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Key Points to Remember
• Autoantibodies to aminoacyl-tRNA 

synthetases (ARS) with the presence of 
one or more associated clinical features 
including myositis, interstitial lung dis-
ease (ILD), inflammatory arthritis, or 
mechanic’s hands has been referred to 
as the antisynthetase syndrome. ILD can 
be more common than myositis and 
often clinically significant.

• Eight ARS autoantibodies have been 
described. Anti Jo-1 is the most com-
mon. The titer of anti-Jo-1 may vary 
with disease activity. Antibodies to dif-
ferent ARS may differ in the relative fre-

quency of the features of the 
antisynthetase syndrome.

• Anti-Mi-2 is associated with derma-
tomyositis. Myositis in patients with 
anti- Mi- 2 tends to be mild and gluco-
corticoid-responsive with a relatively 
good prognosis.

• Anti-SRP is most commonly associated 
with immune-mediated necrotizing 
myopathy, without inflammation. 
Myositis is often rapid in onset, with 
very high CK levels, early muscle dam-
age, severe weakness, treatment refrac-
toriness, and multiple flares. Anti-SRP 
patients are more likely to require mul-
tiple immunosuppressive agents.

• Anti-PM-Scl is most commonly associ-
ated with an overlap syndrome of poly-
myositis or dermatomyositis with 
scleroderma, often including polyarthri-
tis. Anti-Ku is also associated with over-
lap syndromes involving myositis, as 
well as scleroderma and lupus.

• Anti-Ro52 may occur in the absence of 
anti-Ro60  in myositis more often than 
in most other conditions and frequently 
occurs in association with other myosi-
tis autoantibodies, including anti-ARS, 
anti-PM-Scl, or anti-SRP.  It may be a 
marker of more severe disease and a 
worse prognosis.
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 Introduction

Since the 1980s, the existence of certain autoan-
tibodies strongly associated with myositis has 
been known [1–3]. Although no single autoanti-
body is present in a majority of myositis patients 
(low sensitivity), these “myositis-specific autoan-
tibodies (MSA)” were distinctive in that most 
antibody-positive patients have myositis as their 
primary autoimmune disease (high specificity) 
despite other clinical features often being pres-
ent. This was in contrast to autoantibodies such 
as anti-Ro/SSA or anti-U1RNP that could occur 
in patients with myositis, with potentially signifi-
cant implications and potential diagnostic utility, 
but their primary association was typically with 
other autoimmune rheumatic diseases. Hence, 
these autoantibodies were termed “myositis- 
associated autoantibodies (MAA)” [4]. Thus, 
antisynthetase antibodies (anti-aminoacyl-tRNA 
synthetase or anti-ARS), anti-Mi-2, and anti-SRP 
have long been considered established MSAs [5]. 
Increasingly, anti-ARSs are more closely associ-
ated with unique features termed the “antisynthe-
tase syndrome,” with or without clinical features 
of myositis [6]. Anti-PM-Scl and anti- Ku are 
usually considered to be MAAs but are com-
monly associated with overlap syndromes involv-
ing myositis [2, 7, 8].

Later, additional autoantibodies of importance 
were identified, particularly in association with 
dermatomyositis (DM) and necrotizing myopa-
thy (NM). This increased the proportion of 
patients with myositis demonstrating an identifi-
able specific autoantibody (i.e., MSA) and 
increased the combined sensitivity of MSA test-
ing in DM, NM, and polymyositis (PM). Together 
with newer myositis autoantibodies, the propor-
tion of patients with PM, DM, or NM who have 
an identifiable autoantibody is now considerably 
higher, often >80% if comprehensive testing is 
done [9]. Although the traditional autoantibodies 
have been known for a long time, their value and 
importance in diagnosis and management has 
recently increased with better availability of test-
ing and as collaborative studies involving larger 
patient groups have better defined the clinical and 
treatment considerations of autoantibody-defined 
groups. It is important to note, however, that dif-

ferences in testing methods could affect the sen-
sitivity, specificity, and clinical associations of 
these autoantibodies [9].

