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Abstract.
Purpose of review: Idiopathic inflammatory myopathies (IIMs) are a heterogeneous group characterized by muscle weak-
ness and skin symptoms and are categorized into six subtypes: dermatomyositis (DM), polymyositis (PM), anti-synthetase
syndrome (ASS), immune-mediated myopathy (IMNM), inclusion body myopathy (IBM), and overlap myositis. Myositis-
specific autoantibodies were detected for the diagnosis and classification of IIM. This review highlights the pathogenic
contributions of the complement system, microangiopathy, and inflammation in IIM.
Recent findings: Deposition of complement around capillaries and/or the sarcolemma was observed in muscle biopsy
specimens from patients with DM, ASS, and IMNM, suggesting the pathomechanism of complement-dependent muscle
and endothelial cell injury. A recent study using human muscle microvascular endothelial cells showed that Jo-1 antibodies
from ASS induce complement-dependent cellular cytotoxicity in vitro. Based on both clinical and pathological observations,
antibody- and complement-mediated microangiopathy may contribute to the development of DM and anti-Jo-1 ASS. Juvenile
DM is characterized by the loss of capillaries, perivascular inflammation, and small-vessel angiopathies, which may be related
to microinfarction and perifascicular atrophy. Several serum biomarkers that reflect the IFN1 signature and microangiopathy
are elevated in patients with DM. The pathological observation of myxovirus resistance protein A (MxA), which suggests a
type 1 interferon (IFN1) signature in DM, supports the diagnosis and further understanding of the pathomechanism of IIM. A
recent report showed that an increase in triggering receptor expressed on myeloid cells (TREM-1) around perimysial blood
vessels and muscles in patients with IIM plays a role in triggering inflammation and promoting the migration of inflammatory
cells by secreting proinflammatory cytokines, such as tumor necrosis factor �.
Summary: The deposition of complement in muscles and capillaries is a characteristic feature of DM, ASS, and IMNM.
Microangiopathy plays a pathogenic role in DM, possibly resulting in perifascicular atrophy. Further understanding of
the detailed pathomechanism regarding complement, microangiopathy, and inflammation may lead to novel therapeutic
approaches for IIM.
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INTRODUCTION

Idiopathic inflammatory myopathies (IIMs) are
classified into six subtypes: dermatomyositis (DM),
polymyositis (PM), antisynthetase syndrome (ASS),
immune-mediated necrotizing myopathy (IMNM),
sporadic inclusion body myositis (sIBM), and overlap
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myositis [1–8]. The clinical findings, organ mani-
festations, treatment responses, and prognoses differ
among these groups [9, 10]. The clinical features of
ASS include myositis, interstitial pneumonia, arthri-
tis, Raynaud phenomenon, and mechanical hands
[11–13]. DM is often associated with interstitial
pneumonia and malignancy [1, 4, 14]. The diagno-
sis of IIMs is based on the assessment of clinical
symptoms, elevated serum creatine kinase levels,
electromyography findings, muscle magnetic res-
onance imaging (MRI) changes, myositis-specific
autoantibodies, and skeletal muscle biopsy findings
[15–19]. Recent evidence suggests that complement,
microangiopathy, and inflammation are involved in
the pathomechanism of several types of IIM [4, 11,
20], and our recent data also demonstrated the impor-
tance of complement-induced microangiopathy in
IIMs [21].

We herein review the pathogenic roles of com-
plement and inflammation in IIMs, particularly DM,
ASS, and IMNM.

