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Abstract
Juvenile myositis is a heterogeneous group of systemic autoimmune diseases, in which clinical and
serologic subgroups result in subsets of patients with distinct clinical manifestations, disease courses,
immunogenetic associations, responses to therapy, and prognoses. A newly identified autoantibody
of unknown specificity, anti-p155, is myositis-associated and seen in up to 20 – 30% of juvenile and
adult DM patients. HLA DRB1*0301 and its linked allele DQA1*0501 have been identified as the
major immunogenetic risk factor for juvenile and adult DM in both European- and African- American
patients, and DQA1*0301 is an additional risk factor in European American patients. Several DQA1
alleles also are protective for juvenile DM. Environmental risk factors are poorly understood, but
growing evidence suggests a role for infectious agents and ultraviolet radiation. The current therapy
of juvenile DM consists of corticosteroids and other immunosuppressive agents, with the adjunctive
treatment of cutaneous manifestations and rehabilitation. Therapeutic trials of biologic agents,
including anti-TNFα and anti-CD20, may aid in developing promising new therapies for these
disorders.
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Take Home Messages
• The juvenile myositis syndromes are a heterogeneous group of systemic autoimmune

diseases in which clinical and serologic subgroups result in subsets with distinct
clinical features, disease courses, responses to therapy and prognoses. Anti-p155, a
new dermatomyositis (DM)-associated autoantibody, is present in up to 30% of
juvenile DM patients.

• The pathogenesis involves an immune attack on the muscle microvasculature with
activation and inhibition of angiogenesis, as well as endothelial activation. Activation
of interferon and antigen presentation pathways is also an important part of disease
expression.

• The primary immunogenetic risk factors are HLA DRB1 and DQA1 alleles, with a
number of shared factors with adult DM.

• Environmental factors are poorly understood, but growing evidence suggests a role
for infectious agents, ultraviolet radiation and possibly maternal microchimerism.
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• Therapy is primarily immunosuppressive, including a prolonged course of
corticosteroid therapy, but promising trials of biologic agents may change future
therapeutic paradigms.

The idiopathic inflammatory myopathies (IIM) are a rare group of systemic connective tissue
diseases with the hallmark of chronic muscle inflammation and weakness of unknown cause.
Approximately one-fifth of the cases of IIM have onset during childhood, with an annual
incidence for juvenile IIM of 2.5–5 cases per million population (1). The peak age of onset for
juvenile dermatomyositis (DM) is approximately 7 years with a broad distribution throughout
childhood; one-quarter have onset prior to age 5 years (2). Girls are preferentially affected,
even pre-pubertally (2).

Subgroups of Myositis
The division of the myositis syndromes into clinicopathologic or serologic groups apparently
results in more homogeneous subsets, in terms of distinctive epidemiologic, genetic, and
prognostic features. The most common clinicopathologic subset, representing up to 85% of
children with IIM is juvenile DM, in which Gottron’s papules or heliotrope rashes are present;
(3). The two other major subsets of juvenile IIM are polymyositis (PM), in which these
characteristic rashes are absent, and overlap myositis, including patients with either PM or DM
who also meet criteria for another connective tissue disease. Inclusion body myositis and
cancer-associated myositis, often defined as myositis occurring within two years of a diagnosis
of cancer, are seen almost exclusively in adults with myositis. Some of the other subsets, such
as granulomatous, eosinophilic, focal, proliferative, and orbital myositis, are quite rare and
while they are pathologically distinct entities, it remains unclear whether they are clinically
and prognostically distinct (3).

Juvenile DM has several clinical features that may be more characteristic of the juvenile than
adult form of disease. These include the presence of dystrophic calcification, with calcium
deposits in the skin, subcutaneous tissue, or muscle, in up to 30% of patients, which is
associated with poorer functional outcomes (4); cutaneous or gastrointestinal ulceration, seen
in up to 10% of patients, which is the result of tissue ischemia from the underlying vasculopathy
and portends a severe course of illness; and acquired lipodystrophy, seen in up to 10% of
patients, which may include generalized or partial fat loss and is often associated with
calcinosis.

The pathogenesis of DM involves perivascular infiltration of B and CD4+ T lymphocytes and
dendritic cells in the affected muscle. There is a loss of capillaries, due to complement mediated
damage, and evidence for increased new vessel formation, particularly in juvenile DM muscle.
From microarray experiments, in some cases confirmed by immunohistochemistry or real-time
PCR, a number of promoters and inhibitors of angiogenesis are over-expressed in the affected
muscle tissue (5;6). There is also increased expression of genes promoting endothelial
differentiation and activation, as well as classical and alternative complement pathway
regulators that facilitate angiogenesis in the muscle tissue of adult DM patients (5). Leukocyte
adhesion molecules are also over-expressed, with ICAM-1 particularly on the vessels of
juvenile DM patients (7). Immune dysregulation is also a key part of the pathogenesis, with
upregulation of interferon α/β inducible genes and genes upregulated in a Type I interferon
response, as well as genes involved in antigen presentation, suggesting either viral initiation
of disease or activation of plasmacytoid dendritic cells (8).

