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Abstract

Dysferlinopathies are rare disorders of muscle that present two main phenotypes: Miyoshi myopathy with primarily
distal weakness and limb-girdle muscular dystrophy type 2B (LGMD2B) with primarily proximal weakness. They are
caused by mutations in the gene encoding the skeletal muscle protein dysferlin, which is involved in muscle repair.
The clinical presentation of the disease is rather uncharacteristic, and molecular genetic testing is long-lasting; thus
muscle biopsy may be essential in the diagnostic process. Histology itself reveals non-specific changes, but a variety
of currently available muscle protein immunostains may be very helpful. We present a 19-year-old girl with epilepsy
and elevated creatine phosphokinase (CPK) concentration. Due to increased CPK, myopathy was suspected and
muscle biopsy was performed. Light microscopy showed no distinctive myopathic changes, and electron microscopy
showed no abnormalities. Extended immunohistochemistry, performed much later, showed complete absence of dys-
ferlin immunostaining. Based on that result, the diagnosis of LGMD2B was made, with subsequent genetic testing
to be done. Two known pathogenic variants were found in the DYSF gene, confirming the diagnosis of LGMD2B and
allowing proper genetic counseling.
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on chromosome 2p12-14 and encompasses 55 exons
spanning over 150 kb of genomic DNA. It encodes

Limb-girdle muscular dystrophy type 2B (LGMD2B) a 230-kDa type-Il transmembrane protein, dysfer-
is an autosomal recessive phenotype of dysferlino- lin, which contains a large intracellular cytoplasmic
pathies, muscle disorders caused by mutations in the  N-terminal domain, an extreme C-terminal trans-
dysferlin gene (DYSF) [9]. The DYSF gene is located membrane domain, and a short C-terminal extracel-
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lular domain. Its expression is widespread in differ-
ent tissues, especially in skeletal muscles and cardiac
muscle [2]. In skeletal muscle, dysferlin is located at
the plasma membrane, as well as in cytoplasmic ves-
icles [3]. Its role is associated with muscle repair. In
human patients with LGMD2B, dysferlin expression
is absent. Clinically, it is characterized by weakness
in the proximal muscles at onset, involving predomi-
nantly the lower limbs. At late stages of the disease,
loss of muscle bulk in the pelvic girdle and calf may
appear. This may result in frequent falls, and difficul-
ty in climbing stairs, rising from the floor, and run-
ning. With the progression of the condition, patients
may have problems with walking [1,4]. Onset is typi-
cally in the late teens or early adulthood, with no pre-
vious history of muscle weakness. Laboratory tests
show increased levels of the muscle enzyme creatine
kinase, typically 10 to 150 times above normal lev-
els. Cardiac muscle and respiratory muscles are not
involved in this disorder [9]. Symptoms are not spe-
cific enough; thus LGMD2B should be confirmed by
identifying a defect either in the DYSF gene, which is
done on a DNA sample from the blood, or by Western
blot analysis of skeletal muscle biopsy. It was proved
[5] that the reduction of dysferlin expression to 20%
of normal values in skeletal muscle or in peripher-
al blood monocytes is associated with 100% coex-
istence of pathogenic mutations in the DYSF gene;
however, long DYSF gene sequencing is time-consum-
ing. Therefore, microscopic analysis of muscle biopsy
may be essential in the diagnostic process. Histology
itself reveals non-specific changes such as centrally
located nuclei, fiber splitting, scattered necrotic and
regenerating fibers, and an occasional perivascular
infiltrate comprising lymphocytes and macrophages,
sometimes leading to a misdiagnosis of polymyosi-
tis. There is increased connective tissue in the endo-
mysium and perimysium. Fiber type distribution is
normal and rimmed vacuoles and ragged red fibers
are absent [6,8,13,14]. These microscopic findings
may also be seen in other limb-girdle muscular dys-
trophies, caveolinopathies and dystrophinopathies;
thus immunohistochemistry seems to be essentially
helpful. In healthy muscle, dysferlin immunoreactivity
is localized along the plasma membrane of muscle
fibers. The pathological pattern of immunostaining
is either complete absence of or marked reduction
in LGMD2B, depending on the nature of the genet-
ic mutation [11]. We present a 19-year-old girl with
epilepsy and elevated creatine phosphokinase (CPK)
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concentration. Due to increased CPK a myopathy was
suspected and muscle biopsy was performed. Light
microscopy showed no distinctive myopathic chang-
es, and electron microscopy showed no abnormali-
ties. Extended immunohistochemistry performed
much later within our research project showed com-
plete absence of dysferlin immunostaining. The diag-
nosis of LGMD2B was then made.