 Antisynthetase Antibodies 
(Anti-ARS)

The aminoacyl-transfer RNA synthetase enzymes 
catalyze the formation of aminoacyl-transfer 
RNA, in which an amino acid is bound to a trans-
fer RNA for that amino acid [1]. The transfer 
RNA can then contribute this amino acid to a 
growing polypeptide chain forming at the ribo-
some, at the proper position as defined by the 
messenger RNA.  It is crucial to the accuracy of 
this process that each amino acid is attached to a 
transfer RNA specific for that amino acid. Thus, it 
is not surprising that there is a separate synthetase 
enzyme for each amino acid that is immunologi-
cally distinct from others. Autoantibodies to these 
enzymes do not cross-react with each other. Most 
patients have autoantibodies to only one of these 
enzymes (with the exception of those who have 
autoantibodies to isoleucyl-tRNA synthetase 
(OJ), which is part of a multienzyme complex of 
synthetases; although isoleucyl-tRNA synthetase 

Myositis-Specific Autoantibodies (MSA): 
Autoantibodies that are highly specific for 
myositis and are associated with myositis as 
the primary autoimmune disease.

Myositis-Associated Autoantibodies 
(MAA): Autoantibodies associated with 
other autoimmune rheumatic diseases that 
could occur in patients with myositis or 
have myositis as a clinical feature.

MSA and MAA can be seen in >80% of 
PM, NM, DM, and their associated 
phenotypes.

S. Vaseer and I. N. Targoff
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is usually the primary target, they may also react 
with other enzymes in the complex [10]). That is, 
the anti-ARS is generally mutually exclusive. 
These enzymes localize to the cytoplasm where 
protein synthesis usually takes place [2, 11, 12].

Autoantibodies have been described reacting 
with at least eight of these enzymes: anti-Jo-1 
(anti-histidyl); anti-PL-7 (anti-threonyl); anti- 
PL- 12 (anti-alanyl); anti-OJ (anti-isoleucyl); 
anti-EJ (anti-glycyl); anti-KS (anti-asparaginyl); 
anti-ZO (anti-phenylalanyl); and anti-Ha (anti-
tyrosyl). Patients with autoantibodies to any of the 
aminoacyl-tRNA synthetases have a generally 
similar set of clinical features including myositis, 
interstitial lung disease (ILD), inflammatory 
arthritis, Raynaud phenomenon, a hyperkeratotic 
rash on the fingers referred to as mechanic’s hands, 
and fever [5, 13]. The occurrence of one or more of 
these clinical features in the presence of anti-ARS 
is defined as the antisynthetase syndrome. 
Although myositis is often a major component, it 
may not be present. ILD can be more common 
than myositis and often clinically significant [14]. 
However, the frequency of these features may dif-
fer with different anti-ARS [13, 15, 16]. For exam-
ple, there is generally a higher frequency of 
myositis with anti-Jo-1 (anti- histidyl- tRNA syn-
thetase) than with anti-PL-12 (anti-alanyl-tRNA 
synthetase) or anti-PL-7 (anti- threonyl), where 
ILD is more common than myositis [15–17]. The 
frequency of different anti-ARS differs widely, 
with anti-Jo-1 the most frequent anti-ARS and the 
most common myositis autoantibody in most pop-
ulations (20–30% of adult myositis patients). Each 
other anti-ARS (non-Jo-1 anti-ARS) is much less 
frequent (<5%), particularly among those with 

prominent myositis, but collectively non-Jo-1 anti-
ARS constitutes up to 20–40% of any antisynthe-
tase cohort. Autoantibodies to certain others such 
as tyrosyl- tRNA synthetase are very rare (<1%) 
and autoantibodies to some ARS have not been 
described. There may also be differences in the 
frequency of different anti-ARS in different ethnic 
or geographic populations [18] (Table 20.1).

