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ABSTRACT

Objectives. Dysferlinopathies are a group of rare genetic myopathies characterized by muscle weakness and atro-
phy with four distinct clinical phenotypes: Miyoshi myopathy, limb girdle muscular dystrophy type 2B, distal myopa-
thy with anterior tibial onset and an intermediate proximo-distal phenotype. We report a case of dysferlinopathy and
discuss relevant clinical, pathological and genetic data.

Material and methods. We present the case of a 36 years old man with more than ten years history of progressive
muscle weakness and atrophies in the distal lower limbs. He had a first clinical evaluation at the age of 24 years and
a muscle biopsy was performed but it was inconclusive. On current admission, he presented with clinical suspicion
of Charcot-Marie-Tooth disease, but because of increased serum creatine kinase levels and EMG (electromyogra-
phy) findings of myopathy, another muscle biopsy was recommended. The muscle tissue obtained was analysed by
histopathology, immunohistochemistry, and Western blot techniques, and also a genetic confirmation was recom-
mended.

Results. Based on morphological findings, electrodiagnostic study results and clinical context, the diagnosis of
primary dysferlinopathy was established, supported by genetic data.

Conclusions. The diagnosis may be challenging in these rare genetic myopathies, due to the high variability of
phenotypes, ranging from asymptomatic hyperCKemia (high serum creatine kinase level) to a severe clinical picture
with loss of ambulation. Repeated evaluation, increasing access to genetic testing and a multidisciplinary approach
made an accurate diagnosis possible in our case.

Keywords: dysferlinopathies, Miyoshi myopathy, distal myopathy, limb girdle muscular
dystrophy

INTRODUCTION

The numerous types of muscular dystrophies
are caused by various mutations in the genes en-
coding for the wide spectrum of muscle proteins
located in the muscle sarcolemma, basement mem-
brane, sarcomere, myonuclei, extracellular matrix
or due to deficits of enzymatic proteins. Dysferlin
is one of the proteins located on the subsarcolem-
mal surface of the skeletal and cardiac muscle fiber
and also in the kidney.

Dysferlinopathies represent a group of rare ge-
netic myopathies characterized by muscle weak-
ness and atrophy with four distinct clinical pheno-
types: Miyoshi myopathy (MM), a distal myopathy
with asymmetric weakness and atrophy especially
involving the posterior calf muscles; limb girdle
muscular dystrophy type 2B (LGMD2B), affecting
the scapular and pelvic girdle muscles; a distal my-
opathy with anterior tibial onset (DMAT) and an
intermediate proximo-distal phenotype (PD) [1,2].
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The initial diagnosis is challenging due to the high
variability of clinical phenotypes, that may also
change during the disease course, so that the mus-
cle involvement may extend from distal to proxi-
mal muscles and inversely, sometimes overlap-
ping. Rare cases may present with a rigid spine
syndrome or lax spine due to an early involvement
of the paraspinal muscles. Therefore is important
to investigate the patients with dysferlin deficiency
to better understand both the clinical features and
the pathogenic mechanisms that contribute to the
disease.

All types of dysferlinopathies are caused by au-
tosomal recessive mutations in the huge dysferlin
gene DY SF with 55 exons, located on the chromo-
some 2p13 [3,4], leading to dysferlin deficiency, a
protein with an important role in the efficient re-
pair of muscle sarcolemma. The disease onset usu-
ally occurs in the late teens or young adulthood,
and progress is slow [2,5], but in some cases a rap-
id progression to a non-ambulatory state and
wheelchair need has been reported. Klinge et al.
showed that the age of onset may be more varied
than previously appreciated, ranging from early
childhood to the fifth to seventh decades of life [5].
There are even reports on rare congenital cases.
Currently, there is no specific treatment or cure and
disease management aims to improve patients’
lives and life expectancy.

