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A b s t r a c t

Introduction: Sporadic inclusion body myositis (sIBM) is one of the most common myopathies in patients above  
50 years of age. Its progressive course finally leads to immobilisation, and no effective therapy exists. Its pathoge-
nesis includes both degenerative and inflammatory processes, however, its direct causes remain unknown. Therefore, 
a possible genetic background of the disease must also be considered.
Material and methods: Here we report on twelve patients: eight with sporadic inclusion body myositis and four with 
other myopathies with rimmed vacuoles in muscle biopsy. All patients were evaluated clinically, morphologically, 
radiologically, and genetically. 
Results: All patients with sIBM presented both shoulder and pelvic girdle muscle involvement. In addition, distal upper 
and lower limb muscle weakness was noted. Patients with other muscle disorders showed effects mainly in proximal 
muscles and marked calf muscle hypertrophy. In sIBM cases computed tomography of lower limb muscles revealed 
atrophy that was most pronounced within the quadriceps femoris and gracilis muscles in the thighs and within the 
medial head of the gastrocnemius muscle and the tibialis anterior muscle in the lower legs. On light microscopy 
mononuclear cell invasion of muscle fibres was present in six patients with sIBM. On electron microscopy myofibrillar 
disorganisation and mitochondrial abnormalities were noted in all sIBM patients, whereas cytoplasmic tubulofilamen-
tous inclusions were seen in three patients and both cytoplasmic and nuclear inclusions in one of them. According to 
the criteria by Rose et al. (2011) six patients were classified as “clinico-pathologically defined IBM”, one as “clinically 
defined IBM”, and one as “probable IBM”. Pathological deposits of TDP-43 were found in muscles in all sIBM as well 
as in control cases. Additionally, accumulation of other proteins thought to be associated with sIBM, like β-amyloid, 
α-synuclein, and tau protein, was present in the most of examined biopsies. All twelve patients were screened for the 
presence of causative mutations in TARDBP, VCP, HNRNPA1, and HNRNPA2B1 genes. Additionally, analysis of C9ORF72 
hexanucleotide repeat expansion was performed. No causative mutations were found in any of the patients.
Conclusions: Our study provides the first – to our knowledge – comprehensive clinical, pathological, and genetic 
workup of a group of Polish patients.
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Introduction 

Sporadic inclusion body myositis (sIBM) is an 
un treatable muscle disorder with weakness begin-
ning after 50 years of age. It is more common in 
men than in women. Its pathogenesis remains 
undiscovered and the coexistence of inflammatory, 
degenerative, genetic, and environmental factors 
has been proposed. A possible genetic background 
is also considered. Its progressive course usual-
ly leads to immobilisation and severe dysphagia 
[3]. Both proximal and distal muscle weakness is 
observed, and the quadriceps, foot extensors, and 
deep finger flexors are most severely weakened. 
Creatine kinase (CK) activity may be slightly ele-
vated. Electromyography studies (EMG) show myo-
genic or mixed myogenic and neurogenic pattern. 
Since clinical features of sIBM are not clearly delin-
eated, morphological assessment of muscle biopsy 
is extremely important. Light microscopy examina-
tion reveals eosinophilic inclusions, necrotic fibres, 
and sometimes inflammatory infiltrates. Rimmed 
vacuoles are considered a hallmark of the disease. 
Additionally, immunohistochemistry shows deposits 
of various proteins such as β-amyloid, TDP-43 (TAR 
DNA-binding protein 43), tau protein, and α-synu-
clein [3,19]. Electron microscopy (EM) examination 
reveals the presence of tubulofilamentous inclusions 
– both cytoplasmic and nuclear, degeneration of myo-
fibrils, accumulation of abnormal mitochondria, and 
cytoplasmic bodies. 

Inclusion body myositis diagnostic criteria were 
first proposed by Griggs et al. in 1995 [11]. In 2007 
Needham and Mastaglia included additional muscle 
biopsy features, such as expression of MHC-I  [13]. 
Later criteria were repeatedly modified, and the lat-
est version comes from 2011 [14]. It is worth mention-
ing that among the major changes were the increase 
in the age of onset (to 45 years) and the introduction 
of three categories of IBM, namely “clinico-patho-
logically defined IBM”, “clinically defined IBM”, and 
“probable IBM”. The authors emphasised that, due 
to sampling error or the early stage of the disease, 
not all pathological changes might be present in 
muscle biopsy [15]. Therefore, the diagnosis should 
be made according to both clinical and morphologi-
cal features.