Clinical Usefulness of the Myositis Autoantibodies
Defined autoantibodies have been identified in up to 70% of adult and 40% of juvenile IIM
patients (3;9). Some of these are autoantibodies are found frequently in IIM patients but also
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are seen in other conditions (the myositis-associated autoantibodies, or MAAs), and some are
autoantibodies unique to the IIM (the myositis-specific autoantibodies, or MSAs). The MSAs
appear to be antigen-driven, arising months prior to the onset of myositis, correlating in titer
with disease activity, and sometimes disappearing after prolonged remission (10). These
autoantibodies bind to conserved conformational epitopes on cytoplasmic and nuclear
ribonucleoproteins involved in basic cellular mechanisms, such as translation and transcription,
and they inhibit the functions of the targeted antigens in vitro. There is no direct evidence that
the MSAs play a pathogenic role, but recent data suggest that their disease specificity may be
related to their increased expression in affected muscle of patients with myositis, including the
regenerating myoblasts (11).

Testing for MAAs and MSAs using immunoprecipitation methodology is available as a reliable
technique in a few commercial and research laboratories, and can be useful in diagnosing
atypical patients and in predicting certain clinical features, immunogenetics, responses to
therapy, and prognosis (Table 1). Although these associations were first identified in adult IIM
patients (9), a smaller number of juvenile IIM subjects with MSAs have now been studied and
appear to show similar features (3). New autoantibodies are being identified in adult and
juvenile DM patients, and immunogenetic associations for a number of autoantibodies have
been discovered (12) (Table 1).

Adult and juvenile IIM patients with anti-synthetase autoantibodies tend to have a characteristic
clinical presentation of fevers, small joint arthritis, interstitial lung disease, Raynaud’s
phenomenon, mechanic’s hands, and severe PM or DM. They have a moderately good response
to therapy, especially to corticosteroids and methotrexate, but their illness will frequently flare
with tapering medications (Table 1) (9). Adult IIM patients with anti-synthetase autoantibodies
have a 25% 5-year mortality rate, with death primarily due to interstitial lung disease (9). Adults
and children with anti-signal recognition particle (SRP) autoantibodies tend to have a very
acute onset of severe PM, with both proximal and distal weakness, very high serum levels of
creatine kinase, frequent myalgias and muscle atrophy, poor responses to therapy, and
extremely poor prognoses (9;13). Patients with anti-SRP autoantibodies are often bed-bound
and sometimes require nasogastric tube feeding during severe flares of disease activity. They
usually recover very slowly, and sometimes do not improve beyond a bed-bound or wheel
chair-bound state despite combination immunosuppressive therapy, Some adults with anti-SRP
have tended to be African American and also have frequent cardiac involvement, which has
not been apparent in the children (9). Anti-Mi-2 autoantibodies are directed against a nuclear
helicase, are DM-specific, and define a group of patients with a much better prognosis from
the other MSAs. In addition to the classic Gottron's papules and heliotrope rash, adults with
anti-Mi-2 autoantibodies frequently have V-sign, shawl-sign, and cuticular overgrowth (9).
Children with anti-Mi2 autoantibodies all have DM, but they appear to have V- and shawl-sign
rashes and cuticular overgrowth less frequently than their adult counterparts, and may not have
features that are clinically distinguishable from other juvenile DM patients (3). Most patients
with anti-Mi-2 autoantibodies respond well to oral and topical corticosteroids,
hydroxychloroquine, and photoprotective measures, but some require methotrexate or other
immunosuppressive agents to induce a complete response.

Recently, a new autoantibody, anti-p155, has been identified in 20 – 30% of adult and juvenile
DM patients, thus characterizing some of these patients previously reported as MSA and MAA
negative. Anti-p155 has relative specificity for primary DM, although DM patients with
overlap myositis and cancer-associated myositis patients also may have this autoantibody, and
rarely patients with other autoimmune diseases, such as lupus (12). The clinical features of
adults with this autoantibody are distinct from those of anti-synthetases, but V-and shawl-sign
rashes are commonly present, and it may not be clinically distinct from other patients with DM.
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Anti-p155 autoantibodies are also associated with HLA DQA1*0301, distinct from the HLA
associations of other autoantibodies.

Immunogenetic Risk and Protective Factors
Genes encoding human MHC Class I (HLA-A, -B, -Cw) and Class II (HLA-DR, -DQ, -DP)
molecules are the most polymorphic in the human genome and among the strongest and most
consistently identified genetic factors associated with the development of autoimmune
diseases. Recent work has demonstrated the association of the northwestern European 8.1
ancestral haplotype (containing HLA-A*0101; B*0801; Cw*0701; DRB1*0301;
DQA1*0501) with the development of all forms of adult IIM in European American (EA)
patients, with the MHC Class II DRB1*0301 allele as the strongest risk factor in the haplotype
(14). In addition, several novel HLA factors have associated distinctly with different
clinicopathologic and serologic groups of IIM patients (14;15) (Table 1).