Laboratory Testing: Although anti-Jo-1 testing 
is widely available using enzyme immunoassay 
methodology and immunodiffusion, specific test-
ing for other ARSs requires more specialized 
methodology, which is not only less available and 
reliable but requires more time to accurately com-
plete. Protein and RNA immunoprecipitation (IP) 
have traditionally been used for this purpose 
(Figs. 20.1 and 20.2). Most ARSs show both a dis-
tinctive protein and a distinctive set of transfer 
RNAs by IP, which was an important factor leading 
to the identification of the enzymes as the anti-
genic targets [1, 19, 20]. Direct methods are 
becoming available allowing more rapid clinical 

Anti-Synthetase
Autoantibodies

Aminoacyl t-RNA
synthetase target

Frequency among all
myositis

Anti-Jo-1 anti-histidyl 20-30%
Anti-PL-7 anti-threonyl 5%
Anti-PL-12 anti-alanyl 5%
Anti-OJ anti-isoleucyl < 5%
Anti-EJ anti-glycyl < 5%
Anti-KS anti-asparaginyl < 5%
Anti-ZO anti-phenylalanyl < 1%
Anti-Ha anti-tyrosyl < 1%

Non-Jo-1
20–40%

Jo-1
60–70%

Table 20.1 Frequency of all antisynthetase antibodies. Boxes to the right show proportion of the antibodies among 
antisynthetase patients

Antisynthetase syndrome
One or more clinical features given below 
with one of the anti-ARS

• Myositis
• Interstitial lung disease
• Polyarthritis
• Mechanic’s hands
• Raynaud phenomenon
• Fever

20 Traditional Myositis Autoantibodies: Synthetase, Mi-2, SRP, Ku, PM-Scl, Ro, U1RNP
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identification of these antibodies [9, 21–27]. 
However, most of these panels do not include all 
the ARSs that can occur and must be validated 
against the gold standard of IP. The presence of 
cytoplasmic staining in a consistent clinical setting 
would be a clue to pursue further testing (Fig. 20.3).

Serum Levels of Anti-ARS: Quantitative mea-
surements of the antibody have suggested that the 
titer of anti-Jo-1 may vary with disease activity 
and decrease with improvement in disease status 

over time [23, 24]. Although detectable antibody 
typically persists in most patients after treatment, 
the occasional disappearance of the antibody has 
been associated with remission [28]. These 
results suggest that MSA, especially anti-Jo-1, 
could serve as potential biomarkers [23, 29].

The myositis in patients with anti-ARSs is 
generally similar to that seen with other polymy-
ositis or dermatomyositis patients, although 
recurrences may be more likely. Histologically, a 
distinctive pattern of involvement was noted in 
patients with anti-Jo-1, with perimysial inflam-
mation similar to that seen with dermatomyositis, 
but without the concomitant capillary loss [30]. 
There was also evidence of fasciitis with perimy-
sial connective tissue fragmentation in muscle 
from patients with anti-Jo-1 [30, 31]. In another 
study of myositis histological findings among 50 
patients with anti-ARSs, myofiber necrosis in the 
perifascicular region was observed in about 50% 
of patients [32]. Necrosis, not restricted to the 
perifascicular area, seen most commonly with 
anti-OJ antibodies, was associated with more 
severe muscle involvement. The myositis may 
also be more responsive to rituximab treatment 
than for those without the antibodies [29].

There may be a delay in making a diagnosis in 
patients with non-Jo-1 ARSs compared to those 
with anti-Jo-1, which may relate in part to wider 
availability of testing for anti-Jo-1 [13, 33]. This 
may be a factor in decreased survival. For nearly 
half of non-Jo-1 anti-ARS patients, the initial 
diagnosis is an overlap syndrome or undifferenti-
ated connective tissue disease, while those with 
anti-Jo-1 are more likely to have an initial diag-
nosis of myositis (83%) [16, 33].