Over the last decades numerous pathogenic 
genes potentially involved in sporadic inclusion body 
myositis have been suggested. However, phenotype- 

genotype correlations are still poorly understood.  
Up to now all attempts to successfully treat inclu-
sion body myositis failed. Neither corticosteroids 
and other immunosuppressive drugs nor intrave-
nous immunoglobulins and plasma exchange were 
shown to improve clinical symptoms and prognosis. 

Our study provides the first – to our knowledge 
– comprehensive clinical, pathological, and genetic 
workup of a group of eight sIBM Polish patients.

Material and methods
Patients

Clinical data of eight male patients aged 49 to 
67 years with the diagnosis of sporadic IBM, hospi-
talised between 2002 and 2013 in the Department 
of Neurology of the Medical University of Warsaw 
were evaluated retrospectively. The course of the 
disease, distribution of muscle weakness, serum 
creatine kinase activity, and results of electrophys-
iological studies were evaluated. Additionally, four 
male patients aged 18 to 59 years with other pri-
mary muscle disorders were included in the study. 
The basis for including those patients was the pres-
ence of rimmed vacuoles in muscle biopsy. Among 
them there were three patients with clinically typi-
cal limb-girdle muscular dystrophy (LGMD) and one 
patient with genetically confirmed proximal myo-
tonic myopathy (myotonic dystrophy type 2 – DM2). 
The “radiological control group” consisted of six men 
aged 58 to 65 years, with no signs and symptoms of 
neuromuscular disease. The study was approved by 
the Bioethical Committee at the Medical University 
of Warsaw. 

Computed tomography studies

All computed tomography (CT) studies were per-
formed using a  64-row scanner (Aquilion, Toshiba) 
without administration of contrast medium. The pro-
ximal one third of the thighs and lower legs were 
scanned. A  low-dose protocol with automatic tube 
current modulation was used to minimise the radia-
tion dose received by the patients.

Images in the axial (10 mm reconstructed slices) 
and coronal plane (5 mm reconstructed slices) were 
reviewed by an experienced musculoskeletal radiol-
ogist on the soft tissue (to grade muscles’ atrophy) 
and bone window (to exclude bone pathology that 
may lead to muscle atrophy). Muscle atrophy was 
assessed on a  five-point scale based on the scale 
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originally developed by Goutallier et al. for grad-
ing muscular fatty degeneration in the rotator cuff 
(Table I) [10]. The control group consisted of six 
age-matched healthy volunteers (male, aged 58 to  
65 years). The exclusion criteria for healthy volun-
teers included history of chronic lower back pain and 
significant trauma of the lower extremities.

Muscle biopsy 

The open muscle biopsies were performed under 
local anaesthesia. The samples were obtained from 
the quadriceps in all eight patients with sIBM and in 
three patients with other myopathies. A biopsy from 
biceps brachii muscle was carried out in one patient. 
The muscle specimens were processed for further 
analyses using routine methods [6].

Light microscopy

All 12 muscle biopsies were assessed on light 
microscopy (LM). Biopsied tissue was frozen in iso-
pentane cooled in liquid nitrogen, cut on a cryomi-
crotome with a slice thickness of 8 µm and stained 
for a battery of routine histological and histochem-
ical methods as well as for immunohistochemistry.

Electron microscopy

Ultrastructural examination was done in all pa-
tients. Samples for electron microscopy (EM) were 
fixed in glutaraldehyde and post-fixed in osmium 
tetroxide before embedding in Spurr embedding 
medium. Ultrathin sections of the selected areas 
were stained with uranyl acetate and counter-
stained with lead citrate. The samples were viewed 
with a JEM 1200 EX2 electron microscope. 

