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Abstract
Background and Objectives
Discoveries of dermatomyositis-specific antibodies (DMSAs) in patients with dermatomyositis
raised awareness of various myopathologic features among antibody subtypes. However, only
perifascicular atrophy and perifascicular myxovirus resistant protein A (MxA) overexpression
were officially included as definitive pathologic criteria for dermatomyositis classification. We
aimed to demonstrate myopathologic features in MxA-positive dermatomyositis to determine
characteristic myopathologic features in different DMSA subtypes.

Methods
We performed a retrospective pathology review of muscle biopsies of patients with dermatomyositis
diagnosed between January 2009 andDecember 2020 in a tertiary laboratory formuscle diseases.We
included all muscle biopsies with sarcoplasmic expression for MxA and seropositivity for DMSAs.
MxA-positive muscle biopsies that tested negative for all DMSAs were included as seronegative
dermatomyositis. We evaluated histologic features stratified according to 4 pathology domains
(muscle fiber, inflammatory, vascular, and connective tissue) and histologic features of interest by
histochemistry, enzyme histochemistry, and immunohistochemical study commonly used in the
diagnosis of inflammatorymyopathy.We performed ultrastructural studies of 54 available specimens.

Results
A total of 256 patients were included. Of these, 249 patients were positive for 1 of the 5 DMSAs
(seropositive patients: 87 anti–transcription intermediary factor 1-γ [TIF1-γ], 40 anti–
complex nucleosome remodeling histone deacetylase [Mi-2], 29 anti–melanoma differentiation
gene 5 [MDA5], 83 anti–nuclear matrix protein 2 [NXP-2], and 10 anti–small ubiquitin-like
modifier-activating enzyme [SAE] dermatomyositis) and 7 patients were negative for all 5
DMSAs (seronegative patients). Characteristic myopathologic features in each DMSA subtype
were as follows: anti-TIF1-γ with vacuolated/punched out fibers (64.7%; p < 0.001) and
perifascicular enhancement in HLA-ABC stain (75.9%; p < 0.001); anti-Mi-2 with prominent
muscle fiber damage (score 4.9 ± 2.1; p < 0.001), inflammatory cell infiltration (score 8.0 ± 3.0;
p = 0.002), perifascicular atrophy (67.5%; p = 0.02), perifascicular necrosis (52.5%; p < 0.001),
increased perimysial alkaline phosphatase activity (70.0%; p < 0.001), central necrotic pe-
ripheral regenerating fibers (45.0%; p = 0.002), and sarcolemmal membrane attack complex
deposition (67.5%; p < 0.001); anti-MDA5 with scattered/diffuse staining pattern of MxA
(65.5%; p < 0.001) with less muscle pathology and inflammatory features; anti-NXP-2 with
microinfarction (26.5%; p < 0.001); and anti-SAE and seronegative dermatomyositis with
HLA-DR expression (50.0%; p = 0.02 and 57.1%; p = 0.02, respectively).
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Discussion
We describe a comprehensive serologic–pathologic correlation of dermatomyositis primarily using MxA expression as an
inclusion criterion. In our study, DMSAs were associated with distinctive myopathologic features suggesting different un-
derlying pathobiologic mechanisms in each subtype.

The discovery of dermatomyositis-specific antibodies (DMSAs)
has transformed the clinically oriented dermatomyositis (DM)
classification criteria (primarily based on the presence of skin
lesions and muscle weakness described by Bohan and Peter in
1975) to clinical-serologic-pathologic criteria proposed by the
European Neuromuscular Centre (ENMC) in 2018 (2018
ENMC-DM).1-3 In the 2018 ENMC-DM consensus, the fol-
lowing 5 DMSAs were included as serologic criteria: anti–
transcription intermediary factor 1-γ (TIF1-γ), anti–complex
nucleosome remodeling histone deacetylase (Mi-2), anti–
melanoma differentiation gene 5 (MDA5), anti–nuclear matrix
protein 2 (NXP-2), and anti–small ubiquitin-like modifier-
activating enzyme (SAE).2 DMSA-associated clinical pheno-
types have been characterized, including anti-TIF1-γ DM with
DM skin lesions, dysphagia, and malignancy4-6; anti-Mi-2 DM
with high creatine kinase (CK) level, myalgia, and muscle
weakness7-9; anti-MDA5 DM with mechanic hands and in-
terstitial lung disease (ILD) but low CK levels and less muscle
involvement10,11; and anti-NXP-2 DM with muscle weakness
but less skin involvement.12,13 DMSA-associated pathologic
phenotypes were also recognized and proposed to be included
as an “integrated” pathologic system for DM.14,15 However,
most of these phenotypes were limited to small studies and were
not included in the 2018 ENMC-DM.2,4,7,9,16,17 In the 2018
ENMC-DM, only perifascicular atrophy (PFA, the best known
pathologic feature of DM) and myofiber expression of myxo-
virus resistant protein A (MxA, a surrogate marker for type I
interferon pathway activation) were included as definitive
pathologic criteria.18-21 This study aimed to investigate and
characterize DMSA-specific pathologic features inMxA-positive
muscle biopsies.

Methods
Patients
Muscle biopsies from 256 patients pathologically diagnosed
with DM at the National Center of Neurology and Psychiatry

(NCNP), a nationwide referral center for muscle disease in
Japan, from January 2009 to December 2020 were evaluated
by confirming the sarcoplasmic MxA expression of neither
necrotic nor regenerating muscle fibers.19-22 Because of the
existence of DM sine dermatitis (DMSD),12 we regarded all
MxA-positive muscle biopsies as DM regardless of the pres-
ence of skin lesion. This study was an expansion of the DM
cohort from our previous studies7,12 and consisted of 249
muscle biopsies from patients positive for 1 of the 5 DMSAs
(seropositive DM) and 7 muscle biopsies from patients who
tested negative for all the 5 DMSAs (seronegative DM). We
defined patients <18 years as juvenile patients.

