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Abstract

Objective: This study aimed to investigate mitochondrial changes and the

mitochondrial antiviral-signaling protein (MAVS)-type I interferon (IFN1) sig-

naling pathway in the muscles of anti-melanoma differentiation gene 5(MDA5)

dermatomyositis (DM) patients. Methods: Eleven anti-MDA5 DM and ten anti-

body-negative DM patients were included. Muscle biopsies were performed in

all patients. Muscle pathology and mitochondrial morphology in particular

were compared between two groups. The expression of MDA5, MAVS, inter-

feron (IFN) regulatory factor 7, and IFN-stimulated gene 15, which are compo-

nents of the MAVS-IFN1 signaling pathway, was measured in muscle specimen.

The correlation between MAVS expression in muscles and disease phenotypes

and muscle pathology were analyzed. Results: Anti-MDA5 DM showed a signif-

icantly lower incidence of the characteristic DM pathology (P < 0.05) than anti-

body-negative DM, including perifascicular fiber atrophy, inflammation, and

vasculopathy. Mitochondrial abnormalities in anti-MDA5 patients revealed a

high incidence of (8/11,72.7%) and different pattern from that in antibody-neg-

ative DM. MDA5, MAVS, IFN regulatory factor 7, and IFN stimulated gene 15

expression levels in the muscles of anti-MDA5 DM patients were higher than

those of the controls (P < 0.05) but lower than those of antibody-negative DM

patients (P < 0.05). The MAVS levels negatively correlated with manual muscle

test 8 scores (r = 0.701, P = 0.016). Conclusions: Compared to antibody-nega-

tive DM, we presented a different distribution of the mitochondrial pathology

and less severe morphology in anti-MDA5 DM. We also revealed the enhanced

but less intensive MAVS-IFN1 signaling pathway activity in muscles of anti-

MDA5 DM. Such disparity suggested the potentially different mechanism of

muscle injury in two DM groups.

Introduction

Dermatomyositis (DM) is a group of idiopathic inflam-

matory myopathies characterized by skin rash and skeletal

myopathy. The typical histopathologic features of DM

muscle pathology are the infiltration of perimysial lym-

phocytes and macrophages, perifascicular atrophy, as well

as loss of capillaries.1 Decreased cytochrome c oxidase

(COX) stain and mitochondrial DNA depletion consistent

with mitochondrial dysfunction is mostly revealed in

myofibers within perifascicular area.2 Overexpression of

mitochondrial apoptosis molecules or gasdermin E-

dependent mitochondrial pyroptotic pathway might be

pathogenesis for perifascicular atrophy in DM.3

A number of myositis-specific autoantibodies (MSA)

have been identified in DM, including autoantibodies to

melanoma differentiation-associated protein 5 (MDA5),

the nuclear helicase protein Mi-2 region, nuclear matrix

protein 2(NXP2), transcriptional intermediary factor 1c
(TIF1c), and the small ubiquitin-like modifier-activating

enzyme(SAE).4 DM with specific autoantibodies usually

presents quite distinct clinical features. Anti-MDA5 DM,

originally described in a cohort of Japanese patients in

2009,5 accounts for 7% of juvenile myositis and 1%–30%
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of adult myositis.6 Anti-MDA5 typically is observed in

hypomyopathic or amyopathic DM with a high frequency

of cutaneous ulcerations and interstitial lung disease

(ILD).7 Anti-MDA5 DM patients also demonstrate a dis-

tinct morphological pattern from other types of DM. The

muscle pathology has been described as mild or unspecific

changes in most cases.1

MDA5 also known as interferon-induced helicase-1, is

a member of the retinoic acid-inducible gene I-like heli-

case family of proteins, which are essential initiators of

the innate immune response by sensing viral dsRNA in

the cytoplasm upon infection and induce the oligomeriza-

tion of mitochondrial antiviral-signaling protein

(MAVS).8 MAVS interacts with mitochondrial proteins,

enhancing mitochondrial fusion and inducing mitochon-

drial autophagy.9 MAVS oligomerises to recruit and stim-

ulate signaling proteins, leading to the activation of

interferon (IFN) regulatory factor (IRF)3 and IRF7 and

the expression of IFN-stimulated genes (ISGs).10 A study

by Allenbach revealed the upregulation of six ISGs in the

muscles of both anti-MDA5 and classic DM patients.1

However, mitochondrial damage in the muscles of anti-

MDA5 DM patients has not yet been profiled. We

expected more dramatic and primary mitochondrial dam-

age in anti-MDA5 DM, which may be related to the dis-

ruption of MAVS-IFN1 signaling. Therefore, in the

present study, we microscopically and ultra-microscopi-

cally evaluated mitochondrial pathology and quantified

regulatory factors in the MAVS-IFN1 pathway in skeletal

muscles from anti-MDA5 DM patients with the aim of

clarifying the roles of mitochondrial abnormality and the

MAVS-IFN1 pathway in the disease mechanism.