Immunohistochemical studies

In six patients with inclusion body myositis the 
immunostaining for the β-amyloid (NCL-B-Amyloid 
antibody, Novocastra), TDP-43 (TARDBP monoclonal 
antibody, Abnova), tau protein (NCL-Tau-2 antibody, 
Novocastra), and α-synuclein (Anti-Synuclein anti-
body, Chemicon) was performed using guidelines 
provided by each company. Additionally, the same 
procedures were applied in three of four patients 
with other myopathies. In two patients with sIBM 
and in one patient with LGMD the immunohisto-
chemistry evaluation was not done according to the 
remote time of muscle biopsy. 

Genetic analyses

All 12 patients were screened for the presence 
of known sIBM-causative mutations. Genomic DNA 
was isolated from peripheral blood leukocytes using 
standard methods. Intronic primers were used to 
amplify protein-coding exons of TARDBP and VCP, 
and exons coding for the prion-like domain of 
HNRNPA1 and HNRNPA2B1. Amplicons were puri-
fied with Exonuclease I/FastAP (Fermentas) and 
sequenced on an ABI PRISM 3130 Genetic Analyser 
(Applied Biosystems) using a BigDye Terminator v1.1 
Cycle Sequencing Kit (Applied Biosystems). Primers 
for VCP and HNRNPA1, and HNRNPA2B1 were pre-
pared as described by Hirano et al. 2015, and Seelen 
et al. 2014, respectively [12,16]. For TARDBP gene 
primers were designed using Primer 3 programme 
(Untergasser et al., 2012) [17]. Analysis of C9ORF72 
hexanucleotide repeat was performed in two stag-
es: fragment lengths analysis and the repeat-primed 
PCR reaction previously described (DeJesus-Hernan-
dez et al., 2011) [4].

Results
Clinical characteristics

Sporadic inclusion body myositis was diagnosed 
in eight male patients (number 1-8) with negative 
family history. Clinical characteristics are sum-
marised in Table II. The age of onset varied from  
46 to 65 years and the age of diagnosis from 49 to 
67 years. The most often affected were the shoulder 
girdle (SG) and pelvic girdle (PG) muscles; howev-
er, in all patients distal upper limb (dUL) and dis-
tal lower limb (dLL) muscles involvement was also 

Table I. Scale used for the grading of muscle 
atrophy in computed tomography (CT) (adapted 
from Goutallier et al., 1994) [10]

Atrophy grade CT findings

0 No atrophy

1 Minimal atrophy, muscle contains some 
streaks of fat

2 Marked fatty degeneration with still more 
muscle than fat

3 Advanced fatty degeneration with more fat 
than muscle

4 Complete atrophy, muscle fibres replaced 
by fat, only tendinous components pre-
served
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present. No calf muscle hypertrophy was observed. 
The course of the disease was progressive; never-
theless, all of the patients were mobile and only two 
of them used a walking stick. There were no report-
ed difficulties in swallowing. Serum creatine kinase 
(CK) activity was moderately elevated, maximally 
up to seven times above the upper range (laborato-
ry norm up to 34 U/l). Electromyography disclosed 
a myogenic pattern from biceps brachii and vastus 
lateralis muscles in two patients, a neurogenic pat-
tern from biceps brachii, vastus lateralis, interosse-
ous I, and tibialis anterior muscles in one patient, 
and a myogenic pattern in the tibialis anterior mus-
cle and neurogenic pattern in vastus lateralis mus-
cle in one patient. In four cases electromyography 
was normal. Nerve conduction studies showed no 
abnormalities. 

Additionally, four male patients (number 9-12) 
with other primary muscle disorders and with 
rimmed vacuoles on light microscopy examination 
were included. Three patients had clinically typical 
LGMD phenotype, without genetic confirmation of 
the subtype of LGMD. One patient had genetically 
confirmed proximal myotonic myopathy (myotonic 
dystrophy type 2 – DM2) (Table II). The age of onset 
ranged from 12 to 49 years and the age of diagno-
sis from 18 to 59 years in that group. The weakness 

of shoulder and pelvic girdle muscles was more 
pronounced than in sIBM patients. Calf muscles 
hypertrophy was present in all four patients. Serum 
creatine kinase activity was markedly elevated, max-
imally up to fifteen times above the upper range 
(laboratory norm up to 34 U/l). Nerve conduction 
studies showed motor axonal neuropathy signs only 
in the patient with DM2. Electromyography from 
biceps brachii or vastus lateralis muscles present-
ed a myogenic pattern in all patients with LGMD. In 
a patient with DM2 neurogenic pattern from biceps 
brachii and pseudomyotonic discharges in proximal 
muscles in the upper limb and in distal muscles in 
the lower limb were present.