Dysferlin is a 237 kDa transmembrane type 11
protein and encompasses a large, intracytoplasmic
N-terminal domain, a transmembrane C-terminal
domain and a short extracellular C-terminal do-
main. The most important functions of dysferlin
are the sarcolemma repair, myoblast differentia-
tion, muscle regeneration and T-tubulogenesis, de-
spite the lack of a direct connection to the dystro-
phin-glycoprotein complex. It is known that
muscle fiber is particularly prone to membrane
rupture due to repeated contraction-relaxation cy-
cles. Dysferlin-deficient muscles show an accumu-
lation of vesicles near the membrane lesions, sug-
gesting that dysferlin may help the vesicles to fuse
with the plasma membrane. Furthermore, in cases
of plasma membrane damage, a marked accumula-
tion of dysferlin can be noted at the site, along with
other proteins that are believed to be involved in
repair, such as annexin [6]. The mechanism of
membrane repair is not precisely known, but dys-
ferlin probably bind lipids in a calcium dependent
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manner [7]. An in vitro study showed that in
myotubes dysferlin is located in a cellular com-
partment that responds to lesion by forming large
vesicles containing dysferlin and these vesicles
would help repair the membrane [8]. It is assumed
that dysferlin interacts with caveolin 3 so that dys-
ferlin is retained in the plasma membrane [9]. Dys-
ferlin interacts with MG53, also involved in mem-
brane repair [10].

Clinical symptoms of dysferlinopathies are var-
ied, from asymptomatic hyperCKemia to the de-
velopment of a severe clinical picture with func-
tional disability and loss of ambulation [2]. The
pattern of muscle involvement is related to the spe-
cific phenotype, but the lower limbs are more se-
verely and early affected than the upper limbs in
all forms. There is a high intra— and interfamilial
variability in both disease progression and pattern
of weakness. Surprisingly, in contrast to all other
recessive dystrophies, patients had good prior
sporting prowess. Also in contrast to other forms
of LGMD, which have pseudohypertrophy of the
posterior calf muscles, many patients present with
early atrophy and weakness of the gastrocnemius
and soleus muscles, part of the Miyoshi pheno-
type. On clinical examination, patients have ina-
bility standing on their tiptoes. Another common
observation is early loss of the Achilles tendon re-
flexes, unlike other types of LGMD, where this is
the most preserved reflex. DMAT is characterised
by early involvement of anterior tibial muscles and
rapid progression. In the PD phenotype, both prox-
imal and distal lower limb weakness can be identi-
fied. Some patients have transient calf myalgias.
Serum creatine kinase (CK) levels are markedly
elevated (3,000-10,000 UI/1) especially in the ear-
ly stages of disease, even in the preclinical period.
Cardiac and respiratory involvement are usually
not observed, intelligence is normal and life ex-
pectancy is unaffected. Electromyography reveals
only nonspecific myopathic abnormalities. In the
recent years, imaging studies correlated with func-
tional tests identified a selective pattern of muscle
involvement in small and even large cohorts of
dysferlinopathy patients, and the gastrocnemius
medialis and the soleus were the most affected
muscles. This pattern is considered as highly char-
acteristic for the disease [11].
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CASE PRESENTATION

Clinical data

We report the case of a 36 years old Caucasian
male, who was referred to our hospital for evalua-
tion, with more than ten years old history of pro-
gressive muscle weakness and atrophies in his dis-
tal lower limbs, gait abnormalities and transient
myalgia. He had a first clinical evaluation at the
age of 24 years and a muscle biopsy was performed
from the left gastrocnemius muscle, but it was in-
conclusive due to a severe loss of myofibers, al-
most entirely replaced by fibroadipose tissue, with
rare groups of very atrophic muscle fibers, there-
fore no information about the underlying patho-
logic process could be provided by the pathologist.
The disease slowly progressed over the last years
and he gradually lost the strength in the distal low-
er limbs. No family history of neuromuscular dis-
orders was identified At current admission, he pre-
sented with the clinical suspicion of
Charcot-Marie-Tooth disease, but because of in-
creased serum creatine kinase levels and EMG
(electromyography) findings of myopathy, another
muscle biopsy was recommended. He had calf
muscle atrophy (Figure 1), distal motor deficit with
a severe weakness of foot flexors and extensors,
mostly in his left leg, loss of Achilles tendon re-
flexes, and no sensory impairment. He was unable
to stand on toes and heels and had difficulties in
walking or climbing stairs. No signs of proximal
weakness, scoliosis, rigid spine, facial weakness,
myotonia or dysarthria were identified. Electromy-
ography revealed focal myopathy of the calf mus-