MYOSITIS-SPECIFIC AUTOANTIBODY
PROFILES

The discovery of myositis-specific antibodies and
accumulated evidence of their association with rela-
tively specific clinical features have changed the clas-
sification of IIM [22]. Myositis-specific autoantibod-
ies include antibodies against anti-complex nucle-
osome remodeling histone deacetylase (anti-Mi-2),
anti-melanoma differentiation-associated gene 5
(anti-MDA5), anti-transcription intermediary factor
1-� (anti-TIF1-�), anti-antinuclear matrix protein 2
(anti-NXP2), and anti-small ubiquitin-like modifier-
activating enzyme (anti-SAE) in DM; anti-ARS
antibody (anti-Jo-1, anti-OJ, anti-EJ, anti-PL7, anti-
PL12, anti-Ha, and anti-Zo antibodies) in ASS;
and antibodies against anti-signal recognition parti-
cle (anti-SRP) and anti-3-hydroxy-3-methylglutaryl
coenzyme A reductase antibodies (anti-HMGCR)
in IMNM (Table 1) [10, 11, 22]. For the detec-
tion of anti-OJ antibodies, immunoprecipitation is
preferred over ELISA or line blot [11, 23]. Gener-
ally, one patient rarely has multiple myositis-specific
autoantibodies simultaneously [11, 22]. Clinically,
anti-TIF1-� and anti-NXP2 DM are highly associ-
ated with malignancy, anti-Mi-2 DM with dysphagia,
anti-NXP2 DM with skin edema, muscle ischemia,
and subcutaneous calcification, anti-Mi-2 DM with
apparent muscle weakness with less association with

malignancy, and anti-MDA5 DM with clinically
amyotrophic DM with rapidly progressive and fatal
interstitial pneumonia and arthritis [10, 11, 14, 22].
Anti-SRP and anti-HMGCR antibodies are myositis-
specific and clinically valuable in the diagnosis of
IMNM (Table 1) [10, 11, 22].

CLINICOPATHOLOGY AND ROLE OF
COMPLEMENT IN DM, ASS, AND IMNM

Complement pathways

Complement system activation is associated with
the pathomechanism of IIM. Three pathways of com-
plement activation have been elucidated: the classical
pathway (CP), alternative pathway (AP), and lectin
pathway (LP) (Fig. 1) [24, 25]. Each of the three
pathways is activated by antigen/antibody complex
binding to the C1q of the C1 complex in the classical
pathway, spontaneous hydrolysis of C3 in alternative
pathways, or binding of foreign carbohydrate moi-
eties to mannose binding lectin or ficolin in the lectin
pathways, causing the cleavage of C3 into C3a and
C3b25-27. C3b then binds to C5 convertase C4b1a3b
for CP, LP, or C3bBb3b for AP, leading to cleav-
age of C5 into C5a and C5b. C5b initiates the lytic
pathway and forms the C5b-9 complex, the mem-
brane attack complex (MAC), causing the direct lysis
of target cells (Fig. 1) [24, 26]. Eculizumab and
Ravulizumab are complement-targeted monoclonal
antibodies that inhibit the cleavage of C5 into C5a
and C5b, approved for the treatment of myasthenia
gravis and neuromyelitis optica (Fig. 1) [27].

DM

Morphological characteristics of muscle biopsy
specimens (Fig. 2)

Perifascicular atrophy (PFA) and myofiber expres-
sion of myxovirus-resistant protein A (MxA), which
reflect the activation of IFN1 signaling, are now
included as definite muscle biopsy criteria in the 2018
ENMC-DM consensus [28]. Human leukocyte anti-
gen (HLA)-ABC is a marker of myositis, including
DM, PM, ASS, IMNM, and IBM (Table 1) [11, 29].

DM is associated with five specific autoanti-
bodies, each with characteristic clinical symptoms.
It is becoming increasingly evident that there are
also differences in the muscle histopathological
findings. For example, cases that are positive for
anti-TIF1-�, anti-NXP2, and anti-SAE antibodies
typically exhibit PFA, whereas cases that are pos-
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Table 1
Pathological and clinical features in subgroups of IIMs

Subgroup Myositis antibody Histological
features

IHC features Clinical features

HLA-ABC HLA-DR C5b-9

DM Anti-TIF1-� PFA, Punched-out
vacuoles

+ -/+ Capillaries>
sarcolemma

CAM Skin
erythema

Anti-Mi-2 PFA, PFN,
Promiment
inflammation

+ -/+ Sarcolemma>Capillaries

Anti-NXP2 Microinfarction
Muscle ischemia

+ -/+ Capillaries>
sarcolemma

JDM CAM
Calcification

Anti-MDA5 Non-PFA + -/+ Capillaries>
sarcolemma

ADM

Anti-SAE PFA + -/+ Capillaries ILD

ASS Anti-Jo-1 PFA Myofiber
necrosis and
regederation

+ +(PF) sarcolemma Myositis>ILD
With Raynaud,
Mechanic hands,
Joint involvement

Anti-PL-7 + +(PF) sarcolemma ILD>myositis
Anti-PL-12 + +(PF) sarcolemma ILD>myositis
Anti-OJ + +(PF) sarcolemma Severe muscle

involvement

IMNM Anti-SRP Myofiber necrosis
and regeneration
Less inflammation
(macrophage>
lymphocyte)

