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Abstract
Identification of antisynthetase syndrome (ASS) could be challenging due to
inaccessibility and technical difficulty of the serology test for the less com-
mon non-Jo-1 antibodies. This study aimed to describe ASS antibody-
specific myopathology and evaluate the diagnostic utility of myofiber
HLA-DR expression. We reviewed 212 ASS muscle biopsies and compared
myopathologic features among subtypes. Additionally, we compared their
HLA-DR staining pattern with 602 non-ASS myositis and 140 genetically
confirmed myopathies known to have an inflammatory component. We used
t-test and Fisher’s exact for comparisons and used sensitivity, specificity, pos-
itive and negative predictive values to assess the utility of HLA-DR expres-
sion for ASS diagnosis. RNAseq performed from a subset of myositis cases
and histologically normal muscle biopsies was used to evaluate interferon
(IFN)-signaling pathway-related genes. Anti-OJ ASS showed prominent
myopathology with higher scores in muscle fiber (4.6 ± 2.0 vs. 2.8 ± 1.8,
p = 0.001) and inflammatory domains (6.8 ± 3.2 vs. 4.5 ± 2.9, p = 0.006)
than non-OJ ASS. HLA-DR expression and IFN-γ-related genes upregula-
tion were prominent in ASS and inclusion body myositis (IBM). When der-
matomyositis and IBM were excluded, HLA-DR expression was 95.4%
specific and 61.2% sensitive for ASS with a positive predictive value of 85.9%
and a negative predictive value of 84.2%; perifascicular HLA-DR pattern is
common in anti-Jo-1 ASS than non-Jo-1 ASS (63.1% vs. 5.1%, p < 0.0001).
In the appropriate clinicopathological context, myofiber HLA-DR expres-
sion help support ASS diagnosis. The presence of HLA-DR expression sug-
gests involvement of IFN-γ in the pathogenesis of ASS, though the detailed
mechanisms have yet to be elucidated.
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1 | INTRODUCTION

Antisynthetase syndrome (ASS) is now recognized as
one of the major subtypes of autoimmune myositis
[1, 2]. ASS has been defined by the presence of anti-
aminoacyl transfer RNA synthetase (antisynthetase,
anti-ARS) autoantibodies with various combinations of
clinical features (i.e., myositis, interstitial lung disease
(ILD), mechanic’s hands, arthritis/arthralgia, fever, and
Raynaud phenomenon) [3, 4]. Anti-Jo-1 ASS is the pro-
totype while clinically-associated non-Jo-1 ASS (i.e.,
ASS associated with anti-PL-7, anti-PL-12, anti-EJ,
anti-OJ, anti-KS, anti-Ha, and anti-Zo antibodies) are
not well-described. This is likely due to the much higher
prevalence of anti-Jo-1 antibody; it was present in
593 (72%) of 828 ASS patients in a collaborative
American and European cohort [5]. Anti-Jo-1 was also
the most common antibody present in 306 (18.7%) of
1637 autoimmune myositis in European patients; non-
Jo-1 anti-ARS antibodies (excluding anti-Ha) were
collectively identified in 57 (3.5%) patients in the
cohort [6].

Using Bohan and Peter classification, ASS was likely
categorized as polymyositis (PM) and dermatomyositis
(DM) [7]. Notably, a clustering analysis of autoimmune
myositis based on clinico-serological features showed
that 95% and 5% of the “ASS-corresponding cluster”
were historically diagnosed with PM and DM, respec-
tively [1]. By this approach, the diagnosis of PM is
obsolete. DM features including DM skin lesions
(i.e., Gottron signs/papules and/or heliotrope rashes)
and perifascicular atrophy (PFA) were reported in
15%–28% [8, 9] and 17.0%–44.4% [10, 11] of ASS
patients at the time of diagnosis, respectively. Further-
more, ASS features including mechanic’s hands and
ILD, were reported in 42.7% and 76.5% of anti-MDA5
DM, respectively [12]. Pathological features originally
described in ASS including perifascicular and perimysial
pathology were also reported in DM, especially anti-
Mi-2 DM [11, 13, 14]. Thus, incomplete serology test
and possible technical challenges could misclassify ASS
as DM and vice versa [15, 16]. This study aimed to
describe myopathological features of ASS to help iden-
tify patients in such situations. We also chose to explore
myofiber human leukocyte antigen (HLA)-DR expres-
sion as a potential diagnostic tool for ASS because
(i) HLA-DR has been reported mainly in inclusion body
myositis (IBM) and ASS and less commonly present in
other entities [10, 17, 18] and (ii) other pathological fea-
tures previously described in ASS can be present in
other entities, especially DM [11, 14].

2 | METHODS

2.1 | Patients

This study was an expansion of ASS cohort from previous
studies [19–21] including 212 muscle biopsies from serolog-
ically confirmed ASS patients evaluated at NCNP, a
nation-wide referral center for muscle disease, between
January 2009 and September 2019 (anti-Jo-1 = 65, anti-
OJ = 20, anti-PL-7 = 20, anti-PL-12 = 11, anti-EJ = 10,
anti-KS = 1, and anti-ARS positive, not otherwise specified
(anti-ARS_NOS = 85). For comparison on HLA-DR
expression, we included 742 muscle biopsies from 188
DM (anti-TIF1-γ = 65, anti-Mi-2 = 30, anti-
MDA5 = 22, anti-NXP-2 = 60, anti-SAE = 5, and sero-
negative DM = 6), 313 immune-mediated necrotizing
myopathy (IMNM, anti-SRP = 188 and anti-HMGCR =
125), and 140 myopathies possibly contain inflammatory
features [22] categorized as “possible myositis mimics”
(P-MM: dysferlinopathy = 50, sarcoglycanopathy = 15,
laminopathy = 16, anoctamin-5 (ANO5) myopathy = 3,
fukutin-related protein (FKRP) myopathy = 9, and
facioscapulohumeral muscular dystrophy (FSHD) = 47)
and recently diagnosed IBM (between January 2019 and
September 2019, n = 101). Patients were classified as
adult if they were ≥18 years old.

2.2 | Serological information and inclusion
criteria for autoimmune myositis

Anti-ARS antibodies and DM-specific antibodies (DMSA:
anti-TIF1-γ, anti-Mi-2, anti-MDA5, anti-NXP-2, and anti-
SAE) were identified using previously described methods
[11]. ASS muscle biopsies were classified according to anti-
ARS subtypes. Patients who tested positive on an ELISA
using recombinant ARS antigens (Jo-1, PL-7, PL-12, EJ,
and KS) but had no further test(s) for specific antibody sub-
type were categorized as “anti-ARS_NOS.” All patients
with anti-OJ antibody were identified by RNA immunopre-
cipitation; seven cases were selectively tested in patients with
clinicopathological impressions of autoimmune myositis
who were negative for the other myositis-specific antibodies.
DM muscle biopsies were identified using sarcoplasmic
immunoexpression for myxovirus resistance protein A
(MxA) with one concurrent DMSA seropositivity or
MxA-positive but negative for all DMSA (seronegative
DM) [11]. IMNM muscle biopsies included all patients
with either anti-SRP or anti-HMGCR seropositive
[22]. In Japan, anti-SRP antibodies were detected by RNA
immunoprecipitation and/or ELISA, while anti-HMGCR
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antibodies were detected by protein immunoprecipitation
and/or ELISA [23, 24]. Anti-SRP antibodies were also rec-
ognized by commercialized immunoblot. We identified
IBM by Llyod et al. criteria [25] and used the patchy/dot-
like pattern of p62 as a surrogate marker for rimmed
vacuoles.

