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Dermatomyositis (DM) and polymyositis (PM) are autoimmune myopathies characterized clinically by proximal
muscle weakness, muscle inflammation, extramuscular manifestations, and frequently, the presence of autoantibod-
ies. Although there is some overlap, DM and PM are separate diseases with different pathophysiological mechanisms.
Furthermore, unique clinical phenotypes are associated with each of the myositis-specific autoantibodies (MSAs)
associated with these disorders. This review will focus on the clinical features, pathology, and immunogenetics of
PM and DM with an emphasis on the importance of autoantibodies in defining unique phenotypes and, perhaps, as
clues to help elucidate the mechanisms of disease.
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Introduction

The inflammatory myopathies are a group of
acquired skeletal muscle diseases that includes
polymyositis (PM), dermatomyositis (DM), and in-
clusion body myositis (IBM).1–3 Although these
disorders share several common features including
muscle weakness and inflammatory infiltrates on
muscle biopsy, they are a heterogeneous group both
in terms of presentation and pathophysiology. For
example, PM and DM are characterized by the suba-
cute onset of symmetric proximal muscle weakness,
common involvement of other organ systems such
as lung and skin, a strong association with autoanti-
bodies, and responsiveness to immunosuppression.
Both are widely accepted as having an autoimmune
basis. In contrast, patients with IBM typically have
slowly progressive weakness in both proximal and
distal muscles, rarely have other extramuscular in-
volvement or autoantibodies, and most often do not
respond to immunosuppressive therapies. Consid-
erable evidence suggests this disease is a myodegen-
erative disorder and the pathologic relevance of the
inflammatory response is highly controversial.4

This review will focus on the diverse presentations
of adult-onset DM and PM, emphasizing the asso-

ciation of distinct clinical phenotypes with unique
myositis-specific autoantibodies (MSAs). The possi-
ble relevance of autoantibodies to the pathophysiol-
ogy of the disease, including an association between
cancer and myositis, will be discussed.

Historical perspective

In 1863, Wagner documented the first case of myosi-
tis in a patient who also had significant cutaneous
findings.5 Twenty-four years later, Hepp reported
that inflammatory myopathies can also occur in the
absence of skin involvement.1,6 In the same year,
Hans Unverricht described a 27-year-old stonema-
son who developed myalgias and proximal mus-
cle weakness followed by diffuse edema, low-grade
fevers, and a blue-tinted rash over his eyelids.7

Over the ensuing weeks, this patient’s condition
worsened with the development of dysarthria, dys-
phagia, dyspnea, and ultimately, pulmonary ar-
rest. A postmortem analysis revealed the presence
of a cellular infiltrate within the affected mus-
cles. After describing a second case in 1891, Un-
verricht coined the term “dermatomyositis” to de-
scribe patients with an inflammatory myopathy
associated with dermatologic findings.8 Although
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Figure 1. Thigh MRI from a patient with dermatomyositis. In the T1-weighted image, fat is bright and muscle is
dark. In the start tau inversion recovery (STIR) sequence, normal muscle is dark and inflamed muscle is bright. The
long arrow indicates the inflamed right rectus femoris muscle. The short arrow highlights the right biceps femoris
muscle; the bright rim around this muscle is consistent with fascial inflammation, but the body of the muscle appears
relatively unaffected.

Eaton,9 Walton and Adams,10 Rowland,11 and Pear-
son and Rose12 all contributed to our modern
understanding of DM and PM, Bohan and Peter1

published diagnostic criteria for these diseases in
1975 that, although imperfect, are still widely used
today.

Pathology of myositis

Patients with both PM and DM typically experi-
ence the onset of symmetric proximal muscle weak-
ness over weeks to months that is usually, but not
always, accompanied by high serum creatinine ki-
nase (CK) levels. In both diseases, electromyogra-
phy often reveals fibrillations, positive sharp waves,
and small polyphasic motor units with early recruit-
ment patterns that characterize an irritable myopa-
thy. Skeletal muscle MRI in DM and PM shows areas
of T2 hyperintensity in edematous areas as well as
fatty replacement of muscle tissue in those patients
with chronic disease (Fig. 1). However, despite these
clinical similarities, muscle biopsies from DM and
PM patients each have distinguishing features. Al-

though there is frequently overlap in pathology, I
will emphasize here those disease-specific findings
suggesting that different mechanisms underlie DM
and PM.

Muscle biopsy findings in dermatomyositis

The hallmark histopathologic feature of DM is the
strongly perifascicular distribution of atrophic, de-
generating, and regenerating myofibers (Fig. 2A).
This striking perifascicular pathology has been pro-
posed to result from the destruction of capillaries
populating this region. It is thought that a critical
depletion of capillaries here could result in localized
hypoxia and subsequent myofiber injury.3 Indeed,
abnormal capillary morphology and capillary loss
is an early feature of DM that may occur in the ab-
sence of inflammatory infiltrates.13,14 Even prior to
capillary dropout, studies of DM muscle tissue re-
veal the deposition of the C5b-9 membrane attack
complex (MAC) on endothelial cells and the pres-
ence of abnormal tuboreticular structures within
the smooth endoplasmic reticulum of endothelial
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Figure 2. Characteristic features of DM muscle include (A) perifascicular atrophy as seen in this frozen section
stained with ATPase pH 9.4 and (B) perivascular inflammation as seen in this paraffin section stained with H&E.

cells.14,15 Presumably as a consequence of capillary
destruction, there is also evidence of neovascular-
ization in DM muscle biopsies, particularly in the
juvenile form of the disease.16 Recent work suggests
that neovascularization in myositis muscle may be
induced by increased muscle expression and serum
concentrations of vascular endothelial growth fac-
tor (VEGF), an angiogenic growth factor known to
be induced by hypoxia.17

Although these findings have led numerous in-
vestigators to propose that the immune response
in DM is primarily directed against capillaries, no
antiendothelial autoantibodies have been identi-
fied. Moreover, a recent study demonstrated that
capillary number is reduced in both DM and PM
muscle biopsies lacking inflammatory infiltrates, in-
dicating that early capillary loss is not disease spe-
cific.17 Finally, animal models of muscle ischemia
have demonstrated that the central domains of mus-
cle fascicles are more vulnerable to ischemia than
perifascicular regions.18,19 Taken together, these
findings call into question the hypothesis that cap-
illary reduction and subsequent hypoxia under-
lie the perifascicular atrophy found exclusively in
DM.

Another characteristic, though less specific, fea-
ture of DM muscle is the presence of perivascular
inflammation (Fig. 2B). These collections of lym-
phocytes are composed primarily of B cells along
with a smaller number of CD4+ cells long-thought
to be helper T cells.20 However, recent investigations
by Greenberg and colleagues21 suggest that the ma-

jority of CD4+ cells in DM muscle biopsies are actu-
ally plasmacytoid dendritic cells (PDCs). These ef-
fector cells of the innate immune system play critical
roles in antiviral and antitumor immune responses
and are a potent source of interferon (IFN)-�.22 In
this regard, it is noteworthy that genes induced by
IFN-�/� are highly expressed in DM muscle biop-
sies compared with muscle from patients with other
inflammatory myopathies.21 This includes the hu-
man myxovirus resistance 1 protein (MxA), which
helps defend against a number of RNA viruses by
interfering with viral nucleocapsid transport and vi-
ral assembly. This protein is selectively upregulated
in DM muscle biopsies, where it is frequently local-
ized to perifascicular regions as well as to cytoplas-
mic inclusions within endothelial cells. As suggested
by Greenberg and colleagues, these findings imply
a potentially important role for IFN-� and IFN-
�-inducible genes in the pathophysiology of DM.
This idea has been reinforced by the finding that
IFN-�/�-inducible gene expression in the periph-
ery correlates with DM disease activity.23,24

Muscle biopsy findings in polymyositis

The presence of autoaggressive inflammatory cells
that surround, enter, and destroy morphologi-
cally normal appearing myofibers is the char-
acteristic feature of PM (Fig. 3). These inflam-
matory cells are composed largely of CD8+ T
cells and macrophages.25 In contrast to nor-
mal muscle, Major Histocompatability Complex
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Figure 3. Primary inflammation in PM. Inflammatory
cells surround non-necrotic fibers in this paraffin section
stained with H&E.

I (MHC)-class I is upregulated on the sarcolem-
mal membrane of myofibers in PM, even on
normal-appearing cells in areas devoid of in-
flammatory cells.26–28 Interestingly, targeted over-
expression of MHC-I in the muscles of mice re-
sults in muscle inflammation and the production
of myositis autoantibodies.29 Moreover, exogenous
expression of MHC-I activates endoplasmic reticu-
lum stress response pathways that could also cause
muscle damage in PM.30

The expression of MHC-I on myositis muscle
fibers suggests that these cells may be killed in
an human leukocyte antigen (HLA) class I re-
stricted manner by cytolytic T cells. Supporting
this concept is the observation that many of the
CD8+ T cells include granules containing per-
forin, a pore-forming protein that mediates the
entry of cytotoxic proteases and calcium into tar-
get cells. Confocal laser microscopy studies have
demonstrated that these perforin-containing gran-
ules are selectively oriented toward muscle fibers,
consistent with a cytotoxic mechanism of cell
death in PM.31 To date, however, the autoanti-
gens hypothesized to trigger an autoimmune re-
sponse via this pathway have not been definitively
identified.