Fig. 20.1 RNA immunoprecipitation: Results of poly-
acrylamide gel electrophoresis (PAGE) for the detection 
of RNAs of immunoprecipitates using antisynthetase anti-
bodies, anti-SRP, and others. Anti-SRP serum immuno-
precipitates a strong band in the 7S region representing 
the 7SL RNA of the SRP, not seen with other myositis 
autoantibodies. The distinctive transfer RNAs associated 
with different aminoacyl-tRNA synthetase antigens are 
seen, which are distinguishable from each other. The anti-
PL-12 serum shown also contains anti-Ro/SSA and anti-
La/SSB and immunoprecipitates the characteristic 
associated RNAs. Anti-PM-Scl and anti-Mi-2 do not 
immunoprecipitate nucleic acids. Serum with anti-
U1RNP and anti-U2RNP precipitates these small nuclear 
RNAs, while anti-Sm precipitates those along with U4, 
U5, and U6 RNAs. Anti-Ku has affinity for DNA and pre-
cipitates a heterogeneous DNA smear. Anti-Ro immuno-
precipitates the hY1 (highest) through hY5 (lowest) 
RNAs. NL normal serum, TNA total nucleic acid. The 
position of the 5.8S and 5.0S RNAs, as well as the transfer 
RNAs (tRNAs), is shown. Mas serum precipitates a very 
weak unidentified RNA. (This figure was published as 
Figure 1, page 863, in Targoff IN. Immune manifestations 
of inflammatory muscle disease. Rheu Dis Clin N Am. 
20(4):857–80, Copyright Elsevier 1994)

Serum levels of anti-Jo1 may be associated 
with disease activity in myositis.

Antisynthetase patients have distinct mus-
cle histopathology: perimysial inflamma-
tion and perifascicular myofiber pathology, 
without the vascular changes of 
dermatomyositis.

S. Vaseer and I. N. Targoff
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Although dermatomyositis skin involvement 
(such as Gottron changes or a heliotrope rash) 
may occur in patients with anti-ARSs, some stud-

ies have found that clinical polymyositis is more 
common with anti-Jo-1 [34, 35]. Dermatomyositis 
may be more common with non-Jo-1 anti-ARSs 
than with anti-Jo-1 [35]. Patients with antisynthe-
tase syndrome may have “mechanic’s hands,” a 
hyperkeratotic rash with splitting or cracking on 
the edges of the fingers [5, 36]. Antisynthetase 
syndrome may occur in children [37, 38], where 
a syndrome similar to that in adults may be seen 
[38], but anti-ARSs are less common in children, 
while DM-related autoantibodies such as 

1      2     3    4     5     6

1 U3 (Fibrillarin) synthetase)
2 Signal recognition particle
3 PL-7 (threonyl-tRNA synthetase)
4 Anti-65kD
5 PL-12 (alanyl-tRNA synthetase)
6 Mi-2

10% Acrylamide

Mol wt. 
(kDa)

240

100

80

50

30

7     8     9   10   11  12  13 14   15   16   17    18

10% Acrylamide

Mol wt.
(kDa)
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60

40

22
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15% Acrylamide

Mol wt.
(kDa)

240

100

50

30

7 Topoisomerase-1
8 RNAP I,II,III
9 PmScl
10 Ku
11 U3 (Fibrillarin)
12 RNAP II, Jo-1, U1A, B,B’, U1C 
13 -ve control

14 U1A, B,B’, U1C, D,E,F,G
15 Ro60
16 Ribosomal RNP
17 Ro60
18 Signal recognition particle

Immunoprecipitation of S35 labelled polypeptides by autoimmune sera
Polypeptides were derived from a detergent extract prepared from a myeloid leukemia cell line (K-562).