Serologic Information
ELISA for autoantibodies against TIF1-γ, Mi-2, and MDA5
were covered by the national health insurance system in Japan
and were performed according to the manufacturer’s instruc-
tions (MESACUP kit, Medical & Biological Laboratories Co,
Ltd.). Patients testing negative for anti-TIF1-γ, Mi-2, and
MDA5 antibodies were evaluated by immunoprecipitation and
western blotting for autoantibodies against NXP-2 and SAE.23-25

Histochemical and
Immunohistochemical Evaluation
Histochemical and immunohistochemical staining for routine
diagnostic purposes was performed, including hematoxylin &
eosin, modified Gomori trichrome, acid phosphatase (ACP),
alkaline phosphatase (ALP), cytochrome C oxidase (COX),
Oil Red O, nicotinamide adenine dinucleotide tetrazolium
reductase (NADH-TR), MxA (Mx 1/2/3; Santa Cruz Bio-
technology), Class I humanmajor histocompatibility complex
(MHC) (HLA-ABC; clone W6/32; Thermo Fisher Scien-
tific), MHC Class II (HLA-DR; clone B308; Affinity BioRe-
agents), membrane attack complex (MAC; C5b-9, clone
aE11; Dako), neonatal myosin heavy chain (MHCn; clone
WB-MHCn; Leica), utrophin (clone DRP3/20C65; Leica),
CD3 (polyclonal; Abcam), CD8 (clone DK25; Dako), CD20

Glossary
ACP = acid phosphatase; AHC = agglomerative hierarchical clustering; ALP = alkaline phosphatase; CFR = capillary to muscle
fiber ratio; CK = creatine kinase; CNPR = centrally necrotic and peripherally regenerating; COX = cytochrome C oxidase;
DM = dermatomyositis; DMSAs = dermatomyositis-specific antibodies; DMSD = dermatomyositis sine dermatitis; ENMC =
European Neuromuscular Centre; ILD = interstitial lung disease; MAC = membrane attack complex; MCA = multiple
correspondence analysis; MDA5 = melanoma differentiation gene 5; MHC = major histocompatibility complex; MHCn =
neonatal myosin heavy chain; MxA = myxovirus resistant protein A; NCNP = National Center of Neurology and Psychiatry;
NXP-2 = nuclear matrix protein 2; PFA = perifascicular atrophy; PFN = perifascicular necrosis; SAE = small ubiquitin-like
modifier-activating enzyme; TIF1-γ = transcription intermediary factor 1-γ; TRI = tubuloreticular inclusion.
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(clone L26; eBioscience), and CD68 (clone KP1; Dako). J.T.
performed pathologic evaluation and was blinded to the an-
tibody results at the time of evaluation.

The histochemical and immunohistochemical stained slides,
prepared at the time of pathologic diagnosis at theNCNP, were
evaluated based on 4 domains (muscle fiber, inflammatory,
vascular, and connective tissue domains) using the same
scoring system as our previous studies modified from the pa-
thology scoring system originally used for juvenile DM (eTa-
ble 1, links.lww.com/WNL/B691).7,26 The scoring system for
the muscle fiber domain was based on the presence and extent
of necrotic fibers, regenerating fibers, atrophic fibers separated
from the perifascicular area, and fibers with internalized nuclei.
The inflammatory domain scoring was by CD3, CD20, and
CD68-positive inflammatory cells in the endomysium and
perimysium, and the presence of perivascular inflammatory cell
infiltration. The vascular domain scoring was based on the
capillary to muscle fiber ratio. The connective tissue domain
scoring was based on endomysium fibrosis and perimysium
pathology, which included fragmentation and alkaline phos-
phatase expression.7 Sarcoplasmic MAC deposition and
MHCn expression were used as supporting findings to identify
and confirm necrotic and regenerating fibers, respectively.
Utrophin was used as a surrogate endothelial marker to eval-
uate the capillary-to-muscle fiber ratio.

Alongside the PFA, perifascicular necrosis (PFN), decreased
COX activity in perifascicular area, perivascular inflammation,
vasculitis, CD8 and ACP/CD68 infiltration in non-necrotic
fiber, and CD20 aggregation, we included microinfarction,
centrally necrotic-and-peripherally regenerating (CNPR) fi-
bers, and vacuolated/punched-out fiber as histopathologies of
interest for DM. Microinfarction was defined by the aggregate
of at least 3 necrotic fibers without inflammatory cell infiltration
into the necrotic fiber accompanied by decreased/absent
sarcoplasmic oxidative enzymatic activity on NADH-TR.
CNPR fibers were defined as fibers presenting necrosis in
the central part of the sarcoplasm surrounded by crescent-
shaped regenerating portions. Vacuolated/punched-out
fibers were defined by degenerative non-necrotic fiber
with vacuolations.4 For MxA staining, 3 patterns were
documented: (1) perifascicular pattern if the sarcoplasmic
staining was limited to the PFA, (2) scattered/diffuse
pattern if there was no specific localization, and (3) mixed
pattern. The evaluation criteria for histochemical and im-
munohistochemical staining are described elsewhere.7 Ul-
trastructural evaluation for tubuloreticular inclusions
(TRIs) was performed in 54 patients’ biopsies.

Statistical Analysis
We explored histologic features by performing multiple cor-
respondence analysis (MCA) followed by agglomerative hi-
erarchical clustering (AHC) using XLSTAT version 2021.2.1
(XLSTAT.com). For continuous variables, Welch 1-way
analysis of variance followed by Dunnett T3 multiple

comparisons test was performed. Welch t test and Fisher exact
test were used for continuous and categorial variables to
compare findings in 1 antibody subtype against other anti-
body subtypes (e.g., anti-TIF1-γ DM vs non-TIF1-γ DM);
the tests were 2-tailed. A p value < 0.05 was regarded as
statistically significant. These analyses were performed using
GraphPad Prism version 9.1.0 (216) for Mac OS (GraphPad
Software).

Standard Protocol Approvals, Registrations,
and Patient Consents
This study was approved by the institutional review boards of
the NCNP. All clinical information and materials derived
from diagnostic testing was permitted for research use with
written informed consent from the patients.

Data Availability
Anonymized data not published within this article will be
made available by request from any qualified investigator.

