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Abstract. To date, there are four main groups of idiopathic inflammatory myopathies (IIM): polymyositis (PM), dermatomyositis
(DM), immune-mediated necrotizing myopathy (IMNM) and sporadic inclusion body myositis; based on clinical presentation
and muscle pathology. Nevertheless, important phenotypical differences (either muscular and/or extra-muscular manifestations)
within a group persist. In recent years, the titration of different myositis-specific (or associated) auto-antibodies as a diagnostic
tool has increased. This is an important step forward since it may facilitate, at a viable cost, the differential diagnosis between IIM
and other myopathies. We have now routine access to assays for the detection of different antibodies. For example, IMNM are
related to the presence of anti-SRP or anti-HMGCR. PM is associated with anti-synthetase antibodies (anti-Jo-1, PL-7, PL-12, OJ,
and EJ) and DM with anti-Mi-2, anti-SAE, anti-TIF-1-␥ and anti-NXP2 (both associated with cancer) or anti-MDA5 antibodies
(associated with interstitial lung disease). Today, over 30 myositis specific and associated antibodies have been characterised,
and all groups of myositis may present one of those auto-antibodies. Most of them allow identification of homogenous patient
groups, more precisely than the classical international classifications of myositis. This implies that classification criteria could
be modified accordingly, since these auto-antibodies delineate groups of patients suffering from myositis with consistent clinical
phenotype (muscular and extra-muscular manifestations), common prognostic (cancer association, presence of interstitial lung
disease, mortality and risk of relapse) and treatment responses. Nevertheless, since numerous auto-antibodies have been recently
characterised, the exact prevalence of myositis specific antibodies remains to be documented, and research of new auto-antibodies
in the remaining seronegative group is still needed.
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INTRODUCTION
They are four main groups of idiopathic inflammatory myopathies (IIM): polymyositis (PM), dermatomyositis (DM), immune-mediated necrotizing
myopathy (IMNM) and sporadic inclusion body
myositis (sIBM) [1]. These groups are defined based
∗ Correspondence to: Olivier Benveniste, Assistance Publique Hôpitaux de Paris, Pitié-Salpêtrière University Hospital, Department of Internal Medicine and Clinical Immunology (DHU
i2B), 47-83, boulevard de l’Hôpital, 75651 Paris cedex 13,
France. Tel.: +33 142161088; Fax: +33 142161058, E-mail:
olivier.benveniste@psl.aphp.fr.

on clinical presentation and muscle pathology. Nevertheless, important variations concerning phenotype
(either muscular and/or extra-muscular), response to
treatment and prognosis are observed within a given
group.
In 1976, Reichlin and Mattioli [2] described the first
myositis specific auto-antibody (MSA) identified in a
patient with Mi initials, thus referring to it as antiMi-2. Later, anti-Mi-2 appears to be closely linked to
DM, and was the first specific serologic marker for
this form of myositis [3]. Today, this MSA is known
to be directed against the chromatin-remodelling
Mi-2/NuRD complex and is found in 10–30% of
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Table 1
Myositis specific antibodies

Name of
the antibody

Target of
the antibody

Frequency
among autoimmune
myopathies

Acute
and severe
proximal
weakness

Muscle
pathology

Skin
lesions

Lifethreatening
complication

Anti-Jo-1
Anti-PL-7
Anti-PL-12
Anti-OJ
Anti-EJ
Anti-Zo
Anti-Ha
Anti-KS
Anti-MI-2

Histidyl-t-RNA-synthetase
Threonyl-t-RNA-synthetase
Alanine-t-RNA-synthetase
Isoleucyl-t-RNA-synthetase
Glycyl-t-RNA-synthetase
Phenylalanyl-RNA-synthetase
anti-tyrosyl-RNA-synthetase
Asparaginyl-t-RNA-synthetase
Nuclesome remodelingdeacetylase
Transcriptional intermediary
factor 1 ␥
Melanoma differentiation
associated gene 5
Small ubiquitin-like
modifier activating enzyme
Nuclear matrix protein 2

15-20%
5%
<5%
<5%
<5%
<5%
<5%
<5%
6%

+++/++
++/+
+/±
+/±
+/±
+/±
+/±
+/±
++

IMPP/NM
IMPP/NM
IMPP/NM
not characterised
not characterised
not characterised
not characterised
not characterised
IMPP