2.3 | Possible myositis mimics (P-MM)

Targeted resequencing gene panels was used to identify
dysferlinopathy, sarcoglycanopathy, laminopathy, ANO5
myopathy, and FKRP myopathy [26]. All dysferlinopathy
and sarcoglycanopathy muscle biopsies showed decreased
or absence of the corresponding proteins on immunohisto-
chemistry and western blotting. FSHD type 1 was diag-
nosed based on D4Z4 repeat contractions with the 4qA
haplotype, and FSHD type 2 was diagnosed by Sanger
sequencing [27, 28].

2.4 | Pathological evaluation

We routinely performed a battery of histochemical and
immunohistochemical staining procedures for diagnostic
pathologic evaluation, including hematoxylin and eosin,
modified Gömöri trichrome, acid phosphatase, alkaline
phosphatase (ALP), cytochrome c oxidase (COX), MxA,
HLA-ABC, HLA-DR, and membrane attack complex
(C5b-9); all of which were re-evaluated for this study.
For ASS, the following immunohistochemical stains also
routinely performed for diagnosis, were evaluated: neo-
natal myosin heavy chain, utrophin, CD3, CD8, CD20,
and CD68. We also evaluated p62 in IBM. The clones
and sources of antibodies were described in eTable S1.

JT blindly evaluated muscle biopsies without antibody
information. IN confirmed the pathologic findings. The
pathology domains (muscle fiber, inflammatory, vascular,
and connective tissue) inspired by a pathology scoring sys-
tem for juvenile DM were evaluated [11] (eTable S2).
Because the limited number of juvenile ASS, we excluded
them from the capillary: myofiber ratio (CFR) compari-
son. We categorized ASS into four pathological patterns:
(i) normal/non-specific change, (ii) necrotizing myopathy

with perifascicular necrosis (PFN) (Figure 1) [29],
(iii) necrotizing myopathy without PFN, and (iv) others
(including but not limited to type 2 fiber atrophy, PFA,
rimmed vacuoles, nemaline body, cytoplasmic body, and
neurogenic change without other distinct pathology).
HLA-DR expression was classified into seven patterns
(Figure 2): 0 = negative, 1 = scattered without a specific
pattern, 1+ = patchy to diffusely positive without a specific
pattern, 2 = a few positive fibers in the perifascicular area,
3 = several or more positive fibers in the perifascicular
area, 4 = positive fibers mainly located in the perifascicular
area and involving at least 2/3 of one side of a fascicle,
5 = a mixture of pattern 4 and pattern 1/1+. We grouped
HLA-DR categories 3 + 4 + 5 as “perifascicular pattern”
since we speculated that these patterns are in continuum.
We did not include pattern 2 in “perifascicular pattern”
because we suspected that such findings could be randomly
present. Ultrastructural evaluation for tubuloreticular
inclusions (TRI) was performed in 35 available specimens.
The biopsies without TRI observed in 15 randomly exam-
ined capillaries were classified as “negative for TRI.”

2.5 | Statistical analysis

Anti-KS and anti-ARS_NOS ASS were included for total
ASS features evaluation but were excluded from subtype
comparison because the limited number of the former
and the possible mixed population of the latter. We used
Brown-Forsythe ANOVA followed by Dunnett T3 test
for multiple comparisons of the continuous variables.
Welch t test and Fisher’s exact test were used to compare
the continuous and categorical variables, respectively.
We compared the percentages of HLA-DR expression and
the expression patterns between ASS and non-ASS dis-
eases. The sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) of all HLA-
DR expression patterns, including perifascicular (pattern 3
+ 4 + 5). The clinical and pathological differences between
anti-Jo-1 ASS and anti-OJ ASS with and without perifasci-
cular HLA-DR expression were compared. Statistical sig-
nificance was defined by p values <0.05. Statistical
analyses were conducted using GraphPad Prism version
9.1.0 for MAC (GraphPad).

F I GURE 1 Perifascicular necrosis
(PFN): (A) PFN is recognized when two-
third of necrotic fibers present in the two
outermost layers at the periphery of the
fascicles (perifascicular areas).
(B) Scattered necrosis: no specific
localization of necrotic fibers. Necrotic
fibers are highlighted (yellow arrows)
(Bar = 50 μm).
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2.6 | RNA sequencing

We performed RNA sequencing analysis using frozen
muscle biopsy samples from 140 autoimmune myositis
patients, including 26 patients with ASS (anti-Jo-1 = 13
and anti-OJ = 13), 81 with DM (anti- TIF1-γ = 18, anti-
Mi-2 = 14, anti-NXP-2 = 32, and anti-MDA5 = 17),
24 with IMNM (anti-SRP = 12 and anti-HMGCR = 12),
and 9 with IBM. Twelve histologically normal muscle

biopsies were analyzed. In brief, RNA was prepared
using TRIzol and Maxwell® RSC Simply RNA Kit
(Promega, Madison, WI) and sequenced using the Illu-
mina Hiseq 4000 (Illumina) or MGISEQ-2000 (Beijing
Genomics Institution). Salmon version 0.13.1 was used to
align reads and quantify gene abundance [30]. Differen-
tial gene expression analysis was performed using
DESeq2, version 1.34.0 [31]. Adjusted p values ≤0.05
were considered to indicate statistical significance.

F I GURE 2 HLA-DR staining patterns in this
study (Bar = 50 μm).
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Differentially expressed genes were ranked according to
their degree of significance based on their adjusted
p value.

2.7 | Interferon genes and pathway

The lists of interferon (IFN) signaling pathway genes
were collected from Reactome biological pathways
(reactome.org). R version 4.1.3 [32], RStudio version
2022.02.01 [33], and the ComplexHeatmap package ver-
sion 2.10.0 [34] were used to create a differential gene
expression heatmap.

2.8 | Standard protocol approvals,
registrations, and patient consents

The institutional review board of the NCNP approved
this study. All materials used in this study were obtained
for diagnostic purposes and were permitted for research
use with written informed consent.

3 | RESULTS

3.1 | Clinical features

The clinical features were summarized in Table 1. Anti-OJ
ASS were older, had higher creatine kinase (CK) levels,
and shorter disease duration before muscle biopsy (non-OJ
ASS 58.3 ± 15.9 years, p = 0.03; 2930.0 ± 3476.3 U/L,
p = 0.03; and 29.7 ± 65.1 months, p = 0.03, respectively).
Anti-PL-12 ASS had lower CK levels. (non-PL-12 ASS
3651.9 ± 4130.0, p = 0.003). Fever was less common in
anti-Jo-1 (non-Jo-1 ASS 37.1%, p = 0.02). The prevalence
of muscle weakness, mechanic’s hands, Raynaud phenom-
enon, joint involvement, ILD, and malignancy did not dif-
fer among ASS subtypes. DM skin lesions (i.e., Gottron
sign/papule and/or heliotrope rash), were observed in
28.3% of ASS patients and were more common in anti-
PL-7 ASS (non-PL-7 ASS 21.5%, p = 0.05).

3.2 | Ultrastructural study

TRIs were observed in 11 (31.4%) of ASS muscle biopsies
(anti-Jo-1, 2/10; anti-OJ, 2/5; anti-PL-7, 1/3; anti-PL-12,
4/5; anti-EJ, 0/3; and anti-ARS_NOS, 2/9).