Results
Patient Characteristics
Of the 256 patients diagnosed pathologically with DM by
sarcoplasmic MxA expression, 249 patients were DMSA-
positive (249 seropositive DM: 87 anti-TIF1-γ, 40 anti-Mi-2,
29 anti-MDA5, 83 anti-NXP-2, and 10 anti-SAE DM) and 7
patients were seronegative. Clinical information of patients
with DM is summarized in Table 1. There were differences in
patient ages among DMSA subtypes (p < 0.001) (eFigure 1a).
The patients who tested positive for anti-TIF1-γ, anti-Mi-2,
and anti-SAE antibodies were older than those with non-
TIF1-γ DM (42.3 ± 26.2 years; p < 0.001), non-Mi-2 DM
(45.3 ± 27.6 years; p = 0.03), or non-SAE DM (45.6 ± 26.8
years; p < 0.001), respectively. Patients with anti-TIF1-γ and
anti-Mi-2 DM were younger than patients with anti-SAE DM
(p = 0.003 and p = 0.002, respectively). Patients who were
anti-NXP-2 positive and DM-seronegative were younger
(non-NXP-2 DM 51.8 ± 24.9 years; p < 0.001 and seroposi-
tive DM 47.4 ± 26.4 years; p = 0.007, respectively). This was
reflected by the larger number of juvenile patients with anti-
NXP-2 (42.2% vs non-NXP-2 18.5%; p < 0.001) and
seronegative DM (85.7% vs seropositive 24.5%; p = 0.002).
Disease duration, the proportion of patients receiving sys-
temic immunotherapy within 6 weeks of the time of muscle
biopsy, the sex ratio of the affected patients, and the biopsy
site did not significantly differ among DMSA subtypes
(eTable 2, links.lww.com/WNL/B691). In anti-TIF1-γ DM,
biopsies obtained from the biceps brachii (42.5%) were
slightly less common than in non-TIF1-γ DM (52.5%; p =
0.05). The serum CK levels differed among DMSA subtypes
(p < 0.001; eFigure 1b). Anti-Mi-2 DM was associated with
higher CK levels (8,113.7 ± 14,314.2 vs non-Mi-2 2,758.2 ±
5,566.7 U/L; p = 0.03), while anti-MDA5, anti-SAE, and anti-
TIF1-γ DM were associated with lower CK levels (394.6 ±
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481.9 vs non-MDA5 4,009.3 ± 8,232.0 U/L; p < 0.001; 492.8
± 357.0 vs non-SAE 3725.0 ± 7,967.2 U/L; p < 0.001; and
1881.2 ± 4,414.3 vs non-TIF1-γ 4,472.0 ± 8,981.1 U/L; p =
0.002, respectively). Patients with anti-TIF1-γ DM more
commonly presented with skin lesions of any kind (97.7% vs
non-TIF1-γ 87.0%DM; p = 0.005) as well as DM-specific skin
lesions defined by the 2018 ENMC-DM criteria (89.7% vs
non-TIF1-γ 60.4%; p < 0.001). Anti-TIF1-γ DM was also
associated with dysphagia (47.1% vs non-TIF1-γ 28.0%; p =
0.003) and malignancy (41.4% vs non-TIF1-γ 11.2%; p <
0.001, eFigure 1c). Notably, anti-TIF1-γ DM was associated
with malignancy in patients below age 40 (10.5% vs non-
TIF1-γ 0%; p = 0.04); the youngest patient was 36 years old.
Patients with anti-Mi-2 DM more frequently presented with
muscle weakness (100% vs non-Mi-2 87.5%; p = 0.01). Anti-
MDA5 DM was associated with mechanic’s hands (51.7% vs
non-MDA5 13.2%; p < 0.001) and ILD (79.3% vs non-MDA5
10.6%; p < 0.001), but was less associated with muscle
weakness (69.0% vs non-MDA5 92.1%; p = 0.001) and ma-
lignancy (3.5% vs non-MDA5 23.8%; p = 0.008). Anti-NXP-2
DM was less likely to be associated with skin lesions of any
kind (77.1% vs non-NXP-2 97.1%; p < 0.001), DM-specific
skin lesions (44.6% vs non-NXP-2 82.7%; p < 0.001), me-

chanic’s hands (3.6% vs non-NXP-2 24.3%; p < 0.001), ILD
(8.4% vs non-NXP-2 23.3%; p = 0.003), and malignancy
(8.4% vs non-NXP-2 27.8%; p < 0.001). Myalgia was more
common in anti-NXP-2 DM (84.2%) than non-NXP-2 DM
(61.6%; p < 0.001). Skin ulcers were documented in 4 pa-
tients, 2 anti-MDA5 (6.9%) and 2 anti-TIF1- γ DM (2.3%),
but were not distinctively associated with specific antibody
subtype. Anti-SAE was not associated with any distinctive
clinical feature. Seronegative DM was less associated with
typical DM skin lesions (28.6%) than was seropositive DM
(71.5% p = 0.03).

Ultrastructural Study
TRIs were observed in all 54 muscle biopsies (17 anti-TIF1-γ,
7 anti-Mi-2, 5 anti-MDA5, 22 anti-NXP-2, 1 anti-SAE, and 2
seronegative DM).

Histologic Features and Clustering
We performed MCA on 6 antibody subtypes (5 DMSA and 1
seronegative) and 23 histologic variables by AHC (eFigure 2,
eTable 3, and eTable 4, links.lww.com/WNL/B691) and
considered the principal coordinates of observations as a
set of variables for AHC. The AHC algorithm computed

Table 1 Clinical Features of All Dermatomyositis Cases in This Study

Clinical features
All DM
(n = 256)

Anti-TIF1-γ
(n = 87)

Anti-Mi-2
(n = 40)

Anti-MDA5
(n = 29)

Anti-NXP-2
(n = 83)

Anti-SAE
(n = 10)

Seronegative
(n = 7)

Age at biopsy, y 46.5 ± 26.7 54.8 ± 25.8e* 53.2 ± 20.0e* 42.5 ± 23.7 35.6 ± 27.1e† 70.4 ±8.1e* 17.3 ± 19.9e†

Juvenile (<18 y) 67 (26.2) 15 (17.2)e† 3 (7.5)e† 8 (27.6) 35 (42.2)e* 0 6 (85.7)e*

Sex, female 139 (54.3) 48 (55.2) 18 (45.0) 16 (55.2) 47 (56.6) 7 (70.0) 3 (42.9)

CK, U/L 3,598.2 ± 7,834.3a 1881.2 ± 4,414.3a,e† 8,113.7 ± 14,314.2e* 394.6 ± 481.9e† 4,685.2 ± 7,035.0 492.8 ± 357.0e† 3,710.4 ± 7,248.1

