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An update on inflammatory and autoimmune myopathies

The review provides an update on the diagnosis of the
main subtypes of inflammatory myopathies including
dermatomyositis (DM), polymyositis (PM), necrotizing
autoimmune myositis (NAM) and sporadic inclusion body
myositis (sIBM). The fundamental aspects on muscle
pathology and the unique pathomechanisms of each
subset are outlined and the diagnostic dilemmas concern-
ing the distinction of PM from sIBM and NAM are
addressed. Dermatomyositis is a complement-mediated
microangiopathy leading to destruction of capillaries,
hypoperfusion and inflammatory cell stress on the perifas-
cicular regions. NAM, is an increasingly recognized
subacute myopathy triggered by statins, viral infections,

cancer or autoimmuity with macrophages as the final
effector cells causing fibre injury. In PM and sIBM cyto-
toxic CD8-positive T cells clonally expand in situ and
invade major histocompatibility-I-expressing muscle
fibres. The pathology of sporadic inclusion body myositis is
complex because, in addition to the inflammatory mecha-
nisms, there are degenerative features characterized by
vacuolization and the accumulation of stressor and
amyloid-related misfolded proteins. Inducible pro-
inflammatory molecules, such as interleukin 1-b, may
enhance the accumulation of stressor proteins. The
principles for more effective treatment strategies are
discussed.
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Introduction

Inflammatory myopathies (IM) constitute a heteroge-
neous group of subacute, chronic or sometimes acute
acquired muscle diseases, which have in common the
presence of moderate to severe muscle weakness and
inflammation on muscle biopsy [1,2]. Because these dis-
eases represent the largest group of acquired and poten-
tially treatable myopathies both in children and adults,
early recognition is clinically important [1–8].

Based on distinct clinical, immunopathological, histo-
logical and prognostic criteria, as well as different degree of
response to therapies, the most common IM seen in prac-

tice can be separated into four distinct subsets: polymyosi-
tis (PM), dermatomyositis (DM), necrotizing autoimmune
myositis (NAM) and sporadic inclusion body myositis
(sIBM) [7,8]. The disorders have primarily an autoimmune
pathogenesis, mediated either by cytotoxic T cells, as in PM
and sIBM, by a complement-mediated microangiopathy as
in DM, or by macrophages and possibly autoantibodies as
in NAM [1–8]. In sIBM, the autoimmune features coexist
with degenerative, highlighted by vacuolization and
intrafibre deposition of amyloid and related molecules
similar to those seen in Alzheimer’s disease; as a result,
sIBM is a complex but fascinating disorder with a unique
combination of autoimmune inflammation and degenera-
tion [9]. This review is aimed to provide a balanced update
on the main clinicopathologic features of IM including
fundamental aspects on disease mechanisms, immunopa-
thology and response to therapies.
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Main clinical features

Dermatomyositis affects both children and adults, and
women more often than men, whereas PM is seen after the
second decade of life and very rarely in childhood. sIBM is
more frequent in men than women and more likely to affect
persons over the age of 50 years comprising the most com-
monly acquired myopathy in this age group [10,11]; in con-
trast, PM is the least common while DM is the most frequent
IM in children. DM differs from the others because of a
distinct red or heliotrope (blue-purple discoloration) rash
accompanying or, more often, preceding muscle weakness.
The rash is most prominent on the upper eyelids, face,
upper trunk, knuckles and sometimes knees, elbows, ante-
rior chest (often in a V sign) or shoulders (shawl sign) [1,2].

All forms have in common a myopathy characterized by
muscle weakness, which usually develops subacutely (weeks
to months, as in PM and DM); acutely, even in days, as in
NAM; or insidiously over years, as in sIBM, simulating the
tempo of a limb girdle muscular dystrophy leading eventu-
ally to wheelchair confinement. The patients have difficulty
performing tasks requiring the use of proximal muscles,
such as getting up from a chair, climbing steps or lifting
objects; sIBM patients however may experience early diffi-
culties with distal muscles such as inability to hold certain
objects, turning on keys, shaking hands or buttoning a shirt.
Falling is common among sIBM patients because of early
involvement of the quadriceps muscle that causes buckling
of the knees and weakness of foot extensors [1–3,9–11].
Facial muscles are affected mostly in sIBM but rarely in the
other forms. The pharyngeal and neck flexor muscles are
often involved, but more severely in sIBM, causing dysph-
agia and difficulty in holding up the head. In advanced
disease, respiratory muscles may also be affected, espe-
cially in NAM and aggressive forms of DM or PM. Severe
weakness is almost always associated with muscular
wasting. Sensation remains normal. The tendon reflexes
are preserved but may be absent in severely weakened or
atrophied muscles, especially in sIBM, where atrophy of
the quadriceps and the distal muscle is common [1–5].

All forms of myositis can be seen with increased fre-
quency in patients with other systemic autoimmune, viral
or connective tissue diseases. Up to 10% of patients have
interstitial lung disease and anti-Jo-1 antibodies, directed
against histidyl-transfer RNA synthetase; the presence of
anti-Jo-1 antibodies denotes a high probability of having
or developing interstitial lung disease. In sIBM, the coex-
istence of another autoimmune disease or autoantibodies

can be seen in up to 33% of the patients, while 75% of
them have the HLA-B8-DR3 haplotype and increased
frequency of DRb10301 and DQb10201 alleles, similar
to those seen in other autoimmune diseases [12–14].
Familial aggregation of sIBM with the typical clinical
phenotype of sIBM, and with histological and immunopa-
thological features identical to the sporadic form has been
observed, a phenomenon also seen in other autoimmune
disorders [15]. An increased incidence of malignancies is
seen in patients with DM (particularly over 50 years of
age), but not in PM or sIBM, requiring frequent malignancy
work-up and vigilance at least for the first 3 years [1–6].