Computed tomography studies

In the group of sIBM patients CT revealed a differ-
ent degree of muscle atrophy in all but two patients. 
Muscle atrophy was symmetric and showed a slight 
predilection to the distal parts of muscle bellies in 
all but one patient. In the thighs, the atrophy was 
most pronounced within the quadriceps femoris and 
gracilis muscles, while in the lower legs it was within 
the medial head of the gastrocnemius muscle and 
within the tibialis anterior muscle (Fig. 1A-B). A sum-
mary of the degree of muscle atrophy results for the 
eight sIBM patients is presented in Fig. 2.

Table II. Patients’ clinical characteristics 

Patient Diagnosis Age of onset/ 
Age of diagnosis

Affected muscles CK (U/l) NCS EMG

1 sIBM/c-p-def. 59/63 SG, PG, dUL 55 n M+N

2 sIBM/ c-p-def. 46/49 SG, PG, dLL 107 n N

3 sIBM/ c-p-def. 65/67 SG, PG, dUL 89 n n

4 sIBM/ c-p-def. 54/56 SG, PG, dUL, dLL 237 n M

5 sIBM/c-def. 49/60 SG, PG, dLL 55 n n

6 sIBM/prob. 58/61 dLL 19 n n

7 sIBM/ c-p-def. 54/60 SG, PG, dUL, dLL 110 n n

8 sIBM/ c-p-def. 55/55 SG, PG, dUL, dLL 49 n M

9 LGMD 36/38 SG, PG 96 n M

10 LGMD 12/18 SG, PG 248 n M

11 LGMD 30/42 SG, PG 527 n M

12 DM2 49/59 SG, PG, dUL 222 A-m N

sIBM – inclusion body myositis, c-p-def. – clinico-pathologically defined IBM, c-def. – clinically defined IBM, prob. – probable IBM, LGMD – limb-girdle muscu-
lar dystrophy, DM2 – myotonic dystrophy 2, SG – shoulder girdle muscles, PG – pelvic girdle muscles, dUL – distal muscles of upper limb, dLL – distal muscles  
of lower limb, CK – creatine kinase, NCS – nerve conduction studies, EMG – electromyography studies, n – normal, A-m – axonal motor neuropathy, M – myo-
genic, N – neurogenic, M+N – myogenic and neurogenic
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In the control group, minimal muscle atrophy lim-
ited to the medial heads of the gastrocnemius muscle 
(grade 1 on the right, grade 2 on the left) was found 
in one 63-year-old man with no signs and symptoms 
of neuromuscular disease. All remaining participants 
of the control group had no muscle atrophy. 

Muscle biopsies assessment

The results of light microscopic and ultrastruc-
tural evaluation are summarised in Table III and IV, 
respectively. The assessment of muscle samples on 
light microscopy revealed variation in fibre size in 

all 12 patients. There were many atrophic or hyper-
trophic fibres, fibres with internal nuclei, and muscle 
fibre splitting. Infiltration of mononuclear cells was 
observed in six patients with sIBM. “Rimmed vacu-
oles” considered characteristic for sIBM were noted 
in all 12 samples (Fig. 3A-D). Electron microscopy 
studies were performed in all patients (Fig. 4A-D). 
Myofibrillar disorganisation and mitochondrial 
abnormalities were observed in all biopsies. Lipo-
fuscin accumulation was seen in all samples except 
for one patient with LGMD. Tubulofilamentous cyto-
plasmic inclusions composed of 15-18-nm tubulofil-

A

B

Fig. 1. Computed tomography images in a patient with “clinico-pathologically defined” sIBM: A) atrophy of 
quadriceps femoris muscle (grade 3 on the right, grade 2 on the left), B) atrophy of the medial head of the 
gastrocnemius muscle and within the tibialis anterior muscle (grade 4 on both sides).
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aments were noted in two patients with sIBM. Both 
nuclear and cytoplasmic tubulofilamentous inclu-
sions were observed in one sIBM and were present 
in one LGMD 18-year-old patient with biopsy and 
with other clinical and morphological findings sup-
porting LGMD diagnosis.