Materials and Methods

Patients

This was a retrospective and observational cohort study.

Of 2390 patients with suspected neuromuscular disorders

who underwent muscle biopsy at Peking University First

Hospital from January 2016 to September 2019, 227

patients were diagnosed with idiopathic inflammatory

myopathies according to the European Neuromuscular

Center criteria.11 A total of 56 patients were diagnosed

with DM, of which 11 adult anti-MDA5 DM (1 definite

DM, 7 probable DM, 3 amyopathic DM) and 10 anti-

body-negative DM (9 definite DM, 1 probable DM)

patients were included. Five age-and sex-matched individ-

uals with normal muscle biopsy as no disease control sub-

jects. Two double-positive (anti-Ro52) patients were

classified into the anti-MDA5 group since they showed

the typical clinical anti-MDA5 DM phenotype. All clinical

materials used in this study were obtained for diagnostic

purposes with written informed consent. The definition

of disease duration in our study was from onset to

biopsy. ILD was diagnosed according to the consensus

classification of idiopathic interstitial pneumonias. Rapid

progressive ILD (RPILD) was defined as a worsening of

radiologic interstitial changes with progressive dyspnea

and hypoxemia within one month after the onset of res-

piratory symptoms as previously reported.12 Muscular

weakness was evaluated according to manual muscle test

8 scores (MMT8), with the maximum score being 80.

Disease activity was evaluated using Myositis Disease

Activity Assessment Tool (MDAAT). Disease activity mea-

sure and muscle biopsy were performed at the same time.

Functional outcome was assessed using the modified Ran-

kin Scale during follow-up of one to three years. The

study was approved by the ethics committee of Peking

University First Hospital [approval no.:2019181].

Antibody detection

Patients’ serum was stored at –80°C. Immunoblots to

identify anti-MDA5 antibody and all the other MSAs and

myositis-associated antibodies (MAAs) were performed

according to standard methods (Euroline Autoimmune

Inflammatory Myopathies 16 Ag, IgG; Euroimmun).

MSAs included anti-Mi-2, anti-TIF1c, anti-NXP2, anti-

MDA5, anti-SAE, anti- signal recognition particle, anti-EJ,

anti-Jo-1, anti-OJ, anti-PL-12, and anti-PL-7. MAAs

included anti-Ku, anti-PM-Scl100, anti-PM-Scl75, and

anti-RO-52. On the basis of signal intensity, the results

were classified as negative (0), weak-positive (+), positive
(++), or strong-positive (+++). Patients with weak-posi-

tive results and a typical clinical phenotype were included

in this study.

Muscle biopsy

Open muscle biopsies were performed in all patients after

consent forms were obtained. Here, we should clarify that

six patients (three anti-MDA5 and three antibody-nega-

tive DM) had received a short course and low dose pred-

nisone therapy (all <60 mg, oral) before the muscle

biopsy. Muscle biopsies were obtained from quadriceps

femoris (pt7 and 8) or biceps brachii (pt1–6 and 9–11,
and control subjects). Muscle biopsies were assessed by

two independent reviewers (WZ and YY). Both of them

were experienced in interpretation of muscle biopsies and

muscle immunoanalysis. The reviewers were blinded to

the underlying MSAs of the patients. The muscle speci-

mens were frozen in isopentane, cooled in liquid nitro-

gen, and stored at –80°C. The thickness of cryo sections

for regular staining was 8 lm and for the immunohisto-

chemistry staining was 6 lm. Serial frozen sections were
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stained with hematoxylin and eosin, modified Gomori tri-