3.3 | Anti-OJ ASS pathology was prominent
in all four domains

Anti-OJ ASS had higher muscle fiber domain, necrotic
fiber, regenerating fiber, and PFA scores (4.6 ± 2.0
vs. non-OJ ASS 2.8 ± 1.8, p = 0.001; 1.7 ± 0.6 vs. 1.0

± 0.7, p < 0.0001; 0.9 ± 0.4 vs. 0.6 ± 0.5, p = 0.008; and
0.7 ± 0.9 vs. 0.2 ± 0.6, p = 0.04, respectively) (eTables S3
and S4, Figures 3A and 4).

Anti-Jo-1 ASS had lower muscle fiber domain, necrotic
fiber, atrophic fiber, and PFA scores (2.5 ± 1.4 vs. non-Jo-1
ASS 3.7 ± 2.2, p = 0.0003; 0.9 ± 0.7 vs.1.3 ± 0.7,
p = 0.002; 0.6 ± 0.7 vs. 0.9 ± 0.9, p = 0.03; 0.1 ± 0.4
vs. 0.5 ± 0.8, p = 0.0004, respectively). Anti-OJ ASS was
associated with a higher inflammatory score, endomy-
sial and perimysial CD68 infiltration scores, perivascu-
lar inflammatory cell infiltration score, and a higher
prevalence of perivascular inflammatory cell infiltration
and vasculitis (6.8 ± 3.2 vs. non-OJ ASS 4.5 ± 2.9,
p = 0.006; 1.9 ± 0.4 vs.1.6 ± 0.6, p = 0.02; 1.6 ± 0.7
vs. 1.0 ± 0.8, p = 0.0007; 0.8 ± 0.4 vs. 0.4 ± 0.5,
p = 0.002; 75.0% vs. 36.5%, p = 0.002; 45.0% vs. 11.2%,
p = 0.0009, respectively) (Figure 3B, eTables S3, S5 and
S6). Anti-PL-12 ASS was associated with lower inflam-
matory score (2.6 ± 1.5 vs. non-PL-12 ASS 5.0 ± 3.1,
p = 0.0008).

For the vascular domain, the CFR in adult patients
of all ASS subtypes except anti-PL-7 ASS was lower than
that of the control specimen (control CFR 1.1 ± 0.1)
(Figure 3C and Figure S1). The adult CFR were not dis-
tinctively different among ASS subtypes (eTable S3).
Anti-EJ was associated with high muscle domain score
(4.7 ± 2.1 vs. non-EJ ASS 3.0 ± 1.8, p = 0.03) but the
inflammatory score was not distinctively different from
the other subtypes. For the connective tissue domain,
anti-OJ and anti-EJ ASS showed more frequent incre-
ments in perimysial ALP activity (70.0% vs. non-OJ ASS
42.1%, p = 0.03, 90.0% vs. non-EJ ASS 42.7%,
p = 0.006). Endomysial fibrosis was more common in the
anti-EJ ASS group (60.0% vs. non-EJ ASS 12.0%,
p = 0.001). Perimysial ALP activity and endomysial
fibrosis were less common in anti-Jo-1 ASS (33.8%
vs. non-Jo-1 ASS 59.7%, p = 0.004 and 7.7% vs. 24.2%,
p = 0.01, respectively). The disease duration in patients
with and without endomysial fibrosis was not distinc-
tively different (36.8 ± 70.0 vs. 22.5 ± 52.0 months,
p = 0.27). Notably, patients with endomysial fibrosis had
higher muscle domain (4.6 ± 1.6 vs. 2.6 ± 1.7,
p < 0.0001) and inflammatory domain scores (12.6 ± 5.0
vs. 7.1 ± 5.0, p < 0.0001). Perimysial connective tissue
fragmentation did not differ among ASS subtypes
(eTable S3).

3.4 | Necrotizing myopathy was the most
common myopathological pattern in ASS

The most common myopathological pattern in ASS
patients was necrotizing myopathy without PFN (46.2%)
of which the prevalence did not differ substantially
among the ASS subtypes. PFN was present in 28.3% of
the overall ASS cases and was more common in anti-
PL-7 ASS (55.0% vs. non-PL-7 30.8%, p = 0.04). PFN
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was not present in the anti-PL-12 ASS group (0%
vs. non-PL-12 37.9%, p = 0.008). PFA was present in
17% of all ASS; it was common in anti-OJ (40.0%
vs. non-OJ 16.8%, p = 0.03) and anti-EJ ASS (60.0%
vs. non-EJ 17.1%, p = 0.005). Decreased COX activity in
perifascicular fibers. CD8 or CD68/acid phosphatase-
positive cell infiltration into non-necrotic fibers, and
CD20-positive cell aggregation were not common in ASS
and were not distinctively different among ASS subtypes
(Figure 5A, eTable S6).

3.5 | Perifascicular HLA-ABC enhancement
and HLA-DR localization was common in anti-
Jo-1 ASS

HLA-ABC expression was present in 92.5% of ASS mus-
cle biopsies, and HLA-ABC expression with perifascicu-
lar enhancement was more common in anti-Jo-1 ASS
(26.2% vs. non-Jo-1 3.2%, p = 0.0003) (Figure 5B, e-
Table S7 and eFigure S2). Among 16 HLA-ABC-
negative ASS biopsies, only one biopsy contained
necrotic and regenerating fibers. HLA-DR expression
was observed in 60.4% of ASS patients. All but one
HLA-DR-positive biopsy showed HLA-ABC expression.
The most common HLA-DR expression pattern was
perifascicular localization that involved at least 2/3 of a
fascicle (pattern 4) (28.3%); the pattern was distinctively
common in anti-Jo1 ASS (46.2% vs. non-Jo-1 17.7%,
p = 0.0007) (Figure 6, eTable S8). Pattern 4 HLA-DR
expression was observed in 40.7% (24/59) of ASS muscle
biopsies showing necrotizing myopathy with PFN, 29.9%
(29/97) of necrotizing myopathy without PFN, 16.2%
(6/37) of normal/nonspecific pathology, and one muscle
biopsy with neurogenic changes (eTables S6 and S9).
C5b-9 deposition on capillaries and sarcolemma was
noted in 58.8% and 47.2% of all ASS cases, respectively.

Sarcoplasmic MxA expression was observed in three ASS
patients (1.4%, 1 Jo-1, 1 OJ, and 1 PL-7-positive patients)
[21]; all of them were HLA-DR-negative. C5b-9 and
MxA expressions were not distinctively different among
the ASS subtypes (eTable S7).

3.6 | HLA-DR expression was more common
in IBM with patchy/diffuse and scattered
patterns

HLA-DR expression was much more common in IBM
than in ASS (98.0% vs. 60.4%, p < 0.0001), with promi-
nent patchy/diffuse (64.4%) followed by scattered (29.7%)
patterns. Except for IBM, HLA-DR expression was dis-
tinctively more common in ASS than in the other entities
(14.9% DM, 6.4% IMNM, 0.7% P-MM, p < 0.0001).
Perifascicular HLA-DR expression (pattern 3 + 4 + 5) is
observed in 11.2% of DM (eTable S10); although the case
number were limited, perifascicular HLA-DR was com-
mon in anti-SAE (2/5, 40.0%) and seronegative DM (33)
(2/6, 33.3%). Notably, diffuse HLA-DR expression was
observed in one P-MM (FSHD) patient; the muscle
biopsy showed fibrofatty infiltration, macrophages infil-
tration, focal increased ALP activity in connective tissue,
and HLA-ABC and sarcolemmal MAC expression
(eFigure S3).

