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Sporadic inclusion body myositis: new insights and
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Purpose of the review
To describe new insights and developments in the pathogenesis, diagnosis and treatment of sporadic
inclusion body myositis (IBM).
Recent findings
Various hypothesis about the pathogenesis of IBM continue to be investigated, including autoimmune
factors, mitochondrial dysfunction, protein dyshomeostasis, altered nucleic acid metabolism, myonuclear
degeneration and the role of the myostatin pathway. Serum autoantibodies against cytosolic 50 nucleotidase 1A have been identified in IBM showing moderate diagnostic performance. The differential
diagnostic value of histopathological features, including different protein aggregates, continues to be
evaluated. MRI may also be of monitoring value in IBM. New therapeutic strategies are being tested in
IBM patients, namely the upregulation of the heat shock response and the antagonism of myostatin.
Summary
Recent important advances have occurred in IBM. These advances, including recent and ongoing clinical
trials, may lead to earlier diagnosis and improved understanding and treatment of the disease. Despite
improved knowledge, IBM continues to be a puzzling disease and the pathogenesis remains to be
clarified. An interdisciplinary, bench to bedside translational research approach is crucial for the successful
identification of novel treatments for this debilitating, currently untreatable disorder.
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INTRODUCTION
Sporadic inclusion body myositis (IBM) is an
acquired muscle disease that predominantly affects
individuals older than 45 years of age. The exact
prevalence of the disease is uncertain and varies
between geographic regions, with prevalence estimates in white populations ranging 1–71 people per
million, reaching 139 per million above the age of
50 years [1 ]. However, the prevalence of IBM is
probably higher as the condition is often undiagnosed or misdiagnosed, which contributes to a
diagnostic delay on average of at least 5 years [2,3].
The pathogenesis of IBM is unknown, and
despite being classically classified alongside polymyositis, dermatomyositis and immune-mediated
necrotizing myopathies as an idiopathic inflammatory myopathy, IBM is a very distinct condition
characterized by a slowly progressive course, often
with asymmetric weakness, early weakness of the
finger flexors and quadriceps muscles, the coexistence of inflammatory and degenerative changes
and resistance to immunosuppressive treatment
[3–7].
&&

This review focuses on new insights and developments in the pathogenesis, diagnosis and treatment of IBM.

INCLUSION BODY MYOSITIS
PATHOGENESIS: NEW INSIGHTS
Multiple hypothesis about the pathogenesis of IBM
have been proposed (Fig. 1). Environmental factors
(e.g., viral infection), ageing, genetic susceptibility,
autoimmunity, accumulation of toxic proteins, myonuclear degeneration, endoplasmic reticulum stress,
impairment of autophagy, disruption of the ubiquitin–proteasome system (UPS), myostatin signalling,
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KEY POINTS
 Evidence for the role of autoimmunity, mitochondrial
dysfunction, protein dyshomeostasis, altered nucleic
acid metabolism and myonuclear degeneration in IBM
pathogenesis continues to accumulate.
 In spite of new insights, the primary disease mechanism
and the exact interaction between different pathways
involved in IBM pathogenesis is yet to be determined.
 The new European Neuromuscular Centre research
diagnostic criteria will allow the enrolment of patients
at earlier disease stages in future clinical trials.
 MHC class I upregulation, mitochondrial abnormalities
and positive immunostaining for p62, TDP-43 and LC3
protein aggregates may have diagnostic potential.
 Autoantibodies against cN1A have moderate
diagnostic performance in IBM.
 Targeting protein dyshomeostasis and blocking the
myostatin pathway may be promising therapeutic
approaches in IBM.
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mitochondrial dysfunction and alterations of nucleic
acid metabolism have all been proposed to play a role
in IBM pathogenesis [8–11]. However, the interplay
between these processes and the primary event that
leads to the coexistence of autoimmune and degenerative changes remains uncertain.
Regarding the immune mechanisms, the discovery of the first serum autoantibody marker for IBM,
targeting cytosolic 50 -nucleotidase 1A (cN1A),
represents an important advance [12,13 ,14 ].
Using a commercial anti-cN1A antibody to stain
muscle tissue of IBM patients, it has been shown
that cN1A immunoreactivity is predominantly
located in rimmed vacuoles and areas of myonuclear
degeneration, suggesting a mechanistic link
between the inflammatory and degenerative components of IBM [13 ]. In another study, the analysis
of serum cytokines and the immunophenotyping
in peripheral blood and muscle tissue of IBM
patients showed that IBM patients had increased
levels of T helper 1 cytokines and chemokines,
increased levels of CD8þCD28 T-cells (interferong producers) and decreased frequency of circulating
regulatory T-cells (CD4þCD25þCD127lowFOXP3þ),
compared to healthy controls. The specificity of
these findings and the therapeutic potential of modulating the T helper 1 and regulatory T-cell response
in IBM remain to be determined [15 ].
Recently, a reduced expression of micro-RNA-1
(miRNA-1), miRNA-133a and miRNA-133b has been
reported in IBM (and also in polymyositis and dermatomyositis) muscle tissue versus nonmyositis
&&