chrome, periodic acid-Schiff, and oil red O and co-

stained for the detection of adenosine triphosphate

enzyme (pH 4.5 and 10.8), nicotinamide adenine dinu-

cleotide tetrazolium reductase (NADH-TR), nonspecific

esterase (NSE), succinate dehydrogenase (SDH), and

COX-SDH. Mitochondrial abnormality was defined as the

presence of more than five COX-negative fibers per frozen

section as previously reported.13 The prominent COX

abnormality was defined as the ratio of COX-deficient

fibers to the total number of fibers per frozen section was

over 30% and the distribution was diffuse. The sections

were immunohistochemically stained with primary anti-

bodies against human CD3, CD4, CD8, CD20, CD68,

major histocompatibility complex class I (MHC-I), mem-

brane attack complex (MAC) and dystrophin N, C, R,

dysferlin and a, b, c-sarcoglycans. A second specimen was

fixed in 3% glutaraldehyde, post-fixed in 1% osmium

tetroxide, dehydrated with acetone, and embedded in

Epon812. Ultrathin sections were contrasted with uranyl

acetate and lead citrate and observed under an electron

microscope.

Western blotting

The expression levels of IFN1-signaling pathway proteins,

including MDA5 (117 kD), MAVS (57 kD and 75 kD),

IRF7 (54 kD), and ISG15 (18 kD), were analysed by west-

ern blotting in eleven anti-MDA5 DM patients in com-

parison with eight antibody-negative DM patients and

five age-and sex-matched healthy control subjects. Skeletal

muscle protein was extracted using a protein extraction

kit (GPP1814, GenePool). The proteins were mixed with

SDS-PAGE loading buffer (59) (GPP1820, GenePool)

and boiled for 10 min; aliquots of the supernatants

(40 lg/lane) were fractionated by electrophoresis using a

10% SDS acrylamide gel and electro-transferred to PVDF

membranes. The membranes were blocked with 5% milk-

blocking buffer (GPP1819, GenePool) and subsequently

incubated with anti-MDA5 (ab79055, Abcam), anti-

MAVS (ab31334, Abcam), anti-IRF7 (ab115352, Abcam),

anti-ISG15 (ab131119, Abcam), and anti-actin (ab8226,

Abcam) antibodies at 4°C overnight. Following extensive

washing with tris-buffered saline mixed with Tween-20

(TBS-T), the blots were incubated with a secondary anti-

body (HRP-labeled goat anti-mouse IgG (ab6789, Abcam)

or HRP-labeled goat anti-rabbit IgG (ab6721, Abcam)) at

20°C for 60 min. After rinsing briefly with TBS-T,

immune-reactive protein bands were visualized using a

chemiluminescence-based detection kit (GPP1824, Gene-

Pool) according to the manufacturer’s instructions. The

signals were quantified by densitometry using Quantity

One v.4.6.2 software. Protein expression levels were

quantified from four blots and normalized to the loading

control (actin) signal.

Statistical analysis

Statistical analysis was performed using SPSS for Win-

dows version 25.0 (IBM Corp, Armonk, NY, USA) and

Prism 8.0 software (GraphPad Software). Categorical vari-

ables are presented as percentages and were compared

using a Fisher’s exact test. Quantitative variables are pre-

sented as the means � standard deviations and compared

using the Student’s t-test or Mann–Whitney test. For cor-

relations analysis, Pearson’s test and Spearman’s test were

used. Two-sided tests were used, and P < 0.05 was con-

sidered significant.

Results

Patient information

In total, 11 anti-MDA5 DM patients (two males and nine

females) were recruited into this study. The mean age at

disease onset was 52.1 � 8.7 (range, 34–66) years, and

the mean disease duration was 4.1 � 3.1 (1–12) months.