Diagnosis

The diagnosis of DM is relatively easy when the typical
skin changes are apparent. The diagnosis of PM or NAM is
one of exclusion and based on finding a steadily progres-
sive myopathy of acute or subacute onset, in adults who
do not have a rash, involvement of the extraocular and
facial muscles, family history of a neuromuscular disease,
history of exposure to myotoxic drugs or toxins, endo-
crinopathy, neurogenic disease, dystrophy, biochemical
muscle disorder or sIBM, as determined by muscle pathol-
ogy and histochemistry [1–7]. The diagnosis of sIBM
should be considered in an adult who has slow onset
disease that involves distal muscles, especially foot exten-
sors and deep finger flexors, and should be always sus-
pected when a patient with presumed PM did not respond
to therapy [1–11,16].

The diagnosis is established or confirmed by elevated
levels of serum muscle enzymes, electromyographic find-
ings and, definitively, by the muscle biopsy. The serum CK,
in the presence of active disease, can be elevated by as
much as 50 times above normal and usually parallels
disease activity; it can be however normal in active DM
and sIBM. In NAM, the CK is very high, usually around
8–15 000. Along with the serum CK, aldolase, glutamate
oxaloacetate transaminase, glutamate pyruvate tran-
saminase and lactate dehydrogenase may be elevated
leading sometimes to an erroneous interpretation of
liver disease. Needle electromyography shows myopathic
motor unit potentials characterized by short-duration,
low-amplitude polyphasic units on voluntary activation,
and increased spontaneous activity with fibrillations,
complex repetitive discharges and positive sharp waves
[1,2]. This electrophysiological pattern is not specific as
it also occurs in a variety of acute, toxic and active
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myopathic processes. For definitive diagnosis, a muscle
biopsy is essential as detailed below.

Diagnostic muscle biopsy

The following principles on muscle pathology are funda-
mental for maximum diagnostic information [4,17].

Proper choice of biopsied muscle A clinically moderately
weak muscle offers the best chance for a positive biopsy.
Magnetic resonance imaging may be at times helpful.
Open biopsy, as opposed to needle biopsy, is preferable
because it offers a larger sample, better suited for finding
inflammation considering the sampling variability and
the multifocality of the inflammatory pattern.

Proper processing of muscle The biopsy specimens should
be used for cryostat sections that allow enzymatic his-
tochemical stains and standardized immunocytochemistry
to search for major histocompatibility complex-I (MHC-I) or
complement and identify lymphocytic subsets or aberrantly
accumulated molecules. Electron microscopic studies are
not routinely required, but in certain circumstances, or for
research purposes, can be problem-solving.

Proper interpretation When the typical features of PM,
DM, NAM or sIBM are present, there are no diagnostic
concerns. Difficulties arise when the typical changes fall
short of being pathognomonic, requiring clinicopatho-
logic correlations, special expertise or even a repeat biopsy.

Specific histological findings

The muscle biopsy shows features distinct for each subset
and remains the most sensitive diagnostic tool.

In DM the inflammation is perivascular or at the
periphery of the fascicle and is often associated with
perifascicular atrophy (Figure 1A) [1–7]. The presence of
perifascicular atrophy, even in the absence of inflamma-
tion, should raise the suspicion of DM. In NAM, there are
necrotic fibres invaded by macrophages; T cells are char-
acteristically absent (Figure 1D–F); MHC-I is not upregu-
lated (except in necrotic fibres) although overexpression
of MHC-I has been reported in statin-induced NAM [18];
in some cases, there may be complement deposits on
thickened vessels, as discussed later. In PM and sIBM, the
inflammation is in multiple foci within the endomysial
parenchyma (Figure 2A–C) and consists predominantly of
CD8+ T cells that invade healthy muscle fibres expressing

the MHC-I antigen, which is ubiquitously upregulated on
the surface of most fibres (Figure 2B,C). The MHC/DC8
complex is characteristic of PM and sIBM (Figure 2C)
[2,5–9]. In sIBM, in addition to inflammation, there are
rimmed-vacuoles (Figure 2D) and tiny amyloid deposits
in a variable number of fibres, usually in or near the
vacuoles, identified with Congo-red or Crystal violet stains
(Figure 2D–F) [4,9], but easily visualized with Texas-red
fluorescent optics [19]. The vacuoles contain 12–16 nm
filamentous masses, reported to be identical to the paired
helical filaments found in the brains of Alzheimer’s
disease [20–22]. The blue granules lining the vacuoles,
correspond to whorls of cytomembranes or myelin figures,
detectable by electron microscopy [17]. Ragged-red fibres
with mitochondrial excess and multiple mitochondrial
DNA deletions, as well as cytochrome oxidase-negative
fibres (Figure 2E), are frequent in most examined cases
[9,16]. A number of degeneration-associated and stressor
molecules accumulate within the myofibres of sIBM
muscles, including beta-amyloid and its precursor protein,
alpha-chymotrypsin, phosphorylated tau, best detected
with antibodies to SMI-31 or the transporter protein p62/
SQSTMI, ubiquitin, apolipoprotein E, prion protein and
others [20–22]. These accumulations, which also include
a number of nuclear-related proteins, such as TDP-43 and
VCP, do not appear specific for sIBM because they are also
found in other vacuolar myopathies especially myofibril-
lar, hereditary sIBM or even in chronic neurogenic condi-
tions such as the postpolio syndrome [23–29]. Currently,
there is no one molecule that could serve as a biomarker
unique for sIBM. The noted immunoreactivity for TDP-43
and SMI-31 [30,31] that identify phosphorylated tau are
not sIBM-specific [7,8,29]; the recently reported immu-
noreactivity for p62 [22] is interesting and seems more
specific than SMI-31, but it has not yet been tested in
other vacuolar or myofibrillar myopathies. A diagnostic
marker is not necessary for the histologically typical
sIBM but urgently needed for the cases of probable sIBM
that lack vacuoles and Congophilic amyloid deposits, as
discussed below, and for distinguishing sIBM from non-
inflammatory vacuolar myopathies.