Although T cells can also kill by inducing apopto-
sis through a ligand-mediated mechanism (via Fas
and the Fas-ligand), apoptotic muscle fibers have
not been identified in muscle biopsy specimens from
patients with myositis.32,33 Indeed, muscle seems to
be especially resistant to apoptotic cell death, per-

haps through the expression of antiapoptotic factors
such as Bcl-232,34 and FLIP.35

Common pathologic features of DM and PM

In the preceding paragraphs, the unique patholog-
ical features of PM and DM have been empha-
sized. However, there is considerable overlap be-
tween these two forms of inflammatory myopathy,
and they share many important features.36 Listed
below are several examples:
(i) There is an emphasis on blood vessels as a tar-

get of the immune response in DM. However,
capillary depletion is characteristic of both DM
and PM muscle biopsies, and in both diseases
there is evidence supporting a role for VEGF in
neovascularization.17 Furthermore, endothe-
lial cells in muscle biopsy specimens from pa-
tients with both DM and PM express high levels
of interleukin (IL)-1�, IL-1�, and transform-
ing growth factor (TGF)�1–3.37

(ii) Although MHC-I expression is proposed to
mediate cytolytic killing in PM, DM patients
also express sarcolemmal MHC-I, albeit pref-
erentially on perifascicular fibers.28

(iii) Recent work has shown that perivascular infil-
trates in DM muscle and endomysial infiltrates
in PM muscle both include significant num-
bers of dendritic cells (DCs), a population of
extremely effective antigen presenting cells.38

(iv) Numerous studies have revealed very similar
cytokine and chemokine profiles in muscle tis-
sue from patients with DM and PM.37,39–41 This
includes IL-17 and IFN-� , suggesting that ac-
tivated CD4+ T cells may be involved in both
disease processes.38

(v) IFN-�/� transcripts are selectively upregulated
in DM muscle tissue.42 However, in the periph-
ery, these transcripts are increased in both DM
and PM. Furthermore, their peripheral lev-
els are correlated with disease activity in both
diseases.23

Skin findings in DM

Cutaneous involvement is the primary clinical fea-
ture distinguishing those with DM from those
with PM.43–45 A purplish discoloration around the
eyes, especially the upper eyelid, is known as a
heliotrope rash and is pathognomonic for DM
(Fig. 4). In some patients with DM, this is found in
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Figure 4. Heliotrope. Violaceous macular erythema
on the upper eyelid is often associated with perior-
bital edema in DM. (Photograph courtesy of Dr. Lisa
Christopher-Stine.)

conjunction with periorbital edema. Gottron’s sign
refers to an erythematous rash over the exten-
sor surfaces of the metacarpophalangeal, proximal
interphalangeal, and distal interphalangeal joints.
This rash can evolve into a scaly eruption known as
Gottron’s papules (Fig. 5). Gottron’s sign or papules
may also occur on the extensor surfaces of the el-
bows and knees, where they are occasionally mis-
diagnosed as psoriasis. Like the heliotrope rash, Got-
tron’s papules are specific for DM. It should be noted
that the coloration of the heliotrope rash and Got-
tron’s sign may vary depending upon the skin tone
of the patient. For example, in African-American
patients, these rashes may appear hyperpigmented
rather than violaceous or erythematous.46

DM patients may also have a combination of atro-
phy, dyspigmentation, and telangectasias known as
poikiloderma. The poikilodermatous rash is com-
monly found on the upper chest as a V-shaped rash
or on the upper back where it is known as a “shawl
sign.” Facial erythema and scalp involvement are
sometimes associated with DM. Nailbed abnormal-
ities are a common feature of DM and may include
both periungual telangectasias and cuticular hyper-
trophy. Although less frequently recognized, the oral
mucosa may also have cutaneous manifestations in
DM. These include erythema, hemorrhage, vesi-
cles, ulcers, leukokeratosis, and gingival telangec-
tasias.47,48 Unlike the heliotrope rash and Gottron’s
sign, these cutaneous features are not necessarily
specific for DM. For example, facial erythema may
be found in patients with rosacea, and periungual
telangectasias are seen in patients with scleroderma.

While not all DM patients report that their rashes
are photosensitive, several studies suggest that they
are aggravated by exposure to UV light.49,50

In a typical DM patient, the cutaneous man-
ifestations may precede, coincide with, or occur
after muscle involvement. Occasionally, however,
the characteristic skin lesions of DM occur in pa-
tients without overt signs of muscle disease.51–54

Although these patients with amyopathic DM (or
dermatomyositis-sine myositis) do not have weak-
ness or elevated CK levels, they may have subtly ab-
normal magnetic resonance imaging, electromyo-
graphy, or muscle biopsy findings. Interestingly, a
recent analysis of 16 patients initially diagnosed
with amyopathic DM and followed longitudinally
showed that close to 20% developed overt muscle
disease within 5 years.55

Diagnostic skin biopsies are often obtained dur-
ing the evaluation of patients with DM and typi-
cally reveal a cell-poor vacuolar interface dermatitis,
characterized by a sparse infiltrate of inflammatory
cells at the dermoepidermal junction.56 Pathologic
studies have also demonstrated dermal perivascular

Figure 5. Gottron’s papules. These scaly erythematous
lesions on the extensor surfaces of the metacarpopha-
langeal, proximal interphalangeal, and distal interpha-
langeal joints are pathognomonic for DM. (Photograph
courtesy of Dr. Lisa Christopher-Stine.)
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Figure 6. Dermatomyositis skin biopsy. The arrow in-
dicates a collection of perivascular inflammatory cells in
the dermis (paraffin H&E).

infiltrates consisting of activated T lymphocytes
(Fig. 6)57 and the deposition of membrane attack
complex along vessel walls of the dermis.58,59 These
vascular findings, along with the muscle pathol-
ogy findings discussed below, suggest that blood
vessels may be a primary target of the immune
response in DM. Furthermore, a recent study
showed an increased number of Ki-67 positive ker-
atinocytes and reduced numbers of Bcl-2 positive
cells in the basal cell layer of the epidermis, indicat-
ing increased proliferation and disrupted apoptotic
pathways in DM skin. It should be noted, however,
that routine pathologic studies cannot distinguish
between the rashes of DM and those of lupus ery-
thematosus. Consequently, a definitive pathological
diagnosis of DM can only be made by muscle biopsy
(discussed below).

Myositis-specific autoantibodies and their
associated clinical features

As in other systemic autoimmune diseases, a strong
association of autoantibodies with distinct clini-
cal phenotypes is found in patients with myositis.
These antibodies have classically been divided into
myositis-associated autoantibodies (MAAs), which
can also be found in patients with other connective
tissue diseases, and MSAs. MSAs are found primar-
ily (if not exclusively) in patients with myositis; they
are not found in other connective tissue diseases
and are virtually absent in patients with muscular

dystrophies, including those, such as facioscapulo-
humeral dystrophy, which have inflammatory cell
infiltrates on muscle biopsy.60

This review will focus on the MSAs. Although it
remains unclear why they arise and whether they
play a pathologic role in the disease process, clues
about the pathophysiologic relevance of these anti-
bodies are emerging. I will highlight these along with
the important clinical features typically associated
with some of these antibodies.

Anti-Jo-1 and other anti-tRNA synthetase
autoantibodies

The aminoacyl-tRNA synthetases are ubiquitously
expressed cytoplasmic enzymes that catalyze the
esterification of a specific amino acid to its cog-
nate tRNA to form an aminoacyl-tRNA. There is
a unique tRNA for each of the 20 amino acids.
For example, the histidyl-tRNA synthetase attaches
histidine to the appropriate tRNA. The aminoacyl-
tRNA complex subsequently transfers the appropri-
ate amino acid to an elongating polypeptide chain
as the ribosome “reads” the coding sequence of an
mRNA.

Autoantibodies against the histidyl-tRNA-
synthetase (anti-Jo-1) are the most common MSAs
and were first described in 1980.61 They were sub-
sequently recognized to identify a group of pa-
tients with a unique clinical syndrome including
myositis, interstitial lung disease (ILD), nonero-
sive arthritis, fever, and characteristic hyperkera-
totic lesions along the radial and palmar aspects
of the fingers known as “mechanic’s hands.”62,63

This constellation of symptoms has come to
be known as the antisynthetase syndrome. Since
then, antibodies targeting a number of additional
aminoacyl-tRNA synthetases (ARS) have been iden-
tified, including those recognizing threonyl-tRNA-
synthetase (anti-PL-7),64 alanyl-tRNA synthetase
(anti-PL-12),65 glycyl-tRNA synthetase (anti-EJ),66

isoleucyl-tRNA synthetase (anti-OJ),66 asparaginyl-
tRNA synthetase (anti-KS),67 anti-tyrosyl-tRNA
synthetase,68 and, most recently, anti-phenylalanyl
synthetase (anti-Zo).69

Anti-Jo-1 is found in approximately 25–30% of
myositis patients, and the other anti-ARS autoanti-
bodies occur in about 1–5% of myositis patients.70

Interestingly, the various antisynthetase antibodies
seem to be mutually exclusive in that individual
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patients do not produce more than one.71 Although
all of the anti-ARS autoantibodies are associated
with the antisynthetase syndrome first described for
anti-Jo-1, certain differences between patients with
the different antisynthetases have been noted. For
example, a recent study carefully analyzed the clin-
ical characteristics of 31 patients with anti-PL-12.72

Ninety percent of these had ILD and 65% presented
initially to a pulmonologist. By comparison, only
50–75% of patients with anti-Jo-1 have ILD. Al-
though 90% of the anti-PL-12 patients had some
underlying connective tissue disease, only 32% had
PM and 19% had DM (the remainder had diag-
noses of systemic sclerosis, undifferentiated connec-
tive tissue disease, systemic lupus erythematosus,
and rheumatoid arthritis). In contrast, 90% of Jo-1
patients have evidence of muscle disease. Compared
with Jo-1 patients, PL-12 patients also had much
lower rates of arthritis (58% vs. 94%), mechanic’s
hands (16% vs. 71%), and fever (45% vs. 87%). It
should also be noted that ILD occurs in about 30%
of myositis patients in the absence of known antisyn-
thetase autoantibodies73–75; an intriguing possibility
is that these patients may have as yet unidentified
autoantibodies.

It is notable that patients with anti-PL-12 and
certain other antisynthetases are more likely to have
lung disease without clinically detectable muscle dis-
ease.67,72,76,77 In a large study of Japanese patients
with antisynthetase antibodies, seven of 88 patients
had ILD but did not develop clinically apparent
myositis even after more than 6 years.77 These pa-
tients had anti-KS, anti-PL-7, anti-PL-12, anti-EJ,
and anti-OJ autoantibodies, but not anti-Jo-1. In-
terestingly, patients with amyopathic DM may also
develop ILD.55 Whether patients with amyopathic
ILD have a separate disease entity or a “forme fruste”
of DM or the antisynthetase syndrome remains un-
clear.

The antisynthetase autoantibodies may be found
in patients with either PM or DM, and certain an-
tisynthetases may be more strongly associated with
one or the other of these diseases. However, different
studies of the same antisynthetase have yielded very
different results.78 For example, in a recent study
by Fathi and colleagues, 6/14 (43%) PM and 0/9
(0%) DM patients had anti-Jo-1.79 Similarly, an-
other study found that only 2/96 (2%) DM patients
had anti-Jo-1.80 On the other end of the spectrum,
a third study found anti-Jo-1 in 5/27 (18%) PM

patients and 9/59 (15%) DM patients.81 Different
demographic and referral patterns may account for
these differences.