All patients had cutaneous involvement, including cuta-

neous ulceration in 8/11 (72.7%) patients, Gottron’s sign

in 9/11 (81.8%) patients, V rash in 7/11 (63.6%) patients,

heliotrope periorbital oedema in 6/11 (54.5%) patients,

mechanic’s hand in 5/11 (45.5%) patients, and shawl sign

in 5/11 (45.5%) patients. All patients experienced ILD,

and two presented RPILD. Proximal muscle weakness

appeared in 8/11 (72.7%) patients; four of these patients

also showed distal muscle weakness. Serum creatine

kinase (CK) was mildly elevated in 5/11 (45.5%) patients

(174–646 IU/L, normal: 25–170 IU/L). Liver dysfunction

was present in 4/11 (36.4%) patients, despite relatively

low creatine kinase levels as previously reported.14 Sys-

temic lupus erythematosus, cryoglobulinemia with periph-

eral neuropathy, and Sj€ogren’s syndrome appeared in

three patient each. Serum antinuclear antibody was posi-

tive in 6/11 (54.5%) patients and anti-Ro52 antibody in

3/11 (27.3%) patients. A high erythrocyte sedimentation

rate was found in 7/11 (63.6%) patients. All patients had

received at least one immunosuppressive therapy (gluco-

corticoids, tacrolimus, cyclosporine A, or cyclophos-

phamide) at follow-ups. Clinical symptoms improved in

8/11 (72.7%) patients. Two patients (pt3 and pt8) pre-

sented with RPILD and died of respiratory failure

4 months after disease onset and two patients (pt9 and

pt11) died of respiratory failure 1 year after disease onset.

Detailed clinical and laboratory characteristics are sum-

marized in Table S1. The 10 antibody-negative DM

patients including three males and seven females were
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studies as control. The mean age at disease onset was

53.1 � 14.5 (range, 28–72) years, and the mean disease

duration was 5.9 � 4.6 (range, 1–14) months. Detailed

information is summarized in Table S2. Skin ulcers were

more frequent in anti-MDA5 patients, whereas skin ulcer

was absent in antibody-negative DM group. In addition,

all anti-MDA5 patients experienced ILD. Only 20% of

antibody-negative DM patients presented ILD. CK levels

were lower and MMT8 scores were significantly higher in

anti-MDA5 DM patients compared with those in anti-

body-negative DM patients (P < 0.05, respectively)

(Table 1).

Morphological characteristics

Among all 11 muscle specimens from anti-MDA5 DM

patients, only 1 (9.1%) showed perifascicular fiber atrophy

(PFA) and 1 had regional perimysial oedema. Focal perivas-

cular infiltration appeared in 2/11 (18.2%) patients. All

patients had scattered atrophic muscle fibers. Scattered,

necrotic, or regenerated muscle fibers were observed in 6/11

(54.5%) patients (Fig. 1A), with no microinfarctions. Myo-

fibers with decreased NADH-TR activity were observed in

3/11 (27.3%) patients; one of these patients exhibited fibers

with a “moth-eaten” appearance. Dark-stained endomysial

capillaries or perimysial vessels appeared in 8/11 (72.7%)

patients on NSE staining. Macrophages were prominent,

whereas T and B cells were relatively rare; CD3+ T cells were

observed in 3/11 (27.3%) patients, CD4+ T cells in 4/11

(36.5%) patients, CD8+T cells in 2/11 (18.2%) patients, and

CD20+B cells in 1/11 (9.1%) patients. All patients showed

diffuse MHC-I upregulation under the sarcolemma

(Fig. 1B), and two showed enhanced staining in the perifas-

cicular regions. Slight MAC deposition on the endomysial

capillaries was observed in 6/11 (54.5%) patients (Fig. 1C);

two of these patients also showed deposition in necrotic

myofibers.

Next, we compared the histology of anti-MDA5 DM

patients and antibody-negative DM patients (Table 2). The

main characteristics of DM pathology, including muscle

ischaemia (perimysial oedema, 9.1% vs. 80%; PFA, 9.1% vs.

90%; decreased NADH-TR activity, 27.3% vs. 100%),

perivascular inflammation (18.2% vs. 100%), inflammatory

cell infiltrates (CD3+, 27.3% vs. 90%; CD4+, 36.5% vs. 9%;

CD8+, 18.2% vs.70%; CD20+, 9.1% vs. 60%), MHC-I

expression with reinforcement in perifascicular regions

(18.2% vs. 90%), and MAC deposition (18.2% vs. 80%),

were significantly lower in anti-MDA5 DM patients than in

antibody-negative DM patients (P < 0.05).

Mitochondrial pathology

Eight out of 11 (72.7%) patients showed mitochondrial

abnormalities. Modified Gomori trichrome staining

revealed a few atypical ragged red fibers in three patients

(Fig. 1D). Scattered SDH hyper-reactive fibers (Fig. 1E)

were present in 8/11 (72.7%) patients. Strongly SDH-re-

active blood vessels were not found in all specimens.