FIGURE 1. An image of the lower limbs showing
bilateral calf muscle wasting
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cles. Serum CK levels were markedly elevated:
8912 U/l (normal 55-170 U/l), as well as lactate
dehydrogenase - 493 U/l (0-248U/1). A right
quadriceps muscle biopsy was required to further
evaluate the patient and establish the precise diag-
nosis.

Muscle biopsy

A piece of skeletal muscle tissue obtained by
open muscle biopsy technique was divided into
three fragments: one fragment was immediately
frozen in isopentane in liquid nitrogen and
cross-sectioned with a cryotome for histological,
histochemical and enzyme histochemical prepara-
tion: hematoxylin and eosin (HE), van Gieson
(VG), modified Gomori Trichrome (MGT), Oil red
O, Periodic acid Schiff (PAS), reduced nicotina-
mide adenine dinucleotide tetrazolium reductase
(NADH-TR), succinic and lactic-dehydrogenases
(SDH and LDH) and adenosine triphosphatase
(ATP-ase) at pH 9.4, 4.63, 4.35; the second portion
of tissue was frozen and stored in the ultra-freezer
(-80°C) for Western blotting; a third fragment was
formalin-fixed, paraffin embedded and sectioned
with a microtome for HE staining. Immunohisto-
chemistry was performed on muscle cryosections
for muscular proteins: dystrophin (anti-dysl, 2, 3
antibodies), utrophin, merosin, dysferlin, alpha-,
beta- and gamma-sarcoglycans and major histo-
compatibility complex class I (MHC I). The con-
trol samples were cryosections of muscle biopsy
from a patient with peripheral neuropathy. Western
blotting analysis was done for dysferlin and cal-
pain-3.

Histopathological exam

The overall architecture of the skeletal muscle
fragments (Figure 2) has been preserved, but the
biopsy revealed a dystrophic picture with signifi-
cant fiber size variability, with atrophy predomi-
nance. Rare hypertrophic fibers, necrotic fibers
with phagocytosis, regenerated fibers and central-
ized nuclei were also observed, as well as focal
inflammatory infiltrates with lymphocytes in the
endo- and perimysium. The internal structure of
muscle fibers was unchanged, except for the ne-
crotic ones. Type I and type II fibers were distrib-
uted in chessboard normal pattern on ATPases,
with atrophy affecting both types of muscle fibers.
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FIGURE 2. Histopathological features of muscle biopsy. A, B: HE staining: marked variability of muscle fibers with
atrophy and mild hypertrophy, without a specific topography; necrotic and regenerated basophilic fibers, internal
nuclei are present; focal inflammatory infiltrates. C: PAS staining: no glycogen accumulations were observed.

D, E, NADH and SDH staining: unchanged internal architecture. F: ATP-ase at pH 9.4: atrophy affects both histoen-
zymaitic fiber types, type I (light) and type Il (dark) (muscle transversal cryosections).

Minimal fibroadipose metaplasia has been ob-
served in the paraffin-embedded tissue.

Immunohistochemistry (Figure 3) revealed
normal sarcolemmal immunostaining for dystro-
phin, utrophin, merosin, alpha-, beta- and gam-
ma-sarcoglycans, but dysferlin was absent in most
of the muscle fibers, with only a very weak and
focal sarcolemmal staining observed in some fi-
bres. A small number of fibers presented a dysfer-
lin weak sarcoplasmic expression. Normal expres-
sion of MHC class 1 was identified on muscle
cryosections.