controls. These miRNAs are critical for muscle
differentiation and their reduction correlated with
augmented expression of several inflammatory cytokines, namely tumour necrosis factor-a and interleukin-1b [16 ]. In mechanistic experiments,
tumour necrosis factor-a inhibited the expression
of the above miRNAs and blocked the differentiation
of human and mouse myoblasts into myocytes/myotubes in a nuclear factor kB-dependent manner.
This inhibition of differentiation was overcome by
miRNA-1/133a/133b overexpression. The authors
suggest that these results may provide a mechanistic
link between the inflammatory and degenerative
components of IBM, but this may not be unique to
IBM because similar miRNA changes were observed in
polymyositis and dermatomyositis [16 ].
Regarding mitochondrial dysfunction, a correlation between the degree of inflammation, degree
of mitochondrial changes and atrophy was recently
described in IBM muscle biopsies, suggesting a link
between these findings [17 ]. The authors hypothesize that in IBM, the ongoing inflammation and
cytokine environment, the associated production
of reactive oxygen and nitrogen species and the
associated endoplasmic reticulum stress have a role
in the initiation of mitochondrial DNA damage,
leading to the accumulation of clonally expanded
mitochondrial DNA deletions and respiratory
deficiency, a phenomenon that is not compensated
by the malfunctioning cell repair mechanisms.
Accumulated mitochondrial mutations could have
deleterious effects in the muscle tissue (e.g., atrophy, splitting and breakage), explaining the correlation between respiratory chain deficiency and
muscle atrophy [17 ,18,19].
Protein dyshomeostasis continues to prompt
great interest as a potential pathogenic mechanism
and therapeutic target in IBM. Impaired protein
degradation by autophagy and disruption of the
UPS may lead to protein accumulation and aggregation and subsequent myofibre injury. Proteins
which target ubiquitinated proteins for degradation and autophagy-associated proteins can be
found in the sarcoplasm of IBM muscle tissue, for
example, valosin-containing protein, Ubiquitinbinding protein p62 (p62), Microtubule-associated
proteins 1A/1B light chain 3 (LC3) and neighbour
of BRCA 1 gene 1 (NBR1) [20–25]. This suggests either
an increased need for protein degradation or
impaired UPS and/or autophagy [26]. The colocalization of protein aggregates, immunoproteasomes and
major histocompatibility complex (MHC) class I antigens in IBM muscle fibres suggests a possible link
between protein degradation and inflammation [27].
One potential therapeutic approach in IBM could
therefore be targeting protein dyshomeostasis, for
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FIGURE 1. Potential pathogenic mechanisms leading to myofibre injury in sporadic inclusion body myositis. FOXO, forkhead
box protein; hnRNPs, heterogeneous nuclear ribonucleoproteins; LAMP2A, lysosome-associated membrane protein 2; LC3,
microtubule-associated proteins 1A/1B light chain 3; MHC-I, major histocompatibility complex class I; NBR1, next to BRCA1
gene 1 protein; p62, ubiquitin-binding protein p62; TDP-43, TAR DNA-binding protein 43.

example with drugs that are capable of inducing the
production of molecular chaperones, such as heat
shock proteins, a group of highly conserved molecules involved in preventing the misfolding of
proteins and therefore responsible for preventing
protein aggregation.
Some of the proteins that accumulate in the
sarcoplasm and rimmed vacuoles of IBM muscle
tissue are typical of nuclei and lysosomes. One
of the most abundant of these proteins seems to
be TAR DNA-binding protein 43 (TDP-43) [28].
Along with TDP-43, several heterogeneous nuclear
ribonucleoproteins (hnRNPs) such as hnRNPA1,