+ – sarcolemma Cardiac
involvement

Anti-HMGCR + – sarcolemma

IIMs, idiopathic inflammatory myopathies; DM, dermatomyositis; ASS, anti-synthetase syndrome; IMNM, immune-mediated myopa-
thy; anti-Mi-1, anti-complex nucleosome remodeling histone deacetylase antibodies; anti-MDA5, anti-melanoma differentiation associated
gene 5 antibodies; anti-TIF1�, anti-transcription intermediary factor 1 � antibodies; anti-NXP2, anti-antinuclear matrix protein 2 anti-
bodies; anti-SAE, anti-small ubiquitin-like modifier-activating enzyme antibodies; anti-SRP, anti-signal recognition particle antibodies;
anti-HMGCR, anti-3-hydroxy-3-methylglutaryl coenzyme A reductase antibodies. PFA, perifascicular atrophy; PFN, perifascicular necrosis;
IHC, immunohistochemistry.

itive for anti-Mi-2 antibodies exhibit perifascicular
necrosis (PFN), similar to anti-synthetase syndrome-
associated myopathy (ASS-OM) [30]. Vacuolated
punched-out fibers are characteristic features of
anti-TIF1-� DM [14]. Severe muscle pathology,
prominent inflammation, and perifascicular necrosis
are associated with Mi-2 DM [11, 14, 29]. Microin-
farction in anti-NXP2 DM and mild nonspecific
myopathic changes in anti-MDA5 DM have been
observed [11, 14, 29]. However, the pathological fea-
tures of anti-SAE DM remain unclear.

Furthermore, complement deposition on small
blood vessels is commonly observed in cases positive
for anti-TIF1-� and anti-NXP2 antibodies [31, 32]. In
cases that are positive for anti-Mi-2 antibodies, com-
plement deposition on the sarcolemma is frequently
observed [11].

The role of complement in DM pathogenesis
In DM, the membranolytic attack complex (MAC)

composed of C5b-9 primarily targets the endothe-

lium of the capillaries. This complex is deposited
on endothelial cells at an early stage of the disease,
even before any apparent damage to muscle fibers
occurs [4, 17, 33, 34]. Complement deposition leads
to the necrosis of endothelial cells and a decrease in
the number of capillaries in the endomysium. As a
result, ischemia and microinfarcts occur, particularly
at the periphery of the fascicles, which explains the
observed PFA.

Key observations of complements in DM based
on the effectiveness of intravenous
immunoglobulin (IVIg)

One of the mechanisms of action of IVIg, which
is commonly used in refractory cases, is its effec-
tive binding to C1q, which prevents initiation of the
complement cascade by pathogenic antibodies. In
addition, IVIg binds to activated C3 and C4 proteins,
inhibiting their deposition in tissues [35, 36]. The
most compelling evidence for the effectiveness of
IVIg in inhibiting complement can be seen both in
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Fig. 1. The activation of complement pathway. There are 3 dif-
ferent pathways for complement activation: the classical pathway,
the alternative pathway, and the lectin pathway. The triggers of
activation are: as follows: (1) the antigen/antibody complex bind-
ing to the C1q of the C1 complex in the classical pathway; (2)
foreign carbohydrate moieties binding to mannose binding lectin
or ficolin in the lectin pathway; and (3) spontaneous hydrolysis of
C3 in the alternative pathway. These 3 pathways cause the cleav-
age of C3 into C3a and C3b. C3b binds to C5 convertase C4b1a3b
or C3bBb3b, leading to the cleavage of C5 into C5a and C5b.
C5b initiates the lytic pathway and form C5b-9 the membrane
attack complex (MAC), leading to direct lysis. Eculizumab and
ravulizumab are complement-targeted monoclonal antibodies for
inhibiting the cleavage of C5 into C5a and C5b.

vivo and in vitro. A double-blind placebo-controlled
study conducted in patients with treatment-resistant

DM clearly demonstrated the clinical efficacy of IVIg
by inhibiting complement at the C3 level [37]. In that
study, IVIg exhibited rapid formation of complexes
with C3b and effectively inhibited the consumption
of C3 as early as two days after infusion, intercept-
ing the formation of MAC in the muscles of patients
by reducing the assembly of C5 convertase. These
effects were demonstrated in the serum of patients
with DM who were randomly assigned to receive
IVIg and repeated muscle biopsies, in correlation
with clinical improvement [36, 37].