Dilemmas in the histological diagnosis of
PM and sIBM

The combination of endomysial inflammation with red-
rimmed vacuoles, the ubiquitous MHC-I expression with
CD8+ cells along with the presence of COX-negative fibres
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and Congophilic deposits, are diagnostic of sIBM [9]. Diag-
nostic concerns arise in patients who have the distinct
clinical phenotype of sIBM but their biopsy does not show
vacuoles but only inflammation characterized by MHC-I
expression and CD8+ cells. Such cases labelled ‘PM/sIBM’,
‘probable sIBM’ or ‘clinical sIBM’ comprise up to 15% of
sIBM patients [32] and dictate close clinicopathologic cor-
relations to avoid the misdiagnosis of PM; a careful view of
these biopsies, however, shows a large number of COX-
negative fibres (Figure 2E) and signs of chronicity (large
fibres, splitting, increase connective tissue) that denote
probable sIBM. A repeat biopsy from another site is often
helpful in an effort to unravel the presence of vacuoles and
Congo red-positive deposits. The aforementioned histo-
biomarkers proposed for the typical sIBM have not been

tested in such cases. Two other distal myopathies that may
be confused with sIBM, are the sporadic form of ‘myofibril-
lar myopathy’ [33] and the hereditary sIBM due to GNE
mutations [34]. The biopsy in these cases lacks markers
of immune inflammation (MHC/CD8) but demonstrate
vacuoles with all the stressor-related molecules seen in
sIBM. These cases require high degree of suspicion, careful
search for desmin and other myofibrillar deposits, clinico-
pathologic correlations and molecular genetic studies.

Pitfalls in muscle histology leading
to misdiagnosis

The most common cause of a clinical misdiagnosis of IM
is an erroneous interpretation of the biopsy and, more

Figure 1. The main histopathologic features of DM and NAM. (A–C) Dermatomyositis. (A) Prominent perifascicular atrophy with scattered
perivascular inflammation, are characteristic of DM (H&E.). (B) Imunostaining with the lectin Ulex Europoeaus, which identifies endothelial
cell, shows marked reduction of capillaries with dilatation of the lumen of the remaining capillaries in DM compared with a myopathic
control muscle (B,C) [from 1,2,4,42]. (D–F) Necrotizing myositis. Trichrome stain of cross and longitudinal sections show necrotic fibres
invaded by macrophages (D,E), best visualized with Acid phosphatase reaction (F). Note the total absence of T cells.
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specifically, the failure to distinguish sIBM from PM, PM
from NAM, and PM or NAM from the ‘inflammatory
dystrophies’ (muscular dystrophies with prominent
inflammation in histology) [4,7–9,35]. The most com-
mon errors in properly interpreting the aforementioned
histological features include:
• failure to recognize muscle fibre necrosis due to invasion

by cytotoxic lymphocytes, as seen in PM and sIBM,
from the invasion of muscle fibres by macrophages
as seen in inflammatory dystrophies and NAM. In
some dystrophies (i.e. Duchene muscular dystrophy,
dysferlinopathy, calpainopathy, merosin deficiency
or sarcoglycanopathy), endomysial infiltration by

lymphocytes may also occur but these cells lack the
MHC/CD8 complex typical of PM and sIBM, as discussed
later;

• failure to recognize that uniform expression of MHC-I at
the surface of most muscle fibres is characteristic of PM
and sIBM (Figure 2B,C), whereas in DM this phenom-
enon is evident only in the perifascicular or other
random regions [36,37]. Ubiquitous expression of
MHC-I does not occur in limb girdle dystrophy, dener-
vating diseases or metabolic myopathies (except in
regenerating fibres or in fibres invaded by macrophages
and lymphoid cells), which makes MHC immunostain-
ing a very helpful diagnostic tool;

Figure 2. The common inflammatory features in PM and sIBM (A–C) and the special features of sIBM (D–F) [from 2,4,5,9,42]. (A–C) In
H&E stained sections (top) there is marked endomysial inflammation around fibres that have not yet undergone necrosis (primary
inflammation). In both PM and sIBM, there is ubiquitous upregulation and expression of MHC-1 on the surface of all fibres. The MHC/CD8
lesion: in a dually stained section using antibodies against MHC-1 (green) and CD8 (red), the MHC/CD8-positive lesions are seen in orange
(C–F). In sIBM, there are many rimmed vacuoles but most of the vacuolated fibres are not invaded by cells (D); two additional histological
findings of diagnostic importance are the large number of of COX-negative fibres denoting mitochondrial abnormalities (E), and the presence
of intracellular Congophilic deposits readily visualized with Crystal violet stain (F).
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• failure to recognize that the pathological involvement
may be spotty and a given biopsy may not contain con-
vincing pathological changes (‘skip areas’) necessitating
at times the need for a repeat biopsy [4];