hnRNPA2/B1 and hnRNPC1/C2, have also been
shown to accumulate in the sarcoplasm of IBM
muscle tissue [29 ,30 ]. These results support the
hypothesis that myonuclei degeneration and RNA
metabolism impairment may be also important
phenomena in the pathogenesis of IBM [29 ,30 ,
31–34].
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INCLUSION BODY MYOSITIS DIAGNOSIS:
NEW INSIGHTS
The muscle biopsy of patients with IBM can show a
wide range of changes, including infiltration of the
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endomysium by mononuclear cells which may
surround and invade non-necrotic muscle fibres
(partial invasion), rimmed vacuoles, eosinophilic
inclusions, amyloid inclusions, ragged red fibres,
cytochrome oxidase negative (COX) and succinate
dehydrogenase positive (SDHþ) fibres, sarcolemmal
expression of MHC class I, cytoplasmic and/or
nuclear tubulofilaments visualized with electron
microscopy and various morphological features,
such as fibre hypertrophy/atrophy, increased numbers of internal nuclei, split fibres, endomysial fibrosis and necrotic and regenerating fibres. Several
immunoreactive protein aggregates have been
described, such as p62, phosphorylated tau, TDP43 and valosin-containing protein. However, none
of the protein aggregates is IBM-specific and there is
controversy regarding its presence, relative abundance and significance [9,26,35].
The combination of partial invasion, rimmed
vacuoles and either amyloid or 15–18 nm tubulofilamentous inclusions visualized with electron
microscopy is considered very specific of IBM
[36]. However it is now widely recognized that
patients with clinically typical IBM may not present
this combination of features, which lacks sensitivity, especially in early disease stages [3,37 ]. However, there is still a paucity of data regarding
&

the differential diagnostic performance of pathological findings, both individually and combined.
Over the last few years there has been a shift
from a heavily pathologically focused diagnosis of
IBM into a more clinically focused diagnosis supported by some but not necessarily all the typical
IBM histopathological features. However, it should
be noted that despite the existence of an IBM typical
early disease pattern characterized by finger flexor
and knee extensor weakness, not all patients have
this pattern, and the muscle biopsy remains a critical
investigation in the differential diagnosis of IBM.
This shift has been reflected in the latest European Neuromuscular Centre diagnostic criteria for
IBM (Table 1), which include the following three
categories: ‘clinico-pathologically defined IBM’,
‘clinically defined IBM’ and ‘probable IBM’ [38 ].
The last two categories are more flexible in terms of
the required pathological features, contributing to
an increase of the overall sensitivity of the European
Neuromuscular Centre criteria and allowing the
selection of patients at earlier disease stages, when
they may be more amenable to treatment [38 ].
Two recent studies assessed the differential
diagnostic performance of various pathological
features in IBM. Brady et al. [39 ] investigated
markers of protein aggregates, inflammation and
&&
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Table 1. European Neuromuscular Centre inclusion body myositis research diagnostic criteria 2011
Diagnostic subgroup

Clinico-pathologically
defined IBM

Clinically defined IBM

Probable IBM

X

Clinical features
Duration of weakness > 12 months

X

X

Age at onset > 45 years

X

X

X

Creatine kinase  15 times ULN

X

X

X

FF weakness > SA weakness and/or
KE weakness  HF weakness
FF weakness > SA weakness;
KE weakness  HF weakness

X

–

–

–

X

–

FF weakness > SA weakness or
KE weakness  HF weakness

–

–

X

Endomysial inflammatory infiltrate

X

At least one, but not all of the four
pathological features

At least one, but not all of the four
pathological features

Rimmed vacuoles

X

At least one, but not all of the four
pathological features

At least one, but not all of the four
pathological features

Protein accumulationa or 15–18 nm
filaments

X

At least one, but not all of the four
pathological features

At least one, but not all of the four
pathological features

Upregulation of MHC class I

–

At least one, but not all of the four
pathological features

At least one, but not all of the four
pathological features

Pathological features

FF, finger flexion; HF, hip flexion; IBM, inclusion body myositis; KE, knee extension; MHC class I, major histocompatibility complex class I; SA, shoulder
abduction; ULN, upper limit of normal.
a
Demonstration of amyloid or other protein accumulation by established methods (e.g., for amyloid Congo red, crystal violet, thioflavin T/S, for other proteins
p62, SMI-31, TDP-43).
&&
Adapted with permission from [38 ].

594

www.co-neurology.com

Volume 27  Number 5  October 2014

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Sporadic inclusion body myositis Machado et al.