3.7 | Perifascicular HLA-DR expression was
highly specific for anti-Jo-1 ASS

Exclusion of entities potentially misdiagnosed as ASS
by appropriate criteria (e.g., sarcoplasmic MxA expres-
sion for DM and clinicopathological criteria for IBM)
help increase diagnostic performance of HLA-DR to
95.4% specificity, 61.2% sensitivity, 85.9% PPV and

F I GURE 3 Pathology domains among antisynthetase antibody subtypes. (A) Muscle fiber domain: Anti-OJ had a distinctively higher muscle
fiber domain score than anti-Jo-1. (B) Inflammatory domain: Anti-OJ presented the highest inflammatory domain score which was distinctively
higher than anti-PL-7 and anti-PL-12. Anti-Jo-1 showed distinctively higher score than anti-PL-12. (C) Adult capillary:myofiber ratio: The ratio in all
antisynthetase antibody subtypes, except for anti-PL-7, was distinctively lower than controls. The ratio was not distinctively different among antibody
subtypes. Bar = mean ± SD, analysis of variance with Dunnett T3 multiple comparison: p value 0.0332 (*), 0.0021 (**), 0.0002 (***), <0.0001 (****).
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F I GURE 4 Histologic patterns in anti-
Jo-1 and anti-OJ antisynthetase syndrome.
Representative figures for anti-Jo-1 ASS
(A, C, E, G, I) and anti-OJ ASS (B, D,
F, H, J): Both anti-Jo-1 and anti-OJ showed
perifascicular necrosis on H&E (yellow
arrows indicate necrotic fibers, A and B),
but more prominent inflammatory cell
infiltration was observed in anti-OJ ASS (B).
Both anti-Jo-1 and anti-OJ ASS showed
increased perimysium alkaline phosphatase
activity (C and D). HLA-ABC was diffusely
expressed (E and F). Anti-Jo-1 ASS was
commonly associated with perifascicular
HLA-DR expression (G). In this case, anti-
OJ ASS showed scattered HLA-DR
positivity (H). Both subtypes showed
sarcolemmal C5b-9 expression in
perifascicular areas (yellow arrowheads
indicate immunohistochemical positive
fibers, I and J). A–C, E–G bars = 50 μm; D
and H bars = 20 μm; H&E, hematoxylin
and eosin; ALP, alkaline phosphatase;
HLA-ABC, human leukocyte antigen-ABC;
HLA-DR, human leukocyte antigen-DR;
C5b-9: membrane attack complex.

8 of 15 TANBOON ET AL.



84.2% NPV. Perifascicular HLA-DR expression (pat-
tern 3 + 4 + 5) indicated a diagnosis of anti-Jo-1 ASS
over the other entities with 94.9% specificity, 64.1% sen-
sitivity, 61.2% PPV and 95.5% NPV (Table 2).

3.8 | IFN-γ inducible genes were the most
significantly upregulated IFN genes in ASS
and IBM

The most significantly upregulated IFN genes in anti-
Jo-1, anti-OJ ASS, and IBM were the type II IFN (IFN-
γ)-inducible genes (e.g., PSMB8 and B2M). Type I IFN
(IFN1)-inducible genes (e.g., ISG15, IFI6, OAS gene
families) were highly upregulated in anti-TIF1-γ, Mi-2,

MDA5, and NXP-2 DM. Anti-HMGCR and anti-SRP
IMNM showed lower expression of these genes.
Although the class II major histocompatibility complex
transactivator (CIITA) was not present among the
10 most significantly upregulated IFN genes, its expres-
sion level in ASS and IBM showed a higher degree of sig-
nificance than that of the other entities (eFigure S4,
Table 3).

4 | DISCUSSION

This is a comprehensive myopathology study to describe
features of different ASS subtypes. Because the commer-
cially available antibody detection kit and ELISA likely

F I GURE 5 Myopathological (A) and immunohistochemical features (B) in antisynthetase syndrome.
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fail to detect anti-OJ-antibodies due to their structural
complexity, we used RNA immunoprecipitation for all
anti-OJ detection [15, 16, 20, 35]. Compared to the other
ASS subtypes, the clinical and myopathological features
of anti-OJ ASS suggest more severe muscle involvement:
higher CK level, shorter disease duration before biopsy,
higher muscle fiber domain, and inflammatory domain
scores. Although these results could be partly affected by
antibody test bias in seven anti-OJ cases, the results con-
form with the bias-free original cohort [19–21]
(eTables S11 and S12). Whether the more severe muscle
involvement in anti-OJ ASS affects overall disease prog-
nosis compared to the other ASS subtype needs long term
study preferably among the patients identified by immu-
noprecipitation or comparable method [36]. The lower
CK levels and inflammatory domain score in anti-PL-12
ASS suggests milder muscle disease involvement [9].
Except for a lower number of patients with fever in anti-
Jo-1 ASS, there was no difference in other extramuscular
symptoms among the ASS subtypes.

Anti-Jo-1 ASS has been categorized as an immune
myopathy with perimysial pathology (IMPP) showing a
combination of PFN and perimysial pathology (i.e., perimy-
sial connective tissue fragmentation and increased perimysial
ALP activity) [13]. Nevertheless, these features are shared
by other ASS subtypes [19] and anti-Mi-2 DM [11, 14].
The fact that PFN is more common in anti-PL-7 ASS
could be explained by their myopathology severity
which ranks between the higher end of the spectrum

(represented by anti-OJ and anti-EJ ASS) and the lower
end of the spectrum (represented by anti-PL-12 and
anti-Jo-1 ASS). Notably, PFN is not present in our anti-
PL-12 ASS. In our study, the most common myopathol-
ogy pattern in ASS is necrotizing myopathy without
PFN. Perimysial connective tissue fragmentation is not
distinctively different among ASS subtypes. The more
common perimysial ALP expression in anti-OJ and
anti-EJ ASS is likely associated with the high perimysial
CD68-positive cell infiltration scores (eTable S5); a sub-
set of tumor necrosis factor-α and interleukin-1β-
secreting CD68-positive cells could induce tissue-
nonspecific ALPs expression [37, 38]. Reduction of
CFR in all ASS subtypes, except for anti-PL-7, could be
the result of C5b-9 deposition capillary damage [29].
Interestingly, while the number of anti-PL-7 ASS with
capillary C5b-9 deposition in our study is not different
from the other antibody subtypes, their CFR is not sig-
nificantly decreased. These results suggest possible uni-
dentified factor(s) causing different degree of capillary
damage and tissue hypoxia among ASS subtypes. The
higher number of PFA in anti-EJ and anti-OJ ASS
could be attributed to their more profound muscle
pathology. The underlying mechanism for tissue injury
is possibly different considering the higher inflammatory
domain score in anti-OJ ASS. Whether the underlying
pathomechanism(s) of ASS features are different from
those of the features shared with other autoimmune
myositis, especially DM, remains to be elucidated.

Major histocompatibility complex class I (MHC) and
II are essential antigen presenting molecules in CD8 + T
and CD4 + Tcell-adaptive immune response. Human
leukocyte antigens (HLA) are MHC molecules that each
of them expressed from three highly pleomorphic gene
regions (MHC class I: HLA-A, HLA-B, HLA-C, and
MHC class II: HLA-DR, HLA-DP, HLA-DQ) [39, 40].
The proteins can be detected by immunohistochemistry
for HLA-ABC (MHC class I) and HLA-DR (MHC class
II); these proteins do not express on normal myofiber
[17]. The master regulator of MHC class I and II expres-
sion are MHC class I transactivator (CITA/NLC5) and
CIITA, respectively. While CITA/NLC5 can be induced
by both type of IFN, CIITA is mainly induced by type
2 IFN [39, 40]. Unlike HLA-DR, HLA-ABC is more
commonly expressed in various muscle diseases [17, 18].

