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Abstract
Purpose of review Dermatomyositis is an idiopathic inflammatory myopathy with a variety of systemic and cutaneous manifes-
tations. The myositis-specific autoantibodies (MSAs) are associated with phenotypic features and provide a tool for sub-
classification of dermatomyositis patients. This review focuses on recent work characterizing the clinical features that accompany
the MSAs in dermatomyositis.
Recent findings There is increasing recognition of the distinct clinical and pathological phenotypes associated with each MSA.
Most of these features display considerable overlap between MSA groups. Despite this, there are notable differences between the
typical combinations of cutaneous and systemic manifestations, response to therapy, prognosis, and disease sequelae that define
each dermatomyositis MSA group.
Summary The MSAs may ultimately improve diagnosis and sub-classification of dermatomyositis patients. However, more
work is needed to understand the pathologic basis for much of the heterogeneity found within these subgroups.
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Introduction

Dermatomyositis (DM) is an idiopathic inflammatory myopathy
with a range of systemic and cutaneous manifestations that leads
to significant variability in clinical presentation. The original DM
classification criteria were limited to muscle involvement and a
limited number of cutaneous manifestations [1, 2], but the sig-
nificant heterogeneity among DM patients is now recognized
and amyopathic DM is a defined subgroup in the 2017
EULAR/ACR DM criteria [3]. Not only are there a variety of
cutaneous findings [4], but pulmonary disease, joint disease,
muscle disease, and malignancy are also all variably present in
DM patients. The inconsistent clinical presentation creates both a
diagnostic and patient management challenge for clinicians. By
definition, myositis-specific autoantibodies (MSAs) are found
only in patients with idiopathic inflammatory myopathies

(dermatomyositis, polymyositis, inclusion body myositis, and
necrotizing myopathies). Interestingly, most MSAs found in
DM are not found in other inflammatory myopathies and, fur-
thermore, are each associated with characteristic clinical features
along the DM spectrum (Fig. 1a). Recent work in larger DM
cohorts has helped to characterize these autoantibodies and their
associated phenotypes. Recognition of the phenotypes associated
with MSA subgroups can guide clinical care and ensure that
patients at increased risk of a more severe cutaneous or systemic
disease course have appropriate treatment and follow-up.

Anti-Mi-2 Autoantibodies

Mi-2 antigen is part of the nucleosome-remodeling deacetylase
complex (Table 1), and anti-Mi-2 autoantibodieswere first report-
ed as aMSA in DMby Targoff et al. in 1985 [5]. The prevalence
ranges from 2 to 38%within adult DMpopulations and 4 to 10%
within juvenile dermatomyositis (JDM) populations [6–14]. The
highestprevalence inadultswas reported in Indiaand the lowest in
Japan,while a studyof JDMpatients suggests a higher prevalence
amongHispanicpatients[6,7,13].VariousHLAassociationshave
identified DRB1*0302 as the primary allelic risk factor among
AfricanAmericans andDRB1*0701/DQA1*0201as theprimary
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allelic risk factors among European Americans [15–18].
DRB1*0302 and DRB1*0701 have a conserved amino acid se-
quence that may be contributing to the preferential binding of the
Mi-2 peptide [16]. A large cohort in theUSA identified a positive
association betweenUVradiation and the expression of anti-Mi-2
autoantibodieswithinwomen(OR17.3,CI1.8–162.4,p = 0.012),
andmore recently, a Brazilian cohort found a positive association
between anti-Mi-2 and photosensitivity [11, 19]. However, a re-
cent study fromMexico found a large difference between the per-
centage of DM patients with anti-Mi-2 autoantibodies in two dif-
ferentcitiesofsimilar latitude, suggesting thatUVirradiation isnot
the only risk factor for developing anti-Mi-2 autoantibodies [20].

Anti-Mi-2-positive DM patients have significantly de-
creased risk of interstitial lung disease (ILD) compared to
anti-Mi-2-negative patients and have low rates of malignancy
[6, 13, 21]. Higher creatine kinase (CK) and lactate dehydro-
genase levels have been observed among both juvenile and
adult DM patients [7, 20]. Initial work investigating muscle
disease pathogenesis in these patients demonstrated Mi-2
overexpression in regenerating human DMmyofibers and ac-
celerated myoblast differentiation in vitro after suppression of
Mi-2 expression, leading to the hypothesis that Mi-2 inhibits
myoblast differentiation through muscle repair [22]. More re-
cently, muscle biopsies from anti-Mi-2-positive DM patients
have been shown to have significantly more inflammation

compared to other autoantibody subgroups, and those from
JDM patients reflect more severe disease [23•, 24•].