Different patterns of accumulation of patholo-
gical proteins were observed in the examined biop-
sies. Immunohistochemical stains presented strong 
accumulation of TDP-43 in the subsarcolemmal and 

intracytoplasmic regions, in the atrophied fibres, in 
rimmed vacuoles, and in the blood vessels in half 
of the examined sIBM cases and in the patient with 
DM2 (Fig. 5A). β-amyloid aggregates, located in the 
subsarcolemmal and intracytoplasmic regions and in 
the atrophied fibres, were observed in all performed 
biopsies, being most prominent in the patient with 
DM2 (Fig. 5B). Tau protein accumulation, mostly 
located in the subsarcolemmal region, was present in  
six sIBM and in two control patients (Fig. 5C). Also  
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Fig. 2. Summarised muscle atrophy degree results.

Table III. Light microscopy results 

Patient Varied fibre 
size or shape

Necrosis or 
necrosis with 
phagocytosis

Mononuclear 
cell invasion

Rimmed 
vacuoles

Inclusions Lobulated 
fibres

Other

1 + + + + + + Connective tissue 
hypertrophy

2 + + + + + – –

3 + + + + + – –

4 + + + + + – –

5 + – – + – – Ring fibres

6 + – – + + – –

7 + + + + + – –

8 + + + + + – –

9 + + + + + + –

10 + – + + – + –

11 + + + + + – –

12 + – – + + – Internal nuclei

+ presence of abnormality, – absence of abnormality 

Examined muscles
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Table IV. Electron microscopy results 

Patient Cytoplasmic 
inclusions

Nuclear 
inclusions

Myofibril 
abnormalities

Mitochondrial 
abnormalities

Cytoplasmic 
bodies

Lipofuscin 
accumulation

Myelin  
structures

1 + – + + – + +

2 – – + + + + –

3 – – + + – + –

4 + + + + + + +

5 – – + + – + –

6 – – + + – + –

7 + – + + – + +

8 – – + + + + +

9 – – + + – – –

10 + + + + + + +

11 – – + + – + –

12 – – + + – + –

+ presence of abnormality, – absence of abnormality 

A

C

B

D

Fig. 3. Haematoxylin-eosin staining from sIBM patients: A) cytoplasmic inclusions (arrow), B) rimmed vacuo-
les, C) mononuclear cells invasion, D) necrosis with phagocytosis. Bar 25 µm.
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α-synuclein aggregates, located in the subsarcolemmal 
and intracytoplasmic regions mostly in the atrophied 
fibres, were noted in all examined cases (Fig. 5D). 
The results of immunohistochemical studies are list-
ed in Table V.

Based on such comprehensive evaluation, ac-
cording to Rose et al.’s criteria, six patients (numbers 
1-4, 7, and 8) were classified as “clinico-pathologi-
cally defined IBM”, one patient (number 5) as “clin-
ically defined IBM”, and one patient (number 6) as 
“probable IBM” [14]. 

Genetic analyses

No causative mutations were found in the pro-
tein-coding sequences of TARDBP, VCP, HNRNPA1, 
HNRNPA2B1, and C9ORF72 genes in any of the exam-
ined patients with sIBM and other myopathies. Two 
novel and probably not pathogenic intronic inser-
tions and known exonic and intronic polymorphisms 

were identified in VCP and HNRNPA2B1 genes (see 
Table VI).

Discussion

The pathogenic mechanisms of sIBM are still 
unknown. It is believed that both environmental 
and genetic factors can contribute to the disease 
process. Clinical diagnosis of sIBM presents many 
problems and in most cases requires additional mor-
phological, radiological, and genetic assessment. No 
single procedure is unreservedly precise, and only 
occasionally can the disease be confirmed by spe-
cific mutation. The primary diagnostic criteria for 
sporadic IBM were first proposed by Griggs et al. in 
1995 and they emphasised the role of skeletal mus-
cle biopsy [11]. Inclusion criteria covered duration of 
the disease above six months, age of onset above 30 
years, both proximal and distal muscle weakness of 
upper and lower limbs, and negative family history. 