sensitivity), whereas moderate reactivity showed
60–70% sensitivity and 89–92% specificity for the
diagnosis of IBM in a cohort of patients with neuromuscular diseases, providing a good balance
between sensitivity and specificity. When it
becomes commercially available, anti-cN1A testing
could represent an additional helpful tool to aid in
the diagnosis of IBM in clinical practice, particularly
at early disease stages [12,13 ,14 ]. Anti-cN1A antibodies are also good candidates to be incorporated
in future IBM diagnostic criteria. In addition to the
Immunoglobulin G (IgG) isotype, Immunoglobulin
M (IgM) and Immunoglobulin A (IgA) antibodies
have also been described [41]. The isotype pattern
varies between patients, and it has been proposed
that the levels of all three isotypes should be
considered to improve diagnostic accuracy. Individually, IgG more than 0.9 absorbance units had 51%
sensitivity and 94% specificity, IgA more than 1.2
absorbance units had 49% sensitivity and 95% specificity and IgM more than 1.9 absorbance units had
53% sensitivity and 96% specificity. The combination of isotypes (IgM >1.9, IgA >1.1 or IgG
>1.3) increased sensitivity to 76%, retaining a good
level of specificity (91%) [41].
Finally, the role of MRI in the diagnosis and
monitoring of IBM and muscle diseases in general
is increasing [42]. Fatty replacement can be seen on
T1-weighted sequences and muscle oedema can be
seen on T2-weighted sequences with fat suppression, such as the short tau inversion recovery
sequence (Fig. 3). Mimicking the typical clinical
presentation, it has been reported that fatty replacement occurs preferentially in the deep finger flexors
[43–46] and in the quadriceps femoris muscles
[44,45,47]. A relative sparing of the rectus femoris
[44,45] and preferential fat accumulation within the
medial head of gastrocnemius (in comparison with
soleus and lateral gastrocnemius) have also been
described [44,45,47]. Bone marrow oedema (interpreted as inflammation) on short tau inversion
recovery images can also be seen, but inflammation
is usually less prominent than fatty replacement
[43,44,46]. Despite being well described, the differential diagnostic performance of the above MRI
pattern has not been established and MRI features
are not currently included in IBM diagnostic criteria.
&&

FIGURE 2. Characteristic p62 staining pattern in inclusion
body myositis [39 ] The following pattern of p62
immunoreactivity is more characteristic of IBM: strongly
stained, discreet and clearly delineated, round or angular
aggregates, variable in number and size within a muscle
fibre but rarely filling it and predominantly located
subsarcolemmal, but also perinuclear and adjacent to
vacuoles.
&&

mitochondrial changes in IBM. In the presence of
rimmed vacuoles, the combination of increased
MHC class I (or endomysial T-cells) and a characteristic p62 staining pattern (Fig. 2) distinguished
IBM from other myopathies with rimmed vacuoles
(93% sensitivity, 100% specificity). In the absence of
rimmed vacuoles, and compared with steroid
responsive inflammatory myopathies (polymyositis
and dermatomyositis), the presence of COX/
SDHþ fibres had excellent sensitivity (100%) and
moderate specificity (73%) for IBM, although the
above characteristic p62 staining pattern had excellent specificity (100%) but low sensitivity (44%).
Therefore, the absence of COX/SDHþ fibres raises
doubt on the diagnosis of IBM, whereas the presence of the characteristic p62 pattern may help
to exclude the diagnosis of polymyositis/dermatomyositis when rimmed vacuoles are absent. In
another study, Hiniker et al. [40 ] evaluated the
diagnostic utility of the markers LC3, p62 and
TDP-43 in differentiating IBM from possible IBM,
polymyositis and polymyositis with COX fibres.
After receiver operating characteristic curve analysis
and cut-off determination, the authors suggested
that the following thresholds could be of diagnostic
value: more than 14% LC3 positive fibres (100%
specificity, 83% sensitivity), more than 20% p62
positive fibres (100% specificity, 50% sensitivity)
and more than 7% TDP-43 positive fibres (100%
specificity, 67% sensitivity) [40 ].
The above mentioned identification of anticN1A autoantibodies in IBM represents another
important diagnostic advance. High antibody
reactivity achieved 96–98% specificity (33–34%
&
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INCLUSION BODY MYOSITIS TREATMENT:
NEW INSIGHTS
There is no effective treatment for IBM [3,6]. New
pathogenesis insights [4,9] have led to the search of
alternative therapeutic approaches [6,7].
One of these new approaches is the inhibition of
the myostatin pathway. Myostatin belongs to the
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FIGURE 3. Muscle MRI of a patient suffering from sporadic inclusion body myositis and from a healthy control. Axial MRI
images of a patient with IBM (a–d) and a healthy control (e–h) with MRI T1-weighted images on the left and the STIR images
on the right side. Increased signal within muscles on T1-weighted sequences indicate fatty infiltration whilst on STIR sequences
indicate muscle oedema. The patient shows abnormalities typical of IBM with fatty atrophy of the quadriceps muscles in the
thigh (a, arrows) and most marked involvement of medical gastrocnemius in the calf (c, arrowhead). Muscle inflammation is
evident within many thigh muscles (b) and within gastrocnemius in the calf (d). Corresponding images for a healthy volunteer
show homogenous low-signal intensity within muscles. IBM, inclusion body myositis; STIR, short tau inversion recovery.