Similarly, in children with juvenile DM, the same major immunogenetic risk factors have been
identified, including HLA DRB1*0301 and its linked allele DQA1*0501 for both European
and African American patients, with DQA1*0301 as an additional risk factor for European
Americans (16). Related peptide binding motifs have also found to be secondary risk factors
for juvenile and adult DM. Both adult and juvenile DM have a number of protective factors in
European Americans, including DQA1*0201, *0101, and *0102 (16). A number of shared
HLA risk and protective factors for both juvenile and adult DM suggest common elements in
their pathogeneses. In Japanese patients, DRB1*15021, rather than DRB1*0301, may be a risk
factor for juvenile DM (17).

Potential Environmental Factors
A number of environmental factors have been associated with the IIM, including infectious
agents and non-infectious agents, such as ultraviolet light, physical exertion, psychological
stress, medications, and vaccines (Table 2). Most are not proven environmental risk factors,
but reports suggest a temporal association to the onset of the IIM. For some, case controlled
epidemiologic studies, cases of de-challenge/re-challenge, and biomarker assays help in
strengthening the possible association with illness onset. Of the infectious agents, Group A
streptococcus and influenza have strongest evidence of association with onset of juvenile IIM
from case-controlled epidemiologic studies. We found no increase in parvovirus B19
seroconversion, or evidence of an increase in the viral genome in the serum or muscle tissue
of patients recently diagnosed with juvenile DM compared to a group of matched healthy
children (18). For coxsackie B virus, the evidence is mixed, with a case-controlled study not
supporting an association with onset of juvenile DM and mixed reports of isolation of the virus
from the affected muscle (19;20).

Growing evidence suggests a role for ultraviolet radiation (UV) in the onset of DM. DM
patients have a number of photosensitive rashes and anecdotally, illness may exacerbate
following sun exposure. Adult DM patients also have increased sensitivity to UV B as
demonstrated by an abnormally low minimal erythema UV B dose (21). An increase in the
proportion of DM relative to PM and an increase in the proportion of patients with the DM-
associated Mi-2 autoantibody in areas of the world with higher surface UV radiation suggest
a relationship between UV light exposure and the development of DM (22). Keratinocytes
damaged by UV radiation also undergo apoptosis, with increased autoantigen expression on
the surface of such cells (23).

We have been interested in the influence of perinatal factors on the onset of illness later in
childhood. Specifically, the trafficking of maternal cells to the fetus during pregnancy, known
as maternal microchimerism, is increased in frequency and degree in the peripheral blood T
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lymphocytes and affected muscle from patients with juvenile IIM compared to their unaffected
siblings and healthy control children (24;25). Chimeric cells may become immunoreactive
against host juvenile DM lymphocytes, activated to produce interferon-gamma (25). Maternal
chimerism has also been observed in children with autoimmune thyroid disease and neonatal
lupus. The role of maternal microchimerism in pathogenesis of juvenile DM is being further
examined.

Therapeutic Approaches to the Juvenile IIM
The therapy of juvenile IIM remains based primarily on the use of immunosuppressive agents,
with daily oral corticosteroid therapy in doses of 1–2 mg/kg/day of prednisone administered
until the disease achieves complete clinical remission, as the mainstay of therapy (Figure 1).
Early introduction of intravenous pulse methylprednisolone and/or methotrexate have resulted
in less corticosteroid toxicity, with apparent ability to reduce oral prednisone more rapidly,
decrease the frequency of calcinosis and develop a more rapid response to therapy (26;27).
Treatment of the cutaneous manifestations with topical agents and hydroxychloroquine, use
of photoprotective measures, administration of calcium and vitamin D for prevention of
osteoporosis, and implementation of a graded physical therapy program are important
adjunctive first-line therapies (3). For patients with severe myositis, poor prognostic signs or
a modest response to initial therapy, intravenous immunoglobulin, cyclosporine and
azathioprine are often used, based on uncontrolled trials in pediatric patients and several
controlled trials in adult IIM (3;28). One open label study suggested moderate improvement
in myositis disease activity, including muscle strength and function, with administration of
intravenous bolus cyclophosphamide in juvenile DM patients with refractory disease (29). Case
series and open label studies in adult patients support use of mycophenolate mofetil and
tacrolimus for patients with refractory disease (30;31).

Clinical trials for biologic therapies are currently in progress. An open-label study of etanercept
in ten juvenile DM patients suggested modest benefit primarily to the cutaneous features
(32). Case reports of infliximab in adult patients appear promising, and two randomized
controlled trials of anti-TNFα therapies currently in progress should aid in determining efficacy
of these agents. Rituximab, directed against anti-CD20 on B lymphocytes, appears promising
in a pilot study of 7 adult DM patients, with improvement in muscle strength, as well as
enzymes, skin rashes and other parameters of disease (33). Randomized controlled trials of
these new therapies, currently in progress, should aid in determining the efficacy of these
agents.
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Figure 1. Therapeutic algorithm for the treatment of juvenile dermatomyositis
Adjunctive therapies not pictured include photoprotective measures, physical therapy, calcium
and vitamin D to prevent osteoporosis, and topical therapies, as well as hydroxychloroquine,
to treat the skin rashes.
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