ASS-overlapping myositis (ASS-OM)

Clinical features
ASS-OM is defined by the presence of antibodies

against aminoacyl tRNA synthetases (ARSs). ARS
enzymes are responsible for catalyzing protein trans-
lation. Anti-ARS antibodies have been identified,
including eight types of ARS (Jo-1, PL-7, PL-12, OJ,
EJ, KS, Zo, and Ha). Cases positive for these anti-
bodies exhibit a set of common clinical symptoms,
such as muscle involvement, interstitial lung disease,
and mechanic hands. As a result, they are collectively
referred to as antisynthetase syndrome.

Fig. 2. Represent muscle biopsy findings in different idiopathic inflammatory myopathies subtypes based on antibody subtypes. Hemotoxylin
and eosin (HE) staining shows perifascicular necrosis and atrophy in anti-Mi-2 dermatomyositis (DM) and anti-NXP2 DM, perifascicular
atrophy and vacuolated punched-out fibers in anti-TIF1-� DM, myofiber necrosis and regeneration in anti-synthetase syndrome (ASS) and
immune-mediated necrotizing myopathy (IMNM). Positivity of HLA-ABC immunostaining is observed in anti-Mi-2 DM, anti-NXP2 DM,
anti-TIF1-� DM, ASS and IMNM. Sarcoplasmic Myxovirus Resistance Protein A (MxA) positivity in perifascicular is observed in anti-Mi-2
DM, anti-NXP2 DM and anti-TIF1-� DM. Deposition of C5b9 is present in capillaries in anti-NXP2 DM and anti-TIF1-� DM and in muscle
fiber membrane in anti-Mi-2 DM, ASS and anti-HMGCR IMNM. Scale bar = 20 � m.
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Morphological characteristics of the muscle
biopsy specimens (Fig. 2)

ASS-OM is a distinct entity with unique histolog-
ical characteristics, exhibiting necrotizing features
in the perifascicular areas that differ from perifas-
cicular lesions commonly observed in DM. This
finding is referred to as perifascicular necrosis. In
addition, it is often accompanied by perimysial
connective tissue fragmentation and alkaline phos-
phatase activity in the perifascicular sheath [38, 39].
However, these pathological features have also been
observed in DM, especially anti-Mi-2 DM [40–43].
Therefore, the detection of anti-ARS or DM-specific
autoantibodies supports the differential diagnosis
between ASS and DM. MHC class I is strongly
expressed in the periphery of muscle fibers, and
there are cases associated with a high expression
of MHC class II. A recent report suggested that
myofiber HLA-DR expression is a diagnostic marker
in ASS (36.8% in ASS), suggesting the activation
of IFN type 2 signaling [43–45] (Table 1). Com-
plement deposition is often observed in cases with
sarcolemma [46].

Pathogenesis role of complement and anti-Jo-1
antibody in ASS

Antibodies targeting ARS are found in approx-
imately 20%-30% of patients with IIM, with
histidyl-transfer RNA synthetase (anti-Jo-1) being
the most prevalent, accounting for 75% of cases.
However, the pathogenic mechanisms underlying
the activities of these antibodies, which target
widely distributed cytoplasmic antigens, remain
unclear.

Using the human muscle microvascular endothe-
lial cell (HMMEC) line, our recent study suggested
that IgG from Jo-1 antibody-positive patients
caused complement-dependent cellular cytotoxic-
ity in HMMECs [21]. The attachment of Jo-1
antibodies to Jo-1 embedded in the cell mem-
brane of muscle capillaries can lead to complement
deposition, resulting in the lysis of endomysial cap-
illaries and muscle ischemia. This process ultimately
causes perifascicular necrosis, which is a charac-
teristic feature observed in patients with myositis
who are positive for Jo-1 antibodies. Interestingly,
complement-mediated cell death in HMMECs does
not occur with IgG in DM patients. This suggests
that the pathogeneses of DM and ASS-OM may
differ.