Eight out of 11 (72.7%) patients had scattered COX-nega-

tive/SDH hyper-reactive fibers (Fig. 1F) and the ratio of

COX negative/SDH positive fibers to the number of total

fibers per frozen section was between 0.15% and 0.75%;

Three of these patients (pt5, pt6, and pt10) had numer-

ous muscle fibers with decreased COX staining, without

SDH stain hyperintensity across the fascicle (Fig. 1G),

occupying up to 30% of the total myofibers. Scattered

COX hyper-reactive fibers were observed in 7/11 (63.6%)

patients (Fig. 1H) and the ratio was between 0.05% and

0.55%. Nine out of 10 (90%) antibody-negative DM

patients showed mitochondrial abnormalities. Diffuse

COX-deficient fibers without SDH stain hyperintensity,

mainly in the perifascicular region, were observed in 5/10

(50%) antibody-negative DM biopsies. However, diffuse

COX-deficient fibers in the perifascicular region were not

observed in any of the anti-MDA5 DM patients

(P = 0.012).

Electron microscopy of the biopsies of anti-MDA5 DM

patients revealed numerous mitochondria and abnormal

mitochondrial aggregation under the sarcolemma or

between the myofibrils with normal morphology. The

cristae were generally regular and devoid of typical crys-

talloid inclusions (Fig. 1I).

MAVS-IFN1 signalling pathway activity

The expression levels of MDA5, MAVS, IRF7, and ISG15

in the skeletal muscle of the anti-MDA5 DM patients

Table 1. Clinical characteristics between anti-MDA5 and antibody-

negative DM groups.

Criterion Anti-MDA5

Antibody

negative DM P-value

Female, n (%) 9 (82) 7 (70) 0.635

Age of onset, years 52.1 � 8.7 53.1 � 14.5 0.847

Disease duration,

months

4.1 � 3.1 5.9 � 4.6 0.296

Skin ulcers, n (%) 8 (73) 0 0.001*

Interstitial lung

disease, n (%)

11 (100) 2 (20) <0.001*

MMT8 scores 71.3 � 6.1 63.2 � 8.4 0.020*

CK level, IU/L 185.2 � 209.1 2149.1 � 2677.4 0.036*

Bold indicates the data that had significant difference after pairwise

comparison.

MMT, manual muscle test; CK, creatine kinase.

*P < 0.05.
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were significantly higher than those in the no disease con-

trols (P = 0.003, P = 0.003, P = 0.023, and P < 0.001,

respectively) (Fig. 2A and B) but lower than those in the

eight antibody-negative DM patients (P = 0.028,

P = 0.011, P = 0.013, and P = 0.002, respectively)

(Fig. 2C and D). Data was presented as mean � standard

deviation in Table S3.

Correlation between MAVS and disease
activity

Correlation analysis was used to test the influence of

MDA5, MAVS, IRF7, and ISG15 on muscle strength, dis-

ease activity and functional outcome in anti-MDA5 DM

patients. The statistical results revealed that both the

MAVS levels and ISG15 levels negatively correlated with

MMT8 scores (P = 0.016 and P = 0.018, respectively)

(Fig. 3A and B), and same results were observed in anti-

body-negative DM group, both the MAVS levels and

ISG15 levels negatively correlated with MMT8 scores

(P = 0.033 and P = 0.031, respectively). Only the MAVS

levels positively correlated with MDAAT scores

(r = 0.672, P = 0.024) (Fig. 3C). Nevertheless, there was

no correlation between MAVS levels and modified Rankin

Scale scores. Lastly, there was no significant relationship

between the other markers (MDA5, IRF7) and MMT8 or

MDAAT scores, either (all P > 0.05) (Table S4).

Comparison of MAVS in subgroups

Above all, only the MAVS significantly correlated with

disease activity. Thus, this part focused on comparison of

Figure 1. (A) Scattered atrophy, regenerated muscle fibers. HE staining. (B) Diffuse sarcolemmal MHC-I positive immunoreactivity. (C) Mild

membrane attack complex deposition on endomysial capillaries. (D) Atypical ragged red fibers appeared by modified Gomori trichrome staining.

(E) SDH hyper-reactive fibers. (F) COX-negative fibers. (G) Numerous COX-deficient fibers, not restricted to the perifascicular region. SDH-COX co-

staining. (H) COX hyper-reactive fibers. Original magnification, 940. (I) Mitochondrial proliferation and abnormal aggregation among myofibrils.