The cutaneous manifestations commonly found in anti-Mi-
2 DM include Gottron’s sign (violaceous erythematous
patches and thin scaly plaques over the knee and elbow ex-
tensor surfaces), heliotrope rash, V-neck sign, Shawl sign, and
cuticular overgrowth (Fig. 1b) [14, 20]. An increased preva-
lence of punctate perionychium hemorrhages has been de-
scribed in Japanese anti-Mi-2-positive DM patients compared
to those with anti-MDA-5 and anti-TIF-1γ autoantibodies
[13]. In JDM Gottron’s papules, heliotrope rash and malar
rash are frequently seen [7].

Anti-Mi-2 patients have a favorable prognosis with good re-
sponse to treatment, but may have significant risk of recurrence
[13, 14, 25]. Most recently, Rituximab has emerged as a favor-
able treatment option for anti-Mi-2 autoantibody-positive pa-
tients with data collected through the Rituximab in Myositis
(RIM) trial demonstrating significant improvement in interferon
chemokine scores and clinical disease [26, 27].

Anti-MDA-5 Autoantibodies

MDA-5, which encodes a cytosolic double-stranded RNA sen-
sor, is one of the three retinoic acid-inducible gene I (RIG-I)-like

Fig. 1 Myositis-specific autoantibody clinical phenotypes. a Clinical
phenotypes associated with myositis-specific autoantibodies in adult
dermatomyositis. b Cuticular overgrowth and hemorrhage in an anti-
Mi-2 patient. c Alopecia in an anti-MDA-5 patient. d Calcinosis cutis in

an anti-MDA-5 patient. e Peripheral edema in an anti-NXP-2 patient.
Photo credit to Andy Mammen, MD. f V-neck sign in an anti-TIF-1γ
patient. g Red-on-white in an anti-TIF-1γ patient. h Mechanics hands in
an anti-Jo-1 patient
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receptors (RLRs) (Table 1). As a group, the RLRs have a critical
role in innate immunity and recognition of viral RNAs [28].
Autoantibodies to MDA-5 are more prevalent in Asian (11–
57%) than Caucasian populations (0–13%) [13, 28–33]. A recent
study found an even higher prevalence in Chinese (57%) vs.
Japanese (24%) patients [30]. Anti-MDA-5 autoantibodies are
associated with DRB1*04:01 and DRB1*12:02 alleles in
Japanese patients [34]. A similar genetic analysis study looking
at Chinese patients found a higher frequency of the DRB1*12:01
allele in anti-MDA-5-positive patients and identified
DRB1*09:01 as a poor prognostic factor [35]. In the JDM pop-
ulation, the reported prevalence is 7–12% [23•, 36].

Muscle biopsies from adult anti-MDA-5-positive patients of-
ten lack classic DM findings of perifascicular fiber atrophy, ma-
jor histocompatibility complex class I expression, capillary loss,
and tubuloreticular inclusions, but, uniquely, have nitric oxide
synthase 2-positive muscle fibers [37]. In the JDM population,
muscle biopsies are less likely to have the destructive histological
changes observed in biopsies from non-anti-MDA-5-positive
JDM patients and have less overall histopathologic severity

compared to other autoantibody groups [23•, 36]. Neutrophil
extracellular traps (NETs) are associated with a worse overall
outcome in ILD among DM patients and serum cfDNA can be
used as a proxy for NET formation [38–40]. Research investi-
gating the role of NETs in anti-MDA-5-positive DM patients
with ILD found that serum cfDNA levels were elevated in anti-
MDA-5 autoantibody-positive patients and even higher in those
with rapidly progressive ILD (RP-ILD) [38]. Finally, autoanti-
bodies against splicing factor proline/glutamine-rich protein
(SFPQ), which has a role in the innate immune system, have
been exclusively identified in the anti-MDA-5-positive subset
of DM patients [41]. Differences in detection timing of the
anti-SFPQ autoantibody suggest a seasonal pattern of disease
with 77% of those in the early-detection group diagnosed be-
tween August and October and 57% of those in the delayed-
detection group diagnosed between January and March [41].