• failure to realize that changes typical of perifascicular
atrophy are diagnostic of DM, even if there are no
inflammatory cell infiltrates; the lack of inflammatory
cell infiltrates in these cases may lead to the conclusion
of ‘non-specific abnormalities’;

• failure to recognize that up to 15% of biopsies from
patients with typical clinical features of sIBM demon-
strate only the inflammatory pattern seen in PM,
without vacuoles or amyloid deposits. As mentioned
above, these patients do not have PM but probably sIBM,
often referred to as ‘PM/sIBM’, ‘clinical sIBM’ or ‘prob-
able sIBM’ [32];

• failure to assess blood vessel pathology or, if needed,
seek for complement deposits that can be useful in some
cases of DM and NAM; and

• failure to appreciate the presence of other inflammatory
cells that might be diagnostic for certain disorders. For
example, multinucleated giant cells among elongated
inflammatory (‘epithelioid’) cells, macrophages or
lymphocytes are characteristic of granulomatous
myopathy. Prominent presence of eosinophilic polymor-
phonuclear leucocytes in muscle (or fascia) can occur
with systemic hypereosinophilic syndrome, systemic
eosinophilia, due to parasitic infection, vasculitis, toxic
factors or eosinophilic myositis [4]. Certain patients
with genetically defined calpain-gene mutations have
eosinophilic infiltrates in their muscle [38].

Aetiology and pathogenesis

Immunopathology of DM

The primary antigenic target in DM is the vascular endot-
helium of the endomysial capillaries and to a lesser extent
of larger blood vessels. The disease begins when putative
antibodies directed against endothelial cells activate
complement C3 that subsequently forms C3b and C4b
fragments and lead to the formation of C5b-9 (MAC), the
lytic componement of the complement pathway [39,40].
MAC, C3b and C4b are detected early in the patients’
serum [41] and deposited on capillaries before inflam-
matory or structural changes are seen in the muscle
(Figure 3A). Sequentially, the complement-mediated
alterations begin with swollen endothelial cells followed

by vacuolization and necrosis of capillaries, perivascular
inflammation and ischaemic muscle fibre damage [1–8].
The characteristic perifascicular atrophy is probably a
reflection of the normally occurring relative hypoperfu-
sion in the perifascicular zones [1–8]. Finally, there
is marked reduction in the number of capillaries per
muscle fibre with compensatory dilatation of the lumen of
the remaining capillaries [1–7,35,42] (Figures 1B,C and
3A). The release of cytokines and chemokines related to
complement activation, upregulate VCAM-I and ICAM-I
on the endothelial cells [43–48], and facilitate their
exit through the blood vessel wall to the perimysial
and endomysial spaces (Figure 3A). Immunophenotypic
analysis of the lymphocytic infiltrates demonstrates B cells
and CD4+ cells in the perimysial and perivascular regions
and plasmacytoid dendritic cells in the perifasciscular
regions supporting the view that a humoral mediated
mechanism plays the major role in the disease. The peri-
fascicular regions of DM contain many regenerating or
degenerating fibres as they are in a stage of continuous
remodelling. As a result, they stain with alkaline phos-
phatase, desmin, NCAM, with the autoantibody against
chromatin remodeler Mi-2, as shown recently [49], and
with a variety of antibodies against immune or stressor
molecules, including transforming growth factor (TGF)-
b, MHC-I, aB-crystallin, cathepsins, amyloid precursor
protein, STAT-1 (triggered by interferon-g) or myxovirus
resistance MxA protein (triggered by a/b-interferon)
[50,51] (Figure 3A). The proposed theory that the perifas-
cicular myofibres may be primarily injured by chronic
overproduction of a/b-interferon-inducible proteins
such as MxA [51] because they stain with this protein is,
accordingly, not pertinent as the perifascicular fibres
display not only MxA but all the markers of regeneration
and tissue remodelling. Most importantly, such a theory
does not explain the reduced number of capillaries
throughout the fascicle that occurs very early in the
disease process, or the early activation and deposition of
MAC on the capillaries that precede perifascicular atrophy.
Further, a/b-interferon-inducible genes lack specificity or
uniqueness for DM because they are also overexpressed in
PM [52] and other connective tissue diseases; additionally,
there is no evidence that a/b-interferon molecules exert
toxicity to human muscle fibres in vitro.