MH
MH
MH
MH
MH
MH
MH
MH
DM rash

ILD+/cardiac+
ILD++
ILD++
ILD++
ILD++
ILD++
ILD++
ILD+
none

6%

++

IMPP

DM rash

cancer

6%

±

not characterised

ILD+++

<5%

+

not characterised

DM rash, ulcers,
MH, palmar papules
DM rash

<5%

++

not characterised

Signal recognition particle
3-hydroxy-3-methylglu
tarylcoenzyme A
reductase
Cytosolic 5 -nucleotidase 1A

5%
6%

+++/±
+++/±

10%

−

Anti-TIFl␥
Anti-MDA5
Anti-SAE
Anti-NXP2
Anti-SRP
Anti-HMGCR

Anti-cN1A

none
cancer

NM
NM

DM rash,
calcinosis
none
none

sIBM

none

none

cardiac++
none

IMPP: immune myopathies with perimysial pathology was described by Pestronk and Mozaffar in patients with anti-synthetase syndrome and
dermatomyositis [90]. NM: Necrotizing myopathy. DM rash: dermatomyositis rash. MH: mechanic’s hand. ILD: interstitial lung disease.

patients with DM [4]. DM patients typically have more
severe cutaneous manifestations but also experience
a better response to steroid therapy and a diminished
incidence of malignancy [5–7].
In 1980, Nishikai and Reichlin [8] described the second MSA identified in a patient with initials Jo, thus
referencing it as anti-Jo-1. This MSA was observed
in 30% of PM and 4% of DM patients. Three years
later, the target of this antibody was discovered: antiJo-1 directed against (and functionally blocking) the
histidyl tRNA-synthetase [9]. Aside from anti-histidyl
tRNA-synthetase being described of which anti-Jo-1
was first among IIM, seven other anti-aminoacyl tRNA
synthetase have been described (Table 1). Today, using
different commercial immunoassays, we are able to
detect anti-histidyl (Jo-1 also called PL-1), threonyl
(PL-7), alanine (PL-12), isoleucyl (OJ) and glycyl (EJ)
tRNA synthetase antibodies (Fig. 1). The first series
of cases (n = 29) of anti-aminoacyl tRNA synthetase
antibody positive patients was published in 1990,
delineating a relatively homogeneous phenotype: the
anti-synthetase syndrome which associates myositis, interstitial pneumonia, Raynaud’s phenomenon,
mechanic’s hands and arthritis [10].

Love et al. in 1991 were the first to propose the
use of MSA to classify IIM, followed by Troyanov
et al. in 2005, who proposed the same approach
in their serological classification [5, 11]. Of note,
in this last classification the authors proposed that
the term for PM should be used only for PM without MSA and/or myositis associated auto-antibodies
(MAA), otherwise overlap myositis should be diagnosed [11], as most patients with these antibodies
are presenting extra-muscular symptoms common with
connective-tissue disorders. In parallel, PM begun to
be viewed as an over diagnosed entity [12] and even
as a mythological beast [13] (Fig. 1). However, several reviews highlight the usefulness of MSA in IIM
[14, 15].
To date, over fifteen MSA as well as MAA have been
characterised (Fig. 1 and Tables 1 and 2). Many can be
detected through routine tests via multiple commercial line blot assays (figured in bold on Fig. 1). MSA
are “only” observed in acquired myopathies, whereas
MAA can also be detected in other auto-immune diseases, particularly connective-tissue disorders such as
scleroderma. These MSA are usually mutually exclusive, i.e. in the vast majority of the cases when a
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Fig. 1. Main myositis specific auto-antibodies (MSA) and myositis associated auto-antibodies (MAA) observed in the different subgroups
of idiopathic inflammatory myopathies. N.B. Bold highlights antibodies, which today are routinely available, by commercial line dot assays.
Dot lines show association between extra-muscular manifestation and the antibodies. ASA: anti-synthetase antibodies. ILD: interstitial lung
disease.
Table 2
Myositis associated antibodies
Name of
the antibody