Electron microscopy. Scale bar are 1 lm. MHC-I, major histocompatibility complex class-I; COX, cytochrome oxidase C; SDH, succinate

dehydrogenase.
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MAVS levels in subgroups. Higher levels of MAVS were

detected in DM subgroup and CK elevated subgroup than

in CADM subgroup (P = 0.011) and CK normal sub-

group (P = 0.023) (Fig. 3D and E). Besides, the MAVS

levels were significantly higher (P = 0.029) in the three

patients with numerous COX-deficient fibers than the

remaining eight patients (Fig. 3F). Moreover there was a

tendency of MAVS expressions increased in the patients

with RPILD, PFA and MAC deposition, when compared

to the patients without RPILD, PFA, or MAC deposition,

respectively. Due to the small sample size, we could not

draw any strong conclusions from subgroup analysis.

Discussion

There are only a few reports documenting the morpho-

logical findings of muscle specimens in adult1,13,15 and

juvenile16,17 anti-MDA5 DM patients. Our findings sup-

ported that the muscle pathology of adult anti-MDA5

DM is distinct from that of classic DM.1 Our series did

not show prominent PFA, MAC deposition on the endo-

mysial capillaries or perimysial inflammation, all of which

are typical findings of classic DM. It suggested that

immune attacks in the skeletal muscles of anti-MDA5

DM are not so intensive or destructive as in other tissue18

or in other types of DM.13,19 The skeletal muscle presents

high metabolic activities making it vulnerable to mito-

chondria damage which could be induced by the stress

from ischemia or inflammation as usually found in classic

DM. Interestingly, the abnormal mitochondria in the area

of perifascicular region was much less to the antibody-

negative group whereas the scattered COX-deficient fibers,

not restricted to the perifascicular region were confined

to anti-MDA5 DM and broadly distributed COX-deficient

fibers across the specimen were observed in three anti-

MDA5 DM patients. Similar topographic distribution of

COX negative fibers was also frequently observed in anti-

synthetase syndrome patients.2 Therefore, we speculated

the distinct mechanism of mitochondrial injury between

anti-MDA5 DM and antibody-negative DM. MDA5 is

one of the viral RNA sensors that induce MAVS

oligomerization.20 MAVS, is a mitochondria-associated

protein and the overexpression of MAVS could specifi-

cally induce mitochondrial fragmentation, mitochondrial

turnover and mitochondrial autophagy, and increase the

levels of mitochondria-derived reactive oxygen species

(ROS) production.21 Allenbach et al. observed that only

anti-MDA5 DM showed numerous nitric oxide synthase

2-positive muscle fibers with sarcoplasmic, not classic

DM, also indicating the different pattern of mitochondrial

Table 2. Comparison of histopathological features of DM patients with anti-MDA5 Ab and Ab negative.

Histopathological features

Anti-MDA5DM

(n = 11)

Ab negative

DM (n = 10) P-value

Myofiber pathology Necrotic/Regenerated muscle fibres, n (%) 6 (54.5) 9 (90) 0.149

Atrophic muscle fibres, n (%) 11 (100) 10 (100) NA

Regional perimysial edema, n (%) 1 (9.1) 8 (80) 0.002*

Perifascicular fiber atrophy, n (%) 1 (9.1) 9 (90) <0.001*

NADH-TR activity decreasing fibers, n (%) 3 (27.3) 10 (100) 0.001*

Vasculopathy NSE hyperchromatic capillaries, n (%) 8 (72.7) 10 (100) 0.214

Inflammation Perivascular inflammation, n (%) 2 (18.2) 10 (100) <0.001*

CD3+ T cells infiltrate, n (%) 3 (27.3) 9 (90) 0.008*

CD4+ T cells infiltrate, n (%) 4 (36.5) 9 (90) 0.024*

CD8+ T cells infiltrate, n (%) 2 (18.2) 7 (70) 0.030*

CD20+ B cells infiltrate, n (%) 1 (9.1) 6 (60) 0.024*

Immune related changes MHC-I expression

Diffuse in muscle fiber membrane, n (%) 11 (100) 10 (100) NA

enhancement in perifascicular region, n (%) 2 (18.2) 9 (90) 0.002*

MAC-positive myofiber, n (%) 2 (18.2) 8 (80) 0.009*

MAC-positive capillaries, n (%) 6 (54.5) 7 (70) 0.659

Mitochondrial pathology COX-deficient fibers, n (%) 8 (72.7) 9 (90) 0.586

Diffuse COX decreasing fibers, n (%) 3 (27.3) 5 (50) 0.387

COX-deficient in perifascicular region, n (%) 0 (0) 5 (50) 0.012*

Ragged red fibres, n (%) 2 (18.2) 3 (30) 0.635

Bold indicates the data that had significant difference after pairwise comparison.