The prognostic significance of ILD has been
the subject of several studies. In 1988, Arsura and
Greenberg published a report evaluating 67 cases of
myositis and ILD described in the literature between
1956 and 1980. This study revealed a mortality rate
of 40% after an average follow-up of 31 months
for those with lung disease compared with a mor-
tality rate of 24% in 745 PM/DM patients selected
without regard for the presence of lung disease.73 In
contrast, a more recent study found that only one of
12 patients (8%) with anti-Jo-1-autoantibodies and
the antisynthetase syndrome died after an average
follow-up time of 66 months.82 These conflicting
results could be due to different inclusion criteria
such as the fact that biopsy-proven lung fibrosis
was required for inclusion only in the earlier study.
Another contributing factor may be the improved
mortality for myositis patients83; the 5-year survival
rate in the 1960s was 65%84 and in the last decade
has risen to 75–95%.85–89

Although the relationship between antisynthetase
antibodies and myositis has been studied for almost
30 years, many questions remain about their patho-
logic significance. Several observations suggest they
may play a role in the initiation and/or propaga-
tion of disease. For example, the antibody response
to the Jo-1 protein (i.e., the histidyl-tRNA syn-
thetase) undergoes class switching, affinity matu-
ration, and spectrotype broadening.90–93 These fea-
tures of the immune response suggest that this is
a T cell-dependent, antigen-driven process directed
against the Jo-1 protein.

Additionally, a number of studies have demon-
strated that anti-Jo-1 autoantibody titers are cor-
related with disease activity.62,92,94,95 The most re-
cent and extensive of these studies, conducted by
Stone and colleagues,95 included a cross-sectional
study of 81 anti-Jo-1 positive patients. This showed
that autoantibody titers correlated modestly with
CK levels and other measures of both muscle and
lung involvement. In 11 patients with serial samples
available for study, there were even more dramatic
associations of Jo-1 autoantibody titers with indica-
tors of muscle, joint, and lung disease. This included
three patients who became anti-Jo-1 negative during
periods of disease inactivity. Thus, serial anti-Jo-1
titers followed in an individual patient may be a
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useful marker of disease activity, particularly in the
lung, where this is often difficult to assess. Further-
more, the association of anti-Jo-1 levels with both
muscular and extramuscular manifestations of dis-
ease activity suggests that there may be a link be-
tween the Jo-1 antigen and inflammation in various
tissues.

In this regard, Levine and his colleagues have
provided some evidence that the immune response
against Jo-1 could actually be initiated in the
lung.96 These investigators had previously found
that many autoantigens, including Jo-1, are cleaved
by granzyme B, a proteolytic enzyme found in the
granules of cytolytic T cells.97 Such cleavage has been
proposed to generate “cryptic” epitopes, novel con-
formations of self-proteins not usually encountered
by lymphocytes during their development. Theoret-
ically, lymphocytes that recognize cryptic epitopes
within Jo-1 would not be deleted during matura-
tion, should remain in the circulation, and could be
activated to drive an autoimmune response.

In a recent paper, Levine and colleagures96 first
identified the granzyme B cleavage site within the
Jo-1 protein. Next, they found that Jo-1 exists in two
forms, only one of which is susceptible to cleavage
by granzyme B. Finally, they demonstrated that this
cleavable form of Jo-1 was robustly expressed in the
lung relative to other tissues; in muscle, it did not
appear to be expressed at all. Taken together, these
studies implicate the lung as a likely microenviron-
ment for the generation of cryptic Jo-1 fragments
by granzyme B and the subsequent initiation of an
anti-Jo-1 immune response. How a lung-initiated
anti-Jo-1 response might be redirected to muscle is
an open question. It also remains to be determined
whether other aminacyl-tRNA synthetases are par-
ticularly susceptible to granzyme B cleavage in the
lung or elsewhere.

Further evidence that an immune response
against the Jo-1 protein may be important event
in the initiation of myositis was published recently
by Katsumata.98 In this study, mice were immunized
with either human or murine forms of Jo-1 protein
emulsified in complete Freund’s adjuvant. The anti-
Jo-1 immune response was subsequently analyzed at
various time points. Although the two proteins are
95% homologous, the immune response was rela-
tively species specific, with antibodies preferentially
recognizing the murine form when immunized
with the murine form and vice versa. Interestingly,

whereas the response to human Jo-1 immunization
was uniphasic, mice immunized with the murine
protein had evidence of an evolving immune re-
sponse as evidenced by class switching and epitope
spreading. Anti-Jo-1-specific T cells were also found
in mice immunized with the murine form of this
protein. Moreover, histological studies revealed that
some mice immunized with Jo-1 developed inflam-
mation within muscle and lung tissues. Foci of in-
flammatory cells within muscle tissue were found
in a perivascular and endomysial distribution; in-
vasion of myofibers by inflammatory cells was also
reported. Within the lung, lymphocytic infiltrates
were perivascular and peribronchiolar and also in-
volved the alveoli. It should be noted that a small
number of animals immunized with adjuvant alone
developed muscle and lung inflammation. Although
the relevance of this mouse model to human disease
remains to be established, this work, along with the
aforementioned studies, suggests that the immune
response against Jo-1 may play an important role in
the pathogenesis of the antisynthetase syndrome.

Finally, there is evidence that the Jo-1 antigen may
have proinflammatory properties in addition to its
role in protein synthesis. Specifically, Howard and
colleagues99 have shown that Jo-1 protein can attract
lymphocytes, monocytes, and immature dendritic
cells through its interaction with chemokine recep-
tor 5. These authors propose that damaged muscle
cells could release Jo-1, leading to the recruitment of
inflammatory cells which could, in turn, perpetuate
autoimmune-mediated muscle destruction.

Anti-Mi-2 autoantibodies

Anti-Mi-2 autoantibodies were first described in a
60-year-old woman with DM (patient Mi), by Re-
ichlin and Mattioli in 1976.100 The autoantigen rec-
ognized by her serum was initially identified only as
a nuclear protein, named Mi-2. Characterizations
of additional patients with autoimmune myositis
showed that 20–30% of DM patients have Mi-2 an-
tibodies. Most studies using immunoprecipitation
or immunodiffusion techniques have shown that
few, if any, PM patients or normal controls produce
Mi-2 autoantibodies.101–107 However, studies using
an ELISA detection assay have found a significant
number of Mi-2 positive patients among those with
PM, IBM, and even muscular dystrophy.60,108–110

The ELISA method of detection may simply have a
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high false positive rate for anti-Mi-2 autoantibodies.
Alternatively, the differences in detection between
methods may reflect clinically relevant differences
in epitope specificities.103 These issues will require
additional studies to resolve.

Almost 20 years elapsed between the description
of Mi-2 autoantibodies and the cloning and se-
quencing of the cognate antigen(s).111–113 In 1995,
Nilasena and colleagues114 showed that Mi-2 au-
toantibodies immunoprecipitate a nuclear complex
composed of up to eight subunits. A 240 kDa pro-
tein was found to be the subunit recognized by Mi-2
autoantibodies. Subsequently, two highly homolo-
gous proteins recognized by Mi-2 autoantibodies,
Mi-2� and Mi-2�, were cloned and sequenced. Both
can be found in the larger complex, but Mi-2� is
thought to be the predominant form in vivo.

It is now known that Mi-2 is a major compo-
nent of the nucleosome-remodeling deacetylase, or
NuRD, complex. This nuclear complex consists of
as many as eight distinct subunits and regulates
transcription at the chromosomal level by histone
deacetylation and ATP-dependent nucleosome re-
modeling.115 Specifically, Mi-2 modifies chromatin
structure through its activity as a DNA-dependent,
nucleosome-stimulated ATPase.116 Originally, Mi-
2 was thought to function exclusively as a tran-
scriptional suppressor through its association with
other members of the NuRD complex including the
histone deacetylases HDAC1 and HDAC2, the hi-
stone binding proteins RbAp46 and RbAp48, the
metastasis-associated proteins MTA1 and MTA2,
and the methyl binding domain protein Mbd3. The
carboxyl terminus of Mi-2 can mediate this sup-
pression by binding transcriptional repressors such
as hunchback, Trk69, and KAP-1 corepressor. How-
ever, more recent work indicates that Mi-2 also
interacts with transactivating proteins through its
amino-terminal domain.117

Emerging evidence suggests that Mi-2 and other
members of the NuRD complex have specific func-
tions in development.118 In Drosophila, the Mi-2
homolog, dMi-2, functions to repress Hox gene
expression and is required for germ cell develop-
ment.119 Likewise, in C. elegans the Mi-2 homolog,
chd-4, functions to inhibit ectopic vulval develop-
ment through Ras-induced pathways.120 Very re-
cently, the creation of tissue-specific knockout mice
has shown that Mi-2 expression is crucial for proper
development of the epidermal basal cell layer.121

DM patients with anti-Mi-2 autoantibodies tend
to have more fulminant cutaneous manifesta-
tions, including heliotrope rashes, shawl rashes
over the upper back and neck, and cuticular over-
growth. Nonetheless, patients with Mi-2 antibod-
ies have a more favorable prognosis, with better
response to steroid therapy, and a diminished in-
cidence of malignancy compared to others with
DM.71,102,104,122,123 These observations suggest that,
among individuals with DM, those with anti-Mi-2
antibodies may represent a distinct group.

At least two studies have identified a correlation
between latitude and the relative proportion of DM
among patients with myositis.124,125 For example, in
Guatemala City 83% of myositis patients have DM
and in Glasgow only 27% of patients have DM. A
report published by Okada and colleagues demon-
strated that increased exposure to ultraviolet (UV)
radiation, rather than global gradients in genetic risk
factors, is primarily responsible for this gradient.125

Interestingly, they also observed that the produc-
tion of Mi-2 autoantibodies occurs more frequently
at lower latitudes; in Guatemala City 60% of DM
patients are Mi-2 positive and in Glasgow a mere
6.7% of DM patients produce anti-Mi-2 antibodies.
Increased surface UV radiation intensity was the
single variable identified that increased the odds of
developing an immune response against Mi-2.

Given the association of surface UV radiation in-
tensity and the development of an anti-Mi-2 im-
mune response in DM patients, Burd and associates
examined the expression of Mi-2 in human ker-
atinocyte cell lines exposed to UV radiation.126 They
found that UV exposure increases Mi-2 protein ex-
pression (especially Mi-2�), but not levels of other
NuRD complex proteins, in these cells. This up-
regulation of Mi-2 protein levels occurred rapidly,
within 30 min of light exposure, and was regulated
through translational and posttranslational mecha-
nisms rather than transcriptionally. Based on their
findings, these investigators proposed that the in-
creased expression of Mi-2 protein in UV-induced
dermatitis drives the anti-Mi-2 response and ex-
plains why this autoantibody is more prevalent at
lower latitudes where surface UV radiation inten-
sity is greatest.

In a related prior study by Casciola-Rosen and
coworkers,127 Mi-2 protein levels were found to be
relatively low in both normal muscle and in PM
muscle biopsy specimens. In contrast, muscle biopsy
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Figure 7. Necrotizing myopathy. In this muscle biopsy
from an anti-SRP-positive patient, a fascicle includes nu-
merous degenerating and regenerating myofibers in the
absence of inflammatory cells (paraffin H&E).

specimens from many patients with DM had signif-
icantly increased expression of Mi-2. These results
also support the notion that increased expression
of Mi-2 in the DM target tissues serves to drive the
anti-Mi-2 immune response.