The use of anti-MDA-5 titers in disease monitoring and prog-
nosis is an ongoing area of research. Significantly lower baseline
titers in survivors vs. non-survivors and ameaningful decrease in
post-treatment titers are reported by some, but not all, authors
[42•, 43–45]. One study proposed using duration of elapsed time
before therapy or anti-MDA-5 isotype as a more accurate predic-
tor of outcome [46]. Elevated serum ferritin levels are uniquely
associated with this autoantibody group, and their elevation in
patients with RP-ILDmay be a useful alternative to anti-MDA-5
titer levels when evaluating treatment response and pulmonary
disease status [28, 45–47].

The rapidly progressive subtype of ILD that is associated with
high mortality is particularly predominant in Japanese anti-
MDA-5-positive populations; however, there have also been re-
ports of anti-MDA-5-positive DM patients presenting with ag-
gressive ILD in theUSA, China, and Europe [13, 28, 29, 48, 49].
A recent meta-analysis, including both Asian and Caucasian pa-
tients, demonstrated a significant association between the anti-
MDA-5 autoantibody and ILD with an OR of 16.47 (95% CI
10.16–26.70, p < 0.001) [50]. Mortality in anti-MDA-5-positive
patients is largely attributed to ILDwithmortality rates as high as
38% in pooled studies, and 5-year survival rates as low as 56%
[13, 48]. Studies inAsian cohorts report improved ILD outcomes
in patients treated early with an aggressive regimen of corticoste-
roids, cyclophosphamide, and calcineurin inhibitors [51–53].

Numerous studies have reported a high prevalence of inflam-
matory arthritis among anti-MDA-5-positive patients with 69,
82, and 86% of anti-MDA5 patients being affected in Japanese
adult, US adult, and European JDM cohorts, respectively [28,
32, 36]. Anti-MDA-5-positive DM patients have been
misdiagnosed with psoriatic arthritis and often have a similar
clinical presentation to rheumatoid arthritis [32, 54]. Although
there is a large subset of anti-MDA-5-positive patients withmyo-
sitis, both Japanese and US studies have consistently identified a
significantly higher number of anti-MDA-5 patients with clini-
cally amyopathic disease (50–77%) compared to other autoanti-
bodies [13, 32, 33, 55].

Fig. 1 (continued)
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Other less common clinical associations with anti-MDA5 au-
toantibodies have recently been described. A significant number
of anti-MDA-5-positive patients (35–74%) experience fever
compared to anti-MDA-5 negative patients, and anti-MDA-5
DM has presented as fever of unknown origin [13, 32, 47, 56].
Severe myocardial dysfunction leading to third degree heart
block has also been observed in anti-MDA-5 patients in the
absence of RP-ILD or pre-existing cardiovascular disease [57].
Finally, 7% of patients who developed chronic graft-vs.-host
disease following allogenic stem cell transplantation (AHSCT)
tested positive for anti-MDA-5 autoantibodies [58]. A majority
developed ILD and half developed DM cutaneous manifesta-
tions, suggesting that post-AHSCT patients who develop either
pulmonary or atypical cutaneous symptoms be tested for anti-
MDA-5 autoantibodies [58].

The cutaneous phenotype is often particularly severe in anti-
MDA-5 patients. Cutaneous manifestations include alopecia
(Fig. 1c), Gottron’s sign and papules, heliotrope rash, and me-
chanics hands, as well as cutaneous ulcers (hyperkeratotic pulp
lesions, lateral nailfold ulcers, ulceration of Gottron’s papules,
and ulcerations over elbow and knee extensor surfaces) in both

the adult and juvenile DM populations [13, 32, 33, 36, 48]. Skin
findings also include painful, erythematous papules and macules
on the palmar surfaces of the metacarpophalangeal and interpha-
langeal joints, and a higher prevalence of oral erosions compared
to anti-MDA5 autoantibody-negative DM patients [33, 48].
Calcinosis cutis (Fig. 1d) has been associated with fingertip ul-
cers in some patients and may be driven by vascular injury
[59–61]. A recent study suggests that clinical remission of skin
disease in adults is less likely in this autoantibody group [62]. In
the JDM population, the data on a skin disease course is conflict-
ing—one study suggested that these patients have a prolonged
disease course, while another indicated that anti-MDA-5-positive
patients are more likely to be in remission at 2 years than their
negative counterparts [23•, 36].