Fig. 20.2 Protein immunoprecipitation: The figure 
shows immunoprecipitation with S35-labeled HeLa cells 
using sera from patients with various different myositis- 
specific and myositis-associated autoantibodies. 
Anti-Mi-2 precipitates the 240 kDa main antigenic pro-
tein, which is part of a complex of proteins (the NuRD 
complex) (lane 6). Several other components of that com-
plex can also be seen (at molecular weights of 150, 75, 65, 
and 63 kDa). In contrast, the anti- SRP serum immunopre-
cipitates a strong band at 54 kD and a weaker band at 72 
kDa (lanes 2 and 18).  The signal recognition particle 
(SRP) is a complex containing a unique RNA (“7SL”) and 
specific proteins. The combination of RNA- 

immunoprecipitation (see Fig.  20.1) and S35-
immunoprecipitation results consistent with anti-SRP 
results provides very specific identification of the pres-
ence of these autoantibodies. The presence of anti-Mi-2 

can be sensitively detected and specifically identified by 
this method and can be clearly distinguished from other 
myositis autoantibodies (lane 6). The antisynthetases pre-
cipitate characteristic proteins and, along with RNA 
immunoprecipitation (Fig.  20.1), can be distinguished 
from other autoantibodies. In lane 3, anti-PL-7 (anti-thre-
onyl-tRNA synthetase) shows a strong protein of approxi-
mately 80 kDa, and in lane 5, anti-PL-12 (anti-alanyl-tRNA 
synthetase) shows a strong protein of approximately 110 
kDa. A protein of approximately 50kDa is precipitated by 
anti-Jo-1 in lane 12. Results for anti-PM-Scl are shown in 
lane 9. This antibody immunoprecipitates the multiple 
proteins of the exosome, including the major antigens of 
approximately 100 and 75 kDa. In lane 10, anti-Ku shows 
the typical strong proteins of 72 and 86 kDa. (Images 
Courtesy: Alpini Claudia, Angela Ceribelli and Lorenzo 
Cavagna, University of Pavia, Italy)

Antisynthetase syndrome with non- Jo- 1 
anti-ARS has a worse prognosis than that 
with anti-Jo-1 partly due to delay in diag-
nosis and partly to a higher frequency of 
ILD.

20 Traditional Myositis Autoantibodies: Synthetase, Mi-2, SRP, Ku, PM-Scl, Ro, U1RNP
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anti- MJ/NXP2 and anti-p155/140 are more com-
mon [38, 39]. Patients with cancer-associated 
myositis usually do not have anti-ARSs [40], 
although occasional cases have been described.

ILD is an important and common feature of 
antisynthetase syndrome in view of its clinical 
implications and impact on survival and progno-
sis [41–45]. The severity and progression can be 
variable [46]. It may be the presenting feature, 
while some patients have ILD without clinical 
myositis [6, 15, 47, 48]. Non-Jo-1 anti-ARS may 
be associated with a higher frequency and more 
severe lung disease, and certain anti-ARSs, 
including anti-PL-12, anti-PL-7, anti OJ, and 
anti-KS, appear to be more likely to present with 
ILD rather than myositis [16, 17, 49].

CT scan features at the time of diagnosis 
include nonspecific interstitial pneumonia with 
organizing pneumonia, either isolated or in combi-
nation [6, 47, 48, 50]. In one study of 14 
 antisynthetase patients, CT scans revealed ground-
glass opacities with peribronchovascular intersti-
tial thickening and traction bronchiectasis and 
consolidation. Honeycombing is less frequent. 
NSIP and predominantly organizing pneumonia 
with focal NSIP are common histopathological 
patterns [51, 52]. Consolidations decrease or dis-

Anti-PM-Scl

Anti-Mi-2

Anti-Jo-1

Anti-SRP

Fig. 20.3 Indirect immunofluorescence with anti-Jo-1, 
anti-SRP, anti-Mi-2, and anti-PM-Scl antibodies: An anti-
nuclear antibody (ANA) test was done using indirect 
immunofluorescence testing on Hep-2 cell substrate with 
a serum that contained anti-Jo-1 (top right), anti-PM-Scl 
(top left), anti-SRP (bottom left), and anti-Mi-2 (bottom 
right) autoantibodies, respectively. Anti-PM-Scl shows a 
nucleolar pattern with additional nucleoplasmic staining. 

