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ABSTRACT 
Myositis-specific autoantibodies (MSAs) 
are hallmarks of idiopathic inflammato-
ry myopathies (IIMs) and have become 
increasing valuable in disease diagno-
sis, phenotyping, and classification. In 
addition to their clinical utility, emerg-
ing data, including findings from sev-
eral animal studies, suggest that MSAs 
and autoreactive T cells substantially 
contribute to the aetiopathogenesis of 
IIMs. This review aims to provide an 
updated perspective on myositis autoan-
tibodies by focusing on relevant clinical 
and translational studies.

Introduction
The detection of myositis autoantibod-
ies has become an essential part of the 
diagnostic workup of patients with a 
suspected myositis spectrum disorder. 
There are so-called myositis specific 
autoantibodies (MSAs) that are un-
commonly found other than in the con-
text of a myositis spectrum disorder, 
although the spectrum may include 
patients without overt myositis such 
as anti-synthetase syndrome (ASS) or 
clinically amyopathic dermatomyosi-
tis (CDAM). On the other hand, there 
are myositis associated autoantibodies 
(MAAs) that can also be found in re-
lated disorders such as systemic lupus 
erythematosus (SLE), systemic sclero-
sis (SSc) and Sjögren’s syndrome (SS) 
and overlap disorders such as mixed 
connective tissue disease (MCTD). In 
either case MSAs and MAAs identify 
more closely defined disease pheno-
types, and hereby provide insight into 
pathogenic mechanisms in addition to 
informing clinical management.
There have been a growing number of 
myositis autoantibodies reported since 
the discovery of anti-Mi-2 in 1975 (1). 
Whilst for many years patients having 
an identifiable MSA were in the minor-
ity, this is longer the case. In particular, 
the discovery of anti-TIF1-g, anti-NXP2 

and anti-MDA5 have substantially in-
creased the repertoire of MSAs, ac-
counting for a large proportion of juve-
nile dermatomyositis patients (2). For 
the most part no more than one MSA 
is present in any individual, although 
exceptions to this rule include newly 
reported autoantibodies that stratify 
patients with anti-TIF1-g. In this re-
view we will concentrate on some of 
the more recently reported myositis au-
toantibodies, discuss how they identify 
clinical phenotypes, inform manage-
ment guidelines and influence disease 
classification. We will also address 
their potential role in pathogenesis, ei-
ther as a by-product of an autoantigen 
driven immune response or via a more 
direct action on addressable targets in 
the disease pathway. The review is not 
exhaustive or based on a systematic 
search of the literature but has focused 
on recent full length original articles 
confined to the English language listed 
on PubMed and chosen by the authors 
that were considered most relevant to 
the subject area.

Myositis autoantibody discovery
An overview of myositis 
autoantibodies
The discovery of myositis autoantibod-
ies dates back to when the first MSA 
anti-Mi-2 was reported in 1976, fol-
lowed a few years later by anti-Jo-1 
and anti-SRP (1, 3, 4) (Fig. 1). A steady 
stream of non-Jo-1 anti-synthetase au-
toantibodies (ASAs) were subsequent-
ly identified and in the last few years 
anti-Ly and anti-VRS have been added 
to the list (5-7). Amongst this reper-
toire many of the less common ASAs 
are not detectable with commercial 
assays in routine use and can only be 
tested for in specialist labs using tech-
niques such as immunoprecipitation. 
Two other MSAs more recently report-
ed are anti-CCAR1 (8) and anti-Sp4 
(9) that appear to stratify patients with 
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anti-TIF1-g in terms of risk of cancer 
(see later). No doubt there are further 
myositis autoantibodies awaiting dis-
covery and autoantibody negative my-
ositis patients as an entity will become 
increasingly uncommon.