Skin lesionsb 232 (90.6) 85 (97.7)e* 37 (92.5) 29 (100.0) 64 (77.1)e† 10 (100.0) 7 (100.0)

DM skin lesionsc 180 (70.3) 78 (89.7)e* 29 (72.5) 25 (86.2) 37 (44.6)e† 9 (90.0) 2 (28.6)e†

Mechanic hands 45 (17.6) 16 (18.4) 8 (20.0) 15 (51.7)e* 3 (3.6)e† 3 (30.0) 0

Muscle weakness 229 (89.5) 75 (86.2) 40 (100.0)e* 20 (69.0)e† 79 (95.2)e* 9 (90.0) 6 (85.7)

Myalgia 175 (68.9)d 59 (67.8) 23 (57.5) 15 (53.6)a 69 (84.1)a,e* 4 (40.0) 5 (71.4)

Dysphagia 88 (34.5)a 41 (47.1)e* 8 (20.5)a 8 (27.6) 25 (30.1) 6 (60.0) 0

Interstitial lung
disease

47 (18.4)a 11 (12.6) 3 (7.7)a 23 (79.3)e* 7 (8.4)e† 3 (30.0) 0

Malignancy 55 (21.5) 36 (41.4)e* 7 (17.5) 1 (3.4)e† 7 (8.4)e† 4 (40.0) 0

Malignancy,
age ≤40 y (n = 90)

2/90 (2.2) 2/19 (10.5)e* 0/10 (0) 0/11 (0) 0/44 (0) 0 0/6 (0)

Abbreviations: CK = creatine kinase; DM = dermatomyositis; MDA5 = melanoma differentiation-associated gene 5; Mi-2 = complex nucleosome remodeling
histone deacetylase antibody; NXP-2 = nuclear matrix protein 2; SAE = small ubiquitin-like modifier activating enzyme; TIF1-γ = transcription intermediary
factor 1-γ antibody.
Continuous data are shown as mean ± SD; categorial data are shown as n (%).
a Information was not available for 1 patient.
b Any type of skin lesion.
c DM skin lesions as defined by the 239th European Neuromuscular Centre workshop: presence of Gottron sign/papule or heliotrope rash.
d Information was not available for 2 patients.
e p < 0.05 (vs other antibody subtypes; *higher score/percentage; †lower score/percentage).

e742 Neurology | Volume 98, Number 7 | February 15, 2022 Neurology.org/N

http://links.lww.com/WNL/B691
http://neurology.org/n


dissimilarities of the variables by Euclidean distance and
used the Ward method to successively merge variables into
clusters with minimal variance. Because there were 6 antibody
subtypes, we proposed 6 pathology classes by truncation.
Pathologic features in anti-Mi-2, anti-MDA5, anti-SAE, and
seronegative DMwere more distinctive, with 74.4% of anti-Mi-
2 cases categorized as class 1, 72.4% of anti-mDA5 class 3, and
90.0% and 100% of anti-SAE and seronegative DM, re-
spectively, class 6. The features in anti-TIF1-γ and anti-NXP-2
DM were more similar (eTable 5).

Muscle Pathology Reevaluation by
Histology Domains
The muscle fiber domain scores and inflammatory domain
scores were different among DMSA subtypes (p < 0.001)
(Figure 1, A and B). Compared with the other DMSA
groups, muscle biopsies from anti-Mi-2 DM showed higher
muscle fiber domain scores (4.9 ± 2.1 vs non-Mi-2 2.6 ±
2.0; p < 0.001) and higher inflammatory domain scores
(8.0 ± 3.0 vs non-Mi-2 6.3 ± 3.3; p = 0.002) (Table 2). Anti-
MDA5 DM showed a lower muscle fiber domain score (1.1
± 1.6 vs non-MDA5 3.2 ± 2.1; p < 0.001) and a lower
inflammatory domain score (3.7 ± 2.4 vs non-MDA5 6.9 ±
3.2; p < 0.001). In normal children, the capillary to muscle
fiber ratio (CFR) was lower than the ratio in adults.27 Thus,
we evaluated the vascular domain in juvenile and adult
patients separately. The CFR value in all adult DM cases
(0.7 ± 0.3) was lower than the value in 12 normal adult
muscle biopsies (1.1 ± 0.1; p < 0.001).7 The CFR did not
significantly differ among DMSA subtypes (Figure 1, C and
D). Anti-Mi-2 DM was more commonly associated with
increased ALP activity in the perimysium (70.0% vs non-
Mi-2 29.6%; p < 0.001).

Histologic Features
The characteristic features of each DM subtype are shown in
Table 3, Figure 2, eFigure 3, eFigure 4, and eFigure 5a, links.
lww.com/WNL/B691. Compared with non-TIF1-γ DM, anti-
TIF1-γ DM was associated with vacuolated/punched-out fi-
bers (64.7% vs non-TIF1-γ 34.3%; p < 0.001) (Figure 2A).
Vacuolated/punched-out fibers were not associated with anti-
TIF1-γDMwithmalignancy (74.3% vs non-malignancy 58.0%;
p = 0.17). The following features were associated with anti-Mi-2
DM:PFA (67.5% vs non-Mi-2 46.3%; p= 0.02), PFN (52.5% vs
non-Mi-2 3.3%; p < 0.001) (Figure 2 B), CD8 infiltration in
non-necrotic fibers (7.7% vs non-Mi-2 0.9%; p = 0.03), ACP/
CD68 infiltration in non-necrotic fibers (20.0% vs non-Mi-2
2.8%; p < 0.001), CD20 aggregation (28.2% vs non-Mi-2
13.0%; p = 0.03), and the presence of CNPR (45.0% vs non-Mi-
2 20.8%; p = 0.002). Anti-MDA5 DM showed less common
PFA (24.1%, vs non-MDA5 52.9%; p = 0.005) (Figure 2C),
decreased COX activity in perifascicular areas (17.2% vs non-
MDA5 50.0%; p < 0.001), perivascular inflammatory cell in-
filtration (13.8% vs non-MDA5 48.0%; p < 0.001), and vacu-
olated fiber (20.7% vs non-MDA5 47.6%; p = 0.009). Anti-
NXP-2DMwas associated withmicroinfarction (26.5% vs non-
NXP-2 9.3%; p < 0.001) (Figure 2D), and this finding was
significant for both adult and juvenile patients. While there was
a difference between the percentages of microinfarction af-
fecting adults (12.2%) and juvenile patients with DM (22.4%; p
= 0.05), the percentage of microinfarctions in adults (20.8%)
and juvenile anti-NXP-2 DM (34.3%) was not different (p =
0.21). In our study, anti-SAE DM did not show any distinctive
association with the above-mentioned items (eFigure 4). Se-
ronegative DM was associated with perivascular inflammation
(85.7% vs seropositive 43.0%; p = 0.05) and vasculitis (57.1% vs
seropositive 14.1%; p = 0.01).