Target of
the antibody

Anti-Ro52
Anti-Ro-60/SSA
Anti-La/SSB
Anti-Ku
Anti-URNP
Anti-Mitochondrial

TRIM21
60-kDa Ro
La
Ku
Ribonucleoprotein
Pyruvate deshydrogenase-E2

30%
10%
15%
20%
15%
10%

Anti-PM/Scl

nucleolar PM/Scl
macromolecular complex
Centromer
Topo-isomerases
RNA polymerase III
Fibrillarin
cyclic citrullinated peptide
IgG

anti-CENP
anti-topo
anti-RNAPOLIII
anti-fibrillarin
anti-CCP
Rheumatoid Factor

Frequency
among autoimmune myopathies

Muscle
Pathology

Lifethreatening
complication

Associated
auto-immune
diseases

ILD
ILD
ILD
ILD
none
cardiac

SSc, SS, SLE
SSc, SS, SLE, RA
SSc, SS, SLE, RA
SSc, SS, SLE
Sharp syndrome
PBC

10%

IMPP/PM
IMPP/PM
IMPP/PM
PM
PM
granulomatous
PM
PM/NM

ILD, cardiac

SSc, SLE

<5%
<5%
<5%
15%
10%
20%

PM/NM
PM/NM
PM/NM
PM/NM
IMPP/PM
IMPP/PM

ILD, cardiac
ILD, cardiac
ILD, cardiac
ILD, cardiac
ILD
ILD

SSc
SSc
SSc
SSc
RA
SSc, SS, SLE, RA

The reported frequency of antibodies are mainly derived from Koenig et al. [60] and Labrador-Horrillo et al. [91]. IMPP: immune myopathies
with perimysial pathology [90]. NM: Necrotizing myopathy. DM rash: dermatomyositis rash. ILD: interstitial lung disease. PM: Polymyositis.
SSc: Systemic sclerosis. SS: Sjögren syndrome, SLE: systemic lupus erythematosus. PBC: primary biliary cirrhosis. RA: Rheumatoid arthritis.
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patient presents with IIM, only one of those MSA are
detected [16]. MSA and/or MAA are present in 80%
of patients suffering from IIM [17], and 20–50% of
patients are positive for MSA [17–21], however, these
studies have not used the last generation of immunodetection assays. As we will see below, the presence of
MSA/MAA is associated with homogeneous muscular
and extra-muscular phenotypes and prognosis. Indeed,
detection of cancer and life-threatening complications,
therapeutic choices and follow-up as well must be
carried out according to the presence of MSA/MAA,
which becomes paramount in the management
of IIM.
In this review focusing on the diagnostic utility of
MSA and MAA, we will see i) which auto-antibody
may be observed depending on the muscular and the
extra-muscular phenotype, ii) how MSA and MAA
are useful to differentiate IIM from other genetic
or acquired myopathies, and iii) how MSA permits
precise prognosis, cancer association and therapeutic
options.
PHENOTYPES AND AUTO-ANTIBODIES
Depending on type of the clinical presentation
including both muscular and extra-muscular phenotypes presence of MSA and/or MAA may be suggested.
Muscular manifestations
Clinical phenotype
The common clinical characteristic of IIM is the
presence of muscle weakness. There are indeed great
variations in weakness between the different groups
of IIM (and even within a group) ranging from a very
severe muscle deficit with an acute onset to the absence
of muscle deficit (so called “amyopathic” IIM).
An acute or sub-acute onset (in less than 3 months) of
severe (Medical Research Council grade ≤3/5) proximal weakness with myalgia is frequently observed
in IMNM associated with anti-signal recognition protein (SRP) or anti-hydroxymethylglutaryl-coenzyme
A reductase (HMGCR) antibody [22–24]. Similarly,
these MSA are also associated with high creatine
kinase (CK) levels (>5,000 I.U/L) compared to other
IIM [24–26]. Patients with anti-SRP or anti-HMGCR
antibodies may also frequently (20–30%) suffer from
dysphagia [24, 25], again more common than in other
IIM [25].
Anti-Jo-1 positive patients may also present with
severe weakness associated with myalgia and high
CK level [27], but in general the severity of