Anti-NXP-2 Autoantibodies

The nuclear matrix protein (NXP-2 or MORC3) autoantibody
was initially identified as anti-MJ in the JDM population and
has a role in p53 regulation (Table 1) [63, 64]. Its prevalence

Table 1 Antigens targeted in dermatomyositis

Symbol Autoantigen Autoantibody

Name Cellular location Prevalence (%) Associated clinical features

Mi-2 Nucleosome-remodeling deacetylase complex Nuclear 2–38 (adult DM)
4–10 (JDM)

Classic photodistributed rash

MDA-5
CADM-140
IFIH1

Melanoma differentiation-associated gene 5 Cytoplasmic 0–13 (Caucasian)
11–57 (Asian)
7–12 (JDM)

Interstitial lung disease
Alopecia
Arthritis
Clinically amyopathic
Cutaneous ulcers
Mechanics hands
Painful palmar papules

NXP-2
MJ
MORC3

Nuclear matrix protein Nuclear 14–25 (Caucasian)
2–5 (Asian)
20–25 (JDM)

Malignancy
Peripheral edema
Dysphagia/myalgia/distal weakness
Calcinosis

TIF-1γ
155/140
TRIM33

Transcription intermediary factor 1γ Nuclear 38–41 (Caucasian)
7–14 (Asian)
20–32 (JDM)

Malignancy
Classic photodistributed rash
Ovoid palatal patch
Red-on-white

SAE1/2 Small ubiquitin-like modifier 1
activating enzyme

Nuclear 5–10 (Caucasian)
1–3 (Asian)
< 1 (JDM)

Dysphagia
Classic photodistributed rash
Cutaneous ulcers
Dark red/violaceous rash

ASAs Aminoacyl tRNA synthetases Cytoplasmic Interstitial lung disease
Arthritis
Mechanics hands

Jo-1 Histidyl-tRNA synthetases 5–20
PL-12 Alanyl-tRNA synthetases ~ 3
PL-7 Threonyl-tRNA synthetases ~ 2
EJ Glycyl-tRNA synthetases ~ 1
OJ Isoleucyl-tRNA synthetases ~ 1
KS Asparaginyl-tRNA synthetases < 1
Zo Phenylalanyl-tRNA synthetases < 1
Ha/YRS Tyrosyl-tRNA synthetases < 1
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within DM varies and appears to be higher in USA (14–25%)
than Japanese (2–5%) populations [65–68, 69•]. In JDM pa-
tients, the reported prevalence is 20–25% [7, 70]. The vari-
ability in prevalence among adults may be attributed to differ-
ences among study populations and/or antibody assays.

With respect to disease pathology, recent investigations have
demonstrated that there is decreased inflammation in anti-NXP-
2-positive muscle biopsies compared to those from anti-NXP-
2-negative patients (0 vs. 28%, p = 0.01), and increased clinical
muscle atrophy (29 vs. 11%, p = 0.02) [24•, 69•].

Recent studies have associated anti-NXP-2 autoantibodies
with internal malignancy. In a combined cohort study from
East and West Coast tertiary referral centers in the USA,
14% of patients had an internal malignancy and a majority
of patients with malignancy had either anti-NXP-2 or anti-
TIF-1γ autoantibodies [68]. One study found that anti-NXP-
2 autoantibody-positive patients had a 3.68-fold increased risk
of cancer (95% CI 1.2–8.6) compared to the same age and
gender patients in the general population, while the other
found that the trend for increased prevalence of malignancy
in anti-NXP-2 autoantibody-positive patients did not reach
statistical significance [67, 69•].