Figure 1 Pathology Domains Among Dermatomyositis-Specific Antibodies Subtypes

(A) Muscle fiber domain: anti–complex nucleosome remodeling histone deacetylase (Mi-2) dermatomyositis (DM) presented a higher muscle fiber domain
score than anti–transcription intermediary factor 1-γ (TIF1-γ), anti–melanoma differentiation gene 5 (MDA5), anti–nuclear matrix protein 2 (NXP-2), and
seronegative DM. (B) Inflammatory domain: anti-MDA5DMwas associatedwith a lower inflammatory domain score than anti-TIF1-γ, anti-Mi-2, and anti-NXP-
2 DM. (C) Vascular domain: adult capillary:myofiber ratio. The ratio in adult DM was lower than controls. The ratio was not distinctively different among
dermatomyositis-specific antibodies (DMSAs) subtypes. (D) Vascular domain: juvenile capillary: myofiber ratio. The ratio in juvenile DM was not different
across DMSA subtypes. Bar = mean ± SD, analysis of variance with Dunnett T3 multiple comparison: p value 0.0332 (*), 0.0021 (**), 0.0002 (***), < 0.0001
(****). SAE = small ubiquitin-like modifier-activating enzyme.
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CNPR fibers were commonly present in muscle biopsies with
microinfarction (57.9% vs 18.8%; p < 0.001) and 36.8% (14/
63) of CNPR were present in the infarcted region (Figure 2D
and eFigure 6, links.lww.com/WNL/B691).

Immunohistochemical Features of Interest
All muscle biopsies in this study expressed both MxA and
HLA-ABC.MxA expression showed 37.5% pure perifascicular
staining pattern, 25.4% scattered/diffuse pattern, and 37.1%
mixed pattern (Figure 3 and eFigure 4, links.lww.com/WNL/

B691). Pure perifascicular MxA staining was associated with
anti-Mi-2 DM (67.5% vs non-Mi-2 31.9%; p < 0.001), while a
pure scattered/diffuse staining pattern was associated with
anti-MDA5 DM (65.5% vs non-MDA5 20.3%; p < 0.001).
HLA-DR positivity, either scattered or perifascicular patterns,
were associated with anti-SAE (50.0% vs non-SAE 16.7%; p =
0.02) and seronegative DM (57.1% vs seropositive 16.9%; p =
0.02). Anti-TIF1-γ and anti-NXP-2 DM were associated with
capillary MAC deposition (96.6% vs non-TIF1-γ 86.4%; p =
0.009 and 98.8% vs non-NXP-2 85.6%; p < 0.001), capillary

Table 2 Evaluation of Pathology Domains

All DM
(n = 256)

Anti-TIF1-γ
(n = 87)

Anti-Mi-2
(n = 40)

Anti-MDA5
(n = 29)

Anti-NXP-2
(n = 83)

Anti-SAE
(n = 10)

Seronegative
(n = 7)

Muscle fiber domain

Muscle fiber domain score 2.9 ± 2.1 2.9 ± 1.9 4.9 ± 2.1e* 1.1 ± 1.6e† 2.6 ± 2.0 3.8 ± 2.2 2.9 ± 1.2

Necrotic fiber score 0.9 ± 0.9 0.8 ± 0.8 1.8 ± 0.5e* 0.3 ± 0.6e† 0.9 ± 0.9 1.0 ± 0.8 0.4 ± 0.5e†

Regenerating fiber score 0.5 ± 0.5 0.4 ± 0.5e† 0.8 ± 0.4e* 0.2 ± 0.4e† 0.5 ± 0.5 0.6 ± 0.5 0.9 ± 0.4e*

Atrophic fiber score 0.5 ± 0.8 0.5 ± 0.7 0.9 ± 0.9e* 0.2 ± 0.6e† 0.4 ± 0.6e† 0.7 ± 0.8 0.3 ± 0.8

PFA score 0.8 ± 0.9 0.9 ± 0.9 1.2 ± 0.9e* 0.3 ± 0.7e† 0.7 ± 0.9 1.3 ± 0.9 1.0 ± 1.0

Fiber with internalized nuclei
>3% score

0.2 ± 0.4 0.2 ± 0.4e* 0.2 ± 0.4 0.0 ± 0.2e† 0.1 ± 0.3 0.2 ± 0.4 0.3 ± 0.5

Inflammatory domain

Inflammatory domain score 6.6 ± 3.3a 6.6 ± 3.4 8.0 ± 3.0a,e* 3.7 ± 2.4e† 6.8 ± 2.9 5.9 ± 3.3 8.9 ± 3.8

Endomysial CD3 infiltration score 1.0 ± 0.7a 1.0 ± 0.7 1.3 ± 0.6a,e* 0.6 ± 0.6e† 1.0 ± 0.6 0.9 ± 0.6 1.6 ± 0.8

Perimysial CD3 infiltration score 0.5 ± 0.7a 0.6 ± 0.8 0.7 ± 0.7a 0.1 ± 0.4e† 0.5 ± 0.7 0.6 ± 0.8 1.0 ± 1.0

Endomysial CD20 infiltration score 1.0 ± 0.8a 1.0 ± 0.8 1.5 ± 0.7a,e* 0.3 ± 0.6e† 1.0 ± 0.7 0.6 ± 0.7 1.1 ± 0.9

Perimysial CD20 infiltration score 0.5 ± 0.7a 0.6 ± 0.7 0.6 ± 0.7a 0.1 ± 0.4e† 0.5 ± 0.7 0.4 ± 0.8 0.9 ± 0.7

Endomysial CD68 infiltration score 1.8 ± 0.4a 1.8 ± 0.5 1.9 ± 0.3a 1.6 ± 0.5e† 1.8 ± 0.4 1.8 ± 0.4 1.9 ± 0.4