Anti-CCAR 1 and 
Anti-SP4 autoantibodies
Using a proteomic approach Fiorentino 
et al. identified novel autoantibodies 
in patients with anti-TIF1-g autoanti-
bodies without cancer (10). The most 
frequent of these was an autoantibody 
directed against cell division and ap-
optosis regulator protein (CCAR-1). 
In the first of two studies the investi-
gators demonstrated that patients with 
anti-CCAR1 either did not develop 
cancer or had attenuated cancer emer-
gence (10). In the second study involv-
ing two large IIM cohorts, anti-CCAR1 
measured by ELISA was confined to 
anti-TIF1-g positive patients compared 
to healthy and disease controls, and in 
both cohorts brought the risk of cancer 
down to approaching what may be ex-
pected in a normal population (11).
A second novel autoantibody to tran-
scription factor Sp4 was identified us-
ing Phage ImmunoPrecipitation Se-
quencing (PhIP-Seq). Anti-Sp4 was 

almost exclusively detected in anti-
TIF1-g positive adult myositis patients, 
and similar to anti-CCAR1 in a subset 
of patients without cancer. These find-
ings belie the notion that MSAs are 
mutually exclusive, albeit the autoanti-
body response to both anti-CCAR1 and 
to Sp4 seems very specific for patients 
with anti-TIF1-g autoantibodies. Fur-
thermore, it is of considerable interest 
that the presence of these autoantibod-
ies appears to be protective of cancer.
Both anti-CCAR1 and anti-Sp4 have 
also been found in juvenile myositis, 
and similar to the studies in adult IIM 
were mostly found in patients positive 
for anti-TIF1-g. In the first of two stud-
ies Sherman and colleagues reported 
anti-Sp4 measured by ELISA in 23 of 

336 (7% cases) juvenile cases and no 
controls (12). Anti-Sp4 cases were 
characterised by frequent Raynaud’s 
phenomenon and less pronounced mus-
cle involvement. In the second study of 
150 patients with anti-TIF1-g positive 
JDM 25 (17%) had anti-SP4 and 14 
(9%) had anti-CCAR1 (13). The pres-
ence of these additional autoantibodies 
was associated with less severe muscle 
disease. 

Newer anti-tRNA synthetase 
autoantibodies
There are now ten different anti-ami-
noacyl tRNA synthetase autoantibody 
(ASA) specificities that have been 
identified (Table I). By screening with 
ELISA and using in vitro translated re-

Fig. 1. Year when important myositis autoantibodies were first reported. 
The autoantigen targets are depicted in boxes. Anti-cNIA, anti-cortactin and anti-FHL1 are MAAS and the remainder are MSAs.

Year of Myositis Autoantibody Discovery

Table I. Anti-tRNA synthetase autoantibody specificities and prevalence in adult IIM.

Autoantigen	 tRNA synthetase	 Prevalence in adult IIM

Jo-1	 Histidyl (HARS)	 25-30%
PL-7	 Threonyl (TARS)	 3-4%
Pl-12	 Alanyl (AARS)	 3-4%
EJ	 Glyceryl (GARS)	 <2%
KS	 Asparaginyl (NARS)	 <2%
OJ	 Multicomplex (Isoleucyl, Lysyl (IARS, KARS)	 <2%
Zo	 Phenylalanyl (FARS)	 <2%
Ha	 Tyrosyl (YARS)	 <2%
Ly	 Cysteinyl (CARS)	 <2%
VRS	 Valyl (VARS)	 <2%
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combinants, Muro et al. reported two 
patients, one with typical ASS features 
and anti-cysteinyl-tRNA synthetase 
(CARS) and another with CADM and 
anti-valyl-tRNA synthetase (VARS) 
(5). Using an unbiased immunopre-
cipitation-mass spectroscopy approach 
Vulsteke et al. reported anti-cysteinyl-
tRNA synthetase in a further patient 
with ASS and termed the autoantibody 
anti-Ly (6). Anti-valyl-tRNA synthetase 
(anti-VRS) was identified in an ASS 
patient initially using immunoprecipi-
tation techniques followed by recogni-
tion of in vitro translated recombinant 
protein (7). Yamano et al. confirmed the 
previously reported existence of anti-
Ha (tyrosyl tRNA synthetase) by iden-
tifying it using immunoprecipitation of 
biotinylated recombinant YARS in a 
patient with CADM coexisting with RA 
(14). As aminoacyl tRNA synthetases 
are organised into macrocomplexes, it 
is possible that atypical anti-ASAs exist 
to the other tRNA synthetases currently 
not known to be targeted.
Although the non-Jo-1 tRNA syn-
thetases are relatively rare compared 
to anti-Jo-1 cases, collectively they 
comprise an important group. Com-
mercial assays covering the entire rep-
ertoires are not yet available, although 
bead assays hold some promise (15, 
16). There is also a degree of heteroge-
neity within the syndrome with which 
they are associated (Fig. 2), e.g. anti-
Jo-1 patients more commonly have 
arthritis (17), whereas anti-PL-7 and 
anti-PL-12 positive patients have more 
dominant interstitial lung disease that 
occasionally can be the only manifes-
tation (18).

