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Background: Idiopathic inflammatory myopathies (IIM) are a heterogeneous group of autoimmune diseases affecting primarily 
proximal muscles. Major subtypes include dermatomyositis, polymyositis, inclusion body myositis, immune-mediated necrotizing 
myopathy and antisynthetase syndrome. Overexpression of sarcoplasmic myxovirus-resistance protein A (MxA) has been observed in 
muscle biopsy specimens of dermatomyositis but is rarely seen in other subtypes of IIM and other myopathies.
Objective: We evaluate the expression of sarcoplasmic MxA and its diagnostic value in IIM and other myopathies.
Methods: One hundred and thirty-eight muscle biopsy specimens with the diagnosis of IIM and other myopathies from 2011 to 2020 
were reviewed and stained for MxA by immunohistochemistry. The difference of the expression of MxA between IIM and other 
myopathies was analyzed by Fisher’s exact test, and the sensitivity and specificity of MxA immunohistochemistry in the diagnosis of 
IIM were assessed.
Results: MxA protein was positive in 16/138 (11.6%) specimens. All 12 dermatomyositis specimens positive for MxA protein were 
positive in perifascicular area pattern. Only dermatomyositis specimens had a significantly higher percentage of positive sarcoplasmic 
MxA expression than specimens of other subtypes of IIM (p<0.001). Sarcoplasmic MxA expression for dermatomyositis diagnosis had 
a sensitivity of 46.15% (95% CI 26.59–66.63%) and a specificity of 94.44% (95% CI 81.34–99.32%) with the positive and negative 
likelihood ratio of 8.31 (95% CI 2.03–34.01) and 0.57 (95% CI 0.40–0.82), respectively.
Conclusion: The MxA immunohistochemistry is highly specific for dermatomyositis and should be added to a routine inflammatory 
panel of muscle biopsy. MxA expression should be cautiously interpreted to avoid pitfalls.
Keywords: dermatomyositis, idiopathic inflammatory myopathies, muscle biopsy, myxovirus resistance protein A

Introduction
Idiopathic inflammatory myopathies (IIM) compose a heterogeneous group of rare autoimmune disorders initially 
characterized by skeletal muscle inflammation and muscle weakness.1 Extramuscular involvement (eg skin, lungs, and 
malignancy) affects a number of patients, making classification more challenging.2,3 Muscle-specific autoantibodies 
(MSAs) have been discovered over recent years and are correlated with specific clinicopathological subgroups.4 IIM 
classifications have integrated clinical manifestation, MSA, and pathologic features to categorize IIM into five sub-
groups: dermatomyositis (DM), polymyositis (PM), inclusion body myositis (IBM), immune-mediated necrotizing 
myopathy (IMNM), and antisynthetase syndrome (ASS).5–9

Among all subgroups, DM has the widest range of manifestations, and 20% to 38.3% was negative for MSA,10–13 

demonstrating the role of muscle biopsy in aiding the diagnosis. Perifascicular atrophy, considered as a definitive DM 
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muscle biopsy finding in the European Neuromuscular Centre (ENMC) diagnostic criteria,5 has a sensitivity of 36% to 
59% and specificity of 92% to 98%.14–16 Gene expression profiling studies showed distinct type 1 interferon-inducible 
genes in DM, including myxovirus-resistance protein A (MxA) and interferon-stimulated gene 15 (ISG15).17,18 

Subsequent studies have shown that the immunohistochemical stain for MxA is a sensitive and specific marker for 
DM with a sensitivity of 57% to 77% and specificity of 98% to 100%.16,17,19,20 Thus, the 2018-ENMC diagnostic criteria 
adopted MxA immunopositivity in perifascicular pattern, as a pathological criterion to make a definitive diagnosis for 
DM as well as perifascicular atrophy.5 However, there are limited data on the expression of MxA protein on muscle 
biopsy samples from patients with other subtypes of IIM.

This study aims to evaluate the expression of sarcoplasmic MxA in muscle biopsy samples from patients with IIM 
and the diagnostic value of MxA immunohistochemistry (IHC) among subtypes of IIM.