Perimysial CD68 infiltration score 1.2 ± 0.7a 1.2 ± 0.8 1.5 ± 0.6a,e* 0.8 ± 0.7e† 1.3 ± 0.7 1.4 ± 0.5 1.6 ± 0.5

Perivascular inflammatory cell
infiltration score

0.4 ± 0.5 0.5 ± 0.5 0.5 ± 0.5 0.1 ± 0.4e† 0.5 ± 0.5 0.2 ± 0.4 0.9 ± 0.4e*

Vascular domain

Capillary: fiber ratio, adult patients 0.7 ± 0.3f† 0.7 ± 0.3f† 0.8 ± 0.3f† 0.8 ± 0.3f† 0.7 ± 0.3f† 0.7 ± 0.3f† 0.9

Capillary: fiber ratio, juvenile
patients

0.5 ± 0.3b 0.5 ± 0.2b 0.4 ± 0.1 0.8 ± 0.4 0.4 ± 0.2e† NA 0.6 ± 0.3

Connective tissue domain

Perimysium fragmentation 182 (71.9)c 61 (71.8)d 33 (84.6)b 11 (37.9)e† 63 (75.9) 7 (70.0) 7 (100.0)

Perimysium ALP activity, increased 92 (35.9) 21 (24.1)e† 28 (70.0)e* 4 (13.8)e† 33 (39.8) 2 (20.0) 4 (57.1)

Endomysial fibrosis 37 (14.6)c 12 (14.1)d 9 (23.1)b 1 (3.4) 10 (12.0) 1 (10.0) 4 (57.1)e*

Abbreviations: ALP = alkaline phosphatase; CD = cluster of differentiation; DM = dermatomyositis; MDA5 =melanoma differentiation-associated gene 5; Mi-2
= complex nucleosome remodeling histone deacetylase antibody; NA = not available; NXP-2 = nuclear matrix protein 2; PFA = perifascicular atrophy; SAE =
small ubiquitin-like modifier activating enzyme; TIF1-γ = transcription intermediary factor 1-γ antibody.
Continuous data are shown as mean ± SD; categorial data are shown as number (%).
a Not evaluated in 1 patient due to insufficient tissue for additional staining.
b Not evaluated in 1 patient due to tissue artifacts.
c Not evaluated in 3 patients due to tissue artifacts.
d Not evaluated in 2 patients due to tissue artifacts.
e p < 0.05 vs other antibody subtypes (*higher score/percentage/ratio; †lower score/percentage/ratio).
f p < 0.05 vs normal specimen (*higher score/percentage/ratio; †lower score/percentage/ratio).

e744 Neurology | Volume 98, Number 7 | February 15, 2022 Neurology.org/N

http://links.lww.com/WNL/B691
http://links.lww.com/WNL/B691
http://links.lww.com/WNL/B691
http://neurology.org/n


MAC deposition with perifascicular pattern (74.7% vs non-
TIF1-γ 57.4%; p = 0.006 and 78.3% vs non-NXP-2 56.1%;
p < 0.001), and distinct capillary MAC deposition in peri-
fascicular areas (71.3% vs non- TIF1-γ 55.0%; p = 0.01 and
75.9% vs non-NXP-2 53.2%; p < 0.001). Distinct capillary

MAC deposition in anti-TIF1-γ DM was not associated with
malignancy (69.4% vs non–malignancy-associated TIF1-γ
72.6%; p = 0.81). Sarcolemmal MAC deposition of any
pattern or with some area showing perifascicular pattern
was present in anti-Mi-2 DM (67.5% vs non-Mi-2 19.0%;

Table 3 Histologic Features of Interest

Histologic features of interest
All DM
(n = 256)

Anti-TIF1-γ
(n = 87)

Anti-Mi-2
(n = 40)

Anti-MDA5
(n = 29)

Anti-NXP-2
(n = 83)

Anti-SAE
(n = 10)

Seronegative
(n = 7)

Perifascicular atrophy 127 (49.6) 49 (56.3) 27 (67.5)d* 7 (24.1)d† 33 (39.8)d† 7 (70.0) 4 (57.1)

Perifascicular necrosis 28 (10.9) 3 (3.4)d† 21 (52.5)d* 0 2 (2.4)d† 0 2 (28.6)

Decreased COX activity in perifascicular area 118 (46.3)a 47 (54.7)a 21 (52.5) 5 (17.2)d† 37 (44.6) 4 (40.0) 4 (57.1)

Perivascular inflammatory cell infiltration 113 (44.1) 41 (47.1) 18 (45.0) 4 (13.8)d† 42 (50.6) 2 (20.0) 6 (85.7)d*

Vasculitis 39 (15.2) 10 (11.5) 10 (25.0) 0 15 (18.1) 0 4 (57.1)d*

CD8 infiltration in non-necrotic fiber 5 (2.0)b 2 (2.3) 3 (7.7)b,d* 0 0 0 0

ACP/CD68 infiltration in non-necrotic fiber 14 (5.5) 4 (4.6) 8 (20.0)d* 0 1 (1.2)d† 0 1 (14.3)

CD20 aggregation 39 (15.3)b 10 (11.5) 11 (28.2)b,d* 1 (3.5) 13 (15.7) 1 (10.0) 3 (42.9)

Microinfarction 38 (14.8) 11 (12.6) 0 3 (10.3) 22 (26.5)d* 2 (20.0) 0

Microinfarction, adult patients 23 (12.2) 10 (13.9) 0 1 (4.8) 10 (20.8)d* 2 (20.0) 0

Microinfarction, juvenile patients 15 (22.4) 1 (6.7) 0 2 (25.0) 12 (34.3)d* 0 0

Central necrotic-peripheral regenerating
fibers

63 (24.6) 21 (24.1) 18 (45.0)d* 3 (10.3) 18 (21.7) 2 (20.0) 1 (14.3)

Vacuolated, punched-out fiber 113 (44.5)c 55 (64.7)c,d* 3 (7.5)d† 6 (20.7)d† 40 (48.2) 7 (70.0) 2 (28.6)

Abbreviations: ACP = acid phosphatase; CD = cluster of differentiation; COX = cytochrome C oxidase; DM = dermatomyositis; MDA5 = melanoma differen-
tiation-associated gene 5; Mi-2 = complex nucleosome remodeling histone deacetylase antibody; NXP-2 = nuclear matrix protein 2; SAE = small ubiquitin-like
modifier activating enzyme; TIF1-γ = transcription intermediary factor 1-γ antibody
Continuous data are shown as mean ± SD; categorial data are shown as number (%).
a Not evaluated in 1 patient due to tissue artifacts.
b Not evaluated in 1 patient due to insufficient tissue for additional staining.
c Not evaluated in 2 patients due to tissue artifacts.
d p < 0.05 vs other antibody subtypes (*higher percentage; †lower percentage).