With anti-Jo-1, cytoplasmic fluorescence is seen. Anti-
SRP autoantibodies give a characteristic cytoplasmic pat-
tern, consistent with the known location of the SRP in the 
cytoplasm of the cell. Anti-Mi-2 shows a pure nuclear pat-
tern that spares the nucleolus. (Images Courtesy: Alpini 
Claudia, Angela Ceribelli and Lorenzo Cavagna, 
University of Pavia, Italy)

Antisynthetase syndrome patients can have 
clinical dermatomyositis (including amyo-
pathic forms) or polymyositis.

ILD is the most common and important 
clinical feature of the antisynthetase 
syndrome.

Non-Jo-1 anti-ARS has a higher frequency 
(80–100%) and severity of ILD than anti-
Jo-1 (70–80%).

S. Vaseer and I. N. Targoff
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appear in most cases, but the disease may progress 
to fibrosis in more than one third of patients. The 
main cause of death among patients with anti-ARS 
is pulmonary fibrosis followed by pulmonary 
hypertension. The extent of lung inflammation on 
high-resolution CT scanning and forced vital 
capacity can be factors in predicting survival in 
antisynthetase syndrome patients [53].

Anti-Ro52 is more likely to be present in 
patients with anti-ARSs than in other myositis 
patients [54, 55] and tends to be associated with 
more severe disease [56, 57]. The presence of 
anti-Ro52 predicts rapidly progressive ILD. 
Other prognostic indicators for poor outcomes of 
patients with the antisynthetase syndrome include 
malignancy and hyperferritinemia.

The arthritis in association with anti-ARS can 
also be significant and similar to rheumatoid 
arthritis (symmetric polyarthritis of the small 
joints of the hand) [58] and may be the present-
ing feature. It can sometimes be deforming and 
may be more likely in patients with rheumatoid 
factor and/or anti-CCP antibody positivity, 
which can make the diagnosis of the antisynthe-
tase syndrome versus rheumatoid arthritis very 
challenging [32].

 Anti-Mi-2

Anti-Mi-2 was described using immunodiffusion 
[59] but later found to immunoprecipitate a mul-
tiprotein complex [60, 61] that was identified as 
the nucleosome remodeling deacetylase (NuRD) 
complex [62, 63] (Fig. 20.2), which is involved in 
transcriptional regulation by chromatin remodel-
ing and histone deacetylation. There are two 
forms of the major antigen of the Mi-2 complex, 
a 240 kD and 200 kD protein, which are DNA- 
helicases [64]. They include Mi-2α [CHD (chro-
matin organization modifier, helicase, and DNA 
binding) 3 and Mi-2ß (CHD4)]. Most Mi-2- 
positive patient sera react with both proteins.

The sera usually show a fine-speckled nuclear 
pattern by ANA testing (Fig.  20.3) [2]. 
Interestingly, sera with anti-Mi-2 will sometimes 
react with TIF-1 proteins targeted by other 
patients with DM [2, 65]. Immunoprecipitation 
blotting may show precipitation of TIF1α, and 
there may be low-level cross-reaction with TIF1g 
by ELISA [65]. It is usually clear which antibody 
predominates in a patient serum.

Anti-Mi-2 was the first autoantibody to be 
strongly associated with myositis, particularly 
dermatomyositis, using immunoprecipitation or 
immunodiffusion [59]. These methods appear to 
identify binding to a particular conformational 
epitope, and immunoblotting assays may give 
results that are less specific for dermatomyositis 
[9]. Although found in both adult and juvenile 
myositis, it may be more common in adults. 
Malignancy has been reported, but it does not 
appear to have the increased frequency in cancer- 
associated myositis as seen with anti-TIF1g. 
Cutaneous involvement is typically that of clas-
sic DM with Gottron changes, heliotrope, and 
the “V sign” (involvement of the portion of the 
upper chest around the neck) and “shawl” sign 
(involvement of the upper back in the area cov-
ered by a shawl) [5].