In multiple cohorts, anti-NXP-2 patients have been shown
to have frequent and severe muscle weakness, myalgias, and
dysphagia [65–67]. This autoantibody has also been associat-
ed with distal weakness that is atypical for DM [67, 69•]. Data
from two US cohorts demonstrated an increased prevalence of
peripheral edema (Fig. 1e) in anti-NXP-2-positive vs. anti-
NXP-2-negative patients (35–36 vs. 11–19%) [67, 69•]. ILD
is uncommon in anti-NXP-2 DM compared to the non-NXP-2
population [65, 66, 69•]. In JDM patients, the anti-NXP-2
phenotype was defined earlier with contractures and atrophy,
(proximal) muscle weakness, and increased muscle cramps [7,
70, 71]. JDM patients with anti-NXP-2 autoantibodies tend to
be sicker with both frequent hospitalizations and poor func-
tional status over a 2-year follow-up period [7, 70]. Calcinosis
cutis is a distinguishing feature of anti-NXP-2 in both adult
and JDM patients, and multiple studies have showed an in-
creased prevalence in this population [61, 67, 69•, 71–73].

In JDM, Oddis et al. initially described the association be-
tween intestinal vasculitis and anti-NXP-2 and later studies
have also demonstrated an increased frequency of gastrointes-
tinal bleeding and ulcers compared to other autoantibody
groups [7, 63]. It is likely that a similar association exists in
adults, as we have seen a similar association in several patients.

Anti-TIF-1γ Autoantibodies

In 2006, anti-155/140 autoantibodies were discovered in two
independent groups of adult DM patients and these autoanti-
bodies were ultimately shown to be part of the TIF1 family of
homologous proteins of which TIF-1γ (TRIM33) is most

commonly targeted in DM patients (Table 1) [74].
Depending on the model system, TIF-1γ has been shown to
serve as a regulator of transcription, a tumor suppressor, a
mediator of DNA damage repair, and an E3 ligase that mod-
ulates TGF-ß signaling [75, 76]. Anti-TIF-1γ autoantibodies
are particularly prevalent in Caucasian (38–41%) compared to
Japanese patients (7–14%), and in the JDM literature, 80% of
patients were identified as Caucasian with an overall preva-
lence of 20–32% [7, 13, 23•, 74, 77, 78]. Using immunopre-
cipitation assays, we have identified a group of patients who
are positive for both anti-Mi-2 and anti-TIF-1γ autoantibodies
[77]. Whether patients truly develop two unique autoanti-
bodies or if the double-positive results are the consequence
of anti-Mi-2 autoantibodies weakly binding TIF-1γ, as dem-
onstrated in a recent Japanese study, has not yet been fully
explained [79].

The relationship between malignancy and anti-TIF-1γ au-
toantibodies has been well established, with a prevalence
ranging from 38 to 71% in Japanese seropositive patients
[13, 74, 80]. The prevalence of cancer in the US anti-TIF-1γ
population is comparatively reduced although there is still a
trend for increased malignancy in this patient population [77,
78]. Recent efforts to understand the pathogenesis of anti-TIF-
1γ-positive DM and the relationship with malignancy suggest
that the association between malignancy and anti-TIF-1γ au-
toantibodies may be explained by the presence of somatic
mutations in tumor TIF1 family genes [81••].

Anti-TIF-1γ autoantibodies are negatively associated with
Raynaud’s phenomenon (RP), arthralgias, and ILD [7, 74, 77].
Although the majority of anti-TIF-1γ-positive patients have
muscle disease, they also have lower mean levels of both
aldolase and CK compared to patients without this autoanti-
body [7, 77, 82]. Muscle biopsies from DM patients express
TIF-1γ at low levels in the peripheral nuclei of morphologi-
cally normal muscle fibers and high levels in the myonuclei/
perifascicular muscle cells, and skin biopsies from DM pa-
tients suggest that TIF-1γ expression correlates with cellular
stress [83•, 84]. Together these results indicate that persistent-
ly high levels of autoantigens in regenerating or stressed tissue
may be providing an ongoing autoantigen source to drive the
autoimmune response [83•, 84]. Examination of muscle biop-
sies has also revealed cytochrome oxidase-deficient fibers in-
dicating an association of mitochondrial dysfunction with
anti-TIF-1γ autoantibodies [24•].