Figure 2 Pathology Features of Major Dermatomyositis-Specific Antibodies Subtypes

On hematoxylin & eosin staining, anti–transcription in-
termediary factor 1-γ (TIF1-γ) dermatomyositis showed
perifascicular atrophy with vacuolated/punched-out fibers
(A, yellow arrowheads); anti–complex nucleosome remod-
eling histone deacetylase (Mi-2) was associated with peri-
fascicular necrosis (B); anti–melanoma differentiation gene
5 (MDA5) with near normal appearance (C); and anti–
nuclear matrix protein 2 (NXP-2) with microinfarction (D,
yellow asterisk). Central necrotic-peripheral regenerating
fibers were present in anti-Mi-2 and anti-NXP-2 subtypes (B
and D, yellow arrowheads). Bar = 100 μm.
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p < 0.001 and 50.0% vs non-Mi-2 5.6%; p < 0.001, re-
spectively) (Table 4, eFigure 3, eFigure 4, and eFigure 5b,
links.lww.com/WNL/B691).

Because the features in anti-TIF1-γ and anti-NXP-2 DM tended
to overlap, we compared the features in both subtypes (eTable 5,
links.lww.com/WNL/B691). Anti-TIF1-γ DM was associated
with PFA (p = 0.03), vacuolated/punched-out fiber (p = 0.04),
and HLA-ABC expression with perifascicular enhancement
(p < 0.001). Anti-NXP-2 DM was associated with ALP activity
in perifascicular area (p = 0.03) and microinfarction (p = 0.03).

Discussion
This was a comprehensive study on serologic–pathologic
correlations of different DMSA subtypes. The sarcoplasmic
MxA expression was used as a diagnostic finding of DM on
muscle pathology as it has been proven to be highly sensitive
(71%–77%) and specific (98%–100%) for DM.19,20 We also
confirmed that the presence of MxA expression was more
sensitive than PFA for the diagnosis of DM (100% vs
49.6%).19 However, as only MxA with perifascicular pattern
is mentioned in the 2018 ENMC-DM classification, this may
result in underdiagnosis or misclassification of 25.4% of DM
muscle biopsies. We thus propose that sarcoplasmic MxA
expression in non-necrotic/regenerating fibers should be
regarded as diagnostic of DM, regardless of the pattern of the
distribution of MxA-positive fibers. Using MxA expression as
a criterion, we identified 7 seronegative DMs that warrant
further study and have yet to be identified as DMSA or as
truly seronegative.

We regardedDMSD as a form of DM.12 Thus, unlike the 2018
ENMC-DM classification, which requires identification of
cutaneous DM features either clinically or pathologically,2 we

included all qualified muscle biopsies in our serologic–
pathologic criteria regardless of the cutaneous features. In this
extended cohort,12 19 anti-NXP-2 antibody-positive patients
(19/83 [22.9%]) presented no skin lesion of any kind at the
time of diagnosis and were classified as DMSD. The pro-
portion was comparable with cases recently reported in a
separate study (8/76 [10.5%]; p = 0.06).24

In addition to the DMSA-associated clinical phenotypes that
are described above, in our cohort, anti-TIF1-γ and anti-Mi-
2 were associated with adult patients while anti-NXP-2 was
associated with juvenile patients. We confirmed that anti-
TIF1-γ was distinctively associated with malignancy. Pres-
ence of anti-TIF-γ antibody in individuals below the age of
40 should also warrant malignancy workup. Anti-SAE DM
was associated with elderly patients and a low CK level and
showed a trend for DM skin lesions, muscle weakness,
dysphagia, and concurrent malignancy, albeit not signifi-
cantly, which may be at least partly due to the limited
number of patients in this study. Seronegative DM was as-
sociated with juvenile patients with less frequent DM skin
lesions.

Due to the retrospective nature of this study, the clinical
information was limited. Thus, we cannot exclude the pos-
sibility of malignancy-associated myositis- and DM-specific
skin lesions that may develop after muscle biopsy diagnosis.
This may affect the prevalence in each antibody subtype. The
small number of anti-SAE DM in our study was likely be-
cause of the lower prevalence of anti-SAE DM in Japanese
populations.23

We used MCA and AHC to explore similarities and differ-
ences among DMSA subtypes. We proposed to use 6 as a
number for AHC truncation because we believe that different
DMSA subtypes (5 DMSAs and seronegative DM) are

Figure 3 Myxovirus Resistant Protein A Expression Patterns in Dermatomyositis

Perifascicular pattern (A, B) and scattered (C)/diffuse (D)
pattern. Bar = 100 μm.
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associated with different pathologic mechanisms and path-
ologic features. We later identified pathologic characteristics
of each DM subtype classified by DMSAs; some were pre-
viously described in smaller studies. Histologic features in
anti-Mi-2 DM were compatible with those previously de-
scribed in immune myopathy with perimysial pathology.7,16

By comparing each DMSA with other subtypes, anti-Mi-2
was associated with PFA,7,9 PFN,7,16 PM-ALP,7,16 in-
flammatory features,7-9 perifascicular MxA expression, and
sarcolemmal MAC expression.7,9,16 We confirmed that anti-
TIF1-γ DM was associated with vacuolated fibers,4 HLA-
ABC expression with perifascicular enhancement, and dis-
tinctive capillary MAC deposition.4 Vacuolated/punched-
out fibers and distinctive capillary MAC deposition were
suggested to associate with malignancy-associated anti-
TIF1-γ DM.4 However, we could not demonstrate an as-
sociation between these features and malignancy. Although
anti-TIF1-γ and anti-NXP-2 DM were very similar, anti-
TIF-γ DM has a higher association with PFA and HLA-ABC
expression with perifascicular enhancement, features de-
scribed for DM with vasculopathy.28,29

Anti-NXP-2 was associated with microinfarctions described in
regional ischemic immune myopathy.28 Although few cases

have been reported describing muscle ischemia or clustered
necrosis in juvenile anti-NXP-2 DM,16,17 we provide evidence
that adult and juvenile anti-NXP-2 DM were equally affected
by microinfarction. Because the percentages of micro-
infarctions in adult and juvenile anti-NXP-2 DM were not
significantly different, this phenomenon could not simply be
explained by different CFRs between the 2 age groups. In a
recent study of inflammatory myopathies, anti-NXP-2 and
anti-TIF1-γ were categorized as myovascular myopathy be-
cause they both showed loss of endomysial capillaries or
positiveMAC deposition.30 In our study, while the percentage
of MAC deposition on capillaries in anti-NXP-2 DM was
virtually equal to the percentage in anti-TIF1-γ DM, the
percentages of microinfarction in these 2 entities were sig-
nificantly different. Thus, microinfarction could not be
explained by complement deposition and warrants further
study.