Case report

We present a case report of a 19-year-old girl who
was suspected of myopathy at the age of 10. She
was born as a second child of her parents; pregnan-
cy and delivery were not complicated. The period of
infancy was uneventful. Psychomotor development
was normal. At the age of one, she presented an
episode of convulsions that happened again when
she was two and a half. The epilepsy was diagnosed
with consecutive introduction of treatment (valproic
acid). Epilepsy attacks subsided but increased levels
of transaminases (up to 170 U/l) occurred with time.
The medication was changed without a satisfactory
effect on hypertransaminasemia. In 2004 the patient
was admitted to The Children’s Memorial Health
Institute because of a persistent increase in transam-
inase levels. Laboratory tests performed at the time
showed increased transaminases (AIAT 163 U/|; AspAT
96 U/l) and elevated CPK concentration (2402 U/I).
Because of elevated CPK, she has been suspected
of having a myopathic disorder since then. In 2005,
during her follow-up visit to the Outpatient Metabo-
lic Clinic, she complained of occasional muscle pain.
Otherwise, she was in good general condition. Phys-
ical examination did not reveal muscle weakness,
atrophy or hypertrophy of muscles, and muscle ten-
sion was correct. Cardiological consultation did not
reveal cardiomyopathy. Electromyography (EMG) was
also performed, but the result was within the normal
range. The most sensitive and specific parameter for
myopathy in conventional EMG, which is decreased
duration of motor unit potentials (MUP), was not
observed. Muscle biopsy was planned but had to be
postponed due to the patient’s infection. One year
later, the girl was admitted to the hospital again to
undergo muscle biopsy. She remained in good con-
dition; levels of transaminases were lower, but con-
stantly increased (AIAT 107 U/l; AspAT 72 U/l); CPK
> 3000 U/l. Histological findings in the performed
muscle biopsy were consistent with moderate myo-
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pathic changes including an increased number of
centrally located, single necrotic fibers, and unequal-
ly intensive NADH-D reaction. There were no fea-
tures of regeneration or endomysial fibrosis. Find-
ings characteristic of neurogenic disorders were not
present. In electron microscopy there were no diag-
nostic ultrastructural changes. Spectrophotometric
analysis of mitochondrial respiratory chain complex
enzyme activities revealed decreased complex IV
activity (6.6%; normal levels 19-33.8%) and complex |
activity (6.8%; normal levels 8.2-18%). Frozen sam-
ples of muscle were protected for further examina-
tion. The patient was discharged from hospital with
suspicion of undefined myopathy. In 2008, addition-
al immunostainings were performed from frozen
samples (merosin, adhalin and dystrophin [DYS.1,
DYS.2, DYS.3]), but expression was normal. Recent-
ly, we decided to assess her muscle biopsy once
again within a research project, using an extended
panel of muscle protein immunostains. This time,
second-look examination revealed a pattern of com-
plete absence of dysferlin immunostaining. In view
of the clinical presentation and histologic findings,
the diagnosis of LGMD2B was made (Figs. 1 and 2).
Whole exome sequencing (WES) was conducted to
identify the molecular basis of the disease. Whole
exome sequencing was performed on a HiSeq 1500
using an Exome Enrichment Kit (Illumina) [12]. Gen-
erated reads were aligned to the hgl9 reference
human genome. Alignments were viewed with Inte-
grative Genomics Viewer v.2.2.34.
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Fig. 1. Image of skeletal muscle dysferlin IHC
control positive reaction. Original magnification
x 400.
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Two known pathogenic variants in the DYSF gene
were revealed: missense mutation c.6124C>Tin exon 54
and splice-site mutation ¢.1180+5G>A in intron 12
(Fig. 3). The missense change is associated with
severe reduction of dysferlin activity, and the intronic
variant is predicted to create a cryptic splice donor
site, but its protein effect is unknown yet. This has
to be further validated at the transcriptional level.
Mutation numbering is based on the cDNA sequence
(human DYSF, GenBank NM_003494.3) according to
journal guidelines (www.hgvs.org/mutnomen).