Materials and Methods
Patients and Muscle Biopsy Specimens
We enrolled all 381 patients who had muscle biopsy specimens in Ramathibodi Hospital from 2010 to 2020. Inclusion 
criteria were patients with diagnosis of IIMs, overlap myositis (OM), paraneoplastic myopathy, muscular dystrophies 
(MD), and unspecified myopathies (UM). The diagnosis of IIMs including DM, PM, IBM, IMNM, and ASS was based 
on the Bohan and Peter criteria,21,22 the 2017 European League against Rheumatism (EULAR) and the American College 
of Rheumatology (ACR) classification criteria for IIMs and the 2018 ENMC criteria.5,23 OM was defined as follows: 1) 
patients who fulfill both IIMs and other connective tissue disease criteria or 2) patients who have myositis plus 1 or more 
clinical overlap features and / or the presence of myositis-associated autoantibodies.24 Most MD cases were classified 
based on clinical information and dystrophic muscle biopsy including IHC study.25 Several equivocal muscle biopsies of 
limb-girdle muscular dystrophy (LGMD), Becker muscular dystrophy (BMD), and oculopharyngeal muscular dystrophy 
(OPMD) were included based on the genetic analysis. For paraneoplastic myopathy, the diagnosis is based on the 
presence of necrotic fibers without other characteristic features of IIM with pathologically proven internal malignancy.26 

UM was defined based on clinical diagnoses of questionable myopathies, including unexplained weakness, muscle pain, 
hyperCKemia, and irritating pattern on EMG. Muscle biopsies in this group showed minimal or nonspecific change.

Patients with incomplete clinical data and unavailable muscle specimens were excluded. Medical records including 
clinical diagnosis, myositis autoantibody status, muscle biopsy pathologic report and available glass slides were 
reviewed. After applying the inclusion and exclusion criteria, 138 patients were included in this study (Figure 1a).

All enrolled patients were categorized as 1) DM-IIM (N=26), 2) non-DM-IIMs (N=36) including PM (N=9) IBM 
(N=0), IMNM (N=25) and ASS (N=2), 3) other myopathies (N=76) including OM (N=14), paraneoplastic myopathy 
(N=4), MD (N=44), and UM (N=14).

For DM-IIM, we categorized subtypes according to the MSAs as followed; anti-transcription intermediary factor 1 
gamma (anti-TIF1γ DM, N=5), anti-nuclear matrix protein 2 (anti-NXP2 DM, N=3), anti-complex nucleosome remodel-
ing histone deacetylase (anti-Mi2 DM, N=2), anti-melanoma differentiation-associated gene 5 (Anti-MDA5 DM, N=2), 
anti-small ubiquitin-like modifier activating enzyme (anti-SAE DM, N=1) and seronegative DM (N=13). The immuno-
blot technique was used to detect myositis autoantibodies.

Among OM patients, there were systemic lupus erythematosus (N=10), systemic sclerosis (N=3), and Sjögren’s 
syndrome (N=1) (Figure 1b).

Biopsy Site
The biopsy sites were determined by clinicians. All muscle biopsy specimens were snap-frozen in isopentane (the 
freezing point at −160°C) and liquid nitrogen (the boiling point at −196°C) and were stored in an ultra-low temperature 
freezer at −80°C until use. Routine histochemical and selected immunohistochemical staining were performed and 
evaluated.
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MxA-Immunohistochemistry Preparation
The stored specimens thawing from the freezer were put in the cryostat for 45–60 min to equilibrate with the cryostat 
temperature before sectioning to prevent the tissue shattering. Cryostat sections, 6 µm thick, were cut and dried on the 
superfrost glass slides at room temperature, for 45–60 min. We included unspecified myopathy as a negative control.