Myositis autoantibodies 
and disease classification
Attempts to classify idiopathic inflam-
matory myositis (IIM) over the years 
have been restricted by knowledge of 
the existence of MSAs and the avail-
ability of assays to detect them at the 
time. Thus, Bohan and Peter criteria 
(19, 20) took no account of the presence 
of myositis autoantibodies and even the 
more recent EULAR/ACR classifica-
tion criteria for adult and juvenile IIM 
lacked autoantibody data apart from 
testing for anti-Jo-1 (21). Of interest in 

the latter criteria the presence of anti-
Jo-1 as a covariate added the highest 
weighting to the scoring for IIM both 
with and without muscle biopsy find-
ings. An update of the EULAR/ACR 
classification criteria is planned that 
will likely incorporate a wider panel 
of MSAs, albeit such efforts need to be 
aware of issues in reliability of testing 
for some MSAs. Similar international 
efforts are being made to standardise 
the criteria for ASS, where again the 
availability of reliable testing for the 
full anti-synthetase antibody repertoire 
is a challenge (22). 

Myositis autoantibodies 
and disease phenotypes
The spectrum of myositis-related dis-
orders can be defined accounting for 
the specific type of myositis autoan-
tibody present. It is becoming com-
monly accepted that adult IIM consists 
of four major groups; dermatomyositis, 
inclusion body myositis, immune me-
diated necrotising myositis (IMNM) 
and ASS. Juvenile dermatomyositis 
forms a separate entity, although with 
a few exceptions the association of 
MSAs with patterns of disease mir-
rors that seen in adult IIM. The entity 
of polymyositis itself is rare with many 
of these patients now being recatego-
rised to either ASS or IMNM (23). The 
clinical phenotypes and organs affected 
together with the main autoantigens 
targeted is shown in Figure 2. A list of 
the major autoantigens, their function 
and main clinical associations is given 
in Table II.

Cancer and dermatomyositis
The association between cancer and 
dermatomyositis has been known for 
many years with the risk of cancer 3 to 
7 times higher in the presence of der-
matomyositis. The most common types 
of cancer include ovary, lung, pancreas, 
stomach, colorectal, breast, lymphoma, 
and in southeast Asian populations na-
sopharyngeal carcinoma. The risk of 
malignancy development is highest 
within one year of myositis diagnosis 
and cancer-associated myositis is de-
fined as the occurrence of myositis and 
malignancy within 3 years. A recent 
meta-analysis of 69 studies showed an-
ti-TIF1-g was significantly associated 
with an increased risk of cancer (rela-
tive risk 4.66) within the IIM popula-
tion (24).
Through the efforts of the International 
Myositis Assessment and Clinical Stud-
ies Group (IMACS) cancer screening 
guidelines in myositis have been de-
veloped that are informed by the pres-
ence of MSAs (25). The presence of 
anti-TIF1-g or anti-NXP2 together with 
one other high-risk factor (dermato-
myositis, age >40 years at IIM onset, 
persistent high disease activity despite 
therapy, dysphagia, cutaneous necro-
sis) puts a patient with IIM into an en-
hanced screening panel for malignancy 
compared to basic screening.
It is possible that when assays for some 
of the more recently described autoanti-
body specificities including anti-CCAR1 
and anti-Sp4 are available and findings 
from those studies are confirmed, that 
the guidelines will need modification to 

Fig. 2. The autoantigens targeted by myositis autoantibodies and their association with patterns of disease.
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stratify patients with anti-TIF1-g accord-
ing to co-existent autoantibodies. Simi-
larly reports that the IgG2 isotype level 
of anti-T1F1-g is closely associated with 
the presence of cancer may need to be 
taken into account (26).

