 Cat#	 19851-	1-	AP,	 RRID:	 AB_10665370),	 anti-	MX1	
(Abcam,	 Cat#	 ab95926,	 RRID:	 AB_10677452),	 and	 anti-	CD68	
(ZSGB- Bio，Cat#	 ZM-	0060,	 RRID:	 AB_2904190).	 Then,	 sections	
were	 incubated	with	polymer	helper	 for	30 min,	 followed	by	po-
lymerized horseradish peroxidase- conjugated anti- mouse/rabbit 
immunoglobulin	 G	 (IgG)	 for	 30 min	 at	 37°C.	 Peroxidase	 activity	
was determined using diaminobenzidine. Finally, slides were coun-
terstained with hematoxylin and eosin, dehydrated, and mounted 
using a neutral balsam. The quantification of immunohistochemi-
cal	staining	intensities	was	performed	using	the	Image	J	software.	
We captured at least five fields from perifascicular regions of DM, 
necrosis fibers of IMNM, and random fibers of NSIIM and control 
patients per micrograph. Each micrography was calibrated and 
measured mean density (divide integrated optical density [IOD] 
by the sum of area).

2.5  |  Statistical analysis

All experiments were performed at least three times. Statistical anal-
ysis	was	 performed	with	GraphPad	Prism	9	 (GraphPad	 Software).	
Values	are	expressed	as	means ± standard	error	of	the	mean	(SEM).	
A comparison of variables' means between groups was performed 
using the Mann– Whitney U test. p < 0.05	was	considered	as	statisti-
cally significant difference.

3  |  RESULTS

3.1  |  Clinical characteristics of patients with IIM

The basic clinical and pathological data of IIM patients are sum-
marized in Table 1. Among the 26 patients with IIM, 14 (No. 1– 14) 
had	 dermatomyositis	 (DM),	 8	 (No.	 15–	22)	 had	 immune-	mediated	
necrotizing myopathy (IMNM), and 4 (No. 23– 26) had non- specific 
IIM (NSIIM). Muscle weakness was clinically detected in all patients. 
The duration of clinical symptoms prior to biopsy ranged from 1 to 
36 months.	A	characteristic	skin	rash	was	seen	in	13	DM	patients.

Perifascicular atrophy and inflammatory infiltrate were identi-
fied in 6 and 14 DM patients. All IMNM patients showed prominent 
myofiber necrosis. The inflammatory infiltrates and necrotic fibers 
were presented in 3 (No. 24- 26) and 1 (No. 25) NSIIM patients.

3.2  |  Activation of the cGAS- STING pathway was 
found in IIM muscle

First, we investigated the expression of the cGAS- STING pathway- 
associated protein. Immunohistochemical analysis showed that 
the expression of the cGAS and the STING were increased in pa-
tients with IIM compared to healthy patients (Figure 1). Then, the 
expression was further evaluated using Western blot and qRT- 
PCR. Western blot suggested that cGAS and STING proteins were 

upregulated in IIM compared to healthy patients. Moreover, TBK1, 
which is recruited by STING, and P- STING, activated by TBK1, 
were upregulated in IIM. In addition, P- IRF3 and P- TBK1, activated 
by the cGAS- STING pathway and associated with the production of 
IFNs, were upregulated in IIM. Also, p- NF- kB, activated by cGAS- 
STING and associated with the production of TNF- a, was over-
expressed in IIM (Figure 2 shows data in IIM patients vs. control 
samples).

QRT- PCR further confirmed the activation of the cGAS- STING 
pathway, evidenced by the upregulation of cGAS, STING, and TNF- a 
mRNA expression in the IIM group versus control group (Figure 3).

Moreover, comparing to the Dys patients, PCR analysis shows 
that cGAS, STING, and TNF- a were upregulated both in IMNM and 
DM, and the protein of the TBK1, P- IRF3, and P- TBK1 which partici-
pate in the upregulation of IFNs was overexpressed by Western blot.

3.3  |  The activation of the cGAS- STING pathway 
associated with atrophic/necrotic fibers

Next, we further examined the role of the cGAS- STING pathway in 
IIM. IFN- I, which can be upregulated by the cGAS- STING pathway, 
can induce myotube atrophy in muscle cells in vitro and has been as-
sociated with perifascicular atrophy.13 Therefore, we next examined 
whether the protein associated with the cGAS- STING pathway was 
distributed in the atrophy fibers and their surrounding areas.