Anti–signal recognition particle autoantibodies

As discussed above, biopsies from patients with DM
and PM are characterized by the conspicuous pres-
ence of inflammatory cells. However, about 10% of
patients with apparently autoimmune muscle dis-
ease have biopsies revealing degenerating, necrotic,
and regenerating myofibers with few, if any, infil-
trating lymphocytes (Fig. 7). Some of these patients
with a “necrotizing myopathy” have autoantibod-
ies targeting components of the signal recognition
particle (SRP).

The SRP is a complex of six polypeptides (72,
68, 54, 19, 14, and 9 kDa) and a single 7SL RNA
molecule. This cytosolic ribonucleoprotein binds to
the endoplasmic reticulum (ER) signal sequences
of elongating polypeptide chains during their syn-
thesis and translocates them to the ER membrane.
In 1986, Reeves first described the presence of anti-
SRP autoantibodies in a “typical polymyositis” pa-
tient.128 Subsequent work has demonstrated that

autoantibodies may be directed to one or more of
the six polypeptides as well as to the 7SL RNA.129 In
the first comprehensive analysis of an anti-SRP pa-
tient cohort, Targoff identified these autoantibodies
in 13/265 (4%) “PM/DM” patients. In this study,
it was noted that SRP-positive individuals did not
have overlap syndromes or DM rashes.130 Although
they only infrequently had ILD or Reynaud’s phe-
nomenon, these patients were noted to have unusu-
ally severe muscle disease.

In their 2002 paper, Miller and colleagues re-
ported on the clinical and pathologic features of
seven anti-SRP-positive patients.131 They confirmed
that these often have severe and rapidly progres-
sive weakness associated with very high CK lev-
els and respond initially to steroids. Furthermore,
they demonstrated that muscle biopsies from these
patients reveal abundant necrotic and regenerating
fibers, but much less frequent lymphocytic inflam-
mation than seen in patients with DM or PM. As in
DM, anti-SRP-positive patients had reduced num-
bers of capillaries, enlarged capillaries, and cap-
illaries that stained positive for deposition of the
membrane attack complex (MAC). However, these
patients had neither characteristic rashes nor evi-
dence of perifascicular atrophy as seen in DM.

Subsequently, Kao published a study examining
a larger cohort of 19 anti-SRP-positive patients.132

This confirmed the severity of the initial disease and
reported that multiple immunosuppressive medica-
tions were frequently required for its control. De-
spite this, there was no significant difference in
5-year mortality rates between SPR-positive and
SRP-negative patients. Like others, these investi-
gators found that muscle biopsies from most of
these patients have relatively sparse inflammation,
with abundant myofiber degeneration and regener-
ation; capillary deposition of MAC was observed in
67%. Interestingly, they identified three anti-SRP-
positive patients who did not have active muscle
disease. Of these, two had systemic sclerosis and
one had features of the antisynthetase syndrome,
suggesting that these antibodies may not be specific
for PM.

Another study of 23 anti-SRP-positive patients
confirmed that this antibody is associated with a
unique syndrome characterized by a necrotizing
muscle biopsy, severe weakness, dysphagia, and high
CK levels.133 Three of these patients had DM. How-
ever, myofibers from SRP-positive patients did not
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stain positive for MHC-I. In contrast to the prior
reports, these investigators found MAC deposition
only in necrotic muscle fibers, but not on capillaries.

Although patients with anti-SRP autoantibodies
have a unique phenotype distinguished by a relative
absence of inflammation and abundant myofiber
degeneration, the pathologic relevance of these an-
tibodies remains unclear. Future studies will be re-
quired to determine what causes their production,
whether titers correlate with disease activity, and
whether the antibodies play a direct role in medi-
ating muscle damage. It should also be noted that
some patients with autoimmune necrotizing my-
opathies do not have anti-SRP antibodies. Whether
these individuals have heretofore unidentified au-
toantibodies remains to be determined.

Anti-155/140, a DM and cancer-associated
MSA

Although the identities of the autoantigens recog-
nized by these antibodies have not been defini-
tively established, two recent papers, one by Kaji
and colleagues and another by Targoff and col-
leagues, reported novel MSAs recognizing 155 and
140 kDA proteins.134,135 Each group found that the
anti-155/140 autoantibody is both highly specific
for DM and relatively common, being found in 13–
21% of DM patients. Furthermore, each study found
that anti-155/140-positive patients had a markedly
higher rate of malignancy than seen in DM patients
negative for this antibody (e.g., 71% vs. 11%134).
This was confirmed in another study showing that
8/19 (42%) anti-155/140-positive DM patients had
cancer.

Targoff and his associates found a lower frequency
of ILD in DM patients with the 155/140 autoan-
tibody compared with other DM patients.135 Al-
though Kaji and coworkers found that DM patients
with anti-155/140 autoantibodies were more likely
to have a heliotrope rash and Gottron’s papules/sign,
Targoff and colleagues found no difference in such
clinical features between these groups. This dispar-
ity could reflect differences between the Japanese
DM population examined by Kaji and the popula-
tion of subjects studied at the National Institutes of
Health in Targoff ’s study.

Interestingly, these and other researchers have
found that anti-155/140 is also found in patients
with the juvenile form of DM.136 This is especially

remarkable because the presence of other MSAs in
juvenile DM is rare. Further studies will be needed
to confirm the identity of the autoantigens recog-
nized by anti-155/140 autoantibodies and to clarify
their potential pathologic role.

Epidemiology and genetics

Myositis, including both DM and PM, is a rare dis-
ease. Comprehensive epidemiologic data are lack-
ing, but most studies suggest that myositis occurs in
about 1 per 100,000 people annually.3 DM can occur
at any age, but there appears to be a peak in the 30–
50-year age range. As with many other autoimmune
diseases, there is a strong gender bias in myositis,
with roughly twice as many women affected as men.

Numerous studies suggest that some individuals
may be genetically susceptible to developing inflam-
matory myopathy, including DM. For example, the
immunoglobulin gamma heavy chain Gm 3 23 5,13
phenotype is associated with DM in Caucasian pa-
tients,137 and certain HLA alleles, especially those as-
sociated with the 8.1 ancestral haplotype (8.1 AH),
may also confer increased risk or protection from
DM.138,139

Interestingly, the –308A polymorphism in the tu-
mor necrosis factor (TNF) gene promoter is over-
represented in DM patients compared with con-
trols.140–146 The presence of the TNF-�-308A allele,
also associated with systemic lupus erythematosus,
leads to increased keratinocyte apoptosis following
exposure to UV light147 and may increase suscep-
tibility to light-induced skin damage. Furthermore,
in both DM and lupus, this allele may predispose
patients to the characteristic photosensitive rashes
through increased production of TNF-�.142

Multiple studies have demonstrated a positive
relationship between certain MHC Class II alleles
and the development of PM.105,148 Additionally, PM
alone is weakly associated with a particular SNP
within an intronic region coding for IFN-� .149 In
contrast, another HLA factor allele (DQA∗0201) is
protective for PM; interestingly this allele is also pro-
tective for IBM which, like PM, is characterized by
T cell infiltrates.138

In addition to these positive and negative asso-
ciations with either DM or PM, numerous studies
have demonstrated that some genetic backgrounds,
particularly alleles constituting the Caucasian 8.1
AH, are associated with the presence of particular
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MSAs and MAAs.104,105,137–139,150–152 For example,
although alleles of the 8.1 AH are risk factors for
the development myositis with or without autoan-
tibodies, they are more strongly associated with pro-
duction of anti-Jo-1. One instance of this is the
DRB1∗0301 allele, which is a risk factor for myosi-
tis irrespective of autoantibody production, with an
odds ratio of 3.6; strikingly, the odds ratio associ-
ated with this allele in anti-Jo-1 patients is 15.5.139 In
contrast, DRB1∗0701 and DQA1∗0201 alleles seem
to be protective for the development of anti-Jo-1
but significant risk factors for the development of
anti-Mi-2.104,139,151,153,154 As has been pointed out
by others, this is consistent with the fact that in-
dividual patients may produce either anti-Jo-1 or
anti-Mi-2, but not both.

Other noteworthy examples of immunogenetic
associations with MSA production include the
observation that anti-PL-7 autoantibodies are pos-
itively associated with a unique HLA Class I al-
lele (Cw∗0304) distinct from the markers asso-
ciated with other antisynthetase antibodies.139 In
contrast, anti-PL-7 is negatively associated with
DQA1∗0501. Finally, the production of anti-SRP
antibodies is positively associated with HLA-B∗5001
and DQA1∗0104139 and, in African-Americans, the
GM 6 immunoglobulin gamma heavy chain allo-
type.137

As has been shown in other autoimmune diseases
(such as myasthenia gravis), these immunogenetic
associations underscore the importance of the 8.1
AH and other immune-related alleles in the devel-
opment of myositis. However, it should be noted
that very few of the many individuals who harbor
these alleles will ever develop an autoimmune dis-
ease. Presumably, autoimmune disease is only ini-
tiated when these predisposing alleles interact with
other important genetic and environmental factors.
Furthermore, it should be noted that in clinical
practice the presence of autoimmune muscle dis-
ease in more than one family member is an excep-
tional occurrence and strongly suggests the presence
of an inherited muscular dystrophy or metabolic
myopathy.

Myositis and malignancy

Since the first two cases of malignancy-associated
DM were reported in 1916,155,156 multiple stud-
ies have confirmed this connection.157–159 The

largest population-based study, utilizing the na-
tional databases of Sweden, Denmark, and Finland,
identified 618 DM and 914 PM patients.160 In this
cohort, cancer was detected in 32% of DM and 15%
of PM patients; this represented an increased risk
compared with the rest of the population, with stan-
dardized incidence ratios (SIRs) of 3.0 for DM and
1.3 for PM. Although a variety of different tumors
were identified, adenocarcinomas were the most
common and represented about 70% of these malig-
nancies. Most cancers were detected within 1 year
of myositis diagnosis, but DM patients were still
at increased risk for malignancy even 5 years later.
Cancers were also found at an increased rate in DM
patients up to 2 years prior to the development of
myositis, suggesting that DM may be a paraneoplas-
tic process in some patients.

A similar study from Australian databases found
malignant disease in 104/537 patients with inflam-
matory myopathies.161 In about 60% of cases, the
cancer was found within 1 week of the diagno-
sis of myositis. Patients with DM and PM had
SIRs of 6.2 and 2.0, respectively, for the presence
of malignancy. In another recent publication, 37
cases of malignancy were found in 309 myositis
patients seen in Hungarian clinics over a 21-year
period.162 These patients required more aggressive
immunosuppression than other patients with
myositis. Although successful treatment of the can-
cer also improved the muscle disease, patients with
cancer had worse survival rates than those without
cancer.