Cutaneous manifestations in anti-TIF-1γ autoantibody pa-
tients typically follow the classic pattern, which includes V-
neck sign (Fig. 1f), and are often severe and chronic in both
adult and juvenile DM populations [7, 74, 77]. Despite the se-
verity of cutaneous disease activity in these patients, there is a
decreased risk of calcinosis cutis, at least in adults [7, 74, 77]. In
addition to the classic phenotype, a number of unique yet char-
acteristic skin lesions have been recently identified within this
autoantibody group: psoriasis-like lesions, hyperkeratotic small
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papules on the palmar and digital flexor surfaces, red-on-white
lesions (Fig. 1g), and an ovoid palatal patch in adults [77, 85].
The ovoid palatal patch demonstrates interface dermatitis and
may indicate an increased risk of malignancy [85]. In the JDM
population, cuticular overgrowth is also predominant [7].

Anti-SAE1/2 Autoantibodies

Anti-SAE1/2 autoantibodies target the A and B subunits of
small ubiquitin-like modifier 1 (SUMO-1) activating enzyme
(Table 1) and were identified as a novel MSA in DM patients
in 2007 [86]. The presence of anti-SAE1/2 autoantibodies is
extremely uncommon in the JDM population and characteris-
tic clinical features among adults with this autoantibody have
not yet emerged. Studies have identified a variable prevalence
of anti-SAE1/2 autoantibodies ranging from 1 to 3% in Asian
populations and 5–10% in European populations [31, 87–91].

Data from relatively small studies are conflicting regarding
the clinical phenotype of anti-SAE1/2-positive patients. There
is a subset of patients who initially present with cutaneous
disease and progress to develop myositis, while another subset
present with skin and muscle disease simultaneously [31, 87,
88, 90, 91]. Dysphagia is a frequent finding among patients
with muscle disease and was significantly more common in a
Chinese study comparing anti-SAE1/2 autoantibody-positive
vs. anti-SAE1/2 autoantibody-negative patients [88–90].
Cutaneous manifestations in DM include the classic findings
of heliotrope rash, Gottron’s sign, and papules, as well as a
newly described dark red/violaceous rash presenting in sub-
sets of patients from China, Italy, and Hungary [31, 87,
89–91]. Persistent cutaneous ulcers were also observed in a
group of patients and a study from the UK identified a signif-
icantly higher frequency of periungual changes in anti-SAE1/
2-positive vs. anti-SAE1/2-negative patients [31, 89, 90, 92].

Interstitial lung disease in anti-SAE1/2-positive patients is
usually mild, with few patients experiencing respiratory symp-
toms despite having evidence of ILD with imaging [87–90].
Recently, studies in both China and Japan have identified patients
with anti-SAE1/2 autoantibodies and pulmonary arterial hyper-
tension [87, 89]. The etiology of pulmonary arterial hypertension
in these patients continues to be investigated as it cannot be
sufficiently explained by the severity of ILD.While recent inves-
tigations have found the frequency of malignancy to be signifi-
cantly higher in anti-SAE1/2-positive patients, these findings are
limited to small studies from Japan and have not been confirmed
in non-Asian populations [87, 93].

Antisynthetase Autoantibodies

The antisynthetase autoantibodies (ASAs) target different tRNA
synthetases, a family of cytoplasmic enzymes that generate

aminoacyl tRNAs (Table 1). There are eight ASAs that are asso-
ciated with the antisynthetase syndrome (ASSD) and have been
identified in myositis: anti-Jo-1 (histidyl-tRNA synthetase), anti-
PL-12 (alanyl-tRNA synthetase), anti-PL-7 (threonyl-tRNA syn-
thetase), anti-EJ (glycyl-tRNA synthetase), anti-OJ (isoleucyl-
tRNA synthetase), anti-KS (asparaginyl-tRNA synthetase),
anti-Zo (phenylalanyl-tRNA synthetase), and anti-Ha/YRS
(tyrosyl-tRNA synthetase). The prevalence of ASAs varies be-
tween populations, and anti-Jo-1 is the most common with 5–
20% of DM patients testing positive for this autoantibody [6, 12,
94]. A meta-analysis of 27 studies identified anti-PL-7 autoanti-
bodies in 2% of patients, anti-PL-12 in 3%, anti-KS in 1%, anti-
OJ in 1%, and anti-EJ in 1% [94]. Only 4%of JDMpatients have
been reported to have ASAs [7].