Myositis in patients with anti-Mi-2 tends to be 
mild and glucocorticoid responsive with a rela-
tively good prognosis despite the CK being high 
initially [5]. In contrast to anti-MDA5 or anti- 
TIF1g, anti-Mi-2 patients are less likely to have 
amyopathic dermatomyositis. Further, there are 
less associated connective tissue disease features.

It was observed that the frequency of anti- 
Mi- 2 (and of DM itself) varied greatly in differ-
ent populations, from 60% in Guatemala to 3.2% 
in Montreal [66]. The frequency of involvement 
appeared to correlate with greater exposure to 
UV light. A high frequency was observed in 
Mexico and Central America in particular, which 

Anti-Ro52 is commonly seen with anti-ARS 
and is associated with worse prognosis.

Anti-Mi-2 is associated with a steroid-
responsive milder phenotype of DM includ-
ing classic DM with Gottron changes, 
heliotrope, the V sign, and shawl sign.

20 Traditional Myositis Autoantibodies: Synthetase, Mi-2, SRP, Ku, PM-Scl, Ro, U1RNP
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could relate to a combination of genetic factors 
and environmental exposures.

 Anti-Signal Recognition Particle 
Antibodies (Anti-SRP)

The signal recognition particle is a complex of an 
RNA (7SL) and six proteins involved in translo-
cation, the process through which newly forming 
proteins are targeted to the endoplasmic reticu-
lum for secretion or membrane expression. 
Patient antibodies usually react with the 54 and/
or the 72 kD proteins [67, 68]. The antibody is 
easily, specifically, and sensitively identified by 
immunoprecipitation, which can show the RNA 
and the protein complex (Figs.  20.1 and 20.2) 
[68]. Other methods have been used, which may 
be less specific with resulting differences in 
observed clinical associations. Anti-SRP autoan-
tibodies give a characteristic cytoplasmic pattern 
on ANA testing (indirect immunofluorescence) 
(Fig. 20.3). Most patients with this antibody pre-
viously had a diagnosis of PM [5, 68], but the 
more common recent association is with immune- 
mediated necrotizing myopathy [2, 69, 70]. In 
typical cases, the distinctive feature is severe 
muscle weakness, often greater than with typical 
polymyositis [69]. It can be relatively acute, or 
rapid in onset, with very high CK levels com-
pared to usual PM, leading to early muscle 
 damage, treatment refractoriness, and multiple 
flares [5]. Often the myositis responds incom-
pletely and is more likely to require multiple 
immunosuppressive agents. However, this dis-
tinctive presentation is not uniformly seen, as 
some patients have better responses [71]. 
Increased cardiac involvement noted in early 
reports [68] has not consistently been observed in 
subsequent reports.

Histologically, the typical picture with this 
antibody is a necrotizing myopathy without 
inflammation. One study found vasculopathy 
with capillary loss and deposition of membrane 
attack complex as seen in DM, but without peri-
fascicular atrophy [69].

Patients with this antibody may be less likely 
to show connective tissue disease overlap fea-
tures such as interstitial lung disease, arthritis, 
or Raynaud phenomenon compared with 
antisynthetase- positive patients [68], but overlap 
features can certainly occur (and are more com-
mon than in patients with anti-HMGCR antibody- 
positive NM).

 Anti-PM-Scl and Anti-Ku

Anti-PM-Scl is an MAA originally identified 
using immunodiffusion, as a clarification of the 
originally reported specificity of anti-PM-1 [7]. It 
was named for the clinical association of the anti-
body with an overlap syndrome with features of 
myositis and scleroderma. The antibody was 
found to show a series of at least 11 proteins by 
immunoprecipitation that are easily recognized 
and identified (Fig.  20.1), although there is no 
associated RNA [72–74]. It shows a combination 
of nucleolar and nuclear staining by IIF 
(Fig. 20.3). The proteins with apparent molecular 
weights of 100 and 75 kD are the major antigens. 
The PM-Scl complex was identified as the exo-
some, which is involved in RNA processing.