transforming growth factor-b superfamily and is a
negative regulator of skeletal muscle mass. It acts by
binding to the activin receptor IIB (ActRIIB)/Alk4/5
receptor complex resulting in activation of the
mothers against decapentaplegic homolog 2/3
(SMAD2/3) and mitogen-activated protein kinase
intracellular signalling pathways and in inhibition
of the phosphoinositide 3-kinase intracellular signalling pathway, leading to changes in gene transcription and effects on protein synthesis that
culminate in muscle atrophy [48]. Myostatin
accumulation has been shown in IBM muscle fibres
[49] and transforming growth factor-b superfamily
signalling through the ActRIIB receptor has also
been shown to be elevated in IBM muscle tissue
(using a SMAD2/3 phosphorylation assay) [50].
Myostatin antagonists can act extracellularly by
596
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either binding directly to myostatin (myostatin
antibodies, the soluble myostatin receptor
ActRIIB-Fc, follistatin, follistatin-related protein 3
(FSTL3), myostatin propeptide, decorin peptides
and growth and differentiation factor-associated
serum protein 1 (GASP1) or by binding to its receptor complex (ActRIIB antibodies). Some of the myostatin antagonists are naturally occurring molecules
(follistatin, FSTL3, myostatin propeptide and
GASP1) [48].
Bimagrumab (BYM338), a fully human monoclonal antibody that binds competitively to ActRIIB,
was recently tested in a small study enrolling 14 IBM
patients (11 Bimagrumab, three Placebo) [50]. A
single high dose (30 mg/kg intravenously) of Bimagrumab was administered. After 8 weeks, both MRI
thigh muscle volume (right leg þ6.5%, P ¼ 0.024;
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left leg þ7.6%, P ¼ 0.009) and lean body mass
(þ5.7%, P ¼ 0.014) increased in the Bimagrumab
group versus Placebo. Improvement in the 6-min
walking distance test was also observed, peaking at
16 weeks (þ14.6%, P ¼ 0.008, 12/14 patients with
follow-up data) [50].
A phase IIb/III randomized, double-blind,
placebo-controlled trial is ongoing [51]. The study
aims to enrol 240 patients worldwide and will contain four treatment groups in equal proportions as
follows: Bimagrumab at 10, 3 and 1 mg/kg and
Placebo given intravenously every 4 weeks. Physical
function, muscle strength (including knee extension strength), mobility, quality of life and swallowing function, amongst other outcomes, will be
assessed at 52 weeks, the primary outcome being
change from baseline in the 6-min walking distance
test [51]. Myostatin inhibition using Bimagrumab
seems a promising approach. However, its long-term
safety profile remains to be determined as well as
whether the potential to increase muscle volume
will actually translate into improved muscle
strength and performance. The relationship
between changes in muscle mass, muscle strength
and physical function is not linear, and it is important to analyse all these outcomes, as they provide
complementary information [52].
A gene therapy approach using follistatin to
inhibit the myostatin pathway is also being tested.
The follistatin gene (FS344) is intramuscularly delivered by adeno-associated virus. This open-label trial
aims to enrol nine IBM patients, distributed in three
groups each with three patients: low dose
(21011 viral genomes (vg)/kg, single leg injection),
medium dose (31011 vg/kg, bilateral quadriceps
injection) and high dose (61011 vg/kg, bilateral
quadriceps injection). The primary outcome of the
trial is safety; secondary outcomes include changes
in muscle function and strength, bilateral MRI and
biopsy of quadriceps muscles and thigh circumference measurement [53]. One potential advantage of
this approach is that a single administration of
adeno-associated virus-FS344 could conceivably
lead to long-term expression of the follistatin gene.
Targeting the heat shock response represents
another potential therapeutic approach in IBM. This
approach is supported by the above described evidence for the role of protein dyshomeostasis in the
pathogenesis of IBM. A recent randomized, doubleblind, placebo-controlled trial was conducted with
Arimoclomol, an orally administered drug that can
up-regulate the heat shock response by amplifying
heat shock protein expression [54]. The primary
outcome of the study was safety and tolerability.
Arimoclomol 100 mg three times a day (n ¼ 16) and
Placebo (n ¼ 8) were administered for 4 months,

with a subsequent 8-month blinded follow-up
phase. The drug was well tolerated by patients.
Furthermore, at 8 months, we detected a trend of
slower decline (change) in muscle strength (manual
muscle testing and right-hand grip maximum voluntary isometric contraction testing) and physical
function (IBM functional rating scale) with Arimoclomol as compared with placebo-treated controls
[54]. Targeting protein homeostasis may be a valid
therapeutic option in IBM and these data support
further research of Arimoclomol in IBM. Because the
relationship between physical function and
strength is not linear, capturing both provides
complementary information [52].