There is currently no consensus regarding what
cancer screening tests should be performed—or
how frequently—in patients diagnosed with myosi-
tis. However, it is noteworthy that elevated CA-125
levels at the time of myositis diagnosis have been
associated with an increased risk for developing a
solid malignancy over the next 5 years; this was true
even in those who had unrevealing conventional
malignancy screening, including pancomputed to-
mography scans and upper/lower gastrointestinal
endoscopy.163 Furthermore, Chinoy and associates
found that patients with most MSAs and MAAs are
at a decreased risk for malignancy.164 For example,
out of 66 patients with antisynthetase antibodies,
only one had cancer. None of the seven anti-SRP pa-
tients and only 2/18 anti-Mi-2-positive patients had
cancer. The notable exception, as discussed above,
were those DM patients with anti-155/140; of 19
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such patients 8 had cancer. Taken together, these
findings suggest that patients who are negative for
anti-155/140, are positive for one of the other MSAs,
and have normal CA-125 levels may not require an
extensive malignancy evaluation.

Finally on the topic of cancer and myositis, it
should be noted that Cao and colleagues found that
4 of their 16 patients with amyopathic DM had
associated malignancies55; two of these cases were
discovered at the time of diagnosis and two found
more than 2 years later. This suggests that these pa-
tients, like those with muscle involvement, may re-
quire cancer screening at the time of diagnosis and,
perhaps, on a routine basis for a number of years
following that.

A model of autoimmune muscle disease
pathogenesis

Despite concerted efforts over many years, the
pathologic mechanisms leading to the initiation
and propagation of autoimmune muscle disease re-
main obscure. For example, what is the pathologic
relevance of the MSAs, which, unlike those rec-
ognizing the acetylcholine receptor in myasthenia
gravis, target ubiquitously expressed intracellular
proteins? Why are myositis autoantigens targeted
while other muscle proteins are not? Is it signif-
icant that virtually all well-characterized myositis
autoantigens bind DNA (e.g., Mi-2) or RNA (e.g.,
aminoacyl-tRNA synthetases and SRP)? What are
environmental factors that trigger myositis in genet-
ically susceptible individuals? Why is it that patients
with autoimmune myositis are at increased risk for
cancer?

While these questions remain unanswered, one
recently proposed model attempts to synthesize
some of the key findings already summarized in this
review. Casciola-Rosen,127 Levine,165 Suber,166 and
their respective collaborators have noted that myosi-
tis autoantigens such as Jo-1 and Mi-2 are expressed
at low levels in normal muscle but at high levels
in regenerating muscle fibers.127 Similarly, myosi-
tis autoantigens are expressed at low levels in most
normal tissues, but are expressed at high levels in
cancerous tissue such as breast and lung adenocar-
cinomas.127 These authors have proposed that an
anticancer immune response may target myositis
autoantigens expressed at high levels in these tumors
where atypical processing could generate novel epi-

topes not recognized as self. Typically, an effective
immune response would result in eradication of the
tumor prior to its detection with no adverse conse-
quences. However, in a genetically susceptible host
with concurrent muscle regeneration (secondary to
viral infection or myotoxins, for example), the anti-
tumor response could be redirected to regenerating
myofibers that also express high levels of myositis
autoantigens. (Since skin cells exposed to UV light
also have increased expression of myositis autoanti-
gens,126 a similar mechanism could potentially un-
derlie the targeting of skin in DM.) Cytokines, pro-
duced by infiltrating leukocytes, could upregulate
MHC-I expression on muscle and thereby facilitate
their killing by cytotoxic T cells. This would initiate
further myofiber regeneration and increased pro-
duction of myositis autoantigens, thus initiating a
self-sustaining immune response against muscle. In
instances where the immune response was insuf-
ficient to destroy the inciting tumor, autoimmune
muscle disease and cancer would be found together.
Although intriguing, future work will be required
to test this model of myositis initiation and propa-
gation.

Acknowledgments

Dr. Mammen is supported by the NIH (grant K08-
AR-054783).

Conflicts of interest

The author declares no conflicts of interest.

References

1. Bohan, A. & J.B. Peter. 1975. Polymyositis and der-

matomyositis (first of two parts). N. Engl. J. Med. 292:

344–347.

2. Bohan, A. & J.B. Peter. 1975. Polymyositis and der-

matomyositis (second of two parts). N. Engl. J. Med.

292: 403–407.

3. Dalakas, M.C. & R. Hohlfeld. 2003. Polymyositis and

dermatomyositis. Lancet 362: 971–982.

4. Karpati, G. & E.K. O’Ferrall. 2009. Sporadic inclusion

body myositis: pathogenic considerations. Ann. Neurol.

65: 7–11.

5. Wagner, E. 1863. Fall einer seltnen Muskelkrankheit.

Dtsch. Arch. Heilk. 4: 282.

6. Hepp, P. 1887. Ueber einen Fall von acuter parenchy-

matoser Myositis, welche Geschwulste bildete und Fluc-

tuation vortauschte. Klin. Wochenschr. 24: 389.

146 Ann. N.Y. Acad. Sci. 1184 (2010) 134–153 c© 2009 New York Academy of Sciences.



Mammen Dermatomyositis and polymyositis

7. Unverricht, H. 1887. Polymyositis acuta progressive.

Z. Klin. Med. 12: 553.

8. Unverricht, H. 1891. Dermatomyositis acuta. Dtsch.

Med. Wochenschr. 17: 41.

9. Eaton, L.M. 1954. The perspective of neurology in re-

gard to polymyositis; a study of 41 cases. Neurology 4:

245–263.

10. Walton, J.M. & R.D. Adams. 1958. Polymyositis. E & S

Livingstone. Edinburgh.

11. Rowland, L.P. 1958. Muscular dystrophies, polymyosi-

tis, and other myopathies. J. Chronic Dis. 8: 510–535.

12. Pearson, C.M. & A.S. Rose. 1960. Myositis: the inflam-

matory disorders of muscle. Res. Publ. Assoc. Res. Nerv.

Ment. Dis. 38: 422.

13. Emslie-Smith, A.M. & A.G. Engel. 1990. Microvascu-

lar changes in early and advanced dermatomyositis: a

quantitative study. Ann. Neurol. 27: 343–356.

14. Kissel, J.T., J.R. Mendell & K.W. Rammohan. 1986. Mi-

crovascular deposition of complement membrane at-

tack complex in dermatomyositis. N. Engl. J. Med. 314:

329–334.

15. Kissel, J.T., R.K. Halterman, K.W. Rammohan, et al.

1991. The relationship of complement-mediated mi-

crovasculopathy to the histologic features and clinical

duration of disease in dermatomyositis. Arch. Neurol.

48: 26–30.

16. Nagaraju, K., L.G. Rider, C. Fan, et al. 2006. Endothelial

cell activation and neovascularization are prominent in

dermatomyositis. J. Autoimmune Dis. 3: 2.

17. Grundtman, C., E. Tham, A.K. Ulfgren, et al. 2008.

Vascular endothelial growth factor is highly expressed

in muscle tissue of patients with polymyositis and pa-

tients with dermatomyositis. Arthritis Rheum. 58: 3224–

3238.

18. Karpati, G., S. Carpenter, C. Melmed, et al. 1974. Exper-

imental ischemic myopathy. J. Neurol. Sci. 23: 129–161.

19. Hathaway, P.W., W.K. Engel & H. Zellweger. 1970.

Experimental myopathy after microarterial emboliza-

tion; comparison with childhood x-linked pseudohy-

pertrophic muscular dystrophy. Arch. Neurol. 22: 365–

378.

20. Arahata, K. & A.G. Engel. 1984. Monoclonal antibody

analysis of mononuclear cells in myopathies. I: Quan-

titation of subsets according to diagnosis and sites of

accumulation and demonstration and counts of muscle

fibers invaded by T cells. Ann. Neurol. 16: 193–208.

21. Greenberg, S.A., J.L. Pinkus, G.S. Pinkus, et al. 2005.

Interferon-alpha/beta-mediated innate immune mech-

anisms in dermatomyositis. Ann. Neurol. 57: 664–

678.

22. Siegal, F.P., N. Kadowaki, M. Shodell, et al. 1999. The

nature of the principal type 1 interferon-producing cells

in human blood. Science 284: 1835–1837.

23. Walsh, R.J., S.W. Kong, Y. Yao, et al. 2007. Type

I interferon-inducible gene expression in blood is

present and reflects disease activity in dermatomyosi-

tis and polymyositis. Arthritis Rheum. 56: 3784–

3792.

24. Baechler, E.C., J.W. Bauer, C.A. Slattery, et al. 2007.

An interferon signature in the peripheral blood of der-

matomyositis patients is associated with disease activity.

Mol. Med. 13: 59–68.

25. Arahata, K. & A.G. Engel. 1986. Monoclonal antibody

analysis of mononuclear cells in myopathies. III: Immu-

noelectron microscopy aspects of cell-mediated muscle

fiber injury. Ann. Neurol. 19: 112–125.

26. Dalakas, M.C. 1991. Polymyositis, dermatomyositis and

inclusion-body myositis. N. Engl. J. Med. 325: 1487–

1498.

27. Appleyard, S.T., M.J. Dunn, V. Dubowitz, et al. 1985.

Increased expression of HLA ABC class I antigens by

muscle fibres in Duchenne muscular dystrophy, inflam-

matory myopathy, and other neuromuscular disorders.

Lancet 1: 361–363.

28. Karpati, G., Y. Pouliot & S. Carpenter. 1988. Expression

of immunoreactive major histocompatibility complex

products in human skeletal muscles. Ann. Neurol. 23:

64–72.

29. Nagaraju, K., N. Raben, L. Loeffler, et al. 2000. Con-

ditional up-regulation of MHC class I in skeletal mus-

cle leads to self-sustaining autoimmune myositis and

myositis-specific autoantibodies. Proc. Natl. Acad. Sci.

USA 97: 9209–9214.

30. Nagaraju, K., L. Casciola-Rosen, I. Lundberg, et al.

2005. Activation of the endoplasmic reticulum stress re-

sponse in autoimmune myositis: potential role in mus-

cle fiber damage and dysfunction. Arthritis Rheum. 52:

1824–1835.

31. Goebels, N., D. Michaelis, M. Engelhardt, et al.

1996. Differential expression of perforin in muscle-

infiltrating T cells in polymyositis and dermatomyositis.

J. Clin. Invest. 97: 2905–2910.

32. Behrens, L., A. Bender, M.A. Johnson, et al. 1997. Cy-

totoxic mechanisms in inflammatory myopathies. Co-

expression of Fas and protective Bcl-2 in muscle fi-

bres and inflammatory cells. Brain 120(Pt 6): 929–

938.