Figure 1 (a) Study flow chart. (b) Patients categorization chart. 
Abbreviations: ASS, anti-synthetase syndrome; DM, dermatomyositis; IBM, inclusion body myositis; IIM, idiopathic inflammatory myopathy; IMNM, immune-mediated 
necrotizing myopathy; MD, muscular dystrophy; OM, overlap myositis; PM, polymyositis; UM, unspecified myopathy.
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The primary antibodies used to detect MxA protein were mouse anti-human anti-MxA monoclonal antibodies 
(clone: M143, 1:200 dilution; Merck Millipore, CA, USA). Horseradish peroxidase and DAB (Dako, 
Cambridgeshire, UK) were used as secondary antibodies and chromogen, respectively, under BenchMark ULTRA 
(Ventana Medical System, Tucson, AZ, USA). The IHC protocol was as follows: briefly after blocking the 
endogenous peroxidase by I–View Inhibitor (Ventana), samples were incubated at 36°C for 1 hr with anti-MxA. 
Antigen–antibody reactions were visualized using Ventana OptiView Amplification kit (Optiview HQ Linker for 12 
min and Optiview HRP Multimer for 12 min). Counterstaining was obtained using Ventana Hematoxylin II for 16 
min, followed by a bluing reagent for 4 min. Finally, all slides were removed from the stainer, dehydrated in 70% 
alcohol (twice), 95% alcohol (twice), 100% alcohol (twice), and xylene (twice). It is then mounted with coverslip 
for microscopic examination under optical microscopy.

Microscopic Interpretation of MxA Staining
The glass slides were interpreted under a traditional light microscope by two independent pathologists, one general and 
one muscle consultant (PW and JW) without clinical information. If there were any discrepancies between the evalua-
tions, a slide review with discussion, and a consensus were made.

The expression was evaluated as positive by unequivocal sarcoplasmic staining in only intact fiber, not a regenerating 
or degenerated/necrotic fiber. The three-tier intensity; strong, moderate, and weak, and the pattern; either perifascicular 
area or non-perifascicular area, were recorded when one or more fibers were strongly, moderately, and faintly cytoplas-
mic stained. Perifascicular area pattern was defined by positivity at peripheral area of muscle fascicle, and the non- 
perifascicular area pattern was defined by a single fiber, scattered fibers, patchy, or diffuse staining. When no intact fiber 
was stained, a negative result was recorded (Figure 2).

Figure 2 Representative immunohistochemical staining of MxA in muscle biopsies. Positive expression was defined by unequivocal sarcoplasmic staining in only intact fiber, 
not a regenerating or degenerated/necrotic fiber. (a) MxA negativity. (b) Moderate MxA positivity and perifascicular area pattern. (c) Strong MxA positivity and perifascicular 
area pattern (b and c in dermatomyositis patients). (d) Weak MxA positivity and non-perifascicular area pattern, positive fibers labeled with black arrow (in overlap myositis 
patient).
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Statistical Analysis
The difference between sarcoplasmic MxA expression of DM and other non-DM IIMs with perifascicular area pattern or non- 
perifascicular area pattern was evaluated by Fisher’s exact test. The p-value less than 0.05 was considered statistically 
significant. Sensitivity and specificity with 95% CI for a diagnosis of myopathies, which correlated with sarcoplasmic MxA 
expression were calculated. Data were analyzed using STATA version 17 (STATACorp LLC, Texas, USA).

Ethics Approval and Consent
This study was approved by the Institutional Review Board of Faculty of Medicine Ramathibodi Hospital, Mahidol 
University, in full compliance with International Guidelines for Human Research Protection such as the Declaration of 
Helsinki, The Belmont Report, CIOMS Guidelines, and the International Conference on Harmonization in Good Clinical 
Practice (ICH-GCP). The informed consent obtained from the study participants had been reviewed by the Institutional 
Review Board of Faculty of Medicine Ramathibodi Hospital, Mahidol University, prior to study commencement (COA. 
MURA2020/1547 Ref.3562). A copy of the approved ethic form is available for review at the institute.