Using gene arrays, a number of adhesion molecules,
cytokines and chemokine genes as well as genes associ-
ated with ischaemia and degeneration have been found
upregulated in the muscles of DM patients [53,54] A
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Figure 3. Proposed immunopathogenesis of DM (A) and PM/sIBM (B). (A) Dermatomyositis probably begins with activation of complement
and formation of C3 through the classic or alternative pathway by putative antibodies (Y) against endothelial cells. Activated C3 leads to
formation of C3b, C3bNEO and membranolytic attack complex (MAC), which is deposited in and around the endothelial cell wall of the
endomysial capillaries. Deposition of MAC leads to destruction and reduced number of capillaries, with ischaemia or microinfarcts most
prominent in the periphery of the fascicle. Finally, a smaller than normal number of capillaries with a dilated diameter remain and
perifascicular atrophy ensues. Not only the complement-fixing antibodies (Y) but also B cells, CD4+ T cells and macrophages (MO) traffic to
the muscle. The migration of cells from the circulation is facilitated by the vascular cell adhesion molecule (VCAM) and intercellular
adhesion molecule (ICAM) whose expression on the endothelial cells is upregulated by the released cytokines. T cells and macrophages
through their integrins very late activation antigen (VLA)-4 and leucocyte function-associated antigen (LFA)-1, bind to the VCAM and ICAM
and transgress to the muscle through the endothelial cell wall. The perifascicular areas contain fibres in a state of remodelling and
regeneration and immunostain with various proteins. (B) The T-Cell-mediated cytotoxicity in PM and sIBM. The LFA I/ICAM-I binding and
TCR scanning for antigen initiates the formation of an immunological synapse between MHC-I and TCR. Stimulation is supported and
enhanced by the engagement of costimulatory molecules BB1, ICOS and CD40 on the muscle fibres and their ligands CD28, CTLA-4, ICOS-L
and CD40L on the autoinvasive T cells. Metalloproteinases facilitate the migration of T cells and their attachment to the muscle surface.
Muscle fibre necrosis occurs via the perforin granules released by the autoaggressive T cells. A direct myocytotoxic effect exerted by the
released IFN-g, IL1 or TNF-a may also play a role. In sIBM, the receptor for interferon-gamma might be selectively upregulated in attacked
fibres. Death of the muscle fibre is mediated by a form of necrosis rather than apoptosis [from 2,4,5,9,35,42].
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biologically relevant protein, however, discovered by gene
arrays, is the KAL-1 adhesion molecule because it is sig-
nificantly downregulated in DM patients who improved
after therapy [54]. The KAL-I is upregulated in vitro by
TGF-b and may have a role in inducing fibrosis [54,55]. It
was suggested that in childhood DM, the upregulation of
a/b and g interferon-inducible genes might be a sign of a
virus-driven autoimmune dysregulation [53]; however,
no viruses have been amplified from these patients’
muscles [56,57].

Immunopathology of PM and sIBM

In PM and sIBM there is evidence of an antigen-directed
cytotoxicity mediated by CD8+ T cells invading MHC-I-
antigen expressing muscle fibres [36,37,58–63]. The
immune components associated with this process are
identical in both PM and sIBM, in spite of poor response to
immunotherapies of the latter, and include the following
(depicted in Figure 3B):

Activated, cytotoxic CD8+ T cells
• The T cells invading muscle fibres are activated express-

ing ICAM-I, MHC-I, CD45RO and inducible costimulator
(ICOS) on their surface [3,4,64,65], suggesting an
active participation, rather than a bystander effect. In
sIBM, the T-cell invasion of non-necrotic fibres is found
early and in higher frequency than the Congo-red-
positive fibres [66], suggesting that inflammation
precedes the accumulation of amyloid and stressor
molecules.

• The CD8+ cells surround healthy, but MHC-I-class
expressing, non-necrotic muscle fibres that eventually
invade. The CD8/MHC-I lesion is characteristic of sIBM
and PM [2,4,46,62,63] because it does not occur in
inflammatory dystrophies or non-immune myopathies
[67].

• By immunoelectron microscopy, CD8+ cells and mac-
rophages send spike-like processes into non-necrotic
muscle fibres, which traverse the basal lamina and
focally displace or compress the muscle fibres [3,58–
61].

• The CD8+ T cells, contain perforin and granzyme gran-
ules, which are vectorially directed towards the surface
of the muscle fibre inducing necrosis upon release;
further, the perforin-positive CD8+ T cells are autoinva-
sive and express costimulatory molecules [65,67,68].
These cells are also cytotoxic in vitro when exposed to

autologous myotubes [69]. Consequently, the major
cytotoxic effector mechanism in PM and sIBM is the per-
forin pathway; in contrast, the Fas-Fas-L-dependent
apoptotic process is not functionally involved [70,71].

Formation of Immunological synapses between the MHC-I-
expressing muscle fibres and cytotoxic CD8+ T cells Muscle
fibres normally do not express detectable amounts of MHC
class I or II antigens. In PM and sIBM however, widespread
overexpression of MHC is an early event that can be seen
even in areas remote from the inflammation [36,37]
(Figure 2B,C). Because the MHC-I is induced in vitro by
cytokines and chemokines such as IFN-g or TNF-a
[72–74], and several of these cytokines are increased in
PM and sIBM muscles [44,45,48,72–77], it is likely that
the upregulation of MHC-I is related to continuous over-
expression of cytokines. In other chronic myopathies
including the inflammatory dystrophies, and in contrast
to PM and sIBM, the muscle fibres do not express the
MHC-I antigen or the costimulatory molecules in a ubiq-
uitous and consistent pattern, while the few T cells found
in the proximity to the muscle fibres do not release cyto-
toxic granules, as in PM and sIBM [67].

The MHC-I-expressing muscle fibres form immunologi-
cal synapses with the CD8+ cells, as supported by the
following:
• Rearrangement of the TCR gene of the endomysial T cells.