Although many patients with this antibody 
have the typical overlap syndrome of myositis 
and scleroderma, some patients show only myo-
sitis or only scleroderma [72]. The myositis is 
often associated with typical DM cutaneous 
involvement, and mechanic’s hands can occur. 
The scleroderma is most commonly limited in 
cutaneous involvement. However, there have 
been occasional reports of renal crisis [75]. There 
is often a significant associated inflammatory 
polyarthritis. The myositis tends to be responsive 
to treatment, often responding to lower doses of 
glucocorticoids than other forms of myositis, 
with scleroderma features remaining unchanged. 

Anti-SRP is associated with necrotizing 
myopathy presenting with acute onset of 
severe weakness, very high CPK, and 
refractory disease.

S. Vaseer and I. N. Targoff
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This overlap syndrome has been referred to as 
“scleromyositis” [76]. In some populations, anti- 
PM- Scl may account for a substantial proportion 
of myositis-scleroderma overlap patients. 
However, there is a strong association with HLA 
DR3, which varies considerably among different 
ethnic populations, being infrequent in Japanese 
patients. The antibody tends to be mutually 
exclusive with MSAs or scleroderma antibodies, 
with occasional exceptions.

Anti-Ku autoantibodies were first described 
using immunodiffusion and can be seen by 
immunoprecipitation with two strong proteins of 
72 and 86 kD, with associated heterogeneous 
nucleic acid [77]. There is an additional, high- 
molecular- weight DNA protein kinase compo-
nent. The antigen is involved in DNA repair.

Anti-Ku is an MAA that has been associated 
with scleroderma-myositis overlap syndrome in 
Japanese patients [8] and is relatively frequent in 
patients with that condition. In the United States, 
it is more common in African-American than 
Caucasian patients [78] and is often associated 
with myositis or systemic lupus or overlap syn-
dromes [77].

 Anti-Ro/SSA, Anti-U1RNP

Although the primary clinical associations of 
anti-Ro/SSA are Sjogren syndrome and lupus, it 
can be found in some patients with myositis and 
thus would satisfy the definition of an MAA. Of 
interest is that anti-Ro52, which typically occurs 
in association with anti-Ro60 in most conditions, 
is more likely to occur in the absence of Ro60 in 
myositis than in other situations [55]. This could 
possibly have diagnostic implications. When 
occurring in myositis, it most often is seen in 
association with other autoantibodies, including 
anti-ARS, anti-PM-Scl, or anti-SRP [54]. In 

those patients, it may be a marker of more severe 
disease and a worse prognosis.

Anti-U1RNP is commonly seen in patients 
with lupus who have myositis as a component of 
their disease and thus would satisfy the definition 
of an MAA [79]. It can be seen by itself or with 
other myositis autoantibodies. Myositis may 
occur in patients with anti-U1RNP as part of the 
MCTD spectrum. The myositis in this situation 
may be milder or more responsive, but can be 
severe in some patients. Anti-U1RNP can occur 
in some patients with other MSAs.

Anti-U1RNP reacts with proteins of the U1 
small nuclear ribonucleoprotein, which is 
involved in messenger RNA splicing. Patients 
may have autoantibodies that are specific for pro-
teins that are unique to this particle, or patients 
with anti-Sm may have autoantibodies to proteins 
that are shared with other U small nuclear ribonu-
cleoproteins involved in the splicing process. Of 
interest in myositis patients is the occasional 
occurrence of autoantibodies that react with pro-
teins that are unique to U small nuclear RNPs 
other than the U1 particle. Anti-U2RNP [80, 81], 
anti-U5RNP [82], and anti-U4/6RNP [82, 83]
have been observed. Usually, these patients have 
overlap connective tissue disease syndromes that 
may involve myositis.
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