A

C

B

D

Fig. 4. Electron microscopy results from sIBM patients: A) nuclear inclusions, B) cytoplasmic inclusions,  
C) mitochondrial abnormalities, D) cytoplasmic body. Bar 1 µm for A), B), and D); bar 500 nm for C). 
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Table V. Immunohistochemistry results 

Patient TDP-43 β-amyloid tau protein α-synuclein

1 ++; SS, AF, IC +; SS, AF +; SS, AF +; SS, AF, IC

2 ND ND ND ND

3 +; SS, AF, V +; SS, AF +; SS, AF +; SS, AF

4 ND ND ND ND

5 ++; SS, IC ++; SS +++; SS ND

6 ++; SS +; SS ++; SS +; SS

7 +; SS, AF, V ++; SS, AF, IC +; AF +; SS, AF

8 ++; AF, RV, V +; SS +; SS, AF +; SS, AF, IC

9 +; SS +; SS ND ND

10 ND ND ND ND

11 +; SS, AF, V +; AF, IC +; SS +; SS, AF

12 ++; SS, V +++; SS, AF, IC +++; SS, AF, IC, V +; SS, AF

+ slight accumulation, ++ strong accumulation, +++ excessive accumulation
SS – subsarcolemmal, AF – atrophied fibres, IC – intracytoplasmic, V – blood vessels, RV – rimmed vacuoles
ND – not done

A

C

B

D

Fig. 5. Immunohistochemical results from sIBM patients: A) TDP-43 aggregates, B) β-amyloid aggregates,  
C) tau protein aggregates, D) α-synuclein aggregates. Bar 25 µm.
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Laboratory abnormalities included serum creatine 
kinase activity not more than 12-times normal, typ-
ical muscle biopsy changes, and diversified pattern 
of electromyography. “Definite” inclusion body myo-
sitis was recognised when muscle biopsy presented 
mononuclear cell invasion of non-necrotic muscle 
fibres, vacuolated muscle fibres and intracellular 
amyloid deposits, or 15-18 nm tubulofilaments. In 
such cases no additional clinical and laboratory cri-
teria were necessary. “Possible” inclusion body myo-
sitis was considered when muscle biopsy presented 
only inflammatory features and the patient exhibit-
ed all of the clinical and laboratory symptoms men-
tioned above. Later Needham and Mastaglia applied 
different morphological criteria [13]; however, they 
emphasised that the lack of particular changes in 
muscle biopsy cannot exclude IBM. They introduced 
the term “probable” inclusion body myositis to char-
acterise patients with incomplete biopsy criteria, and 
the term “possible” IBM to distinguish patients with 
atypical muscle involvement and non-specific mus-
cle biopsy findings. Finally, Rose in cooperation with 
the European Neuromuscular Centre (ENMC) devel-
oped the so-called “IBM Research Diagnostic Criteria 
2011”, published as a workshop report in 2013 [14]. 
The symptoms had to last for at least 12 months, 
the age of onset was increased to 45 years, and 
serum creatine kinase activity had to be no great-
er than 15-times above the upper limit of normal. 
The knee extension and finger flexion weakness had 
to be more pronounced than hip flexion weakness 
and shoulder abduction weakness, respectively. If 

these features were accompanied by all pathological 
changes (which covered endomysial inflammatory 
infiltrates, rimmed vacuoles, β-amyloid or TDP-43 
accumulation, or inclusions composed of 15-18 nm 
tubulofilaments in EM), then “clinico-pathological-
ly defined IBM” could be recognised. When not all 
pathological changes were present, the diagnosis 
was classified as “clinically defined IBM”. And when 
not all clinical features were expressed, “probable 
IBM” was diagnosed. Although patients included in 
our study were hospitalised between 2002 and 2013 
in the Department of Neurology, their clinical and 
morphological data were re-evaluated according to 
Rose et al.’s criteria developed in 2011. Application 
of those criteria in our study allowed us to recognise 
“clinico-pathologically defined IBM” in six cases, 
“clinically defined IBM” in one case, and “probable 
IBM” in one. 