Results
The demographic data of 138 patients is shown in Table 1. There was no sex preference. Median age (interquartile range, 
IQR) at the enrollment age was 42.5 (IQR 12–59). About 70% of patients were over 16 years old. Among patients with 

Table 1 Demographic Data, Diagnosis and Myositis-Specific Autoantibodies of 138 Patients

Age at Enrollment (Year)

Total 1–15 16–30 31–45 46–60 Older Than 60

N 138 41 15 17 34 31

Sex: female, n (%) 70 (50.7%) 13 (31.7%) 9 (60.0%) 6 (35.3%) 25 (73.5%) 17 (54.8%)

Diagnosis

DM 26 10 2 2 3 9

Anti-TIF1-γ DM 5 1 0 1 1 2

Anti-NXP2 DM 3 2 0 0 0 1

Anti-Mi2 DM 2 0 1 0 0 1

Anti-MDA5 DM 2 0 0 1 0 1

Anti-SAE DM 1 0 0 0 0 1

Seronegative DM 13 7 1 0 2 3

PM 9 0 1 1 3 4

IBM 0 0 0 0 0 0

IMNM 25 2 3 1 13 6

ASS 2 0 0 0 1 1

OM 14 1 1 3 7 2

Paraneoplastic myopathy 4 0 0 0 2 2

MD 44 24 7 6 4 3

UM 14 4 1 4 1 4

Abbreviations: ASS, anti-synthetase syndrome; DM, dermatomyositis; IBM, inclusion body myositis; IMNM, immune-mediated necrotiz-
ing myopathy; MD, muscular dystrophy; PM, polymyositis; OM, overlap myositis; UM, unspecified myopathy.
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DM, about half of them had negative MSA. The most common MSA was anti-TIF1- γ (38%), followed by anti-NXP2 
(23%). For IMNM patients, anti-signal recognition particle (SRP) and anti-3-hydroxy-3-methylglutaryl-coenzyme 
A reductase (HMGCR) were negative in all patients.

The details of MxA staining on muscle biopsy specimens of patients with different diagnoses are summarized in 
Table 2. Nearly half of patients with DM (46%) had sarcoplasmic MxA expression, and all of them had perifascicular 
pattern. Among DM patients with positive MSAs, patients with anti-NXP2 (67%) tended to have a higher percentage of 
sarcoplasmic MxA expression than other MSAs followed by anti-TIF1- γ (40%), whereas about 60% of DM patients 
with negative MSA had sarcoplasmic MxA expression on muscle samples. Although, the intensity of MxA expression on 
muscle samples of DM patients with anti-NXP2 and anti-TIF1- γ was moderate to strong degree, patients with negative 
MSA had moderate to weak degree of MxA expression.

Moreover, there was a weak MxA staining on few fibers of muscle samples of two patients with IMNM (8%), and 
both were stained in a non-perifascicular pattern. One IMNM showed scattered equivocal MxA staining fibers but were 
confirmed as degenerated/necrotic fibers by other stains.

Also, there was sarcoplasmic MxA expression in 2 OM (14%), one OM patient with Sjögren’s syndrome and the 
other with scleroderma. OM patient with Sjögren's syndrome had moderate intensity with perifascicular pattern, and the 

Table 2 The Details of MxA Staining on Muscle Biopsy Specimens of Patients with Different Diagnosis

Diagnosis n MxA, Positivity and Intensity MxA, Pattern

Positive Negative, 
n (%)

Perifascicular 
Area, n (%)

Non- Perifascicular 
Area, n (%)

Total, 
n (%)

Strong Moderate Weak

DM 26 12 (46%) 2 8 2 14 (54%) 12 (100%) 0 (0%)

Anti-TIF1-γ DM 5 2 (40%) 1 1 0 3 (60%) 2 (100%) 0 (0%)

Anti-NXP2 DM 3 2 (67%) 1 1 0 1 (33%) 2 (100%) 0 (0%)

Anti-Mi2 DM 2 0 (0%) - - - 2 (100%) - -

Anti-MDA5 DM 2 0 (0%) - - - 2 (100%) - -

Anti-SAE DM 1 0 (0%) - - - 1 (100%) - -

Seronegative DM 13 8 (62%) 0 6 2 5 (38%) 8 (100%) 0 (0%)

Non-DM 112 4 (3.6%) 0 1 3 108 (96.4%) 1 (25%) 3 (75%)

Non-DM IIMs 36 2 (5.6%) 0 0 2 34 (94.4%) 0 (0%) 2 (100%)