muscle deficit is not worse than any other IIM
[5, 28]. As we have seen previously, anti-Jo-1 antibodies target the histidyl-tRNA synthetase and, to
date, there are seven other MSA recognising different aminoacyl-tRNA synthetases (Table 1). After
anti-Jo-1, anti-threonyl (anti-PL-7) and anti-alanyl
(anti-PL-12) are most frequently detected [17, 21].
However, there are slight differences in phenotype
depending on which aminoacyl-tRNA synthetases are
targeted. Indeed, compared to patients with antiJo-1, anti-PL7 and anti-PL12 patients have a less severe
myositis with more severe interstitial lung disease
[16, 29]. Conversely, the very rare patients with antiasparaginyl tRNA synthetase (anti-KS) antibodies do
not have clinical evidence of myositis [30]. Similarly,
the anti-CADM-140 antibody (31), is associated with
amyopathic DM (clinically amyopathic DM: CADM
[32]). Once its molecular target was identified, this
MSA was renamed anti-Melanoma differentiated gene
5 (MDA5) antibody [33]. Nevertheless, DM patients
positive for anti-MDA5 antibody may also present
signs of myositis even if their muscle weakness and/or
increase of CK levels are milder compared with “classical” DM [34].
Slowly progressive muscular deficit with a proximal, distal and asymmetric topography is one of the
hallmarks of sIBM, notably the selective weakness
of finger flexion and knee extension [35]. Recently,
sIBM-specific auto-antibodies have been alluded to
and described. An antibody recognizing a 43 kD antigenic target was found in the serum of 13 out of 25
sIBM patients but not in 40 controls (healthy subjects or patients with other inflammatory myopathies)
[36]. The antigenic target of this sIBM associated
auto-antibodies has been identified by two independent
groups as cytosolic 5 -nucleotidase 1A (anti-cN1A)
[37, 38]; an enzyme involved in nucleotide metabolism
which is expressed at a relatively high level in skeletal
muscle. Anti-cN1A autoantibodies were present in one
third of sIBM patients [37, 38], as compared to ≤5%
in PM and DM [37, 38]. Nonetheless, the specificity to
sIBM of this newly described anti-cN1A autoantibody
has not yet been fully evaluated and further studies
are required, particularly in other groups of connective
tissue diseases such as rheumatoid arthritis, lupus or
systemic sclerosis. If sIBM diagnosis is based on clinical and pathological criteria [39] then in some cases
the diagnosis remains uncertain; therefore the presence
of this MSA could be helpful to consolidate the diagnosis. Similarly, the presence of MSA or MAA (anticN1A or anti-PM/Scl antibody) could be helpful in the
diagnosis of IIM (e.g. sIBM, scleromyositis) [40] as
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Fig. 2. Histological features of muscle based on the presence of myositis specific auto-antibodies (MSA). (A) Muscle fibre necrosis (asterisk)
with minimal inflammatory infiltrates involved in phagocytosis of necrotic fibres (arrow) in a patient with anti-SRP antibody. (B) In patients with
anti-synthetase syndrome, muscle fibre injuries occur mainly in perifascicular areas with fibre atrophy (arrow head), and/or necrosis (asterisk).
Inflammatory infiltrates are present in perimysial and perifascicular regions (arrow). (C) Muscle fibre atrophy (arrow head) in perifascicular
regions and the presence of inflammatory infiltrates in a perivascular and perimysial regions (arrows) are also observed in DM patients. (D)
Vasculopathy with important C5b-9 depositions within capillaries in a DM patient (arrow head). Of note physiological positive C5b-9 staining
on small arteries (arrows).

unusual muscle deficit, such as dropped head, maybe
observed.
Beside the classical skeletal muscular manifestation, cardiac involvement is rare but may expose IIM
patients to threatening complications. The MSA antiSRP antibody is associated with a risk of cardiac
complication [41] and several reports have also shown
cardiac involvement in anti-synthetase syndrome [42].
Two MAA have further been reported with increased
risk of cardiac involvement: anti-mitochondrial and
anti-PM/Scl antibodies [43, 44].
Pathological features
Most muscle biopsies from Anti-SRP and antiHMGCR patients show features of IMNM including
predominant muscle necrosis and little or no inflammation (Fig. 2A), even if a minority of patients may
have significant muscular infiltrates [22, 24, 26]. Some
patients with anti-Jo-1 antibody may also have patho-