CONCLUSION
The last few years have witnessed important progress
in the understanding of IBM. These advances may
lead to improved diagnosis and the discovery of
effective drug treatments in the future. Nevertheless,
the disease-triggering events and exact way how the
various disease pathways interact remain to be elucidated. The growing interest of the scientific community and new therapeutic approaches being tested
in clinical trials allows us to be hopeful and confident
about the future and in the ultimate goal of translating research findings into improved patient care.
Acknowledgements
This publication was supported by researchers at the
National Institute for Health Research University College
London Hospitals Biomedical Research Centre. The views
expressed are those of the author and not necessarily those
of the National Health Service, the National Institute for
Health Research or the Department of Health. This publication was supported by an Institutional Clinical and
Translational Science Award, NIH/NCATS Grant Number UL1TR000001. Its contents are solely the responsibility of the authors and do not necessarily represent the
official views of the NIH. We would like to thank Dr Jasper
Morrow for providing the MR images and Dr Stefen Brady
for providing the histopathological image.
Conflicts of interest
There are no conflicts of interest.

REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:
&
of special interest
&& of outstanding interest
1. Gang Q, Bettencourt C, Machado P, et al. Sporadic inclusion body myositis: the
genetic contributions to the pathogenesis. Orphanet J Rare Dis 2014; 9:88.
Review of known and candidate genetic susceptibility risk factors for IBM.