PM 9 0 (0%) - - - 9 (100%) - -

IBM 0 0 - - - 0 - -

IMNM 25 2 (8%) 0 0 2 23 (92%) 0 (0%) 2 (100%)

ASS 2 0 (0%) - - - 2 (100%) - -

Other myopathies 76 2 (2.6%) 0 1 1 74 (97.4%) 1 (50%) 1 (50%)

OM 14 2 (14%) 0 1 1 12 (86%) 1 (50%) 1 (50%)

Paraneoplastic myopathy 4 0 (0%) - - - 4 (100%) - -

MD 44 0 (0%) - - - 44 (100%) - -

UM 14 0 (0%) - - - 14 (100%) - -

Abbreviations: ASS, anti-synthetase syndrome; DM, dermatomyositis; IBM, inclusion body myositis; IIMs, inflammatory myopathies; IMNM, immune-mediated necrotizing 
myopathy; MD, muscular dystrophy; PM, polymyositis; OM, overlap myositis; UM, unspecified myopathy.
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other with scleroderma had weak intensity with non-perifascicular pattern. No MxA expression was observed in all OM 
patients with SLE. Additionally, all patients with MD and UM had no MxA expression on muscle biopsy samples.

Among IIMs, all DMs (not specified subtypes) showed a statistically significant higher percentage of positive 
sarcoplasmic MxA expression on muscle samples than patients with non-DM-IIMs (p-value <0.001). Interestingly, the 
strongly positive intensity was observed only in the DM (2 out of 16 positive MxA, 12.5%). Sarcoplasmic MxA 
expression in perifascicular and non-perifascicular areas for DM diagnosis among IIMs patients has a sensitivity of 
46.15% (95% CI 26.59–66.63%) and a specificity of 94.44% (95% CI 81.34–99.32%) with the positive and negative 
likelihood ratio of 8.31 (95% CI 2.03–34.01) and 0.57 (95% CI 0.40–0.82), respectively.

Discussion
This study demonstrated the important role of MxA expression on muscle biopsy samples in diagnosing DM. MxA 
expression was found in a significantly higher proportion of DM patients when compared to other IIMs. Moreover, the 
pattern and intensity of MxA staining, which is a perifascicular pattern and moderate to strong intensity, might help 
diagnose DM. MxA expression also showed a moderate sensitivity of 46.15% and a high specificity of 94.44% in 
diagnosing DM.

The two pathological hallmarks in muscle biopsy specimens for diagnosis of definitive DM are perifascicular atrophy 
(47% to 51% sensitivity and 98% specificity) and capillary membrane attack complex (MAC, C5b-9) (35% to 81% 
sensitivity and 89% to 93% specificity).14–16,20,27,28 Although, they have quite high specificity, sensitivity is low and varied.

MxA, a type 1 interferon-inducible protein, is crucial to the pathophysiology of DM. Since 2005, Greenberg SA et al 
have addressed sarcoplasmic MxA staining, including capillary MxA staining in DM.17 Higher sensitivity and specificity 
were reported by Uruha A et al, 2017 and 2019.16,20 Soponkanaporn S et al 2019 showed high sensitivity and specificity of 
sarcoplasmic MxA associated with clinical severity.19 The mentioned studies showed a similar MxA immunohistochem-
istry with high sensitivity and specificity for DM, 57% to 77% sensitivity and 98% to 100% specificity.16,17,19,20 Thus, the 
2018-ENMC diagnostic criteria adopted MxA immunopositivity in a perifascicular pattern, as a pathological criterion to 
make a definitive diagnosis as well as perifascicular atrophy.5

Our study revealed a high specificity but moderate sensitivity of sarcoplasmic MxA expression to DM compared with 
previous studies, which showed slightly higher specificity and sensitivity. This might be explained by the heterogeneity 
of MxA in expression; not all fibers expressed the protein, and it may be expressed in variable area and intensity. 
Different techniques and protocols in laboratory processes may result in different interpretations. Moreover, different 
subsets of DM based on MSAs may cause different results between studies.