IMNM

Concept of disease
IMNM is a disease concept based on muscle

pathology, characterized by muscle fiber atrophy
and size variation as well as prominent mus-
cle fiber necrosis and regeneration, with minimal
inflammatory cell infiltration. This was proposed
in the 2004 ENMC workshop [5]. Various dis-
orders can cause necrotizing myopathy, but the
majority are immune-mediated, with anti-SRP and
anti-HMGCR antibodies being the representative
autoantibodies.

Role of complements in IMNM
In the muscle pathology of SRP antibody-positive

and HMGCR antibody-positive myopathies, com-
plement deposition on the muscle fibers and the
expression of SRP and HMGCR were observed on
the sarcolemma (Fig. 2). It has been speculated that
complement activation plays a significant role in
pathogenesis based on the predominance of the IgG1
isotype, which is involved in complement activation
via the classical pathway, accounting for approxi-
mately 80% of anti-SRP antibodies, and is present
in all cases of anti-HMGCR antibodies [47, 48].
Recently, further investigations and verifications of
this hypothesis have been conducted.

When purified IgG from patient sera is admin-
istered to complement C3-deficient and wild-type
mice, there is a significant reduction in muscle weak-
ness in C3-deficient mice, and the co-administration
of purified IgG with human C3 exacerbates mus-
cle weakness [49]. These findings suggest that SRP
and HMGCR antibodies recognize SRP and HMGCR
expressed on the muscle membrane and directly
impair muscle fibers through complement activation
via the classical pathway. Based on this mechanism,
therapies that target plasma exchange and comple-
ment inhibitors may be effective.

In experiments where zilucoplan, a targeted pep-
tide inhibitor of complement component 5, was
administered to humanized mouse models of IMNM,
early administration prevented muscle weakness
and reduced C5b-9 deposition on the muscle
fibers [50]. Based on these findings, a phase 2
randomized placebo-controlled clinical trial of zilu-
coplan was conducted [ClinicalTrials.gov identifier:
NCT04025632]. However, it did not demonstrate sig-
nificant clinical efficacy in patients with IMNM, and
the study was terminated early.
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RECENT FINDINGS OF
MICROANGIOPATHY IN JUVENILE DM
(JDM)

JDM is the most common idiopathic inflamma-
tory myopathy affecting the skin, muscles, and vital
organs. Vasculopathic changes, including loss of cap-
illaries, perivascular inflammation, and small vessel
angiopathies, have been observed [51, 52]. The depo-
sition of anti-endothelial cell antibodies, immune
complexes, and complement is considered to play a
prominent role in endothelial damage and subsequent
vasculopathy [53–58]. The severity of vasculopathy
in the muscle reflects the severity of systemic vas-
culopathy and the clinical severity in JDM patients
[56, 59].

The co-expression of MxA and VCAM-1 in
muscle endothelial cells suggests the activation
of the IFN1 pathway in JDM patients with vas-
culopathy [60, 61]. After the overexpression of
MHC-1 and MHC-2 on monocyte and endothelial
cell activation, several cytokines and chemokines
are released, resulting in inflammatory cell infil-
tration, including CD4 + T cells, CD8 + T cells, B
cells, mature plasmacytoid dendritic cells (pDCs),
monocytes, muscle compartments, and the forma-
tion of lymphoid-like structures [62–65]. pDCs are
the major source of IFN1, which explains the IFN1
signature in biopsied muscles in JDM. Typical
IFN-inducible chemokines, such as CXCL10 and
CXCL11, are secreted by muscle endothelial cells,
subsequently inducing inflammatory cell infiltration
into the muscle, and are associated with the sever-
ity of vasculopathy [20, 66–69]. CXCR3, VCAM-1,
and ICAM-1 expression in muscle endothelial cells
reflects endothelial cell activation, facilitating the
attraction and invasion of immune cells into the
muscle [65].

In addition to JDM, vasculopathic changes have
been observed in adults with DM. Ultrastruc-
tural studies have shown abnormalities in capillary
endothelial cells in both the arterioles and veins [34,
70]. Capillary density loss in the area of perifascicu-
lar atrophy and C5-9 complement MAC deposits in
capillary endothelial cells have been observed [34].
Focal vasculopathy and capillary loss cause ischemia
in the perifascicular lesions, possibly resulting in per-
ifascicular atrophy [34, 71].