The T cells recognize an antigen via the T cell receptors
(TCRs), a heterodimer of two a and b chains; the part of
the TCR that recognizes an antigen is the CDR3 region,
which is encoded by specific genes. In patients with PM
and sIBM, but not in those with DM or dystrophies, only
certain T cells of specific TCRa and TCRb families are
recruited to the muscle from the circulation [78–80]
Cloning and sequencing of the amplified endomysial or
autoinvasive TCR gene families has demonstrated a
restricted use of certain gene families with conserved
amino acid sequence in the CDR3 region indicating that
these cells are specifically selected by antigens and
clonally expanded in situ probably driven by local anti-
gen(s) [78–82]. This conclusion has been further con-
firmed by combining spectratyping with molecular
laser-assisted microdissection and by demonstrating
that the clonally expanded TCR families persist over time
even in different muscles [80–86]. In an important case
of PM, a single clone of g/d T cells was the primary
cytotoxic effectors that recognized genuine muscle anti-
gens [87–89].
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• Presence of Costimulatory molecules for synapse
formation.
The muscle fibres can present antigenic peptides to
CD8+ cells via the MHC-I molecule, thereby serving as
antigen-presenting cells, because they possess the B7
family of costimulatory molecules [B7-1, B7-2, BB1 or
ICOS-L (inducible-costimulator-ligand)] and bind to
their respective counter-receptors CD28, CTLA-4 or
ICOS on the autoinvasive CD8+ T cells [63,64,90]
(Figure 3B). Because both BB1 and ICOS-L are func-
tional molecules induced by interferon-g or TNF-a on
human myoblasts, the BB1/CD28 and ICOS/ICOS-L
interactions in PM and sIBM would participate in
antigen presentation, clonal expansion and costimula-
tion of T cells. The upregulation of these molecules
offers the potential for therapeutic manipulations
because of the availability of humanized monoclonal
antibodies against CD28, CTLA4 or CD40L.

• Upregulation of cytokines, cytokine signalling, chemok-
ines and metalloproteinases.
Cytokines and chemokines are essential in enhancing
T-cell activation and inducting costimulatory molecules.
Various cytokines, including interleukins (IL-1, IL-2,
IL-6 and IL-10), TNF-a, INF-g, signal transducer and
activation of transcription (STAT), TGF-b, and chemok-
ines such as MCP-1, MIP-1a, IP-10, Mig and its receptor
CXCR3, are variably overexpressed on the muscle fibres
and on some autoinvasive CD8+ cells [44,45,47,48,72–
77]. The muscle, in vivo and in vitro, has the potential
to secrete pro-inflammatory cytokines upon cytokine
stimulation, such as INF-g, in an auto-amplificatory
mechanism that may facilitate the recruitment of acti-
vated T cells to the muscle contributing to the self-
sustaining nature of endomysial inflammation and
disease chronicity [44,45,48,72–77,91] (Figure 3B).
Various adhesion and extracellular matrix molecules

such as VCAM, ICAM and thrombospondins are also
upregulated in the tissues of patients with PM and sIBM
[92,93] and may enhance the inflammatory response.
The metalloproteinases MMP-9 and MMP-2 are also over-
expressed playing a role in T-cell adhesion, transmigration
and cytotoxicity [92].

Other immune cells support the autoimmune process in PM
and sIBM Myeloid dendritic cells, potent cells in antigen
presentation, are abundantly found within the endomy-
sial infiltrates of all IM including PM, DM and sIBM
[94,95]. These cells may present local antigens to T cells

and B cells and contribute to muscle fibre injury. A large
number of plasma cells and clonally expanded B cells are
also found within the sIBM, PM and DM muscles [95].
Their presence, frequently noted in the targeted tissues in
several autoimmune disorders, simply denotes that differ-
ent effector mechanisms of T cells and B cells concurrently
play an active role in the autoimmune process. The
suggestion of in situ production of autoantibodies [95]
remains unproven.

Viral triggers Although several viruses have been impli-
cated in chronic and acute myositis [96,97], sensitive PCR
studies have repeatedly failed to confirm the presence of
such viruses in these patients’ muscle [56,98], suggesting
that it is unlikely, although not impossible, for viruses to
replicate in the muscles of patients with PM, DM and
sIBM. The best evidence of a viral connection is with the
retroviruses. Monkeys infected with the simian immuno-
deficiency virus and humans infected with HIV and
human T-cell lymphotropic virus develop PM or sIBM
[99–109]. In HIV- or human T-cell lymphotropic virus-1-
infected individuals, an IM may occur as the initial mani-
festation of the infection or later in the disease course
[100–109]. In these patients, sIBM has been observed in a
large number of patients before the age of 50 years, but
several years after the first manifestations of the retroviral
infection, suggesting that this association is not fortu-
itous. The predominant endomysial cells are CD8+ cyto-
toxic T cells which, along with macrophages, invade or
surround MHC-I-antigen expressing non-necrotic muscle
fibres [105–109]. Viral antigens are not detected within
the muscle fibres but only in occasional endomysial mac-
rophages. Molecular immunology studies using tetramers
have shown that among the autoinvasive T cells there are
retrovirally specific CD8+ cells that clonally expand in situ
[108,109]. Collectively, in retrovirally associated sIBM
there is no evidence of viral replication within the muscle,
but the chronic infection triggers an situ persistent inflam-
matory response with viral-specific T cells that change the
local milieu leading finally to sIBM.