In Uruha et al’s study, 2019, 10 out of 10 cases (100%) of Anti-TIF1-γ DM expressed MxA sarcoplasmic expression, while 2 
out of 5 cases (40%) of Anti-TIF1-γ DM in our study showed MxA positivity. Thirteen out of 17 cases (76%) of seronegative 
DMs expressed in MxA, while 8 out of 13 of our cases (61.5%) of seronegative DM were positive for MxA. Anti-NXP2 DM and 
seronegative DM in our study showed the same results of MxA positivity when compared to the study.20 There was no MxA 
expression in anti-Mi2 DM or anti-SAE DM. Interpreting these relationships was difficult due to the limited number of cases.

In amyopathic DM, especially with anti-MDA5 antibody positive, perifascicular pathology was rarely identified.29 

However, the pathomechanism of anti-MDA5 DM was activation of the type 1 interferon signaling pathway, evidenced 
by high serum levels of type 1 interferons.30 Uruha A et al, 2019, and Soponkanaporn S et al, 2018, demonstrated that anti- 
MDA5 DM and ASS had no or weak MxA expression on muscle samples, similar to our study.19,20 In our study, all two 
patients with anti-MDA5 DM presented with mild weakness, skin lesions, and interstitial lung disease and were both 
negative for sarcoplasmic MxA. Uruha et al also mentioned the decreased sensitivity of MxA expression on muscle samples 
from anti-MDA5 DM. However, our study could not conclude this is due to the minimal number of our anti-MDA5 DM.

The present study shows MxA positivity in two OM (including systemic sclerosis and Sjögren syndrome) and two 
IMNM. These results are similar to previous studies by Uruha A et al.16

In summary, sarcoplasmic MxA expression could be found in non-DM IIMs. Thus, the diagnosis of dermatomyositis 
specimens should still be based on clinical presentation, laboratory investigation, and muscle biopsy findings.

Sarcoplasmic MxA expression interpretation should be rigorous. Comparing the sarcoplasmic MxA expressed 
fibers with routine tinctorial, histochemical, enzymatic, and IHC stains is essential to avoid false positivity. In one 
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IMNM case in the present study, a 4-year-old girl presented with subacute symmetrical proximal weakness and 
dropped neck without any skin sign on physical examination. Her muscle biopsy revealed scattered necrotic fibers, 
scant cellular reaction and an absence of perifascicular atrophy. On MxA, several scattered equivocal sarcoplasmic 
expressions were initially interpreted as positive but confirmed as degenerated/necrotic fibers on the corresponding 
stains (Figure 3). The interpretation of MxA in the patient reflected the pitfalls of the IHC study. The authors 
advise caution in interpreting the results of MxA staining.

In addition, all cases of MD and UM in the present study were negative for MxA expression on muscle samples, 
considering that it may have no type I interferon association in the pathogenesis of the diseases.

Limitation
There are several limitations to this study. First, there were only a few cases in each DM subgroup, resulting in the 
insufficiency to indicate the statistical correlation. Second, between 2010 and 2020, we had no definite IBM with 
characteristic clinical and typical rimmed vacuoles in the filing system to include in this study. There were only two 
overlap myositis with rimmed-liked vacuoles. Finally, our institute used only the immunoblot technique to detect muscle- 
specific antibodies and myositis-associated autoantibodies. There were ancillary methods, including immunoprecipitation 
or enzyme-linked immunosorbent assay (ELISA), which might be specific to some antibodies.

Conclusions
This study shows a strong association between sarcoplasmic MxA expression and DM, among other IIMs. The MxA 
immunohistochemistry was highly specific for DM and should be included as a routine immunohistochemistry for 
diagnostic evaluation.
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cytoplasmic stain were identified on H&E, 20X (black arrows). (b) The fibers revealed equivocal sarcoplasmic expression on MxA (black arrows). (c) The corresponding 
fibers revealed strong/clumping stained on MAC, 20X (black arrows). (d) Strong sarcoplasmic utrophin upregulation, 20X (black arrows). All stains represented that they 
were degenerated/necrotic fibers.
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