Several serum biomarkers have been investigated
to detect the disease activity and tissue involve-
ment in JDM, as follows: (1) markers related to
the IFN1 signature, including Eotaxin, MCP-1,

Fig. 3. Vasculopathic change in Juvenile dermatomyositis (JDM).
The deposition of anti-endothelial cell antibodies (AECA) and
C5b-9 complement complex cause endothelial damage and subse-
quent vasculopathy. The co-expression of MxA and VCAM-1 on
muscle endothelial cells suggest the activation of the IFN1 path-
way. The CXCR3, VCAM-1 and ICAM-1 expression in muscle
endothelial cells reflects the endothelial cell activation, facilitat-
ing the attraction and invasion of immune cells into the muscle.
CD4+ T cells, CD8+ T cells, B cells, Th17 cells, mature plasmacy-
toid dendritic cells (pDC) and monocytes infiltrate into the muscle
compartments and form lymphoid like structures. The pDC is the
major source of IFN1, which explains the IFN1 signature in biop-
sied muscle in JDM. Typical IFN-inducible chemokines, such as
CXCL10 (IP-10) and CXCL11, are secreted by muscle endothelial
cells. Cytokines related to the IFN1 signature, including Eotaxin,
MCP-1, CXCL10, CXCL11, IL-10, galectin-9 and neopterin, are
increased on the vascular side. T, T cells; B, B cells; Th17, T helper
17 cell.

CXCL10, CXCL11, IL-10, galectin-9 and neopterin
[72–75]; (2) markers related to endothelial acti-
vation, including vWF, C3d, fibrinopepetide A,
sVCAM-1 and sICAM-1 [76–80]; (3) other inflam-
matory mediators, such as soluble IL-2 R, IL-6,
IL-8, TNF-� and �BAFF [81–84]; and (4) circulat-
ing immune cell subsets, including CD4 + T cells,
CD8 + T cells, B cells, Th17 cells, and follicular
helper T cells [85, 86], which reflect the disease activ-
ity and were increased in comparison to the controls
(Fig. 3).

INFLAMMATORY MARKERS OF IIM

MxA

Over a decade ago, interferon-stimulated genes
associated with type I interferon (IFN-I) were found
to be upregulated in the muscle tissues of patients
with DM, accompanied by elevated levels of IFN-
� and IFN-� in the serum [87, 88]. The severity
of DM was also correlated with serum levels of
IFN-inducible proteins. Immunostaining with anti-
bodies against proteins, such as MxA, induced by
IFN-I revealed positive staining in the muscle fibers
and small blood vessels in the perifascicular and
PFA regions of DM cases [89]. In contrast, PFN
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was observed in cases that were positive for anti-
ARS antibodies. In PFN, muscle fibers and blood
vessels in the perifascicular regions do not exhibit
staining for MxA, and an enhanced expression of non-
necrotic muscle fiber membrane-associated MHC
class II, which is not observed in DM, has been
observed [37, 39]. Exceptionally, anti-Mi-2 positive
DM patients exhibit PFN, but myofibers are positive
for MxA.

Based on a recent comprehensive gene expres-
sion analysis in peripheral blood, skeletal muscles,
and skin, it was revealed that DM is a type
I interferonopathy characterized by the upregula-
tion of downstream genes of IFN-I, regardless of
whether it occurs in adults or children [90]. Fur-
thermore, tubuloreticular inclusions (TRIs) have been
observed in endothelial cells by electron microscope
[91]. TRIs are formed through the action of IFN-
I. In contrast, in anti-ASS-OM patients, although
an increased expression of IFN-I-related genes is
observed in some cases and tissues, activation of IFN-
II genes, centered around IFN-�, has been observed
[43, 92].

TREM-1

Recently, we first reported that IgGs from patients
with IIM, including Jo-1-ASS, SRP-IMNM, and
PM, were found to induce upregulation of trigger-
ing receptor expressed on myeloid cells (TREM)-1
and its expression in the perimysial blood vessels of
DM patients as well as in the muscle of patients with
DM, SRP-IMNM, and Jo-1-ASS [21]. This suggests
that TREM-1 plays a role in triggering inflamma-
tion and promoting the migration of inflammatory
cells by inducing the secretion of proinflammatory
cytokines, such as TNF-� and chemokines, in indi-
viduals with IIM associated with Jo-1-ASS, DM, or
SRP-IMNM.

