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A Regional Panorama of Dysferlinopathies
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ABSTRACT

Objective: We describe the characteristic features of 11 patients (6
men and 5 women) with dysferlinopathies confirmed by muscle
biopsies. In addition, we aimed to provide a realistic comprehensive
picture of the severe muscle diseases in the Aegean Region of Turkey.

Material and Method: We retrospectively reviewed 90 patients who
underwent muscle biopsy examinations between 2008 and 2011 in
the pathology laboratory of Izmir Dr.Behcet Uz Children’s Hospital.
Biopsy specimens of all patients clinically diagnosed as muscular
dystrophy referred from 4 different centers of neurological disorders
were collected.

Results: Dystrophinopathy was the most (n=45) and gamma-
sarcoglycanopathy was the second common (n=13) muscular
dystrophy in this series. The mean age of all 90 patients was 8.8
years (3 months- 64 years). Only 14 cases (15.5%) were older than
14, and 23 cases were younger than two years. Dysferlinopathy was
the most common dystrophy in the older age group. There were
statistical significant differences between the types of dystrophy and
inflammation (0.021), creatine kinase levels (p=0.001), age (p=0.001),
and gender (p<0.001) of the patients.

Conclusion: The present study revealed that dysferlinopathies is not
an uncommon form of muscular dystrophies in western Turkey.
We have concluded that if avoidance from unnecessary therapeutic
interventions is desired, we must be aware of the relative frequencies
of dysferlinopathies.
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Amag: Bu galismada, kas biyopsi incelemesiyle disferlinopati oldugu
dogrulanan 11 olgunun (6 erkek ve 5 kadin) klinik ve histopatolojik
ozelliklerini sunduk. Ek olarak Tiirkiye'nin Ege Bolgesinde karsilagilan
distrofik kas hastaliklarinin gergek¢i ve kapsamli bir dokimiini
yapmay1 amagladik.

Gereg ve Yontem: 2008 ve 2011 yillar arasinda Dr. Behget Uz Cocuk
Hastanesi, Patoloji Laboratuvarinda kas biyopsi incelemesi yapilan
90 hasta retrospektif olarak degerlendirildi. Tiim hastalar klinik
olarak muskuler distrofi tanis1 almist1 ve biyopsi materyalleri 4 farkli
norolojik hastaliklar merkezinden gonderilmisti.

Bulgular: Bu seride, distrofinopatiler en sik (n=45), gama
sarkoglikanopatiler ikinci siklikta (n=13) gozlendi. Tiim hastalarda
ortalama yas 8,8 yildi (3 ay - 64 yil). Yalnizca 14 olgu (%15,5) 14
yasindan biiyiik, 23 olgu (%25,5) 2 yasindan kiigiiktii. Disferlinopati
erigkin yas grubunda en sik gozlenen muskuler distrofiydi. Muskuler
distrofi subtipi ile inflamasyon varlig1 (p=0,021), kreatin kinaz diizeyi
(p= 0,001), hastalarin yag1 (p=0,001) ve cinsiyeti (p<0.001) arasinda
istatistiksel olarak anlamli iligki saptand.

Sonug: Bu galisma, disferlinopatilerin Tiirkiye'nin batisinda gozlenen
muskuler distrofilerin ¢ok da nadir bir tipi olmadigini ortaya
sermistir. Bizler; gereksiz terapotik girisimlerden kaginmak arzu
ediliyorsa, disferlinopatilerin goreceli sikliginin farkindaliginin sart
oldugunu vurgulamaya galistik.

Anahtar Sozciikler: Muskiiler distrofi, Kas hiicreleri, Immiinohisto-
kimya

INTRODUCTION

Dysferlin (DYSF), the protein product of the DYSF gene,
is a 237 kDa transmembrane protein involved in calcium-
dependent sarcolemma resealing and plays an important
role in muscle fiber repair (1). It is encoded by dysferlin
gene (DYSF) mapped on chromosome 2p13 (2). Thirteen
years ago the DYSF gene was firstly cloned and identified
as the gene mutated in limb girdle muscular dystrophy

(LGMD) type 2B, Myoshi Myopathy (MM) and distal
anterior compartment myopathy (3-5).