Western blot analysis (Figure 4) showed an ex-
tremely weak signal of the dysferlin band (lane 1),
highly suggestive for a primary dysferlinopathy,
compared with muscular lysates from patients with
other forms of myopathy, which presented the nor-
mal dysferlin band at 230 kDa. Calpain-3 was
present in all the samples.

Considering the histopathological picture, the
immunohistochemical findings and western blot-
ting analysis, in the clinical context of our patient,
a pathological diagnosis of primary dysferlinopa-
thy was established and genetic confirmation was
recommended.

Genetic data

The molecular study showed a homozygous
mutation in exon 53 of the DY SF gene: c.6056G>A
(p-Arg2019Lys), thus the diagnosis of dysferlinop-
athy was considered as very likely. The genetic
analysis was performed at Cochin University Hos-
pital Paris, Centre for Genetics and Molecular
Studies for Neuromuscular Diseases.

DISCUSSION

Regarding the clinical picture, in dysferlinopa-
thy weakness and atrophy are prominent in the
lower limbs. Some authors observations on a co-
hort of patients with dysferlinopathies, including
some initially presenting a limb girdle phenotype,
showed that the most severely affected muscle was
the gastrocnemius [5]. Fanin et al. showed that Mi-
yoshi myopathy phenotype expresses an evident
weakness in distal leg muscles, particularly in gas-
trocnemius and soleus muscles [12]. Usually the
onset is between the ages of 15-30 years and the
patients have difficulty standing or walking on
their toes [11]. These results are consistent with
our observations in the index case, and further-
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FIGURE 3. Immunohistochemistry on muscle biopsy transversal cryosections. A, B: Dysferlin absence in the
sarcolemma in most fibers (A), compared with control (B). C, D, E, F, G, H, I: all other investigated sarcolemmal
proteins (merosin, dystrophin for three different antibodies - D, E, F, alpha-, beta-, gamma-sarcoglycans — G, H, 1)
were normally expressed.

Dysferlin more, considering his first presentation at the age
of 24 years, the disease onset in early adulthood is
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in accordance with the literature data and matches

1 2 3 4 expectations. After an initial enlargement of calf
Calpain-3 muscles, a marked atrophy follows, sometimes

' : 44k with asymmetrical involvement.
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FIGURE 4. Western blot analysis agnosis to a primary muscle disease, not to a neu-
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ropathy. Sparing of the extensor digitorum brevis
muscle in dysferlinopathy is a helpful distinctive
aspect. Other autosomal recessive limb-girdle
muscular dystrophies and other distal myopathies
are also part of the differential diagnosis, due to
their clinical pictures, but some characteristics of
dysferlinopathies are especially useful in the diag-
nostic algorithm. Of these features, the early weak-
ness and atrophy of the calf muscles is in obvious
contrast with the clinical aspects of all others
limb-girdle muscular dystrophies in which calf hy-
pertrophy or pseudohypertrophy are prominent
features. Again in clear contrast with other
LGMDs, where they are typically preserved, early
loss of Achille tendon jerks in dysferlinopathies is
also very useful to suggest this diagnosis. The ab-
sence of significant cardiac and respiratory impair-
ments in these patients should be additional argu-
ments for the positive diagnosis. A history of above
average performances in sports before the disease
onset is another clue to the diagnosis. On top of all,
very high level of serum CK starting early in dys-
ferlinopathies is an additional diagnostic ,,red
flag”.

EMG studies describing myogenic changes are
useful, as in our case, to rule out an alternative di-
agnosis like Charcot-Marie-Tooth, especially in
the phenotypes with foot drop like DMAT.

As it was shown by many studies, in dysferlin-
opathies there is no correlation between phenotype
and genotype and the same mutation in DY SF can
cause LGMD 2B or MM even in the same family.
Mutations found in dysferlinopathies are spread
along the entire gene, and no mutational hotspots
exist in the dysferlin gene [5]. Mutations in DY SF
may cause partial or complete loss of dysferlin.
The mutational spectrum is broad, many different
mutations were already reported and also high
number of sequence variants of unknown patho-
genicity.