logical features of IMNM [45], but the majority of
these patients have a myositis with significant inflammation on muscle biopsy [14]. This pathological
feature of anti-Jo-1 patients is characteristic.
Myopathological changes occur in perifascicular
regions with the presence of fibre atrophy, with
inflammation mainly observed in perimysial regions
[14] (Fig. 2B). These features are close to those
observed in DM patients [14] leading to classification
of patients with anti-synthetase syndrome in the DM
group [34, 46] (Fig. 2C and D). However, pathological features in patients with anti-Jo-1 appears
different since Mozzafar and Pestronk only observed
a vasculopathy in DM [14]. The pathological changes
currently observed in DM patients (perifascicular
atrophy, perimysial inflamation near vascular regions
and vasculopathy) are present in patients positive
for MSA associated with DM [1] (Table 1, Fig. 2C
and D). Patients with anti-mitochondrial antibodies
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may present also a specific pattern with muscle
inflammation with the presence of granulomatous
lesions [43], yet none of these patients would be
considered as suffering from sarcoidosis.
Extra-muscular manifestation
Patients with anti-HMGCR antibody do not present
with extra-muscular manifestations, and a minority of patients with anti-SRP antibody have discrete
interstitial lung disease [24–26]. Conversely patients
with other MSA and/or MAA frequently have extramuscular manifestation and notably life threatening
interstitial lung disease which may represent the beginning of disease.

Lung disease
Presence of interstitial lung disease (ILD) is one of
the most frequent manifestations [70–90%) in patients
with anti-aminoacyl-tRNA synthetase antibody [5, 47].
The presence of ILD also predicts the prognosis of
those with anti-synthetase syndrome [27, 48]. Patients
with anti-PL7 and anti-PL12 have an increased severity of lung disease compared to anti-Jo-1 patients
[16, 49]. The CT scan aspect (which on rare occasions was confirmed by lung histology) is mainly
non-specific interstitial pneumonia without (Fig. 3A)
or with fibrosis (Fig. 3B) [50, 51]. Less frequently,
usual interstitial pneumonitis (Fig. 3C), cryptogenic
organizing pneumonia (Fig. 3D) are also described

Fig. 3. Different patterns on CT scan of interstitial lung disease occurring during anti-synthetase syndrome. (A) Non-specific interstitial
pneumonia with the presence of subpleural reticulations (black arrow heads). (B) Non-specific interstitial pneumonia with fibrosis characterised
by the presence of traction bronchiectasis (white arrow). (C) Usual interstitial pneumonia with presence of honeycombing (white arrow heads).
(D) Cryptogenic organising pneumonitis with presence of bilateral peripheral consolidations (black arrow heads). (E) Diffuse alveolar damage
with presence of diffuse ground glass and consolidation opacities.
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Fig. 4. Skin lesions. (A) Elbow skin ulcers in a DM patient with anti-MDA5 antibodies. (B) Mechanich’s hand in a patient with anti-Jo-1
antibody. (C) Calcinosis cutis on the trunk and on the right arm of a DM patient with anti-NXP2 antibodies. (D) X-ray of both arms revealing
the presence of calcifications. (E) Calcinosis cutis also present on the abdomen and (F) detectable by abdominal CT scan.

[50, 51]. The most severe lesions with an immediate
life-threatening prognosis are diffuse alveolar damage
(Fig. 3E) [51]. The occurrence of pulmonary hypertension in anti-synthetase syndrome is significant (8%),
although presumably related to interstitial lung disease,
it dramatically worsens the prognosis [52].