The importance of 
myositis-associated autoantibodies
Whilst MAAs are not specific for my-
ositis itself they are nonetheless im-
portant to detect as they may point 
to an overlap with another autoim-
mune rheumatic disease. Furthermore, 
MAAs including anti-Ro52, anti-Ku, 
anti-PmScl and anti-U1RNP tend to 
have a higher prevalence of lung dis-
ease. In particular, the combination of 
anti-Ro52 with either anti-MDA5 or 
anti-Jo-1 is associated with more se-

vere lung disease and poorer outcome 
(27). Therefore, the presence of anti-
Ro52 may signal the need for closer 
monitoring and more aggressive treat-
ment. The same may apply to juvenile 
disease. In a recent study of 551 pa-
tients with juvenile myositis 36% had 
more than one MAA. MAA positive 
cases had a higher frequency of over-
lap myositis, Raynaud’s phenomenon, 
ILD, a more chronic disease course and 
higher mortality (13).

Insights into IIM pathogenesis
Recent research has increasingly impli-
cated that myositis autoantibodies are 
not merely bystanders but substantially 
contribute to the etiopathogenesis of 
IIMs. Emerging animal studies suggest 
that myositis autoantibodies or autoim-

mune T cells against myositis autoan-
tigens play crucial pathogenic roles in 
muscle and lung damage in IIMs. 

Anti-SRP and anti-HMGCR 
antibodies induce muscle necrosis 
in IMNM
Anti-SRP and anti-HMGCR antibodies 
are highly specific for immune-mediat-
ed necrotising myopathy (IMNM) and 
are critical in its diagnosis. The signifi-
cant association between anti-SRP and 
anti-HMGCR concentrations and mus-
cle disease severity in IMNM indicates 
the pathogenic role of these autoanti-
bodies in mediating muscle necrosis. 
An in vitro investigation revealed that 
treating muscle cells with purified to-
tal IgG from the sera of anti-SRP+ and 
anti-HMGCR+ patients with IMNM 
resulted in significant muscle fibre at-
rophy and increased the transcription 
of MAFbx and TRIM63. This impaired 
myotube formation was linked to de-
creased production of IL-4 and IL-13 
(28). A murine study further clarified 
the pathogenicity of these antibodies 
in the induction of muscle necrosis in 
IMNM, demonstrating that the passive 
transfer of anti-SRP or anti-HMGCR 
IgGs to wild-type mice induces muscle 
necrosis and reduces muscle strength 
(29), which mimics the muscle dam-
age observed in IMNM. Interestingly, 
a less pronounced deficiency in muscle 
strength was observed when these au-
toantibody IgGs were transferred to C3 
complement-deficient mice, suggest-
ing a role for complement activation in 
autoantibody-mediated muscle damage 
(29). These findings provide a compre-
hensive understanding of the patho-
logical mechanisms underlying IMNM. 
Furthermore, zilucoplan, a complement 
C5 inhibitor, was shown to prevent 
the onset of myopathy in a humanised 
mouse model of IMNM, ameliorat-
ing muscle weakness in a preventive 
paradigm setting (30). However, the 
efficacy of zilucoplan did not translate 
into clinically relevant improvements 
in adult patients with anti-HMGCR+ or 
anti-SRP+ IMNM in subsequent phase 
2 clinical trials (31). Therefore, the role 
of complement activation in autoanti-
body-mediated muscle injury in IMNM 
warrants further investigation. 

Table II. Myositis autoantigens, function and associated phenotype.

Autoantigen	 Function	 Phenotype

Mi-2	 Transcriptional regulation	 Adult and juvenile DM
		  Hallmark cutaneous DM

SAE
Small ubiquitin-like modifier 	 Post-translational	 Adult DM
activating enzyme	 modification 	 CADM

TIF1-g	 Transcriptional regulation	 Cancer in adults
Transcription intermediary	 Cellular differentiation 	 Cutaneous disease in JDM
factor 1-gamma	

NXP2	 Tumour suppression	 Cancer in adults
Nuclear matrix protein 2	 regulation, RNA metabolism	 Calcinosis (more so in JDM)

MDA5	 Viral RNA recognition	 CADM
Melanoma differentiation-		  RPLD
associated protein 5	