Ab, antibody; NADH-TR, nicotinamide adenine dinucleotide tetrazolium reductase; MHC-I, major histocompatibility complex class-I; MAC, mem-

brane attack complex; COX, cytochrome oxidase C; NSE, nonspecific esterase.

*P < 0.05.
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changes.1 This discrepancy might be mainly due to the

differences of MSAs. Pinal-Fernandez et al. demonstrated

the prevalence of histological features varied among DM

with different MSAs. Mi-2+ patients had more primary

inflammation, NXP2+ patients had less primary inflam-

mation and TIF1c+ patients had more mitochondrial dys-

function.13 Nguyen et al. also reported the MSA specific

tissue injury and speculated that there might be tissue

specific receptors for the different types of MSA.22

IFN appears to play a key role in the pathogenesis of

idiopathic inflammatory myopathies, especially in DM.23

An up-regulated IFN signature has been observed in

skeletal muscle, skin samples, and peripheral blood

mononuclear cells of anti-MDA5 DM.1,24 Our study

showed the components of the IFN1 signaling pathway

(MDA5, MAVS, IRF7, and ISG15), were overexpressed at

the protein level, suggesting that the MAVS-IFN1 path-

way is broadly involved in the muscle pathology of anti-

MDA5 DM. In systemic lupus erythematosus, high levels

of IFN1 are also associated with mitochondrial dysfunc-

tions, including enhanced mitochondrial ROS production,

and that are reduced by MAVS silencing and ROS inhibi-

tion.25,26 Therefore, the aberrant MAVS-IFN1 signaling

pathway activation might have partially contributed to

the mitochondrial abnormalities in anti-MDA5 DM.

Moreover we found IFN1 signaling pathway activity lower

than those in the antibody-negative DM patients, which

was parallel to the less severe morphological findings in

anti-MDA5 DM. Allenbach et al. also reported the expres-

sion of IFN-stimulated genes was up-regulated in muscle

but significantly lower than classic DM patients, which

further supported our foundings.1 Conversely, the IFN1

signature levels in peripheral blood mononuclear cells

were higher of anti-MDA5 DM patients than that of anti-

body-negative DM patients.24 This discrepancy may be

mainly due to differences in tissue or organ susceptibility

to the attacks via anti-MDA5 antibody regulated pathway.

Besides, this discrepancy may correlate with the clinical

Figure 2. Protein expression levels of MDA5, MAVS, IRF7, and ISG15 in the skeletal muscle of the anti-MDA5 patients were significantly higher

than those in the healthy controls (A, B) but lower than those in the antibody-negative DM patients (C, D). Protein expression levels were

quantified by densitometric analysis. Actin bands were used as loading control. Data are presented as mean � SD. Statistical analysis was

performed by Student’s t-test. *P < 0.05, **P < 0.01.
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phenotypes that differentially affect skin or muscle in DM

patient.23 We found MAVS-IFN signaling pathway corre-

lated with disease activity and severity in muscular aspects

but not with mRS, suggesting muscle involvement not

helpful to predict the whole disease prognosis. In addi-

tion, MAVS was found to express higher in samples with

diffusively distributed COX deficient myofibers. It possi-

bly be explained by the notable interacts of MAVS with

the complex IV subunit COX5B, and proteins enhancing

mitochondrial fusion.10

In conclusion, anti-MDA5 DM in our series showed

relative mild morphology but distinctive pattern of the

mitochondrial pathology. We also showed the overex-

pressed MAVS-IFN1 signaling pathway in the skeletal

muscle of the anti-MDA5 DM patients but lower than

those in the antibody-negative DM patients. Such dispar-

ity might reflect the different pathogenesis among DMs

with various MSAs. We speculate that MAVS-IFN1path-

way may have contributed to the anti-MDA5 DM muscle

pathology and phenotypes to some extent. Due to the

small sample size and the lack of further quantitative

measure of mitochondrial function in muscle fibers in the

present study, additional investigation is still required to

elucidate the precise mechanism underlying mitochondrial

abnormality.
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