Concerning the histopathological observations,
our patient presented focal inflammatory infiltrates
with lymphocytes, known to be present in many
muscle biopsies of dysferlinopathy patients, as
perivascular infiltrates of mainly T cells and mac-
rophages around endomysial vessels, but their
pathogenic significance is still a matter of debate,
and some authors consider them to be secondary
changes. MHC class I shows very little or absent
sarcolemmal expression in normal looking muscle
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fibers, and obvious expression in degenerating and
regenerating fibers, as has been reported by differ-
ent authors [13,14]. The consistent sarcolemmal
upregulation of MHC class I found in inflammato-
ry myopathies is not a prominent feature in dysfer-
linopathies and is very useful for the differential
diagnosis with polymyositis, especially in cases
with quite similar pathological pictures. Some ret-
rospective studies showed that up to 25% of dys-
ferlinopathy patients had been initially misdiag-
nosed with polymyositis. Previous studies showed
that it is no correlation between inflammation sta-
tus of muscle biopsy and dysferlinopathy pheno-
type [5]. The presence of inflammatory changes is
well described in some of the muscular dystrophies
such as Duchenne, but is especially prominent in
dysferlinopathies and a differential diagnosis with
polymyositis is essential to avoid unnecessary cor-
ticosteroid and/or immunosuppresive therapy.

The variability in size of fibers and connective
tissue proliferation are not specific for dysferlinop-
athy, but for many progressive muscular dystro-
phies. Our case underlines the importance of
choosing the proper muscle for biopsy, because in
certain cases, a biopsy may be inconclusive as a
result of replacement of the muscle by fibroadi-
pose tissue as the disease progresses. Regarding
the immunohistochemical data, while in normal
muscle fibers dysferlin is localized to the sarco-
lemma, a reduction in intensity of labelling can be
seen in dysferlinopathies. Some internal labelling
of fibers also occur, as in our case. These results
were correlated with the very low signal in West-
ern blot analysis for dysferlin, practically the pro-
tein may be considered absent. It was shown that
in most patients series, absence or very important
reduction of dysferlin on Western blotting was as-
sociated with the abnormal, reduced or absent la-
belling on immunohistochemistry [11]. Some au-
thors revealed on IHC the presence of dysferlin as
scattered granules aggegated in the cytoplasm,
even when in the sarcolemma the protein was ab-
sent or severely reduced [11]. This is due to a gene
mutation that allowed synthesis of a residual quan-
tity of dysferlin, apparent more on IHC labelling
than in WB, indicating, as in our case, that the [HC
method may be more sensitive than WB in some
cases for identification of very low protein levels.
On the other hand, immunoblots are important for
distinguishing secondary alterations in dysferlin,
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as these can occur when the genes for calpain-3 or
caveolin-3 are deffective. Harris et al. reported in
2016 the results of an international multicenter
study on 193 patients with dysferlinopathy, in
which 68% had absent and 30% had reduced dys-
ferlin expression, while normal expression was ob-
served in 3 patients with moderate or severe dis-
ease. In this study symptom onset age did not vary
according to dysferlin expression levels [15].

CONCLUSIONS

In recent years significant progress has been
made in diagnosing these rare diseases due to in-
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creasing accessibility to genetic testing. In our
case, corroboration of the clinical picture with
morphological aspects, electrodiagnostic findings
and genetic data, contributed to the final diagnosis
of dysferlinopathy, highlighting the importance of
a multidisciplinary approach. Establishing an ac-
curate diagnosis in such diseases is essential for
the appropriate genetic counselling and patient
management, in the perspective of clinical trials.
New insights in the pathophysiology of dysferlin-
opathy will hopefully result in innovative thera-
pies in the years to come.
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