CCAR1	 DNA repair	 Anti-TIF1-g positive adult DM
Cell division cycle and 	 Transcriptional regulation	 with low risk of cancer
apoptosis regulator protein 1	

Sp4	 Transcription factor	 Anti-TIF1-g positive adult DM
Transcription factor 		  with low risk of cancer
Specificity protein 4		  Small % of JDM
		  More frequent Raynaud’s

tRNA synthetases	 Loading amino acids to their 	 Anti-synthetase syndrome
	 cognate transfer RNA (tRNA)	 Uncommon in JDM

SRP	 Intracytoplasmic protein	 Severe weakness
Signal Recognition Particle	 translocation (endoplasmic	 High CK 
	 reticulum)	 Carditis

HMGCR	 Biosynthesis of cholesterol	 Statin induced myositis
3-Hydroxy-3-Methylglutaryl-		  Mild to severe weakness
Coenzyme A Reductase	

cN1A	 Hydrolysis of AMP	 40% of inclusion body myositis
Cytosolic 5’ -nucleotidase 1A	 Metabolic regulation highly	 Also present in small proportion 
(Mup-44)	 expressed in skeletal muscle	 of Sjögren’s syndrome (and SLE)
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Immune response to TIF-1-γ 
results in experimental myositis 
The anti-TIF1-γ antibody is a DM-
specific autoantibody that targets tran-
scriptional intermediary factor 1, a 
ubiquitous nuclear autoantigen essential 
for maintaining genome stability (32). 
Anti-TIF1-γ antibody positivity is a sig-
nificant risk factor for cancer-associated 
myositis (25). Interestingly, Okiyama 
et al. reported that mice immunised 
with recombinant human TIF1-γ whole 
protein exhibited muscle necrosis and 
atrophy, up-regulation of MHC-I, and 
significant inflammatory infiltration in 
muscle tissue, which closely mimics the 
muscle pathology observed in human 
DM (33). Immunisation with TIF1-γ 
protein in μMT mice that lack B cell 
lineages and wild-type mice showed 
similar myositis development. In addi-
tion, the intravenous adoptive transfer 
of IgG purified from diseased mice did 
not induce myositis in recipient mice 
(33). In contrast, the adoptive transfer 
of CD8+ T cells from diseased mice, but 
not CD4+ T cells, resulted in myositis 
and muscle damage in naive recipient 
mice (33). These findings therefore sug-
gest that while anti-TIF1-γ antibodies 
did not directly cause myositis develop-
ment in this myositis mouse model, it 
appears that TIF-γ specific CD8+ T cells 
substantially provoked muscle inflam-
mation and damage in DM. 

Anti-Jo-1 autoimmunity 
contributes to the pathogenesis 
of antisynthetase syndrome
Previous studies have reported that im-
munisation with recombinant murine 
Jo-1 protein elicits significant pulmo-
nary and muscle pathology in C57BL/6 
and NOD mice (34). Specifically, lym-
phocytic lung infiltrates were primar-
ily observed surrounding airways and 
large blood vessels, with additional 
alveoli involvement and varied muscle 
infiltrative patterns, including perivas-
cular perimysial/epimysial inflamma-
tion, endomysial inflammation, and 
muscle fibre invasion/ degeneration 
(34). These findings provide a link be-
tween autoimmunity against HRS and 
the pathogenesis of ASS in humans. 
However, owing to the lack of adoptive 
transfer experiments in these studies, it 

remains unclear whether anti-Jo-1 anti-
bodies or Jo-1-specific autoreactive T 
cells are substantial contributors to lung 
and muscle inflammation in this murine 
model.
Emerging clinical sample-based studies 
and in vitro cellular investigations have 
provided evidence suggesting a patho-
genic role for anti-Jo-1 antibodies in 
ASS. Galindo-Feria et al. reported a sig-
nificant presence of Jo-1-reactive CD4+ 
T cells in PBMCs and bronchoalveolar 
lavage (BAL) fluid cells from patients 
with ASS, and detected anti-Jo-1 anti-
bodies in the BAL fluid (35). Moreover, 
germinal centre (GC)-like structures, 
which are characterised by T cells and 
surrounding plasma cells, were found 
in lung biopsy samples from patients 
with anti-Jo-1-positive ASS (35), sug-
gesting immune activation against Jo-1 
within the lungs. More recently, Honda 
et al. revealed that anti-Jo-1 antibodies 
bind to muscle endothelial cells, result-
ing in complement-dependent cell cyto-
toxicity (36). RNA-seq analysis further 
revealed significant gene expression 
alterations in muscle endothelial cells 
stimulated with IgG from anti-Jo-1+ 
patients, with TNF-α and mitochon-
dria complex related genes demonstrat-
ing the most significant changes in the 
ingenuity pathway analysis (36). The 
upregulation of TREM-1 in endothelial 
cells treated with IgG from anti-Jo-1+ 
patients was also confirmed at the pro-
tein level (36). These findings highlight 
the potential role of anti-Jo-1 antibod-
ies in mediating muscle endothelial cell 
dysfunction during myositis. 