Smaller studies previously addressed the pattern of
the HLA-ABC, HLA-DR, and C5b-9 expression in ASS
[10, 29]. We observe HLA-ABC expression in 92.5% of
ASS. Perifascicular HLA-ABC enhancement is more
common in anti-Jo-1 ASS but at a lower percentage than
the previous study (26.2% vs.79%) [29]. In a French ASS
study which 88% (44/50) of the cases were anti-Jo-1 ASS,
HLA-DR expression was reported in 82.8% of the ASS
cases and all of them show perifascicular expression pat-
tern [10]. In a recent study involving 10 muscle biopsies
from anti-Jo-1, 6 from anti-PL-7, and 8 from anti-PL-12
ASS patients, the authors demonstrated similar

F I GURE 6 HLA-DR staining pattern in different entities: HLA-
DR expression in perifascicular area (pattern 3 + 4 + 5) was more
common in ASS than the other idiopathic inflammatory myopathies
and potentially myositis mimics. The pattern was more common in anti-
Jo-1 ASS than the other antisynthetase syndrome antibodies. ARS,
antisynthetase syndrome (all subtypes); DM, dermatomyositis; IBM,
inclusion body myositis; IMNM, immune-mediated necrotizing
myopathy; P-MM, possible myositis mimics.
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pathological features among these ASS subtypes includ-
ing PFN, MHC class I upregulation and prominent peri-
fascicular MHC class II expression; only one PL-12 ASS
had negative MHC class II expression [41]. In line with
the pathological features, the proteomic profiling of mus-
cle associated with these three antibodies show no signifi-
cant difference [ 41]. Unlike these cohorts, our study
shows a smaller proportion of overall and perifascicular
HLA-DR expression. After exclusion of DM and IBM,
the major entities that can disguise clinically and patho-
logically as ASS, and MxA-positive ASS which may con-
tain concurrent unidentified DMSA, the specificity of
HLA-DR expression for ASS increase to 95.4%. In this
setting, presence of perifascicular HLA-DR expression
(pattern3 + 4 + 5) is highly specific (94.9%) to anti-Jo-1
ASS. Presence of IFN-γ inducible genes as the most sig-
nificantly upregulated IFN genes in ASS and IBM sug-
gests IFN-γ signaling pathway activation on CIITA
which induce myofiber HLA-DR expression in these dis-
eases. Co-expression of CIITA and HLA-DR on perifas-
cicular fibers also reflects activation of the IFN-γ
signaling pathway (eFigure S5) [40]. Among major sub-
types of autoimmune myositis, IFN-γ-related genes are
reported to be upregulated in IBM and ASS [42].
Although IFN-γ can be produced by various types of
inflammatory cells, presence of HLA-DR expression in
10 biopsies with normal/nonspecific muscle pathology
raising the possibility of other regulated mechanisms yet
to be identified in ASS [10, 40]. TRI, the IFN1-induced
structure, are less commonly present in ASS than DM
[43]. The finding is well-correlated with a lower expres-
sion level of IFN1-related genes in ASS [42] and the pres-
ence of scattered faint MxA-positive capillaries in a
subset of our ASS patients (60.9%, 98/161 unpublished

data) but rare sarcoplasmic expression. Both sarcolemma
and capillary C5b-9 depositions are present in ASS and
DM but strong capillary C5b-9 depositions similar to
those appear in DM are uncommon in ASS [11].

Considering clinical combination of muscle weakness
accompanying with skin lesions and/or other extramuscu-
lar symptoms, the major differential diagnoses for ASS
should include DM, IMNM and overlap myositis (OM,
overlap syndrome) [44]. While anti-Mi-2 DM share peri-
fasciular and perimysial pathology with ASS [11], DM
associated with other DMSA subtypes show distinct
pathological features: anti-TIF1-γ DM with vacuolated/
punched out fiber; anti-MDA5 DM with near normal or
less muscle pathology and inflammatory features and
anti-NXP-2 DM with microinfarction [43]. Anti-SAE
DM and seronegative DM tend to be associated with
HLA-DR expression [43]. In the absence of serological
information, presence of sarcoplasmic MxA expression
support the diagnosis of DM over the other entities [21, 45].
Extramuscular involvement is more common in anti-
SRP than anti-HMGCR IMNM [44, 46]. Without serol-
ogy test or immunohistochemical study, muscle biopsy in
IMNM could be indistinguishable from ASS. In our
study, presence of HLA-DR expression favors the diag-
nosis of ASS over IMNM. Coexistence of myositis and
another autoimmune disorder including but may not lim-
ited to systemic sclerosis, systemic lupus erythematosus,
and rheumatoid arthritis defines OM. OM may or may
not associated with autoantibodies including anti-
U1RNP, anti-Ku, anti-PM-Scl, anti-RuvBL, anti-
RuvBL2, anti-Ro/SS-A, and anti-La/SS-B. The clinical
history and pathology findings in OM are heterogenous.
Pathological findings can range from perimysial fibrosis
with endothelial lesion and perifascicular ischemia to

TABLE 2 Sensitivity, specificity, positive- and negative predictive value of HLA-DR expression in ASS.

ASS (n = 212) Non-ASSa (n = 742) Sensitivity Specificity PPV NPV

HLA-DR expression 128 (60.4) 148 (19.9) 60.4% 80.1% 46.4% 87.6%

Considering ASS versus other entities excluding MxA-positive muscle biopsies and muscle biopsies from patient clinico-pathologically compatible
with IBM.

ASSb (n = 209) Non-ASSc (n = 453) Sensitivity Specificity PPV NPV

HLA-DR expression 128 (61.2) 21 (4.6) 61.2% 95.4% 85.9% 84.2%

HLA-DR 3 + 4 + 5 93 (44.5) 6 (1.3) 44.5% 98.7% 93.9% 79.4%

Considering anti-Jo-1 ASS versus other entities excluding MxA-positive muscle biopsies and muscle biopsies from patient clinico-pathologically
compatible with IBM.

Jo-1 ASS (n = 64)d Non-Jo-1c,e (n = 513) Sensitivity Specificity PPV NPV

HLA-DR 3 + 4 + 5 41 (64.1) 26 (5.1) 64.1% 94.9% 61.2% 95.5%

Note: Pattern 1 and 1+ HLA-DR expression show non-specific localization. We did not include pattern 2 in “perifascicular pattern” because small number HLA-DR-
positive myofibers were present in perifascicular areas; we suspected that such findings could be randomly present and non-specific.
Abbreviations: ASS, antisynthetase syndrome; anti-ARS, anti-RNA synthetase; DM, dermatomyositis; HLA, human leukocyte antigen; IBM, inclusion body myositis;
IMNM, immune-mediated necrotizing myopathy; MxA, Myxovirus resistance protein A; NOS, not otherwise specify; NPV, negative predictive value; P-MM, possible
myositis mimics; PPV, positive predictive value.
aNon-ASS include DM = 188, IMNM = 313, IBM = 101, P-MM = 140.
bExclude 3 MxA-positive ASS: anti-Jo-1 = 1; anti-OJ =1; anti-PL-7 = 1.
cExclude DM = 188 and IBM = 101.
dExclude 1 MxA-positive anti-Jo-1 ASS.
eExclude 2 MxA-positive ASS: anti-OJ =1, anti-PL-7 = 1, exclude anti-ARS_NOS.