TREM-1 is a receptor expressed in myeloid cells,
such as macrophages and neutrophils, and enhances
inflammatory responses by collaborating with Toll-
like receptors [93, 94]. The expression of TREM-1
is dramatically increased in skin, body fluids, and
tissues infected with fungi or bacteria [95]. Further-
more, its expression is elevated in non-infectious
diseases, such as pancreatitis, inflammatory bowel
disease, gout, and rheumatoid arthritis. In addition,
elevated levels of TREM-1 have been linked to
neurodegenerative disorders, such as Alzheimer’s
disease, and cerebrovascular disease [96].

The activation of TREM-1 and its signaling
pathways contributes to inflammation by inducing
nuclear factor-κB, cyclic adenosine monophosphate-
responsive element-binding protein, activator protein
1, ETS like-1 protein signaling, and the transcription
of various proinflammatory cytokines, such as TNF-
�, interferon type 1, and chemokines [97]. TREM-1
exists in two forms: a membrane-bound receptor
and soluble protein. The membrane-bound form of
TREM-1 consists of three distinct domains: an Ig-
like structure (presumably responsible for ligand
binding), a transmembrane region, and a cytoplas-
mic tail that interacts with the adapter molecule
DNAX-activating protein of 12 kDa [98]. In contrast,
soluble TREM-1 (sTREM-1) lacks transmembrane
and intracellular domains, making it incapable of sig-
nal transduction. The primary function of sTREM-1
is to neutralize the inflammatory activity of TREM-1
[94]. Increased levels of sTREM-1 in the bloodstream
have been observed in certain diseases, including
myocardial infarction, inflammatory bowel disease,
and rheumatoid arthritis [96, 97].

EXPERIMENTAL MODELS FOR
ANALYZING THE IIM PATHOGENESIS

As in vivo models, several animal models of experi-
mental myositis, including experimental autoimmune
myositis (EAM) and C protein-induced myositis
(CIM), have been established by immunization with
muscle-specific antigens, myosin, and skeletal C pro-
tein [99]. Myositis is induced in the quadriceps
femoris muscles with infiltration of CD4 + T cells
in the EAM or CD8 + T cells in the CIM in mus-
cle tissue [100–105]. A Jo-1 antigen-induced ASS
murine model exhibiting muscle and lung inflamma-
tion [106–108] and a TIF-1� antigen-induced DM
murine model [109] were also established. Recently,
the transfer of human IgGs from patients with IMNM
(HMGCR antibody-positive myopathies) was found
to induce complement-mediated myositis in recipient
mice [51].

A novel in vitro model was established to investi-
gate the invasion of CD8 + T cells into myotube [110].
We recently established a novel HMMEC line and
pericyte cell line from human skeletal muscle har-
boring the temperature-sensitive SV40 T antigen and
telomerase genes. HMMECs form the blood-muscle
barrier (BMB) by having as high barrier function
as the human brain microvascular endothelial cell
lines and expressing tight junction proteins, includ-
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ing claudin-5, occludin, ZO-1, and transporter [111].
Our human skeletal muscle pericyte cell (HSM-
PCT) line secreted GNNF and bFGF and showed an
increased barrier function in HMMEC cells [112].
Organoid models consisting of skeletal muscle cells,
endothelial cells, and pericytes are promising tools
for analyzing the pathogenesis of IIM.

CONCLUSION

In this review, we summarize the pathogenic
contributions of the complement system, microan-
giopathy, and inflammation in IIM. Microangiopathy
plays a pathogenic role in DM, possibly causing
perifascicular atrophy. The deposition of comple-
ment in muscles and capillaries is a characteristic
feature of IIM, and inhibition of complement acti-
vation is a therapeutic target. The investigation of
additional biomarkers, reflecting complement activa-
tion, microangiopathy, and inflammation, may lead
to the discovery of novel serum surrogate markers
for the diagnosis of IIM, which may have therapeutic
implications. Complement-targeted therapeutics are
now being developed for NMO and MG and may be
promising for DM and ASS. A greater understand-
ing of the detailed pathomechanism may help lead to
the development of novel therapeutic approaches for
IIM.
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