Autoimmunity against MDA5 
provokes myositis-associated ILD 
As a hallmark of anti-MDA5-positive 
DM, autoimmunity against MDA5 has 
shown a substantial contribution to its 
etiopathology. Seto et al. found that an-
ti-MDA5 antibodies could induce neu-
trophils to form neutrophil extracellu-
lar traps (NETs) in vitro. Interestingly, 
these NETs could reduce the viability of 
myotubes in a citrullinated histone-de-
pendent manner (37). Given that NETs 
have been extensively reported to con-
tribute to lung injury (38, 39), the po-
tential role of anti-MDA5 antibodies in 
mediating lung diseases associated with 

DM by inducing NETs should be further 
investigated. Furthermore, Wang et al. 
revealed that RNA-containing immune 
complexes of anti-MDA5 antibody and 
MDA5 autoantigen could activate plas-
macytoid dendritic cells and enhance 
IFN-α production in an RNA-depend-
ent manner in vitro (40). More recently, 
Van Gompel et al. demonstrated that 
the helicase domains of MDA5 proteins 
are the main immunogenic targets of 
anti-MDA5 autoantibodies, indicating 
that the binding of these autoantibod-
ies may impair MDA5 protein function 
(41). Emerging in vivo studies provide 
evidence that MDA5 autoimmunity 
drives lung injury in mice. Zaizen et al. 
established transgenic mice by overex-
pressing human MDA5 proteins in the 
lungs and induced significant lung in-
jury by administering anti-MDA5 anti-
bodies, whereas wild-type mice showed 
no lung pathology after treatment with 
anti-MDA5 antibodies (42), highlight-
ing the critical role of the immune 
complex in eliciting lung disease in 
MDA5-DM. Recently, Ichimura et al. 
developed a mouse model mimicking 
DM-associated ILD through immunisa-
tion with recombinant murine MDA5 
whole proteins (43). Immunisation, in 
combination with complete Freund’s 
adjuvant and intraperitoneal injection 
of pertussis toxin, significantly induced 
anti-MDA5 antibodies in the sera with 
accompanying lung inflammatory infil-
tration, including macrophages and T 
cells. However, the lung inflammation 
resolved by 28 days after the last im-
munisation, with no associated mortal-
ity. Interestingly, additional intranasal 
administration of poly (I:C) to mimic 
viral infection resulted in fibrotic ILD 
manifestations, including prolonged 
respiratory inflammation, lung fibrot-
ic changes, and increased mortality. 
Mechanistically, CD4+ T cells, type I 
interferon, and IL-6 play critical roles 
in the development of ILD in this mod-
el (43). However, the adoptive transfer 
of IgGs from MDA5-immunised mice 
did not induce ILD in poly (I:C)-treated 
recipient mice (43), indicating that anti-
MDA5 antibodies alone cannot induce 
ILD. These findings indicate that au-
toimmunity against MDA5, in particu-
lar MDA5-specific CD4+ T cells, but 
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not anti-MDA5 antibodies, aggravates 
acute lung injury and suggests multiple 
and complex pathogenic mechanisms 
for MDA5-DM-associated ILD. No-
tably, no skin symptoms or pathology 
were observed in this model, similar 
to the abovementioned myositis model 
established by TIF1-γ immunisation, 
which warrants further investigation.