33. Schneider, C., R. Gold, M.C. Dalakas, et al. 1996. MHC

class I-mediated cytotoxicity does not induce apop-

tosis in muscle fibers nor in inflammatory T cells:

Ann. N.Y. Acad. Sci. 1184 (2010) 134–153 c© 2009 New York Academy of Sciences. 147



Dermatomyositis and polymyositis Mammen

studies in patients with polymyositis, dermatomyosi-

tis, and inclusion body myositis. J. Neuropathol. Exp.

Neurol. 55: 1205–1209.

34. Vattemi, G., P. Tonin, M. Filosto, et al. 2000. T-cell anti-

apoptotic mechanisms in inflammatory myopathies. J.

Neuroimmunol. 111: 146–151.

35. Nagaraju, K., L. Casciola-Rosen, A. Rosen, et al. 2000.

The inhibition of apoptosis in myositis and in normal

muscle cells. J. Immunol. 164: 5459–5465.

36. Lundberg, I.E. & C. Grundtman. 2008. Developments

in the scientific and clinical understanding of inflam-

matory myopathies. Arthritis Res. Ther. 10: 220.

37. Lundberg, I., A.K. Ulfgren, P. Nyberg, et al. 1997. Cy-

tokine production in muscle tissue of patients with idio-

pathic inflammatory myopathies. Arthritis Rheum. 40:

865–874.

38. Page, G., G. Chevrel & P. Miossec. 2004. Anatomic local-

ization of immature and mature dendritic cell subsets

in dermatomyositis and polymyositis: Interaction with

chemokines and Th1 cytokine-producing cells. Arthri-

tis Rheum. 50: 199–208.

39. Lundberg, I., J.M. Brengman & A.G. Engel. 1995. Anal-

ysis of cytokine expression in muscle in inflammatory

myopathies, Duchenne dystrophy, and non-weak con-

trols. J. Neuroimmunol. 63: 9–16.

40. Tews, D.S. & H.H. Goebel. 1996. Cytokine expression

profile in idiopathic inflammatory myopathies. J. Neu-

ropathol. Exp. Neurol. 55: 342–347.

41. Lepidi, H., V. Frances, D. Figarella-Branger, et al. 1998.

Local expression of cytokines in idiopathic inflamma-

tory myopathies. Neuropathol. Appl. Neurobiol. 24: 73–

79.

42. Greenberg, S.A., E.M. Bradshaw, J.L. Pinkus, et al. 2005.

Plasma cells in muscle in inclusion body myositis and

polymyositis. Neurology 65: 1782–1787.

43. Callen, J.P. 2000. Dermatomyositis. Lancet 355: 53–57.

44. Dugan, E.M., A.M. Huber, F.W. Miller, et al. 2009. Re-

view of the classification and assessment of the cuta-

neous manifestations of the idiopathic inflammatory

myopathies. Dermatol. Online J. 15: 2.

45. Dugan, E.M., A.M. Huber, F.W. Miller, et al. 2009. Pho-

toessay of the cutaneous manifestations of the idio-

pathic inflammatory myopathies. Dermatol. Online J.

15: 1.

46. Bridges, B.F. 1991. The rashes of dermatomyositis in a

black patient. Am. J. Med. 91: 661–662.

47. Keil, H. 1942. The manifestations in the skin and mu-

cous membranes in dermatomyositis, with special ref-

erence to the differential diagnosis from systemic lupus

erythematosus. Ann. Intern. Med. 16: 828.

48. Ghali, F.E., L.D. Stein, J.D. Fine, et al. 1999. Gingi-

val telangiectases: an underappreciated physical sign of

juvenile dermatomyositis. Arch. Dermatol. 135: 1370–

1374.

49. Cheong, W.K., G.R. Hughes, P.G. Norris, et al. 1994.

Cutaneous photosensitivity in dermatomyositis. Br. J.

Dermatol. 131: 205–208.

50. Dourmishev, L., H. Meffert & H. Piazena. 2004. Der-

matomyositis: comparative studies of cutaneous photo-

sensitivity in lupus erythematosus and normal subjects.

Photodermatol. Photoimmunol. Photomed. 20: 230–

234.

51. Euwer, R.L. & R.D. Sontheimer. 1991. Amyopathic der-

matomyositis (dermatomyositis sine myositis). Presen-

tation of six new cases and review of the literature. J.

Am. Acad. Dermatol. 24: 959–966.

52. Rockerbie, N.R., T.Y. Woo, J.P. Callen, et al. 1989. Cu-

taneous changes of dermatomyositis precede muscle

weakness. J. Am. Acad. Dermatol. 20: 629–632.

53. Stonecipher, M.R., J.L. Jorizzo, W.L. White, et al. 1993.

Cutaneous changes of dermatomyositis in patients with

normal muscle enzymes: dermatomyositis sine myosi-

tis? J. Am. Acad. Dermatol. 28: 951–956.

54. Cosnes, A., F. Amaudric, R. Gherardi, et al. 1995.

Dermatomyositis without muscle weakness. Long-term

follow-up of 12 patients without systemic corticos-

teroids. Arch. Dermatol. 131: 1381–1385.

55. Cao, H., T.N. Parikh & J. Zheng. 2009. Amyopathic

dermatomyositis or dermatomyositis-like skin disease:

retrospective review of 16 cases with amyopathic der-

matomyositis. Clin. Rheumatol. 28: 979–984.

56. Crowson, A.N., C.M. Magro & M.C. Mihm Jr. 2008.

Interface dermatitis. Arch. Pathol. Lab. Med. 132: 652–

666.

57. Dourmishev, L.A. & U. Wollina. 2006. Dermatomyosi-

tis: immunopathologic study of skin lesions. Acta Der-

matovenerol. Alp. Panonica Adriat. 15: 45–51.

58. Mascaro, J.M., Jr., G. Hausmann, C. Herrero, et al.

1995. Membrane attack complex deposits in cutaneous

lesions of dermatomyositis. Arch. Dermatol. 131: 1386–

1392.

59. Crowson, A.N. & C.M. Magro. 1996. The role of mi-

crovascular injury in the pathogenesis of cutaneous le-

sions of dermatomyositis. Hum. Pathol. 27: 15–19.

60. Hengstman, G.J., L. van Brenk, W.T. Vree Egberts, et al.

2005. High specificity of myositis specific autoantibod-

ies for myositis compared with other neuromuscular

disorders. J. Neurol. 252: 534–537.

61. Nishikai, M. & M. Reichlin. 1980. Heterogene-

ity of precipitating antibodies in polymyositis and

148 Ann. N.Y. Acad. Sci. 1184 (2010) 134–153 c© 2009 New York Academy of Sciences.



Mammen Dermatomyositis and polymyositis

dermatomyositis. Characterization of the Jo-1 antibody

system. Arthritis Rheum. 23: 881–888.

62. Yoshida, S., M. Akizuki, T. Mimori, et al. 1983. The pre-

cipitating antibody to an acidic nuclear protein antigen,

the Jo-1, in connective tissue diseases. A marker for a

subset of polymyositis with interstitial pulmonary fi-

brosis. Arthritis Rheum. 26: 604–611.

63. Marguerie, C., C.C. Bunn, H.L. Beynon, et al. 1990.

Polymyositis, pulmonary fibrosis and autoantibodies

to aminoacyl-tRNA synthetase enzymes. Q. J. Med. 77:

1019–1038.

64. Mathews, M.B., M. Reichlin, G.R. Hughes, et al. 1984.

Anti-threonyl-tRNA synthetase, a second myositis-

related autoantibody. J. Exp. Med. 160: 420–434.

65. Bunn, C.C., R.M. Bernstein & M.B. Mathews. 1986.

Autoantibodies against alanyl-tRNA synthetase and tR-

NAAla coexist and are associated with myositis. J. Exp.

Med. 163: 1281–1291.

66. Targoff, I.N. 1990. Autoantibodies to aminoacyl-

transfer RNA synthetases for isoleucine and glycine.

Two additional synthetases are antigenic in myositis. J.

Immunol. 144: 1737–1743.

67. Hirakata, M., A. Suwa, S. Nagai, et al. 1999. Anti-KS:

identification of autoantibodies to asparaginyl-transfer

RNA synthetase associated with interstitial lung disease.

J. Immunol. 162: 2315–2320.

68. Hashish, L., E.P. Trieu, P. Sadanandan, et al. 2005. Iden-

tification of autoantibodies to tyrosyl-tRNA synthetase

in dermatomyositis with features consistent with anti-

synthetase syndrome (abstract). Arthritis Rheum. 52:

S312.

69. Betteridge, Z., H. Gunawardena, J. North, et al. 2007.

Anti-synthetase syndrome: a new autoantibody to

phenylalanyl transfer RNA synthetase (anti-Zo) asso-

ciated with polymyositis and interstitial pneumonia.

Rheumatology (Oxford) 46: 1005–1008.

70. Hirakata, M. 2005. Autoantibodies to aminoacyl-tRNA

synthetases. Intern. Med. 44: 527–528.

71. Targoff, I.N. 2002. Laboratory testing in the diagno-

sis and management of idiopathic inflammatory my-

opathies. Rheum. Dis. Clin. North Am. 28: 859–890,

viii.

72. Kalluri, M., S.A. Sahn, C.V. Oddis, et al. 2009. Clinical

profile of anti-PL-12 autoantibody: Cohort study and

review of the literature. Chest 135: 1550–1556.

73. Arsura, E.L. & A.S. Greenberg. 1988. Adverse im-

pact of interstitial pulmonary fibrosis on prognosis

in polymyositis and dermatomyositis. Semin. Arthritis

Rheum. 18: 29–37.

74. Marie, I., E. Hachulla, P. Cherin, et al. 2002. Intersti-

tial lung disease in polymyositis and dermatomyositis.

Arthritis Rheum. 47: 614–622.

75. Douglas, W.W., H.D. Tazelaar, T.E. Hartman, et al.

2001. Polymyositis-dermatomyositis-associated inter-

stitial lung disease. Am. J. Respir. Crit. Care Med. 164:

1182–1185.

76. Friedman, A.W., I.N. Targoff & F.C. Arnett. 1996.

Interstitial lung disease with autoantibodies against

aminoacyl-tRNA synthetases in the absence of clin-

ically apparent myositis. Semin. Arthritis Rheum. 26:

459–467.

77. Yoshifuji, H., T. Fujii, S. Kobayashi, et al. 2006.

Anti-aminoacyl-tRNA synthetase antibodies in clinical

course prediction of interstitial lung disease compli-

cated with idiopathic inflammatory myopathies. Au-

toimmunity 39: 233–241.

78. Targoff, I.N. 2008. Autoantibodies and their signif-

icance in myositis. Curr. Rheumatol. Rep. 10: 333–

340.