&&

1350-7540 ß 2014 Wolters Kluwer Health | Lippincott Williams & Wilkins

www.co-neurology.com

597

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Neuromuscular disease: muscle
2. Needham M, James I, Corbett A, et al. Sporadic inclusion body myositis:
phenotypic variability and influence of HLA-DR3 in a cohort of 57 Australian
cases. J Neurol Neurosurg Psychiatry 2008; 79:1056–1060.
3. Benveniste O, Guiguet M, Freebody J, et al. Long-term observational study of
sporadic inclusion body myositis. Brain 2011; 134 (Pt 11):3176–3184.
4. Machado P, Brady S, Hanna MG. Update in inclusion body myositis. Curr
Opin Rheumatol 2013; 25:763–771.
5. Dimachkie MM, Barohn RJ. Inclusion body myositis. Curr Neurol Neurosci Rep
2013; 13:321.
6. Breithaupt M, Schmidt J. Update on treatment of inclusion body myositis. Curr
Rheumatol Rep 2013; 15:329.
7. Lloyd TE. Novel therapeutic approaches for inclusion body myositis. Curr
Opin Rheumatol 2010; 22:658–664.
8. Needham M, Mastaglia FL. Sporadic inclusion body myositis: a continuing
puzzle. Neuromuscul Disord 2008; 18:6–16.
9. Greenberg SA. Theories of the pathogenesis of inclusion body myositis. Curr
Rheumatol Rep 2010; 12:221–228.
10. Dalakas MC. Sporadic inclusion body myositis–diagnosis, pathogenesis and
therapeutic strategies. Nat Clin Pract Neurol 2006; 2:437–447.
11. Askanas V, Engel WK, Nogalska A. Inclusion body myositis: a degenerative
muscle disease associated with intra-muscle fiber multiprotein aggregates,
proteasome inhibition, endoplasmic reticulum stress and decreased lysosomal degradation. Brain Pathol 2009; 19:493–506.
12. Salajegheh M, Lam T, Greenberg SA. Autoantibodies against a 43 KDa
muscle protein in inclusion body myositis. PLoS One 2011; 6:e20266.
13. Benjamin Larman H, Salajegheh M, Nazareno R, et al. Cytosolic 5’-nucleo&&
tidase 1A autoimmunity in sporadic inclusion body myositis. Ann Neurol 2013;
73:408–418.
Identification and diagnostic performance of autoantibodies against cN1A in
IBM.
14. Pluk H, van Hoeve BJ, van Dooren SH, et al. Autoantibodies to cytosolic
&&
5’-nucleotidase 1A in inclusion body myositis. Ann Neurol 2013; 73:397–
407.
Identification and diagnostic performance of autoantibodies against cN1A in IBM.
15. Allenbach Y, Chaara W, Rosenzwajg M, et al. Th1 response and systemic treg
&
deficiency in inclusion body myositis. PLoS One 2014; 9:e88788.
Study describing the cytokine profile and the immune cell phenotype in IBM.
16. Georgantas RW, Streicher K, Greenberg SA, et al. Inhibition of myogenic
&
microRNAs 1, 133, and 206 by inflammatory cytokines links inflammation and
muscle degeneration in adult inflammatory myopathies. Arthritis rheumatol
2014; 66:1022–1033.
Study investigating the role of miRNAs in the interplay between inflammation and
degeneration in inflammatory myopathies.
17. Rygiel KA, Miller J, Grady JP, et al. Mitochondrial and inflammatory changes in
&
sporadic inclusion body myositis. Neuropathol Appl Neurobiol 2014. [Epub
ahead of print]
Study investigating the prevalence of respiratory deficiency and its relationship to
inflammation and atrophy in IBM.
18. Bua EA, McKiernan SH, Wanagat J, et al. Mitochondrial abnormalities are
more frequent in muscles undergoing sarcopenia. J Appl Physiol 2002;
92:2617–2624.
19. Krishnan KJ, Reeve AK, Samuels DC, et al. What causes mitochondrial DNA
deletions in human cells? Nat Genet 2008; 40:275–279.
20. Cacciottolo M, Nogalska A, D’Agostino C, et al. Chaperone-mediated
autophagy components are upregulated in sporadic inclusion-body
myositis muscle fibres. Neuropathol Appl Neurobiol 2013; 39:750–
761.
21. Girolamo F, Lia A, Amati A, et al. Overexpression of autophagic proteins in the
skeletal muscle of sporadic inclusion body myositis. Neuropathol Appl Neurobiol 2013; 39:736–749.
22. Temiz P, Weihl CC, Pestronk A. Inflammatory myopathies with mitochondrial
pathology and protein aggregates. J Neurol Sci 2009; 278:25–29.
23. D’Agostino C, Nogalska A, Cacciottolo M, et al. Abnormalities of NBR1, a
novel autophagy-associated protein, in muscle fibers of sporadic inclusionbody myositis. Acta Neuropathol 2011; 122:627–636.
24. D’Agostino C, Nogalska A, Engel WK, Askanas V. In sporadic inclusion body
myositis muscle fibres TDP-43-positive inclusions are less frequent and
robust than p62 inclusions, and are not associated with paired helical
filaments. Neuropathol Appl Neurobiol 2011; 37:315–320.
25. Ju JS, Weihl CC. p97/VCP at the intersection of the autophagy and the
ubiquitin proteasome system. Autophagy 2010; 6:283–285.
26. Weihl CC, Pestronk A. Sporadic inclusion body myositis: possible pathogenesis inferred from biomarkers. Curr Opin Neurol 2010; 23:482–488.
27. Ferrer I, Martin B, Castano JG, et al. Proteasomal expression, induction of
immunoproteasome subunits, and local MHC class I presentation in myofibrillar
myopathy and inclusion body myositis. J Neuropathol Exp Neurol 2004;
63:484–498.
28. Salajegheh M, Pinkus JL, Taylor JP, et al. Sarcoplasmic redistribution
of nuclear TDP-43 in inclusion body myositis. Muscle Nerve 2009; 40:
19–31.
29. Pinkus JL, Amato AA, Taylor JP, Greenberg SA. Abnormal distribution of
&&
heterogeneous nuclear ribonucleoproteins in sporadic inclusion body myositis. Neuromuscul Disord 2014; 24:611–616.
Data suggesting abnormal RNA metabolism in IBM.