FHL1 immunisation aggravates 
muscle disease in myositis-prone mice
Antibodies against four-and-a-half LIM 
domain 1 (FHL1), a muscle-specific 
protein, were first identified in approxi-
mately 25% of patients with IIM, and 
were associated with severe muscle 
damage (44). More recently, an Austral-
ian single-centre cohort study revealed a 
somewhat reduced prevalence of 13.8% 
for anti-FHL1 antibodies in IIMs, and 
7% of patients with scleroderma were 
found to be positive for anti-FHL1 an-
tibodies, suggesting that anti-FHL1 is a 
myositis-associated antibody (45). This 
autoantibody has also been reported in 
approximately 11% of juvenile patients 
with IIM; however, it is not associated 
with severe disease features or poor 
outcomes in juvenile IIM (46). Inter-
estingly, immunisation of MHC class 
I transgenic mice (i.e. myositis-prone 
mice) with FHL1 proteins aggravated 
muscle weakness and increased mortal-
ity, indicating a link between anti-FHL1 
responses and muscle damage in IIM. 
However, whether this pathogenic role 
is directly mediated by autoantibodies 
remains to be clarified. 

MSAs can be internalised 
into living cells and disrupt the 
function of cognate autoantigens
The pathogenic significance of MSAs 
in IIM has long been questioned and 
whether these autoantibodies can en-
ter living muscle cells remains to be 
clarified. To address this issue, Pinal-
Fernandez et al. performed histopatho-
logical immunofluorescence staining of 
IgG in myositis muscles and revealed 
an obvious accumulation of IgG within 
myofibres in the same subcellular com-
partment as the autoantigen (47). In-
terestingly, when purified human MSA 
IgG was introduced into normal human 
skeletal muscle myoblasts via elec-

troporation, significant transcriptomic 
changes were observed, consistent with 
the transcriptomic effects observed in 
human disease and indicating disrupted 
autoantigen function (47). Of note, in-
ternalisation of purified IgG from pa-
tients with anti-MDA5-positive DM 
into human myoblasts triggered robust 
overexpression of IFNB1 and IFNB1-
inducible genes, suggesting a role for 
anti-MDA5 autoantibodies in activat-
ing MDA5-related gene expression 
(47). These findings provide a molecu-
lar basis for the pathogenic significance 
of MSAs in IIM damage and warrant 
further investigation into the precise 
mechanisms by which MSAs are inter-
nalised into muscle cells. 

A new perspective on MSA
The role of autoantibodies in the patho-
genesis of IIM underscores the signifi-
cance of B cells in IIM, and its therapeu-
tic implications. Traditional therapeutic 
strategies aimed at depleting B cells, 
such as CD20 monoclonal antibodies, 
have been reported to be beneficial in 
IIM treatment (48, 49). Moreover, re-
cent case reports have suggested the 
effectiveness of CD38 monoclonal an-
tibodies, which targets plasma cells, in 
treating DM (50, 51) and IMNM (52). 
Furthermore, the most recently pub-
lished CAR-T therapies, including both 
autologous and allogeneic therapies, 
have demonstrated substantial thera-
peutic potential for JDM (53), ASS (54, 
55) and IMNM (56, 57). These findings 
imply that B cell depletion plays an im-
portant role in IIM treatment, further 
suggesting the role of B cells and au-
toantibodies in the pathogenesis of IIM.
Despite significant progress, the precise 
role of MSA in the pathogenesis of IIM 
remains to be fully clarified. For exam-
ple, while patients with anti-TIF1-γ and 
anti-NXP2 antibodies exhibit signifi-
cantly increased cancer risks, it remains 
unknown whether these antibodies are 
products of tumour immunity or if they 
actively interfere with tumour immune 
surveillance, and subsequently contrib-
ute to tumor development. Additionally, 
the ongoing discovery of novel autoan-
tibodies with significant potential for 
disease stratification continues to be of 
interest in IIM research.

Conclusions
The identification of MSAs has sig-
nificantly advanced clinical phenotype 
identification, informed management 
strategies, and refined disease classifica-
tion in IIM. Additionally, autoimmune 
responses, encompassing both MSAs 
and myositis autoantigen-specific T 
cells, are increasingly recognised as sub-
stantial contributors to disease patho-
genesis. Further investigations to under-
stand the mechanisms by which MSAs 
mediate disease will provide therapeutic 
insights for IIM management. 
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