Additionally patients with anti-MDA5 present
almost always (>80%) with an ILD and the anti-MDA5
antibody is the only DM MSA specifically associated
with lung disease [34]. The rapidity of progression
of that ILD in patients with anti-MDA5 antibody
is also remarkable leading to an acute respiratory
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failure much more frequently than in patients with
anti-synthetase antibodies [34, 48, 51]. Anti-Ro52 antibody is the most common MAA frequently associated
with anti-synthetase antibodies [17]. Patients who are
anti-Jo-1 antibody positive seem to often have a greater
severity of ILD in the presence of anti-Ro52 [53, 54].
Anti-PM/Scl and anti-Ku antibodies positive patients
present frequently with an associated ILD [44, 55].
Skin lesions
Typical DM skin rash is by definition observed
in DM patients with or without MSA [1], nevertheless, atypical skin lesions are also documented in DM
depending on which MSA is present. Anti-MDA5 antibody positive DM patients present more frequently
with skin ulcerations (Fig. 4A), palmar papules and
mechanics’ hands [56]. DM patients with anti- nuclear
matrix protein NXP-2 (NXP-2) antibody have higher
occurrences of calcinosis (Fig. 4 C-F), especially in
juvenile DM [57, 58]. Patients with anti-synthetase
syndrome present frequently with “mechanics’ hands”
(Fig. 4B), and characteristically, patients with antiPL7 or anti-PL12 antibodies have sclerodactyly leading
occasionally to a systemic sclerosis diagnosis since they
also have Raynaud phenomenon and interstitial lung
disease [46]. Anti-Ku and anti-PM/Scl antibody positive patients may also have sclerodactyly whether or not
they present systemic sclerosis overlapping with their
myositis [44, 55]. Similarly, patients with IIM associated with systemic lupus erythematosus, systemic
sclerosis and related MAA, have skin manifestations
linked to the underlying connective tissue disorder [59].
Other extra-muscular manifestations
Arthralgia (and less frequently arthritis) is frequently
observed in patients with anti-synthetase syndrome and
in patients with anti-MDA5 antibody [27, 34]. Pyrexia
and/or weight loss are observed mainly in-synthetase
syndrome, anti-MDA5, anti-SRP and anti-HMGCR
antibody positive patients [24, 25, 27, 34, 47]. Of note,
systemic manifestations related to connective tissue
diseases are present in overlapping myositis with MAA
(e.g. systemic erythematosus lupus, rheumatoid arthritis systemic sclerosis, or sharp syndrome) [59, 60].
Also, one third of patients with anti-mitochondrial antibodies present with a primary biliary cirrhosis [43].
AUTO-ANTIBODIES AND DIFFERENTIAL
DIAGNOSIS
In patients suffering from myopathies, the presence
of MSA or MAA is an argument for auto-immune

mechanisms. Especially the presence of MSA which
may be crucial to differentiate a muscular dystrophy from an acquired myopathy. Some patients with
anti-SRP and/or anti-HMGCR have a slowly progressive muscle weakness, and muscle biopsies, performed
after long disease duration, show muscle necrosis, irregular size of fibres and endomysial fibrosis.
Together, these features may lead to the diagnosis of a
muscular dystrophy whereas no muscular protein deficiency or mutation have been detected [24, 61]. In those
cases detection of MSA is crucial because based on
these results, patients should receive efficacious treatments (immunosuppressants).
Similarly, as discussed in the first section, unusual
muscular deficits (e.g: dropped head) occurring during
true IIM may be diagnosed with the help of MAA or
MSA.
Besides IMNM, necrotizing myopathies can also
be due to toxins or drugs, including statins. Usually
toxic myopathies improve rapidly after withdrawal of
their causal agent. Nevertheless, it has been reported
that increased CK levels and/or muscular symptoms
may persist over months after statin withdrawal, suggesting that toxic myopathy may persist for a longer
time than expected [62]. In parallel, Mammen et al.
described the existence of IMNM with anti-HMGCR
antibodies occurring in patients exposed to statins [26].
Of note, this MSA was not detected in a large cohort
of statin-exposed patients including those with selflimited statin intolerance [63]. The induction of IMNM
with anti-HMGCR antibodies therefore seems a rare
event in patients exposed to statins [24]. Thus, antiHMGCR may be advantageous in differentiating statin
intolerance from cases of IMNM induced by statins.
Since patients with anti-MDA5 antibodies or
anti-synthetase syndrome may present significant
interstitial lung disease and/or arthritis with few or
no sign of myositis, these MSA are also useful
to pulmonologists/rheumatologists/dermatologists for
distinctions with other conditions.
PROGNOSIS, CANCER ASSOCIATION AND
TREATMENT
Prognosis
Cardiac involvement, interstitial lung disease and
cancer are three major causes of mortality in patients
with IIM [64–67]. We showed previously how certain MSA and/or MAA are strongly associated with
cardiac (e.g., anti-SRP, anti-mitochondrial antibodies)
and/or lung diseases (anti-synthetases, anti-MDA5, but
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also anti-Ku [68] and anti-PM ScL antibodies [44] see
Tables 1 and 2). Therefore these antibodies could delineate subgroups of patients, where thorough screening
and follow-up should be performed.
Cancer association
Auto-immune myositis (mainly in DM patients) is
associated with cancer in approximately 20–30% of the
cases [69]. Two MSA are also strongly associated with
cancer and become useful tools to delineate patients in
whom an intense screening must be performed.
The first described was discovered in 2006 by
Targoff et al. as a newly recognised auto-antibody with
a 155/140 kDa protein in DM patients and particularly
in cancer-associated DM [70]. The target of this anti155/140 antibody was concomitantly published by the
same group as the anti-transcription intermediary factor 1 ␥ (TIF1-␥). Anti-TIF1-␥ and cancer-associated
DM were repeatedly found associated in different studies (for review see [71]). Finally, this MSA had a
positive predictive value of 58% and a negative predictive value of 95% for cancer association in DM
[71]. Similarly, it was recently shown that anti-NXP-2
antibody, a MSA observed in DM patients, was specifically associated with cancer [72, 73]. Conversely, to
date, other MSA specific for DM (Table 1) and in
particular the oldest described ones anti-Mi-2, are not
associated with cancer [34]. Also, patients with antisynthetase syndrome do not have an increased risk
of cancer [47]. If there are data reporting associations between necrotizing myopathy and cancer, to date
there is no increased frequency of cancer in anti-SRP
or anti-HMGCR antibodies positive IMNM [24, 25].
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anti-synthetases antibody positive patients) cyclophosphamide, cyclosporine or tacrolimus are drugs which
have shown positive results [74–77]. Rituximab seems
also to be sometimes efficacious in this situation [78].
Since levels of anti-Jo-1, anti-MDA5, anti-SRP
and anti-HMGCR antibody are correlated with the
activity of the disease [24, 79–82], MSA could be
involved in the pathogenesis of these IIM. Therefore, treatments targeting antibody production and/or
pathways activated by immune complexes could be
efficacious in patients with MSA. To this aim, B cell
depleting immunotherapy may be an option. Indeed,
rituximab may be efficacious in refractory IIM [83]
and presence of anti-MI-2 or anti-synthetase syndrome predict clinical improvement [84]. Removing
antibodies (plasma exchanges) in the acute phase of
auto-immune myopathy with MSA also showed positive results [85, 86]. The immuno-modulator treatment:
intra-venous immunoglobulins (IVIg) could modulate
effects of pathogenic antibody by inhibiting activation
of complement and/or fixation to their cognate antigens (anti-idiotypic effect) [87]. Several studies have
shown that IVIg can have a beneficial effect on DM
and PM, particularly when associated to MSA [88].
Nevertheless, further studies designed for patients with
MSA are needed to document the place of immunosuppressants, biotherapies and IVIg. Eculizumab is a
monoclonal antibody directed against the complement
protein C5 (complement inhibitor), could theoretically
be interesting in IIM involving complement activation
and MSA but studies are needed to confirm its utility
[89].