Patients with ASSD have heterogeneous clinical presenta-
tions and there is significant variety within each autoantibody
group [95–98]. A meta-analysis revealed a significantly in-
creased risk for myositis (RR 1.6; CI 1.38–1.85), arthralgias
(RR 1.52; CI 1.32–1.76), and mechanics hands (RR 1.47; CI
1.11–1.94) in anti-Jo-1-positive patients compared to patients
with other ASA autoantibodies [94]. Additional studies found
that while ILD is prevalent among patients with a range of
ASAs, it is even more prevalent and severe among the anti-Jo-
1 subgroup [6, 96, 97, 99]. Finally, a recent muscle biopsy
analysis revealed that anti-Jo-1-positive patients uniquely de-
velop a necrotizing perifascicular myositis vs. the
perifascicular atrophy myositis associated with DM [100•].

The classic ASSD triad includes ILD, myositis, and arthri-
tis [101]. Accompanying symptoms of RP and fever are fre-
quently identified, and cutaneous findings include dry, hyper-
keratotic, and cracked skin on the hands (mechanics hands,
Fig. 1h) and plantar surfaces of the feet (“hiker’s feet”) [102,
103]. Other than these, the most “classic” associated cutane-
ous findings of DM (e.g., V-neck sign, shawl sign, calcinosis)
tend to be found at a lower frequency in this subgroup among
JDMpatients [7]. A recent large cohort of combined European
and US patients identified 165 patients with only 1–2 of the
classic ASSD triad of findings at the disease onset and found
that 58%went on to develop an additional manifestation of the
triad within 15 (IQR 9–51) months. The odds of developing
new ILD, myositis, or arthritis were significantly increased
among patients who also developed accompanying symptoms
of RP, mechanics hands, or fever during follow-up [101].

Overall, anti-ARS-positive patients have a favorable prog-
nosis compared to anti-ARS-negative patients with a 10-year
survival rate of 92 vs. 59% (p = 0.02) [104]. The 5-year sur-
vival rate is significantly higher in anti-ARS-positive patients
with ILD compared to both non-ARS patients with ILD and
anti-MDA-5-positive patients with ILD [105]. Malignancy
has not classically been associated with this autoantibody
group, but recent research has identified malignancy in as
many as 12% of anti-ARS patients, and thus, additional inves-
tigation into this relationship is required [98].
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MSA Detection and Future Directions

Myositis-specific autoantibodies hold tremendous promise with
respect to their use as adjunct tools for diagnosis, sub-classifica-
tion, and risk stratification of patients with dermatomyositis.
They may also provide an important foothold into understanding
the mechanism of disease pathogenesis in DM. The latter will
require a careful investigation of antigen structure and/or expres-
sion in diseased tissues and investigation of how autoimmune
effector pathways serve to propagate the immune response in a
tissue-specific manner [106]. As described in the previous sec-
tions, there are numerous features associated with specific
MSAs, but these phenotypes are typically indistinct, overlapping,
and incompletely penetrant in a given patient. At present, there is
a lack of data on how autoantibodies can be used to make spe-
cific decisions regarding clinical care. This can be at least partial-
ly attributed to the fact that available data comes from relatively
small studies with different patient populations and varying
methodologies for identifying autoantibodies. It is likely that
clinical phenotypes are the product of an interaction between
patient factors (i.e., genetics, environment) and autoimmunity.
Thus, it is conceivable that instead of universal “antibody phe-
notypes,” there will be phenotypes particular to carefully defined
clinical strata. Adopting a universal “platform” for MSA detec-
tion and continuing to acquire data from larger prospective and
diverse patient cohorts will increase our ability to interpret the
significance of serologic data in DM.

Conclusions

MSAs provide a powerful tool with which we can differentiate
patients with DM. Although there are limitations in this tech-
nique, including lack of cross-validation of assays, autoanti-
body phenotype overlap, and incomplete autoantibody pene-
trance, MSAs are important adjunct tools for diagnosis and
sub-classification of patients that will guide increasingly spe-
cific clinical care in the future. MSAs are associated with
characteristic combinations of systemic and cutaneous pheno-
types, and even in the absence of a common autoantibody
testing platform, recognition of these patterns and combina-
tions can help clinicians make a diagnosis of dermatomyositis.
Accurate sub-classification of DM patients is critical to guid-
ing patient care with respect to follow-up, treatment selection,
and anticipation of disease sequelae.
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