Discussion

LGMD2B is a rare autosomal recessive muscle
disorder caused by mutation in the DYSF gene, most-
ly missense or null alleles [10]. Onset of the disease
is usually in the proximal lower-limb musculature
in the late teens or later, most commonly between
20 and 30 years of age. Progress is rather slow [4].
Our patient presented the first symptoms when she
was 10 years old, which was relatively early; thus sus-
picion of LGMD2B was not obvious. Recently, Fanin
et al. [7] found that males with LGMD may be clini-
cally more severely affected than females, although
the mechanism remains elusive. Our patient has
always remained in good general condition, and spo-
radic muscle pain has been her only complaint while
CPK has been constantly and significantly increased
(> 3000 U/l). Massive elevation of serum CK con-
centration is thought [4,13] to be one of the typical
LGMD2B symptoms, but it is not a specific marker — it

Fig. 2. Image of skeletal muscle dysferlin IHC
negative reaction in our patient’s muscle biopsy.
Original magnification x 400.
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Fig. 3. Integrative Genomics Viewer view of DYSF
in the patient by whole-exome sequencing.

only indicates muscle damage. One method that leads
to a firm LGMD2B diagnosis is molecular genetic test-
ing. Muscle biopsy Western immunoblotting almost
always indicates a primary dysferlinopathy. DYSF is
the only gene known to be associated with dysferl-
inopathy [1]. There were three testing possibilities —
targeted mutation analysis focused on the two most
common mutations among Jews [1] (1624delG, and
927delG ); DYSF gene sequencing [1]; and mutation
scanning that detects sequence variants but only in
80% of individuals [15]. Although genetic tests are the
most precise methods and they must be done to con-
firm the LGMD2B diagnosis, they are time-consuming
and expensive, and are often done following a clue
from the muscle biopsy or examination. As histolog-
ic light microscopic features are non-characteristic,
immunostaining is essential. Our patient was first sus-
pected of having a muscle disorder almost 10 years ago
when immunohistochemistry was limited, and thus
the exact diagnosis was established only recently, after
performing additional staining within our research
project. LGMD2B is genetically transferred, but the risk
that offspring will inherit one faulty copy of the dysfer-
lin gene and therefore will all be carriers but unaffect-
ed is unlikely. Therefore, carrier testing is not neces-
sary unless the risks are increased due to intra-familial
marriage. We present this case as an example of the
practical usefulness of immunostaining in the diagno-
sis of LGMD2B. We believe that an extended immu-
nohistochemical panel of muscle proteins should be
examined in all patients with non-specific histologic
features of myopathy to increase the detection rate of
known limb girdle muscle dystrophies.
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mutations: ¢.6124C>T (left) and ¢.1180+5G>A (right)

An alternative diagnostic approach in the describ-
ed patient was provided by fast and cost-effective next
generation sequencing (NGS). This method, simul-
taneously identifying mutations affecting both the
most frequent and rare genes, will greatly improve the
precise diagnosis of heterogeneous limb-girdle mus-
cular dystrophies, especially for patients with mild,
non-specific or atypical phenotype.
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