MUSCLE PATHOLOGY OF ANTISYNTHETASE SYNDROME 11 of 15



T
A
B
L
E

3
E
xp

re
ss
io
n
le
ve
ls
of

th
e
10

m
os
t
si
gn

if
ic
an

tl
y
ex
pr
es
se
d
ge
ne
s
of

th
e
IF

N
-s
ig
na

lin
g
pa

th
w
ay

an
d
C
II
T
A
in

di
ff
er
en
t
su
bt
yp

es
of

in
fl
am

m
at
or
y
m
yo

pa
th
y.

Jo
-1

O
J

IB
M

H
M
G
C
R

S
R
P

G
en
e

L
2F

C
P
ad
j

G
en
e

L
2F

C
P
ad
j

G
en
e

L
2F

C
P
ad
j

G
en
e

L
2F

C
P
ad
j

G
en
e

L
2F

C
P
ad
j

P
S
M
B
8

3.
75

2.
62

E
-5
1

P
S
M
B
8

3.
22

1.
89

E
-3
8

P
S
M
B
8

3.
44

4.
79

E
-3
6

IF
I3
0

3.
89

7.
25

E
-1
6

IF
I3
0

3.
83

1.
59

E
-1
5

B
2M

2.
76

1.
04

E
-3
5

IF
I3
0

5.
45

1.
32

E
-3
5

B
2M

2.
56

6.
97

E
-2
6

F
C
G
R
1A

4.
65

3.
36

E
-1
1

T
R
IM

14
2.
59

8.
26

E
-1
2

IR
F
9

2.
68

2.
04

E
-2
9

B
2M

2.
47

1.
73

E
-2
9

H
L
A
-A

2.
63

2.
16

E
-2
2

N
C
A
M
1

3.
48

2.
63

E
-1
0

P
S
M
B
8

1.
76

2.
38

E
-1
0

IR
F
1

3.
51

7.
17

E
-2
8

T
R
IM

14
3.
71

3.
04

E
-2
7

G
B
P
6

7.
49

7.
03

E
-2
2

IR
F
5

2.
28

4.
57

E
-1
0

IR
F
9

1.
64

3.
56

E
-1
0

H
L
A
-A

2.
61

2.
39

E
-2
6

IC
A
M
1

3.
24

2.
14

E
-2
5

H
L
A
-F

2.
88

4.
48

E
-2
1

T
R
IM

14
2.
36

7.
70

E
-1
0

IR
F
5

2.
22

1.
20

E
-0
9

IC
A
M
1

3.
35

2.
94

E
-2
6

F
C
G
R
1A

6.
54

5.
99

E
-2
5

H
L
A
-B

3.
11

9.
45

E
-2
1

O
A
S
1

2.
49

1.
37

E
-0
9

O
A
S
1

2.
47

1.
74

E
-0
9

G
B
P
1

4.
19

5.
63

E
-2
6

IF
I6

3.
89

1.
89

E
-2
1

H
L
A
-E

1.
84

5.
18

E
-1
9

IR
F
8

2.
79

4.
69

E
-0
9

IR
F
7

1.
96

3.
22

E
-0
9

H
L
A
-F

2.
92

9.
82

E
-2
6

S
A
M
H
D
1

2.
06

5.
92

E
-2
1

H
L
A
-D

R
A

3.
68

1.
55

E
-1
8

T
R
IM

38
1.
61

5.
68

E
-0
9

IR
F
8

2.
79

4.
67

E
-0
9

IF
I3
0

4.
67

1.
08

E
-2
5

H
L
A
-A

2.
25

1.
75

E
-2
0

H
L
A
-D

P
A
1

3.
38

1.
64

E
-1
8

O
A
S
L

2.
98

6.
43

E
-0
9

O
A
S
2

2.
28

1.
11

E
-0
8

H
L
A
-B

2.
87

4.
27

E
-2
1

V
C
A
M
1

3.
56

2.
00

E
-2
0

H
L
A
-D

P
B
1

3.
57

2.
40

E
-1
8

H
L
A
-D

P
A
1

2.
19

1.
46

E
-0
8

V
C
A
M
1

2.
42

1.
91

E
-0
8

C
II
T
A

2.
43

6.
53

E
-1
3

C
II
T
A

1.
80

5.
71

E
-0
8

C
II
T
A

2.
58

2.
10

E
-1
2

C
II
T
A

1.
29

7.
40

E
-0
4

C
II
T
A

1.
04

6.
75

E
-0
3

T
IF
1-
γ

M
i-2

M
D
A
5

N
X
P
-2

G
en
e

L
2F

C
pa
dj

G
en
e

L
2F

C
pa
dj

G
en
e

L
2F

C
pa
dj

G
en
e

L
2F

C
pa
dj

IS
G
15

8.
20

9.
96

E
-6
3

IF
I6

6.
48

9.
84

E
-5
4

IS
G
15

7.
68

5.
38

E
-6
6

IS
G
15

8.
04

8.
69

E
-9
3

IF
I6

7.
13

2.
93

E
-6
1

O
A
S
1

5.
51

4.
26

E
-4
8

IF
I6

6.
70

8.
76

E
-6
5

IF
I6

6.
74

4.
24

E
-8
4

IR
F
9

3.
95

6.
87

E
-5
7

IF
IT

M
1

3.
68

2.
38

E
-4
6

IR
F
9

3.
85

8.
76

E
-6
5

IF
IT

3
7.
04

7.
98

E
-8
1

IF
IT

3
7.
15

3.
16

E
-5
4

IS
G
15

6.
81

2.
47

E
-4
6

IF
IT

3
6.
85

1.
28

E
-5
9

O
A
S
1

5.
90

1.
20

E
-7
9

O
A
S
1

5.
97

2.
83

E
-5
3

M
X
2

4.
60

1.
08

E
-4
4

O
A
S
1

5.
55

5.
88

E
-5
5

IF
IT

M
1

4.
00

1.
81

E
-7
9

R
S
A
D
2

5.
93

1.
45

E
-4
8

O
A
S
3

4.
89

2.
36

E
-4
3

R
S
A
D
2

5.
62

5.
70

E
-5
2

IR
F
9

3.
65

6.
74

E
-7
5

IF
IT

M
1

3.
78

3.
35

E
-4
6

IF
I2
7

4.
27

2.
08

E
-4
2

IF
IT

5
3.
42

4.
61

E
-5
0

O
A
S
3

5.
15

2.
05

E
-6
9

O
A
S
3

5.
20

4.
08

E
-4
6

O
A
S
2

4.
91

1.
10

E
-4
0

O
A
S
L

6.
57

9.
90

E
-5
0

R
S
A
D
2

5.
67

3.
57

E
-6
8

IF
IT

5
3.
55

3.
55

E
-4
5

IF
I3
0

5.
93

2.
77

E
-3
9

O
A
S
3

4.
85

5.
79

E
-4
8

IF
IT

5
3.
52

6.
05

E
-6
8

P
S
M
B
8

3.
71

7.
04

E
-4
5

IF
IT

M
3

3.
31

4.
15

E
-3
9

IF
IT

M
1

3.
51

1.
65

E
-4
7

P
S
M
B
8

3.
69

8.
89

E
-6
8

C
II
T
A

0.
96

1.
72

E
-0
2

C
II
T
A

1.
07

2.
93

E
-0
3

C
II
T
A

0.
35

0.
44

C
II
T
A

1.
02

7.
67

E
-0
4

A
bb

re
vi
at
io
ns
:L

2F
C
,l
og

2
fo
ld
-c
ha

ng
e;
pa

dj
,a

dj
us
te
d
p
va
lu
e.