79. Fathi, M., J. Vikgren, M. Boijsen, et al. 2008. Intersti-

tial lung disease in polymyositis and dermatomyositis:

longitudinal evaluation by pulmonary function and ra-

diology. Arthritis Rheum. 59: 677–685.

80. Klein, R.Q., V. Teal, L. Taylor, et al. 2007. Number,

characteristics, and classification of patients with der-

matomyositis seen by dermatology and rheumatology

departments at a large tertiary medical center. J. Am.

Acad. Dermatol. 57: 937–943.

81. Selva-O’Callaghan, A., M. Labrador-Horrillo, R.

Solans-Laque, et al. 2006. Myositis-specific and

myositis-associated antibodies in a series of eighty-eight

Mediterranean patients with idiopathic inflammatory

myopathy. Arthritis Rheum. 55: 791–798.

82. Spath, M., M. Schroder, B. Schlotter-Weigel, et al. 2004.

The long-term outcome of anti-Jo-1-positive inflam-

matory myopathies. J. Neurol. 251: 859–864.

83. Lundberg, I.E. & C.J. Forbess. 2008. Mortality in idio-

pathic inflammatory myopathies. Clin. Exp. Rheumatol.

26: S109–S114.

84. Medsger, T.A., Jr, H. Robinson & A.T. Masi. 1971. Fac-

tors affecting survivorship in polymyositis. A life-table

study of 124 patients. Arthritis Rheum. 14: 249–258.

85. Marie, I., E. Hachulla, P.Y. Hatron, et al. 2001.

Polymyositis and dermatomyositis: short term and

longterm outcome, and predictive factors of progno-

sis. J. Rheumatol. 28: 2230–2237.

86. Sultan, S.M., Y. Ioannou, K. Moss, et al. 2002. Out-

come in patients with idiopathic inflammatory myosi-

tis: morbidity and mortality. Rheumatology (Oxford)

41: 22–26.

Ann. N.Y. Acad. Sci. 1184 (2010) 134–153 c© 2009 New York Academy of Sciences. 149



Dermatomyositis and polymyositis Mammen

87. Danko, K., A. Ponyi, T. Constantin, et al. 2004. Long-

term survival of patients with idiopathic inflammatory

myopathies according to clinical features: a longitudinal

study of 162 cases. Medicine (Baltimore) 83: 35–42.

88. Airio, A., H. Kautiainen & M. Hakala. 2006. Progno-

sis and mortality of polymyositis and dermatomyositis

patients. Clin. Rheumatol. 25: 234–239.

89. Torres, C., R. Belmonte, L. Carmona, et al. 2006. Sur-

vival, mortality and causes of death in inflammatory

myopathies. Autoimmunity 39: 205–215.

90. Raben, N., R. Nichols, J. Dohlman, et al. 1994. A mo-

tif in human histidyl-tRNA synthetase which is shared

among several aminoacyl-tRNA synthetases is a coiled-

coil that is essential for enzymatic activity and contains

the major autoantigenic epitope. J. Biol. Chem. 269:

24277–24283.

91. Martin, A., M.J. Shulman & F.W. Tsui. 1995. Epitope

studies indicate that histidyl-tRNA synthetase is a stim-

ulating antigen in idiopathic myositis. FASEB J. 9: 1226–

1233.

92. Miller, F.W., S.A. Twitty, T. Biswas, et al. 1990. Ori-

gin and regulation of a disease-specific autoantibody

response. Antigenic epitopes, spectrotype stability, and

isotype restriction of anti-Jo-1 autoantibodies. J. Clin.

Invest. 85: 468–475.

93. Miller, F.W., K.A. Waite, T. Biswas, et al. 1990. The role

of an autoantigen, histidyl-tRNA synthetase, in the in-

duction and maintenance of autoimmunity. Proc. Natl.

Acad. Sci. USA 87: 9933–9937.

94. Bernstein, R.M., S.H. Morgan, J. Chapman, et al. 1984.

Anti-Jo-1 antibody: a marker for myositis with inter-

stitial lung disease. Br. Med. J. (Clin. Res. Ed.) 289:

151–152.

95. Stone, K.B., C.V. Oddis, N. Fertig, et al. 2007. Anti-

Jo-1 antibody levels correlate with disease activity in

idiopathic inflammatory myopathy. Arthritis Rheum.

56: 3125–3131.

96. Levine, S.M., N. Raben, D. Xie, et al. 2007. Novel con-

formation of histidyl-transfer RNA synthetase in the

lung: the target tissue in Jo-1 autoantibody-associated

myositis. Arthritis Rheum. 56: 2729–2739.

97. Casciola-Rosen, L., F. Andrade, D. Ulanet, et al. 1999.

Cleavage by granzyme B is strongly predictive of au-

toantigen status: implications for initiation of autoim-

munity. J. Exp. Med. 190: 815–826.

98. Katsumata, Y., W.M. Ridgway, T. Oriss, et al.

2007. Species-specific immune responses generated by

histidyl-tRNA synthetase immunization are associated

with muscle and lung inflammation. J. Autoimmun. 29:

174–186.

99. Howard, O.M., H.F. Dong, D. Yang, et al. 2002. Histidyl-

tRNA synthetase and asparaginyl-tRNA synthetase, au-

toantigens in myositis, activate chemokine receptors

on T lymphocytes and immature dendritic cells. J. Exp.

Med. 196: 781–791.

100. Reichlin, M. & M. Mattioli. 1976. Description of a sero-

logical reaction characteristic of polymyositis. Clin. Im-

munol. Immunopathol. 5: 12–20.

101. Ghirardello, A., S. Zampieri, L. Iaccarino, et al. 2005.

Anti-Mi-2 antibodies. Autoimmunity 38: 79–83.

102. Targoff, I.N. & M. Reichlin. 1985. The association be-

tween Mi-2 antibodies and dermatomyositis. Arthritis

Rheum. 28: 796–803.

103. Targoff, I.N. 2006. Myositis specific autoantibodies.

Curr. Rheumatol. Rep. 8: 196–203.

104. Love, L.A., R.L. Leff, D.D. Fraser, et al. 1991. A new ap-

proach to the classification of idiopathic inflammatory

myopathy: myositis-specific autoantibodies define use-

ful homogeneous patient groups. Medicine (Baltimore)

70: 360–374.

105. Arnett, F.C., I.N. Targoff, T. Mimori, et al. 1996. Inter-

relationship of major histocompatibility complex class

II alleles and autoantibodies in four ethnic groups with

various forms of myositis. Arthritis Rheum. 39: 1507–

1518.

106. Mierau, R., T. Dick, P. Bartz-Bazzanella, et al. 1996.

Strong association of dermatomyositis-specific Mi-2

autoantibodies with a tryptophan at position 9 of the

HLA-DR beta chain. Arthritis Rheum. 39: 868–876.

107. Hausmanowa-Petrusewicz, I., E. Kowalska-Oledzka,

F.W. Miller, et al. 1997. Clinical, serologic, and im-

munogenetic features in Polish patients with idiopathic

inflammatory myopathies. Arthritis Rheum. 40: 1257–

1266.

108. Hengstman, G.J., W.T. Vree Egberts, H.P. Seelig, et al.

2006. Clinical characteristics of patients with myositis

and autoantibodies to different fragments of the Mi-2

beta antigen. Ann. Rheum. Dis. 65: 242–245.

109. Brouwer, R., G.J. Hengstman, W. Vree Egberts, et al.

2001. Autoantibody profiles in the sera of European

patients with myositis. Ann. Rheum. Dis. 60: 116–123.

110. Hengstman, G.J., R. Brouwer, W.T. Egberts, et al. 2002.

Clinical and serological characteristics of 125 Dutch

myositis patients. Myositis specific autoantibodies aid

in the differential diagnosis of the idiopathic inflam-

matory myopathies. J. Neurol. 249: 69–75.

111. Seelig, H.P., I. Moosbrugger, H. Ehrfeld, et al. 1995. The

major dermatomyositis-specific Mi-2 autoantigen is a

presumed helicase involved in transcriptional activa-

tion. Arthritis Rheum. 38: 1389–1399.

150 Ann. N.Y. Acad. Sci. 1184 (2010) 134–153 c© 2009 New York Academy of Sciences.



Mammen Dermatomyositis and polymyositis

112. Seelig, H.P., M. Renz, I.N. Targoff, et al. 1996. Two forms

of the major antigenic protein of the dermatomyositis-

specific Mi-2 autoantigen. Arthritis Rheum. 39: 1769–

1771.

113. Ge Q., D.S. Nilasena, C.A. O’Brien, et al. 1995. Molec-

ular analysis of a major antigenic region of the 240-kD

protein of Mi-2 autoantigen. J. Clin. Invest. 96: 1730–

1737.

114. Nilasena, D.S., E.P. Trieu & I.N. Targoff. 1995. Analysis

of the Mi-2 autoantigen of dermatomyositis. Arthritis

Rheum. 38: 123–128.

115. Zhang, Y., G. LeRoy, H.P. Seelig, et al. 1998. The

dermatomyositis-specific autoantigen Mi2 is a compo-

nent of a complex containing histone deacetylase and

nucleosome remodeling activities. Cell 95: 279–289.

116. Wang, H.B. & Y. Zhang. 2001. Mi2, an auto-antigen

for dermatomyositis, is an ATP-dependent nucleosome

remodeling factor. Nucleic Acids Res. 29: 2517–2521.

117. Shimono, Y., H. Murakami, K. Kawai, et al. 2003. Mi-2

beta associates with BRG1 and RET finger protein at

the distinct regions with transcriptional activating and

repressing abilities. J. Biol. Chem. 278: 51638–51645.

118. Ahringer, J. 2000. NuRD and SIN3 histone deacetylase

complexes in development. Trends Genet. 16: 351–356.

119. Kehle, J., D. Beuchle, S. Treuheit, et al. 1998. dMi-2, a

hunchback-interacting protein that functions in poly-

comb repression. Science 282: 1897–1900.

120. Solari, F. & J. Ahringer. 2000. NURD-complex

genes antagonise Ras-induced vulval development in

Caenorhabditis elegans. Curr. Biol. 10: 223–226.

121. Kashiwagi, M., B.A. Morgan & K. Georgopoulos. 2007.

The chromatin remodeler Mi-2beta is required for es-

tablishment of the basal epidermis and normal differ-

entiation of its progeny. Development 134: 1571–1582.

122. Hengstman, G.J., W.T. Vree Egberts, H.P. Seelig, et al.

2006. Clinical characteristics of patients with myositis

and autoantibodies to different fragments of the Mi-2

beta antigen. Ann. Rheum. Dis. 65: 242–245.

123. Roux, S., H.P. Seelig & O. Meyer. 1998. Significance

of Mi-2 autoantibodies in polymyositis and dermato-

myositis. J. Rheumatol. 25: 395–396.