According to the literature, the muscle assess-
ment on light microscopy should be focused on 
vacuolar degeneration and atrophy of muscle fibres 
with mononuclear cell infiltrations. The so-called 
“rimmed vacuoles” are considered the hallmark 
for sIBM; nevertheless, they are seen in many oth-
er muscle disorders, for example in inclusion body 
myopathy with Paget’s disease and frontotemporal 
dementia (IBMPFD), in oculopharyngeal muscular 
dystrophy, or in myofibrillar myopathies [1]. Addi-
tionally, tubulofilamentous inclusions in the cyto-
plasm or in the nuclei can be found on electron 
microscopy in a variety of neuromuscular diseases 
[7,8]. Numerous studies have showed deposits of 

Table VI. Genetic analyses results

Gene dbSNPs Localization Most severe potential consequence MAF

TARDBP rs968545 Intron Unknown 0.125 (T)

rs4133584 Intron Unknown 0.458 (C)

VCP rs10972300 Intron Unknown 0.208 (A)

rs514492 Intron Splice region variant 0.167 (G)

g.16046_16047insTTGTGTACTGT* Intron Unknown 0.292 (INS)

rs2258240 Intron Unknown 0.500 (G)

rs562381 Exon Non-coding transcript exon variant 0.333 (T)

rs684562 Intron Splice region variant 0.125 (A)

HNRNPA1 rs7967622 Intron Unknown 0.500 (T)

HNRNPA2B1 g.12606_12607insGAAGATAA* Intron Unknown 0.042(INS)

MAF – minor allele frequency
*Novel variant, VCP NCBI Reference Sequence: NG_007887.1, HNRNPA2B1 NCBI Reference Sequence: NG_029680.1
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different proteins in sIBM and none was disease 
specific [19]. The presence of TDP-43 aggregates 
in sIBM was highlighted in several articles [5]. In 
healthy subjects TDP-43 is present mostly in the 
nucleus, whereas in sIBM cases it is seen as non-nu-
clear sarcoplasmic deposits [15]. However, the pre-
cise role of TDP-43 accumulation is still unknown; 
it may cause neuronal dysfunction and disturb 
transcriptional regulation and RNA processing. We 
detected no TARDBP mutation associated with IBM, 
which is consistent with Qian Gang et al.’s study 
(Qian Gang et al., 2014) [9]. We did not detect 
pathogenic hexanucleotide expansion in C9ORF72, 
which is the most common cause of amyotrophic 
lateral sclerosis (ALS) and frontotemporal dementia 
(FTD) with TDP-43 inclusions (Weihl et al., 2015) 
[18]. Other possible genes associated with the dis-
ease may be HNRNPA1 and HNRNPA2B1 [16]. 

Mutations in prion-like domain of the RNA bind-
ing genes heterogeneous nuclear ribonucleoproteins 
A1 and A2B1 were shown to cause multi-system pro-
teinopathy (MSP), which may be clinically presented 
as IBM, FTD, ALS, or Paget’s disease (Seelen et al., 
2014) [16]. However, our results, as well as the anal-
ysis of 31 patients from the Dutch population have 
shown no causative mutation in clinically defined 
IBM [16]. Our study also reveals no mutation in VCP, 
known to be causative for IBM.  

The presented study describes eight patients 
with sporadic inclusion body myositis and four with 
other primary muscle disorders. This is the first, to 
our knowledge, such comprehensive workup of Pol-
ish patients with sIBM. Clinical findings were similar 
to those described in the literature and correlated 
with criteria proposed by Rose et al. [14]. The muscle 
involvement highlighted on computed tomography 
studies was comparable to that known from previ-
ous reports [2]. 

Morphological and immunohistochemical asses-
sments proved that none of the changes are disease 
specific. The presence of TDP-43 and other protein 
aggregates were seen in all examined sIBM patients 
as well as in patients with other myopathies. It 
seems that, regardless of the primary cause, muscle 
fibre degeneration may be connected with the for-
mation of various protein aggregates [14]. 

Conclusions 

Our analysis of eight sIBM patients and four 
patients with other myopathies did not indicate the 

role of TDP-43 in sIBM pathogenesis. Muscle biop-
sy, although in some cases not conclusive for sIBM 
diagnosis, remains important for excluding other 
possible diagnoses of neuromuscular disorders.  
The analysis of known genes involved in sIBM patho-
genesis did not confirm the genetic background in 
the examined group of eight Polish patients. 
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