12 of 15 TANBOON ET AL.



dermatomyositis-like features and intense fibrosis and
necrosis [44, 47, 48, 49]. HLA-DR expression is reported
in some OM [50]; perifascicular pattern has not yet
identified.

Due to the retrospective nature of this study, the clini-
cal information is limited and does not represent the
prevalence/prognosis of muscular and extramuscular
involvement throughout the disease course. All patients
in this study underwent muscle biopsy for diagnostic pur-
poses. Thus, the clinical information may also be biased
omitting ASS patients without obvious muscle symp-
toms. All 15 HLA-ABC negative and one HLA-ABC
negative but HLA-DR positive ASS patients presented
with muscle weakness. Considering patchy muscle
involvement in ASS, these results could be false negative
due to non-representative biopsy sampling and/or tissue
artifacts. We cannot prove whether the three ASS
patients with MxA-positive myofibers had concurrent
unknown DMSA or had a higher IFN1 level than the
other cases. Moreover, we cannot comment on a single
case of anti-KS ASS; anti-Ha and anti-Zo ASS is not pre-
sent in our study. P-MM pathology have been reported
in FSHD, dysferlinopathy, sarcoglycanopathy, lamino-
pathy, ANO5 myopathy, and FKRP myopathy [22]. In
this study, entities associated with P-MM pathology were
evaluated for HLA-DR expression regardless of their
pathological patterns. In FSHD patient, disrepression
DUX4 and DUX4 signaling associated with inflamma-
tory response are likely associated with P-MM pathology
[51, 52]. However, the precise mechanism for HLA-DR
expression and its role in P-MM pathology need further
study; the process may differ among these P-MM associ-
ated entities.

In appropriate clinicopathological context, absence of
MxA but HLA-DR expression can help differentiate
ASS from the other major subtypes of autoimmune myo-
sitis and P-MM even when serological information is lim-
ited. In addition, pathological features can help
distinguish anti-OJ from the other ASS subtypes when
the anti-ARS antibody assay result is incomplete or sub-
jected to false negative. Further correlation of serum
IFN-γ levels and myofiber HLA-DR expression and the
potential benefits of IFN-γ pathway inhibition in ASS
remain to be determined.
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28. Hamanaka K, Šikrov�a D, Mitsuhashi S, Masuda H, Sekiguchi Y,
Sugiyama A, et al. Homozygous nonsense variant in LRIF1 associ-
ated with facioscapulohumeral muscular dystrophy. Neurology. 2020;
94(23):e2441–7. https://doi.org/10.1212/WNL.0000000000009617

29. Mescam-Mancini L, Allenbach Y, Hervier B, Devilliers H,
Mariampillay K, Dubourg O, et al. Anti-Jo-1 antibody-positive
patients show a characteristic necrotizing perifascicular myositis.
Brain. 2015;138(Pt 9):2485–92. https://doi.org/10.1093/brain/awv192

30. Patro R, Duggal G, Love MI, Irizarry RA, Kingsford C. Salmon
provides fast and bias-aware quantification of transcript expres-
sion. Nat Methods. 2017;14(4):417–9. https://doi.org/10.1038/
nmeth.4197

31. Love MI, Huber W, Anders S. Moderated estimation of fold
change and dispersion for RNA-seq data with DESeq2.
Genome Biol. 2014;15(12):550. https://doi.org/10.1186/s13059-
014-0550-8

32. R Core Team. R: a language and environment for statistical com-
puting. Vienna, Austria: R Foundation for Statistical Computing;
2022 https://www.R-project.org/

33. RStudio Team. RStudio: integrated development environment for
R. PBC, Boston, MA: RStudio; 2022 http://www.rstudio.com/

34. Gu Z, Eils R, Schlesner M. Complex heatmaps reveal patterns and
correlations in multidimensional genomic data. Bioinformatics.
2016;32(18):2847–9. https://doi.org/10.1093/bioinformatics/btw313

35. Tansley SL, Li D, Betteridge ZE, McHugh NJ. The reliability of
immunoassays to detect autoantibodies in patients with myositis is
dependent on autoantibody specificity. Rheumatology (Oxford).
2020;59(8):2109–14. https://doi.org/10.1093/rheumatology/keaa021

36. Muro Y, Yamano Y, Yoshida K, Oto Y, Nakajima K,
Mitsuma T, et al. Immune recognition of lysyl-tRNA synthetase
and isoleucyl-tRNA synthetase by anti-OJ antibody-positive sera.
J Autoimmun. 2021;122:102680. https://doi.org/10.1016/j.jaut.
2021.102680

37. Ding J, Ghali O, Lencel P, Broux O, Chauveau C, Devedjian JC,
et al. TNF-alpha and IL-1beta inhibit RUNX2 and collagen

14 of 15 TANBOON ET AL.

https://doi.org/10.1016/j.jaut.2019.04.001
https://doi.org/10.1056/NEJM197502132920706
https://doi.org/10.1056/NEJM197502132920706
https://doi.org/10.1016/j.autrev.2012.06.006
https://doi.org/10.1093/rheumatology/kex021
https://doi.org/10.1093/rheumatology/kex021
https://doi.org/10.1186/s40478-014-0154-2
https://doi.org/10.1186/s40478-014-0154-2
https://doi.org/10.1212/WNL.0000000000011269
https://doi.org/10.1212/WNL.0000000000011269
https://doi.org/10.1212/WNL.0000000000009727
https://doi.org/10.1093/jnen/nlab071
https://doi.org/10.1186/s40478-020-01007-3
https://doi.org/10.1186/s40478-020-01007-3
https://doi.org/10.1016/j.autrev.2019.05
https://doi.org/10.1016/j.autrev.2019.05
https://doi.org/10.1016/j.nmd.2022.05.011
https://doi.org/10.1016/j.nmd.2022.05.011
https://doi.org/10.1097/PAI.0b013e31827d7f16
https://doi.org/10.1016/j.nmd.2014.06.436
https://doi.org/10.1016/j.nmd.2014.06.436
https://doi.org/10.1093/brain/aww125
https://doi.org/10.1001/jamaneurol.2017.0934
https://doi.org/10.1001/jamaneurol.2017.0934
https://doi.org/10.1111/nan.12551
https://doi.org/10.1016/j.nmd.2017.09.016
https://doi.org/10.1097/MD.000000000000041
https://doi.org/10.1186/s13023-015-0277-y
https://doi.org/10.1186/s13023-015-0277-y
https://doi.org/10.1212/WNL.0000000000000642
https://doi.org/10.1212/WNL.0000000000000642
https://doi.org/10.1136/jmedgenet-2016-104073
https://doi.org/10.1136/jmedgenet-2016-104073
https://doi.org/10.1016/j.nmd.2016.03.001
https://doi.org/10.1212/WNL.0000000000009617
https://doi.org/10.1093/brain/awv192
https://doi.org/10.1038/nmeth.4197
https://doi.org/10.1038/nmeth.4197
https://doi.org/10.1186/s13059-014-0550-8
https://doi.org/10.1186/s13059-014-0550-8
https://www.r-project.org/
http://www.rstudio.com/
https://doi.org/10.1093/bioinformatics/btw313
https://doi.org/10.1093/rheumatology/keaa021
https://doi.org/10.1016/j.jaut.2021.102680
https://doi.org/10.1016/j.jaut.2021.102680


expression but increase alkaline phosphatase activity and minerali-
zation in human mesenchymal stem cells. Life Sci. 2009;84(15–16):
499–504. https://doi.org/10.1016/j.lfs.2009.01.013