Degenerative pathomechanisms in sIBM

Inclusion body myositis is a complex disorder because in
addition to the immunopathogenic events described
above, there is an equally strong degenerative process as
evidenced by the presence of rimmed vacuoles (almost
always in fibres not invaded by T cells (Figure 2D)), and
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intracellular deposition of b-amyloid and related mol-
ecules, similar to those seen in neurodegenerative diseases
[21]. These proteins can be found inside of inclusions/
vacuoles or free within the cytoplasm. One line of evi-
dence suggests that the proteasome machinery is
malfunctioning or overloaded with aberrant proteins,
which may explain why these proteins accumulate in the
cytoplasm of muscle fibres [110,111]. The b-secretase, a
major enzyme relevant for processing of APP, has been
overexpressed in sIBM muscle fibres [27,111], and may
explain why processing of APP may be shifted towards the
generation of b-amyloid. Apart from direct toxicity of
monomers or oligomers of aberrant proteins, generation
of free radicals like NO and other members relevant for
oxidative stress, could mediate cell damage. Autophagic
processing is, apart from the ubiquitin/proteasome
system, a major mechanism relevant to degradation of
intracellular proteins. The vacuoles have autophagic
properties [112] while the light chain protein 3, a major
marker of autophagy, is present in intracellular vacuoles
and co-localize with APP/b-amyloid [112] suggesting
that autophagic processing of APP/b-amyloid is relevant
to sIBM pathology. However, it is unclear whether this
autophagic activity is beneficial or detrimental for muscle
fibres as it can be associated with a cell death programme.
Because lysosomal processing of peptides can lead to
antigen presentation via MHC-2 [113], macroautophagy
may present a direct association to inflammatory mecha-
nisms and be relevant to antigen presentation of immune
cells that attack the muscle fibres. The contention that the
rimmed vacuoles are a consequence of the myonuclear
break down based partly on the observation that they
express myonuclear molecules [30,31] lacks any mecha-
nistic support and remains largely theoretical.

Amyloid and degeneration-related molecules in
sIBM: an interrelationship with inflammation

The aforementioned accumulations, although extensively
studied in sIBM, do not seem to be unique to this disease,
because they are also observed in myofibrillar and other
vacuolar myopathies [24–29]. What appears unique to
sIBM however, compared with other chronic vacuolar
myopathies, is the concomitant accumulation of these
molecules with a strong primary inflammatory response
and the overexpression of pro-inflammatory mediators
and MHC-I on all fibres, vacuolated or not. Regardless of
whether in sIBM the primary event is an inflammatory or

protein dysregulation process, the unique coexistence of
the two processes and co-localization of APP with cytok-
ines (Figure 4A), has led our laboratory to explore an
interrelationship between inflammation and degeneration
to understand what drives each process and design tar-
geted therapeutic strategies.

Inflammation may trigger or enhance accumulation of
b-amyloid The main inflammatory molecules CCL-3,
CCL-4, CXCL-9, IFN-g and IL-1b are expressed to a higher
degree in sIBM muscle compared with PM or DM [91]. In
sIBM, but not in PM or DM, there is also a significant
correlation between the mRNA expression of APP, as a key
relevant degenerative marker, with the inflammatory
mediators IFN-g and CXCL-9, which also co-localize with
APP/b-amyloid proteins [91,114]. Further, exposure of
muscle cells to pro-inflammatory cytokines IL-1b and
IFN-g induces an overexpression of APP with subsequent
accumulation of protein aggregates. It is possible that a
continuous stimulation of inflammatory factors may, after
a long period induce a higher basal expression of APP and
an increased sensitivity to de novo pro-inflammatory cytok-
ines that trigger a self-perpetuating cycle [91,114,115]
(Figure 4B). The association between inflammation and
accumulation of b-amyloid in skeletal muscle has recently
been shown in a mouse model of sIBM, where LPS-induced
inflammation enhanced the accumulation of proteins
such as tau and b-amyloid [116].

aB-crystallin and APP are early cell stress markers Almost
10 years ago, aB-crystallin has been demonstrated in
healthy-appearing muscle fibres in sIBM muscle [117].
aB-crystallin is a heat-shock protein, which can chaper-
one proteins in skeletal muscle and is associated with cell
stress or b-amyloid clearance. In a quantitative assess-
ment of multi-labelling and serial immunohistochemistry,
a positive correlation between aB-crystallin and b-
amyloid-associated markers was found in sIBM muscles
[118]. The normal-appearing muscle fibres that were posi-
tive for aB-crystallin were often double-positive for APP,
while APP/b-amyloid co-localized with markers of cell
stress and regeneration/degeneration. In sIBM therefore,
aB-crystallin may be an early event associated with a
stress-response that precedes accumulation of b-amyloid;
this view was supported by in vitro studies, which demon-
strated that accumulation of b-amyloid, upon pro-
inflammatory cell stress, was preceded by upregulation of
APP and aB-crystallin [118].
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Figure 4. An interaction between inflammatory mediators and amyloid is depicted in sIBM based on immunocytochemistry on patients’
muscle biopsies (A) and dynamically in a proposed scheme (B). (A) Upregulation of APP in sIBM and co-localization with IL1b (IL1b/bAPP)
and with MMP (MMP/bAPP) [from 91,92,114]. (B) Proposed mechanisms linking inflammation with degeneration in sIBM. Viral or
inflammatory triggers lead to clonal expansion of CD8+ T cells and T-cell-mediated cytotoxicity the perforin pathway. The released cytokines
upregulate major histocompatibility complex (MHC) class I molecules and increase levels of the MHC-peptide loading complex, because the
abundance of generated peptides cannot be conformationally assembled with the MHC to exit the endoplasmic reticulum (ER). As a result,
there is an ER stress-response, which leads to activation of the transcription factor nuclear factor-kB (NF-kB) and further cytokine release
with subsequent accumulation of misfolded MHC glycoproteins, including phosphorylated tau and amyloid-related proteins [from 7,115].
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NAM