Immunohistochemistry indicated that cGAS and STING were ex-
pressed in some atrophic muscle fibers and inflammatory infiltrates 
of PFA and vascular structures in DM muscle specimens (Figure 4). 
Moreover, some cGAS and STING- positive muscle fibers were also 
positive for Mx1 in atrophic fibers in the DM patients. In addition, 
we found that cGAS and STING were also expressed in necrotic fi-
bers and myophagocytosis (the phagocytosis of myofibers by macro-
phages) as well as in regenerating fibers of IMNM patients (Figure 5). 
In NSIIM, the protein of cGAS and STING was deposited only in in-
flammatory infiltrates and vascular structures (Figure 1A). In con-
trast, muscle biopsies from non- disease controls showed negative 
cGAS and STING staining in fibers (Figure 1A).

We also found some lower cGAS and STING expression in atro-
phic and necrosis fibers in skeletal muscle biopsy of one patient di-
agnosed with BMD through immunohistochemistry, while no cGAS 
and STING were seen in the other three patients with muscular 
dystrophy.

4  |  DISCUSSION

Our data suggested that the cGAS- STING pathway was activated 
in patients with IIM. We found that cGAS and STING were located 
in a vascular structure, inflammatory infiltrates, and astrophic and 
necrotic muscle fibers. In addition, our results suggested that the ac-
tivation of cGAS, STING, and MxI was associated with atrophic mus-
cles in DM. Therefore, the activation of the cGAS- STING pathway 
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was associated with atrophic/necrotic muscle in DM and IMNM 
patients.

DM is a multisystem, immune- mediated disorder that promi-
nently involves specific skin rashes. The pathognomonic histologic 
feature of perifascicular atrophy (PFA) in skeletal muscle biopsies is 
considered a hallmark of DM. Recently, more evidence has revealed 
that IFN- I pathway activation has a critical role in DM pathogenesis. 
Activation of IFN- I pathway reproduces the upregulation of proteins 
such as ISG15,30 Mx112 in DM muscle biopsies. In vivo data further 
suggested that type I IFN signature is correlated with muscle atro-
phy13 and mitochondrial dysfunction.31 Moreover, the expression 
level of IFN I- inducible genes correlates with indicators of DM dis-
ease activity.7,8 However, the source of the IFN- I signature has not 
yet been resolved.

Overexpression of innate immune receptors in DM myofibers, 
such as RIG- I32,33 and TLRs,34 may participate in IFN- I production. 
In our study, we found the expression of cGAS and STING proteins 
were in the perifascicular atrophy area, both perimysiun=m atrophy 

and inflammatory infiltrates, which were positive for Mx1, as com-
pared to control patients, which inferred that overexpression of 
cGAS- STING pathway upregulated the expression IFN- I may be in-
volved in the pathogenesis of atrophic fibers in DM.

On the other hand, IFNs, from the activated cGAS- STING path-
way, may also contribute to mitochondrial dysfunction, leading to 
abnormal distribution of mitochondrial DNA (mtDNA). So, the ab-
normal distribution of double- stranded DNA (dsDNA), including 
mtDNA, further activates the cGAS- STING pathway, inducing con-
tinued production of IFNs and tissue damage to sustain disease du-
ration. Although this process warrants further confirmation in vitro 
and in vivo, there is no doubt that the cGAS- STING pathway was 
associated with the mechanism of perifascicular atrophy.

Skeletal muscle biopsies obtained from patients with IMNM 
show prominent myofiber necrosis and regeneration as well as a 
scarcity of inflammatory infiltrates.35,36 Necrotic myofibers ex-
hibit the characteristics of different stages of necrotic and regen-
erating myofibers. In this study, we observed that both atrophic 

F I G U R E  1 Immunohistochemical	analysis	of	cGAS	and	STING	in	muscle	biopsies	of	IIM	patients.	(A)	cGAS	and	STING	were	upregulated	
in IIM compared to healthy patients. x200. (B) Compared with the control samples (NC), IIM muscle specimens had significantly increased 
expression level of cGAS and STING. *Significantly different from NC. *p ≤ 0.05,	**p ≤ 0.001,	***p ≤ 0.0001,	****p ≤ 0.00001.	DM,	
dermatomyositis; Dys, dystrophinopathy; IMNM, immune- mediated necrotizing myopathy; IOD, integrated optical density; NC, normal 
control; NSIIM, non- specific IIM.
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and necrotic fibers in IMNM patients were positive of cGAS and 
STING.