38. Lencel P, Delplace S, Pilet P, Leterme D, Miellot F, Sourice S,
et al. Cell-specific effects of TNF-α and IL-1β on alkaline phos-
phatase: implication for syndesmophyte formation and vascular
calcification. Lab Invest. 2011;91(10):1434–42. https://doi.org/10.
1038/labinvest.2011.83

39. Downs I, Vijayan S, Sidiq T, Kobayashi KS. CITA/NLRC5: a
critical transcriptional regulator of MHC class I gene expression.
Biofactors. 2016;42(4):349–57. https://doi.org/10.1002/biof.1285

40. Wijdeven RH, van Luijn MM, Wierenga-Wolf AF,
Akkermans JJ, van den Elsen P, Hintzen RQ, et al. Chemical and
genetic control of IFNγ-induced MHCII expression. EMBO Rep.
2018;19(9):e45553. https://doi.org/10.15252/embr.201745553

41. Preuße C, Paesler B, Nelke C, Cengiz D, Müntefering T, Roos A,
et al. Skeletal muscle provides the immunological micro-milieu for
specific plasma cells in anti-synthetase syndrome-associated myosi-
tis. Acta Neuropathol. 2022;144(2):353–72. https://doi.org/10.
1007/s00401-022-02438-z

42. Pinal-Fernandez I, Casal-Dominguez M, Derfoul A, Pak K,
Plotz P, Miller FW, et al. Identification of distinctive interferon
gene signatures in different types of myositis. Neurology. 2019;
93(12):e1193–204. https://doi.org/10.1212/WNL.
0000000000008128

43. Tanboon J, Inoue M, Saito Y, Tachimori H, Hayashi S,
Noguchi S, et al. Dermatomyositis: muscle pathology according to
antibody subtypes. Neurology. 2022;98(7):e739–49. https://doi.org/
10.1212/WNL.0000000000013176

44. Lundberg IE, Fujimoto M, Vencovsky J, et al. Idiopathic inflam-
matory myopathies. Nat Rev Dis Primers. 2021;7(1):86. https://
doi.org/10.1038/s41572-021-00321-x

45. Uruha A, Nishikawa A, Tsuburaya RS, Hamanaka K,
Kuwana M, Watanabe Y, et al. Sarcoplasmic MxA expression: a
valuable marker of dermatomyositis. Neurology. 2017;88(5):493–
500. https://doi.org/10.1212/WNL.0000000000003568

46. Pinal-Fernandez I, Casal-Dominguez M, Mammen AL. Immune-
mediated necrotizing myopathy. Curr Rheumatol Rep. 2018;20(4):
21. https://doi.org/10.1007/s11926-018-0732-6

47. Aguila LA, Lopes MR, Pretti FZ, et al. Clinical and laboratory
features of overlap syndromes of idiopathic inflammatory myopa-
thies associated with systemic lupus erythematosus, systemic scle-
rosis, or rheumatoid arthritis. Clin Rheumatol. 2014;33(8):1093–8.
https://doi.org/10.1007/s10067-014-2730-z

48. Júnior JG, Mugii N, Inaoka PT, Sampaio-Barros PD, Shinjo SK.
Inflammatory myopathies overlapping with systemic sclerosis: a
systematic review. Clin Rheumatol. 2022;41(7):1951–63. https://
doi.org/10.1007/s10067-022-06115-0

49. Bitencourt N, Solow EB, Wright T, Bermas BL. Inflammatory
myositis in systemic lupus erythematosus. Lupus. 2020;29(7):776–
81. https://doi.org/10.1177/0961203320918021

50. Murata KY, Sugie K, Takamure M, Ueno S. Expression of the
costimulatory molecule BB-1 and its receptors in patients with
scleroderma-polymyositis overlap syndrome. J Neurol Sci. 2002;
205(1):65–70. https://doi.org/10.1016/s0022-510x(02)00309-x

51. Wang LH, Friedman SD, Shaw D, Snider L, Wong CJ,
Budech CB, et al. MRI-informed muscle biopsies correlate MRI
with pathology and DUX4 target gene expression in FSHD. Hum
Mol Genet. 2019;28(3):476–86. https://doi.org/10.1093/hmg/ddy364

52. Banerji CRS, Zammit PS. Pathomechanisms and biomarkers in facios-
capulohumeral muscular dystrophy: roles of DUX4 and PAX7. EMBO
mol Med. 2021;13(8):e13695. https://doi.org/10.15252/emmm.202013695

SUPPORTING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Tanboon J, Inoue M,
Hirakawa S, Tachimori H, Hayashi S, Noguchi S,
et al. Muscle pathology of antisynthetase
syndrome according to antibody subtypes. Brain
Pathology. 2023;33(4):e13155. https://doi.org/10.
1111/bpa.13155

MUSCLE PATHOLOGY OF ANTISYNTHETASE SYNDROME 15 of 15

https://doi.org/10.1016/j.lfs.2009.01.013
https://doi.org/10.1038/labinvest.2011.83
https://doi.org/10.1038/labinvest.2011.83
https://doi.org/10.1002/biof.1285
https://doi.org/10.15252/embr.201745553
https://doi.org/10.1007/s00401-022-02438-z
https://doi.org/10.1007/s00401-022-02438-z
https://doi.org/10.1212/WNL.0000000000008128
https://doi.org/10.1212/WNL.0000000000008128
https://doi.org/10.1212/WNL.0000000000013176
https://doi.org/10.1212/WNL.0000000000013176
https://doi.org/10.1038/s41572-021-00321-x
https://doi.org/10.1038/s41572-021-00321-x
https://doi.org/10.1212/WNL.0000000000003568
https://doi.org/10.1007/s11926-018-0732-6
https://doi.org/10.1007/s10067-014-2730-z
https://doi.org/10.1007/s10067-022-06115-0
https://doi.org/10.1007/s10067-022-06115-0
https://doi.org/10.1177/0961203320918021
https://doi.org/10.1016/s0022-510x(02)00309-x
https://doi.org/10.1093/hmg/ddy364
https://doi.org/10.15252/emmm.202013695
https://doi.org/10.1111/bpa.13155
https://doi.org/10.1111/bpa.13155

	Muscle pathology of antisynthetase syndrome according to antibody subtypes
	1  INTRODUCTION
	2  METHODS
	2.1  Patients
	2.2  Serological information and inclusion criteria for autoimmune myositis
	2.3  Possible myositis mimics (P-MM)
	2.4  Pathological evaluation
	2.5  Statistical analysis
	2.6  RNA sequencing
	2.7  Interferon genes and pathway
	2.8  Standard protocol approvals, registrations, and patient consents

	3  RESULTS
	3.1  Clinical features
	3.2  Ultrastructural study
	3.3  Anti-OJ ASS pathology was prominent in all four domains
	3.4  Necrotizing myopathy was the most common myopathological pattern in ASS
	3.5  Perifascicular HLA-ABC enhancement and HLA-DR localization was common in anti-Jo-1 ASS
	3.6  HLA-DR expression was more common in IBM with patchy/diffuse and scattered patterns
	3.7  Perifascicular HLA-DR expression was highly specific for anti-Jo-1 ASS
	3.8  IFN-γ inducible genes were the most significantly upregulated IFN genes in ASS and IBM

	4  DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