These patients present with high CK, in the thousands,
moderate to severe muscle weakness of acute or subacute
onset and with histological features of muscle fibre
necrosis mediated by macrophages as the main effector
cell (Figure 1D–F). There are no T-cell infiltrates or
MHC-I expression as seen in PM and sIBM. A number of
patients have deposition of complement on blood vessels
[119,120]. Of interest, antibodies against signal recogni-
tion particles [121] or 100–200 kD proteins have been
recently identified [120]. The cause of NAM is multifacto-
rial. Some patients have cancer or an active viral infection
(i.e. HIV); others have been exposed to statins that can
induce both, a toxic as well as an autoimmune necrotizing
myositis, with upregulation of MHC-1 in some patients,
which responds to immunotherapy [18,122]; others may
have a smoldering underlying autoimmune process; and
still others have no other disease or apparent exposure to
exogenous agents. It is likely, based on the recent studies
[120], that NAM is an antibody-mediated disease, as
suggested by the presence of specific antibodies and com-
plement deposits; the recruitment of macrophages may
represent an antibody-dependent cell-mediated cytotoxic-
ity process [8,9]. More studies are needed to understand
the pathogenesis and course of this largely overlooked dis-
order because it is potentially treatable.

Therapeutic strategies in DM, PM and NAM and
challenges in sIBM

As the specific target antigens in DM, PM and sIBM are
unknown, the presently used immunosuppressive thera-
pies are not selectively targeting either the autoreactive T
cells or the complement-mediated process on intramuscu-
lar blood vessels. Instead, they are inducing a non-specific
immunosuppression or immunomodulation. Further-
more, many of these therapies are empirical. Based on
experience, but not controlled studies, the majority of
patients with PM and DM respond to corticosteroids to
some degree and for a period of time [123–125]. IVIg
tested in a controlled study is effective in DM as a second-,
and at times, first-line therapy. IVIg appears also effective
in PM and NAM. Immunosuppressants are used as
steroid-sparing agents but their efficacy remains unclear
[124]. New agents in the form of monoclonal antibodies
or fusion proteins that target cytokines, adhesion mol-
ecules, T-cell transduction or transmigration molecules

and B cells or their activation factors, are emerging as
promising immunotherapeutic drugs [123,124]. Among
them, Rituximab, a B cell-depleting agent, has been
helpful in some cases of DM and NAM [124].

In contrast to PM and DM, there is currently no effective
treatment for sIBM. Prednisone, cyclosporine, azathio-
prine, methotrexate, total body irradiation and IFN-b have
generally failed justifying the contention that it could be
more of a degenerative disease rather than autoimmune.
A number of patients with sIBM, however, may respond to
common immunotherapeutic agents early on to some
degree and for a period of time [8,9,126]; up to 25% of
patients in a controlled study have also responded
transiently to IVIg [127]. These benefits are arguably
limited and short-lived; sIBM remains a steadily progres-
sive disease. This pattern of transient therapeutic response
resembles the one seen in various other autoimmune dis-
eases where immune and degenerative features coexist
from the outset. Primary progressive multiple sclerosis
is a classic example as many of these patients partially
respond for a period of time but afterwards they become
resistant to all therapies. The lack of treatment efficacy in
sIBM may be due to a number of reasons [7,9]: (i) therapy
is always initiated late when the degenerative cascade
has already begun, due to insidious onset and very slow
disease progression. It is striking that even patients with
minimal clinical weakness already exhibit muscle atrophy
and extensive pathology as revealed by histology or
muscle imaging. The observation that aB-crystallin is,
along with pro-inflammatory markers, an early event
associated with cell stress-response that precedes accu-
mulation of b-amyloid, supports the view that anti-
inflammatory therapy may arrest progression if initiated
early, as recently shown [128]; (ii) the production of pro-
inflammatory mediators by the muscle fibres themselves
may pose a problem in arresting the process because the
standard immunosuppressants may not be able to sup-
press the factors that trigger the continuous production of
cytokines by the muscle fibres themselves; and (iii) the
noted interrelationship between inflammatory mediators
and degeneration suggests that successful suppression of
endomysial inflammation may have an effect on some
degeneration-associated molecules with resulting short-
term clinical stability. On this basis, Alemtuzumab
(Campath), a T-cell-depleting monoclonal antibody was
used in a small study. This proof-of-principle, uncontrolled
study, showed that depletion of T cells from the periphery
also caused reduction of T cells in the muscle and suppres-

Inflammatory myopathies 237

© 2011 The Author
Neuropathology and Applied Neurobiology © 2011 British Neuropathological Society, 37, 226–242



sion of some degeneration-associated molecules resulting
in a 6-month disease stability period [129]. This novel
study highlights that new anti-lymphocyte therapies, if
proven safe for long-term therapy, may have an effect not
only on inflammatory mediators but also in halting degen-
eration. Other similar candidate agents may be Rapamy-
cin and the IL1b antagonists, because they concurrently
suppress inflammation and stressor molecules. This is also
applicable in Alzheimer’s disease where these very same
‘degenerative’ molecules are abundant in the patients’
brains. In support of the neuroinflammatory concept,
the main drug that currently shows some promise in
Alzheimer’s disease is IVIg [130].
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