CONCLUSIONS
Treatment
Two-third of patients with anti-synthetase antibodies need disease-modifying anti-rheumatic drugs
(in other words: immunosuppressant intensification)
[27] and patients with IMNM with MSA (Anti-SRP
or anti-HMGCR Ab) are characterised by a long
disease duration with numerous relapses [24, 25].
These observations led to considering the association of both corticosteroid and an immunosuppressant
(which can be methotrexate or azathioprine, at least,
for their corticosteroid sparing effects) as initial
treatment for these patients [11]. Also, because of
life-threatening complications of ILD, combined treatment need to be discussed in IIM patients with MSA
and/or MAA and lung involvement. In severe lung
disease (as frequently encountered in anti-MDA5 or

MAA and MSA are very relevant diagnostic tools
for diagnosis and classification of IIM. To date, different immunoassays permit detection, at a modest
cost, many of the MSA/MAA (Fig. 1). The presence
of MAA and/or MSA strongly suggests auto-immune
mechanisms in patients suffering from muscular symptoms. MSA or MAA delineate subgroups of IIM
patients with consistent clinical phenotype (muscular and extra-muscular manifestations, notably ILD
and cancer (Fig. 1)), common prognostic (mortality and disease duration) and treatment responses.
They also permit to identify homogeneous groups
of patients more precisely than the classical international classification of myositis did (based on
clinic and pathology) [1], leading to consider MSA
and/or MAA as relevant diagnostic criteria in further
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classification. Nevertheless, the exact proportion of
patients with MSA and or MAA remains unknown
and further studies with an exhaustive screening are
needed. In addition, since clinical trials have been performed with patients PM and/or DM, further studies
enrolling homogenous groups of patients based on
presence of MSA and with specific outcome measures
adapted to these phenotypes are needed to determine
specific therapeutic strategies in those patients.
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