Previous studies suggested a moderated activation of IFN path-
way in patients with IMNM.3 Atrophic fibers in IMNM may be as-
sociated with activated IFN pathway, which is consistent with the 
mechanism of PFA in DM. Considering necrosis, it may be associated 

with interferon-  𝑟 and TNF- a. The IFN signature appears to be mainly 
driven by IFN- II rather than IFN- I, with IFI30 as the most upregu-
lated IFN- inducible gene in IMNM.3 IFN- 𝑟, an IFN- II cytokine pro-
duced by TH1 cells, was significantly upregulated in IMNM. TNF- a 
is a pro- inflammatory cytokine that participates in the development 
of necrosis.37 Previous studies showed that TNF- a was significantly 

F I G U R E  2 cGAS-	STING	pathway	members	(cGAS,	STING,	P-	STING,	TBK,	P-	IRF3,	P-	TBK1,	and	P-	NFkB)	in	the	muscle	of	IIM	examined	
by	Western	blot.	IIM	vs.	controls.	Data	are	expressed	as	means ± SEM.	*Significantly	different	from	NC.	*p ≤ 0.05,	**p ≤ 0.001,	***p ≤ 0.0001,	
****p ≤ 0.00001.
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upregulated in IMNM compared with healthy controls.15,38 Our 
study also demonstrated that the expression of TNF- a mRNA level 
was upregulated. IFN- 𝑟 and TNF- a can be produced by the cGAS- 
STING pathway. Previous reports have concluded that the activa-
tion of the cGAS- STING pathway is related to necrosis.39,22	In	2018,	
Brian et al. revealed that TNF- a was more likely required for acute 
necrosis when the STING pathway in stromal cells, such as fibro-
blasts and endothelial cells, is activated.40 Moreover, IFN- 𝑟 showed a 
remarkable synergistic effect on TNF- a, such as increasing the num-
ber of TNF receptors on the surface of a target cell in tumor treat-
ment.41 Therefore, it could be inferred that the synergistic effect of 
IFN- 𝑟 and TNF- a leads to fiber necrosis in IMNM. On the other hand, 
numerous studies had confirmed that the cGAS- STING pathway was 

associated with cell death, but future studies are required to eluci-
date these mechanisms and to understand the relationship between 
fiber necrosis and the cGAS- STING pathway.

The activation of the cGAS- STING pathway was also found in 
NSIIM patients. The protein of cGAS and STING was located in 
the inflammatory infiltrates and vascular structure in IIM including 
NSIIM, IMNM, and DM. Since it was previously proved that activa-
tion of the cGAS- STING pathway induced type I interferon response 
in human monocyte- derived cells,42 the activation of the cGAS- 
STING pathway and the production of IFNs may also appear in these 
inflammatory cells. As cGAS and STING were positive in vascular 
structure, further studies are needed to explain the relationship be-
tween the cGAS- STING pathway and vessels.

F I G U R E  3 qRT-	PCR	analysis	of	cGAS-	STING	pathway-	associated	molecules	in	the	muscle	of	IIM.	The	mRNA	expression	of	cGAS,	STING,	
and	TNF-	a	was	all	upregulated	in	IIM.	IIM	vs.	controls.	Data	are	expressed	as	means ± SEM.	*Significantly	different	from	NC.	*p ≤ 0.05,	
**p ≤ 0.001,	***p ≤ 0.0001,	****p ≤ 0.00001

F I G U R E  4 Expression	of	cGAS,	
STING, and MX1 in DM muscle by 
immunohistochemistry. (A) Representative 
images of hematoxylin– eosin (HE)- stained 
sections showing perifascicular atrophy 
and inflammatory infiltration. (C) cGAS 
and (D) STING located in some atrophic 
muscle fibers that (B) MX1 was expressed 
in the same fibers, and inflammatory 
infiltrate of PFA and vascular structures 
in serial sections of a representative 
dermatomyositis biopsy. x200.

(A) (B)

(C) (D)
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This study has a few limitations. First, protein levels of IFNs and 
TNF- a were not directly deleted. Second, in this study, no in vivo 
and in vitro were performed to certify the cGAS- STING pathway 
involved in the pathological process of atrophic and necrotic myofi-
bers. Last, the number of included patients is very limited.

In conclusion, the activation of cGAS- STING pathway was 
associated with the atrophic/necrotic fibers. Further studies are 
needed to reveal the role of cGAS- STING pathway in DM and 
IMNM. This will provides a new idea for understanding pathogen-
esis and treatment.
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