598

www.co-neurology.com

30. Cortese A, Plagnol V, Brady S, et al. Widespread RNA metabolism impairment in sporadic inclusion body myositis TDP43-proteinopathy. Neurobiol
Aging 2014; 35:1491–1498.
Data suggesting that widespread alterations of RNA metabolism have a pathogenic role in IBM.
31. Greenberg SA, Pinkus JL, Amato AA. Nuclear membrane proteins are present
within rimmed vacuoles in inclusion-body myositis. Muscle Nerve 2006;
34:406–416.
32. Nakano S, Shinde A, Fujita K, et al. Histone H1 is released from myonuclei and
present in rimmed vacuoles with DNA in inclusion body myositis. Neuromuscul Disord 2008; 18:27–33.
33. Nalbantoglu J, Karpati G, Carpenter S. Conspicuous accumulation of a singlestranded DNA binding protein in skeletal muscle fibers in inclusion body
myositis. Am J Pathol 1994; 144:874–882.
34. Olive M, Janue A, Moreno D, et al. TAR DNA-Binding protein 43 accumulation
in protein aggregate myopathies. J Neuropathol Exp Neurol 2009; 68:262–
273.
35. Greenberg SA. How citation distortions create unfounded authority: analysis
of a citation network. BMJ 2009; 339:b2680.
36. Griggs RC, Askanas V, DiMauro S, et al. Inclusion body myositis and
myopathies. Ann Neurol 1995; 38:705–713.
37. Brady S, Squier W, Hilton-Jones D. Clinical assessment determines the
&
diagnosis of inclusion body myositis independently of pathological features.
J Neurol Neurosurg Psychiatry 2013; 84:1240–1246.
Study describing and comparing the clinical assessment and histopathological
findings at presentation and investigating disease progression in IBM patients.
38. Rose MR; ENMC IBM Working Group. 188th ENMC International Workshop:
&&
inclusion Body myositis, 2–4 2011 December Naarden, the Netherlands.
Neuromuscul Disord 2013; 23:1044–1055.
Report of an international workshop that resulted in the publication of revised
research diagnostic criteria for IBM.
39. Brady S, Squier W, Sewry C, et al. A retrospective cohort study identifying the
&&
principal pathological features useful in the diagnosis of inclusion body
myositis. BMJ Open 2014; 4:e004552.
Study evaluating the diagnostic utility of a number of markers of protein aggregates
together with mitochondrial and inflammatory changes in IBM.
40. Hiniker A, Daniels BH, Lee HS, Margeta M. Comparative utility of LC3, p62
&
and TDP-43 immunohistochemistry in differentiation of inclusion body myositis from polymyositis and related inflammatory myopathies. Acta Neuropathol Commun 2013; 1:29.
Quantitative study of the diagnostic value of LC3, p62 and TDP-43 immunohistochemistry in IBM.
41. Greenberg SA. Cytoplasmic 5’-nucleotidase autoantibodies in inclusion body
myositis: isotypes and diagnostic utility. Muscle Nerve 2014. [Epub ahead of
print]
42. Wattjes MP, Kley RA, Fischer D. Neuromuscular imaging in inherited muscle
diseases. Eur Radiol 2010; 20:2447–2460.
43. Cantwell C, Ryan M, O’Connell M, et al. A comparison of inflammatory
myopathies at whole-body turbo STIR MRI. Clin Radiol 2005; 60:261–267.
44. Cox FM, Reijnierse M, van Rijswijk CS, et al. Magnetic resonance imaging of
skeletal muscles in sporadic inclusion body myositis. Rheumatology 2011;
50:1153–1161.
45. Phillips BA, Cala LA, Thickbroom GW, et al. Patterns of muscle involvement in
inclusion body myositis: clinical and magnetic resonance imaging study.
Muscle Nerve 2001; 24:1526–1534.
46. Sekul EA, Chow C, Dalakas MC. Magnetic resonance imaging of the forearm
as a diagnostic aid in patients with sporadic inclusion body myositis. Neurology 1997; 48:863–866.
47. Reimers CD, Schedel H, Fleckenstein JL, et al. Magnetic resonance imaging
of skeletal muscles in idiopathic inflammatory myopathies of adults. J Neurol
1994; 241:306–314.
48. Smith RC, Lin BK. Myostatin inhibitors as therapies for muscle wasting
associated with cancer and other disorders. Curr Opin Support Palliat Care
2013; 7:352–360.
49. Wojcik S, Engel WK, McFerrin J, Askanas V. Myostatin is increased and
complexes with amyloid-beta within sporadic inclusion-body myositis muscle
fibers. Acta Neuropathol 2005; 110:173–177.
50. Amato AA, Sivakumar K, Goyal N, et al. Treatment of sporadic inclusion body
myositis with an anti-activin receptor IIB antibody. Ann Neurol 2013; 74:S93–
S94.
51. Efficacy and safety of bimagrumab/BYM338 at 52 weeks on physical function, muscle strength, mobility in sIBM patients (RESILIENT). Available at:
http://www.clinicaltrials.gov/ct2/show/NCT01925209. [Accessed 20 June
2014]
52. Hogrel JY, Allenbach Y, Canal A, et al. Four-year longitudinal study of clinical
and functional endpoints in sporadic inclusion body myositis: implications for
therapeutic trials. Neuromuscul Disord 2014; 24:604–610.
53. Follistatin gene transfer to patients with Becker muscular dystrophy and
sporadic inclusion body myositis. Available at: http://www.clinicaltrials.gov/
ct2/show/NCT01519349. [Accessed 20 June 2014]
54. Machado P, Miller A, Herbelin L, et al. Safety and tolerability of arimoclomol in
patients with sporadic inclusion body myositis: a randomised, double-blind,
placebo-controlled, phase IIa proof-of-concept trial. Ann Rheum Dis 2013;
72:A164.
&&

Volume 27  Number 5  October 2014

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