124. Hengstman, G.J., W.J. van Venrooij, J. Vencovsky, et al.

2000. The relative prevalence of dermatomyositis and

polymyositis in Europe exhibits a latitudinal gradient.

Ann. Rheum. Dis. 59: 141–142.

125. Okada, S., E. Weatherhead, I.N. Targoff, et al. 2003.

Global surface ultraviolet radiation intensity may mod-

ulate the clinical and immunologic expression of au-

toimmune muscle disease. Arthritis Rheum. 48: 2285–

2293.

126. Burd, C.J., H.K. Kinyamu, F.W. Miller, et al. 2008. UV

radiation regulates Mi-2 through protein translation

and stability. J. Biol. Chem. 283: 34976–34982.

127. Casciola-Rosen, L., K. Nagaraju, P. Plotz, et al. 2005. En-

hanced autoantigen expression in regenerating muscle

cells in idiopathic inflammatory myopathy. J. Exp. Med.

201: 591–601.

128. Reeves, W.H., S.K. Nigam & G. Blobel. 1986. Human

autoantibodies reactive with the signal-recognition par-

ticle. Proc. Natl. Acad. Sci. USA 83: 9507–9511.

129. Satoh, T., T. Okano, T. Matsui, et al. 2005. Novel autoan-

tibodies against 7SL RNA in patients with polymyosi-

tis/dermatomyositis. J. Rheumatol. 32: 1727–1733.

130. Targoff, I.N., A.E. Johnson & F.W. Miller. 1990. An-

tibody to signal recognition particle in polymyositis.

Arthritis Rheum. 33: 1361–1370.

131. Miller, T., M.T. Al-Lozi, G. Lopate, et al. 2002. Myopa-

thy with antibodies to the signal recognition particle:

clinical and pathological features. J. Neurol. Neurosurg.

Psychiatry 73: 420–428.

132. Kao, A.H., D. Lacomis, M. Lucas, et al. 2004. Anti-signal

recognition particle autoantibody in patients with and

patients without idiopathic inflammatory myopathy.

Arthritis Rheum. 50: 209–215.

133. Hengstman, G.J., H.J. ter Laak, W.T. Vree Egberts, et al.

2006. Anti-signal recognition particle autoantibodies:

marker of a necrotising myopathy. Ann. Rheum. Dis.

65: 1635–1638.

134. Kaji, K., M. Fujimoto, M. Hasegawa, et al. 2007. Identi-

fication of a novel autoantibody reactive with 155 and

140 kDa nuclear proteins in patients with dermato-

myositis: an association with malignancy. Rheumatol-

ogy (Oxford) 46: 25–28.

135. Targoff, I.N., G. Mamyrova, E.P. Trieu, et al. 2006.

A novel autoantibody to a 155-kd protein is associ-

ated with dermatomyositis. Arthritis Rheum. 54: 3682–

3689.

136. Gunawardena, H., L.R. Wedderburn, J. North, et al.

2008. Clinical associations of autoantibodies to a

p155/140 kDa doublet protein in juvenile dermato-

myositis. Rheumatology (Oxford) 47: 324–328.

137. O’Hanlon, T.P., L.G. Rider, A. Schiffenbauer, et al. 2008.

Immunoglobulin gene polymorphisms are susceptibil-

ity factors in clinical and autoantibody subgroups of the

idiopathic inflammatory myopathies. Arthritis Rheum.

58: 3239–3246.

138. O’Hanlon, T.P., D.M. Carrick, F.C. Arnett, et al. 2005.

Immunogenetic risk and protective factors for the idio-

pathic inflammatory myopathies: distinct HLA-A, -B,

-Cw, -DRB1 and -DQA1 allelic profiles and motifs

Ann. N.Y. Acad. Sci. 1184 (2010) 134–153 c© 2009 New York Academy of Sciences. 151



Dermatomyositis and polymyositis Mammen

define clinicopathologic groups in caucasians. Medicine

(Baltimore) 84: 338–349.

139. O’Hanlon, T.P., D.M. Carrick, I.N. Targoff, et al. 2006.

Immunogenetic risk and protective factors for the idio-

pathic inflammatory myopathies: distinct HLA-A, -B,

-Cw, -DRB1, and -DQA1 allelic profiles distinguish Eu-

ropean American patients with different myositis au-

toantibodies. Medicine (Baltimore) 85: 111–127.

140. Hassan, A.B., L. Nikitina-Zake, C.B. Sanjeevi, et al.

2004. Association of the proinflammatory haplotype

(MICA5.1/TNF2/TNFa2/DRB1∗03) with polymyositis

and dermatomyositis. Arthritis Rheum. 50: 1013–1015.

141. Chinoy, H., F. Salway, S. John, et al. 2007. Tumour

necrosis factor-alpha single nucleotide polymorphisms

are not independent of HLA class I in UK Caucasians

with adult onset idiopathic inflammatory myopathies.

Rheumatology (Oxford) 46: 1411–1416.

142. Pachman, L.M., M.R. Liotta-Davis, D.K. Hong, et al.

2000. TNFalpha-308A allele in juvenile dermatomyosi-

tis: association with increased production of tumor

necrosis factor alpha, disease duration, and pathologic

calcifications. Arthritis Rheum. 43: 2368–2377.

143. Mamyrova, G., T.P. O’Hanlon, L. Sillers, et al. 2008.

Cytokine gene polymorphisms as risk and severity fac-

tors for juvenile dermatomyositis. Arthritis Rheum. 58:

3941–3950.

144. Werth, V.P., J.P. Callen, G. Ang, et al. 2002. Associa-

tions of tumor necrosis factor alpha and HLA polymor-

phisms with adult dermatomyositis: implications for a

unique pathogenesis. J. Invest. Dermatol. 119: 617–620.

145. Lutz, J., K.G. Huwiler, T. Fedczyna, et al. 2002. Increased

plasma thrombospondin-1 (TSP-1) levels are associ-

ated with the TNF alpha-308A allele in children with

juvenile dermatomyositis. Clin. Immunol. 103: 260–

263.

146. Pachman, L.M., T.O. Fedczyna, T.S. Lechman, et al.

2001. Juvenile dermatomyositis: the association of the

TNF alpha-308A allele and disease chronicity. Curr.

Rheumatol. Rep. 3: 379–386.

147. Werth, V.P., W. Zhang, K. Dortzbach, et al. 2000. Asso-

ciation of a promoter polymorphism of tumor necro-

sis factor-alpha with subacute cutaneous lupus erythe-

matosus and distinct photoregulation of transcription.

J. Invest. Dermatol. 115: 726–730.

148. Garlepp, M.J. 1993. Immunogenetics of inflammatory

myopathies. Baillieres Clin. Neurol. 2: 579–597.

149. Chinoy, H., F. Salway, S. John, et al. 2007. Interferon-

gamma and interleukin-4 gene polymorphisms in Cau-

casian idiopathic inflammatory myopathy patients in

UK. Ann. Rheum. Dis. 66: 970–973.

150. Franceschini, F. & I. Cavazzana. 2005. Anti-Ro/SSA and

La/SSB antibodies. Autoimmunity 38: 55–63.

151. Shamim, E.A., L.G. Rider, J.P. Pandey, et al. 2002.

Differences in idiopathic inflammatory myopathy

phenotypes and genotypes between Mesoamerican

Mestizos and North American Caucasians: ethno-

geographic influences in the genetics and clinical

expression of myositis. Arthritis Rheum. 46: 1885–

1893.

152. Shamim, E.A., L.G. Rider & F.W. Miller. 2000. Update

on the genetics of the idiopathic inflammatory my-

opathies. Curr. Opin. Rheumatol. 12: 482–491.

153. Chinoy, H., W.E. Ollier & R.G. Cooper. 2004. Have re-

cent immunogenetic investigations increased our un-

derstanding of disease mechanisms in the idiopathic

inflammatory myopathies? Curr. Opin. Rheumatol. 16:

707–713.

154. Mierau, R., T. Dick, E. Genth, et al. 1999. An update on

HLA association of Mi-2 autoantibodies: the associa-

tion with a tryptophan at position 9 of the HLA-DRbeta

chain is strong but not absolute. Arthritis Rheum. 42:

1552–1553.

155. Stertz, G. 1916. Polymyositis. Berl. Klin. Wochenschr.

53: 489.

156. Kankeleit, H. 1916. Uber primaire nichteitrige

Polymyositis. Dtsch. Arch. Klin. Med. 120: 335.

157. Williams, R.C., Jr. 1959. Dermatomyositis and malig-

nancy: a review of the literature. Ann. Intern. Med. 50:

1174–1181.

158. Barnes, B.E. & B. Mawr. 1976. Dermatomyositis and

malignancy. A review of the literature. Ann. Intern. Med.

84: 68–76.

159. Sigurgeirsson, B., B. Lindelof, O. Edhag, et al. 1992.

Risk of cancer in patients with dermatomyositis or

polymyositis. A population-based study. N. Engl. J.

Med. 326: 363–367.

160. Hill, C.L., Y. Zhang, B. Sigurgeirsson, et al. 2001. Fre-

quency of specific cancer types in dermatomyositis and

polymyositis: a population-based study. Lancet 357:

96–100.

161. Buchbinder, R., A. Forbes, S. Hall, et al. 2001. Inci-

dence of malignant disease in biopsy-proven inflam-

matory myopathy. A population-based cohort study.

Ann. Intern. Med. 134: 1087–1095.

162. Andras, C., A. Ponyi, T. Constantin, et al. 2008. Der-

matomyositis and polymyositis associated with malig-

nancy: a 21-year retrospective study. J. Rheumatol. 35:

438–444.

163. Amoura, Z., P. Duhaut, D.L. Huong, et al. 2005. Tumor

antigen markers for the detection of solid cancers in

152 Ann. N.Y. Acad. Sci. 1184 (2010) 134–153 c© 2009 New York Academy of Sciences.



Mammen Dermatomyositis and polymyositis

inflammatory myopathies. Cancer Epidemiol. Biomark-

ers Prev. 14: 1279–1282.

164. Chinoy, H., N. Fertig, C.V. Oddis, et al.

2007. The diagnostic utility of myositis autoan-

tibody testing for predicting the risk of cancer-

associated myositis. Ann. Rheum. Dis. 66: 1345–

1349.

165. Levine, S.M. 2006. Cancer and myositis: new insights

into an old association. Curr. Opin. Rheumatol. 18: 620–

624.

166. Suber, T.L., L. Casciola-Rosen & A. Rosen. 2008. Mech-

anisms of disease: autoantigens as clues to the patho-

genesis of myositis. Nat. Clin. Pract. Rheumatol. 4: 201–

209.

Ann. N.Y. Acad. Sci. 1184 (2010) 134–153 c© 2009 New York Academy of Sciences. 153