CNPR fibers are peculiar necrotic-regenerating fibers, de-
scribed as rare in muscular dystrophies,31 but their presence
has never been fully studied. In our experience, CNPRwas not
observed in 140 muscle biopsies with genetically confirmed
muscular dystrophies (eTable 6, links.lww.com/WNL/B691),
although these muscular dystrophies may sometimes show

Table 4 Immunohistochemical Features of Interest

Immunohistochemical features
All DM
(n = 256)

Anti-TIF1-γ
(n = 87)

Anti-Mi-2
(n = 40)

Anti-MDA5
(n = 29)

Anti-NXP-2
(n = 83)

Anti-SAE
(n = 10)

Seronegative
(n = 7)

MxA positivity 256
(100.0)

87 (100.0) 40 (100.0) 29 (100.0) 83 (100.0) 10 (100.0) 7 (100.0)

MxA, perifascicular pattern 96 (37.5) 35 (40.2) 27 (67.5)a* 5 (17.2)a† 23 (27.7)a† 3 (30.0) 3 (42.9)

MxA, scattered/diffuse 65 (25.4) 14 (16.1)a† 5 (12.5)a† 19 (65.5)a* 24 (28.9) 0 3 (42.9)

MxA, mixed pattern 95 (37.1) 38 (43.7) 8 (20.0)a† 5 (17.2)a† 36 (43.4) 7 (70.0)a* 1 (14.3)

HLA-ABC positivity 256
(100.0)

87 (100.0) 40 (100.0) 29 (100.0) 83 (100.0) 10 (100.0) 7 (100.0)

HLA-ABC, perifascicular
enhancement

149 (58.2) 66 (75.9)a* 26 (65.0) 5 (17.2)a† 41 (49.4) 8 (80) 3 (42.9)

HLA-DR positivity 46 (18.0) 16 (18.4) 5 (12.5) 1 (3.4)a† 15 (18.1) 5 (50.0)a* 4 (57.1)a*

HLA-DR, perifascicular pattern 27 (10.5) 8 (9.2) 1 (2.5) 0 10 (12.0) 5 (50.0)a* 3 (42.9)a*

MAC capillary deposition 230 (89.8) 84 (96.6)a* 23 (57.5)a† 25 (86.2) 82 (98.8)a* 10 (100) 6 (85.7)

MAC capillary deposition with
perifascicular pattern

162 (63.3) 65 (74.7)a* 11 (27.5)a† 7 (24.1)a† 65 (78.3)a* 9 (90.0) 5 (71.4)

Distinct MAC capillary deposition in
perifascicular area

155 (60.5) 62 (71.3)a* 8 (20.0)a† 9 (31.0)a† 63 (75.9)a* 8 (80.0) 5 (71.4)

MAC sarcolemmal deposition 68 (26.6) 14 (16.1)a† 27 (67.5)a* 2 (6.9)a† 16 (19.3) 5 (50.0) 4 (57.1)

MAC sarcolemmal deposition with
perifascicular pattern

32 (12.5) 8 (9.2) 20 (50.0)a* 0 2 (2.4)a† 2 (20.0) 0

Abbreviations: DM = dermatomyositis; HLA = human leukocyte antigen; MAC = membrane attack complex; MDA5 = melanoma differentiation-associated
gene 5; Mi-2 = complex nucleosome remodeling histone deacetylase antibody; MxA = myxovirus resistant protein A; NXP-2 = nuclear matrix protein 2; SAE =
small ubiquitin-like modifier activating enzyme; TIF1-γ = transcription intermediary factor 1-γ antibody
Continuous data are shown as mean ± SD; categorial data are shown as number (%).
a p < 0.05 vs other antibody subtypes (*higher percentage; †lower percentage).
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myositis-mimicking pathology.32 It appears that crescent-
shaped small regenerating fibers are present at the periphery
of necrotic fibers although detailed morphologic analysis could
not be performed as samples were not available for electron
microscopy for the patients with CNPR fibers.

In muscular dystrophies and necrotizing myopathies, necrotic
fibers are often invaded by macrophages, which are believed
to clean up the liquefied sarcoplasm, while regeneration is
initiated in parallel. In our study, CNPR fibers were signifi-
cantly associated with microinfarction and some of the
neighboring fibers contained lipid droplets or cytoplasmic
bodies. These findings, together with their hypoxia-inducible
factor expression, suggested that they reflect hypoxic injury.
Of note, infarcted fibers do not usually accompany macro-
phage invasion, which may partly explain why CNPR fibers
did not undergo phagocytosis. CNPR fibers were more
commonly present in anti-Mi-2 DM, which was not asso-
ciated with microinfarction. Further studies are necessary
to better understand whether CNPR fibers in anti-Mi-2 are
developed through a mechanism different from those in
anti-NXP-2 DM. Anti-MDA5 DM was associated with near
normal pathology16,17,33 and scattered/diffuse MxA posi-
tivity,20 while anti-SAE DM was distinctively associated
with HLA-DR expression. Seronegative DM showed a
trend toward inflammation and was associated with sig-
nificant HLA-DR expression. Because HLA-DR expression
is a marker of the type II interferon,34 there may well be
more prominent type II interferon activation in these an-
tibody subtypes.

Our study demonstrated distinctive myopathologic features
associated with DMSA subtypes, which may well indicate the
presence of different underlying pathobiologic mechanisms.
Inclusion of these features into classification criteria would
not only increase diagnostic yield but also help classify DM
subtypes.
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