Early studies have shown that the DYSF gene is a huge
gene composed of 55 exons that span 233 kbp and 6243
coding bp of genomic DNA (6). More than 300 different
sequence variants have been reported to date and some of
these variants manifest nonpathogenic polymorphism (6).
The variations are spread along the entire coding sequence,
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without any apparent mutational “hotspot” (1,4,6).
Molecular genetic analysis is therefore not cost effective for
screening dysferlinopathies.

Dysferlinopathies are autosomal recessive muscular
diseases caused by DYSF mutations, which lead to a
reduced amount or a complete lack of dysferlin in skeletal
muscle. The monoclonal antibody to dysferlin has recently
been developed and immunolabelling with this antibody
reveals a dysferlin polypeptide on the plasma membrane
of skeletal muscle. A specific loss of dysferlin labeling was
observed in patients with mutations in the DYSF gene. In
other words, diagnosis of dysferlinopathies is dependent on
demonstration of this deficiency in skeletal muscle or blood
monocytes (7-10).

Awareness of relative frequency and clinical variability
of dysferlinopathies is essential for accurate differential
diagnosis and for avoidance from unnecessary and
potentially hazardous therapeutic interventions. In this
study, we aimed to evaluate the spectrum of morphologic
changes in immunohistochemically proven cases of
dysferlinopathies and to correlate the findings with the
clinical phenotype. In addition, we tried to provide a
realistic comprehensive picture of muscular dystrophies
and determine the frequency of dysferlinopathy in western
Turkey.

MATERIAL and METHODS

The study was performed in the Pathology Laboratory of
the Izmir Dr. Behcet Uz Children’s Hospital from January
2008 through December 2011. A total of 90 patients with
severe muscle disease were evaluated retrospectively. All of
them had been diagnosed as muscular dystrophy on the ba-
sis of muscle biopsy findings. Severe alterations of myofiber
size and shape, splitting, increase in number of internal nu-
clei, fiber type disproportions, necrosis, myophagocytosis,
regeneration and fibrosis were simply classified as muscular
dystrophy. The individual patient database was reviewed in
all cases and detailed clinical information of the patients
was recorded including age, functional ability associated
complaints like muscle weakness and respiratory distress,
detailed family history and consanguinity. Neurological
examination and laboratory findings were also evaluated.
Laboratory evaluations included measurements of serum
creatine kinase (CK), serum aspartate aminotransferase
(AST) levels, nerve conduction times, and electromyo-
graphic (EMG) examinations. Most of the muscle biopsies
were obtained from gastrocnemius muscle (n = 85). The
remaining biopsies were from the deltoid muscle.

Samples were frozen in isopentane cooled in liquid nitrogen
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and 8 to 12- micron sections were cut using cryostat. Slides
were stained with hematoxylin&eosin, Gomori’s trichrome,
modified Gomoris trichrome (Engel-Cunningham
modification), oil red-O, Periodic Acid Shiff (PAS), d-PAS,
crystal violet stains. In enzyme histochemical techniques
we used nicotinamide adenine dinucleotide tetrazolium
reductase (NADH-TR), succinate dehydrogenase (SDH),
cytochrome oxidase (COX) and combined COX- SDH
stains. Spectrin (Novo-castra, UK, NCL-specl), dystrophin
N-terminus (Novo-castra, UK, NCL-dys3), adhalin (Novo-
castra, UK, NCL-a-sarc), other sarcoglycans (beta, delta,
gamma; Novo-castra, UK, NCL-b-d-g-sarc), laminin
alpha-2 chain (Novo-castra, UK, NCL-merosin), myotilin
(Novo-castra, UK, NCL-myotilin), collagen VI (Novo-
castra, UK, NCL-COLL-VI), p-dystroglycan (Novo-
castra, UK, NCL-b-DG), HLA Class 1 (Novo-castra, UK,
NCL-HLA-ABC), NCAM (ThermoScientific, CA, USA,
CD56), nitric oxide Synthase-1 (Novo-castra, UK, NCL-
NOS-1), emerin (Novo-castra, UK, NCL-emerin), caveolin
3 (Novus Biologicals, CA, USA, NB110-5029), calpain
3 (Abcam, Cambridge, UK, abl103250) and dysferlin
(Novo-castra, UK, NCL-Hamlet-2) antibodies
used for immunohistochemical analyses. Myosin heavy
chain fast (Novo-castra, UK, NCL-MHCf) antibody was
used for discriminating between fiber types, and myosin
heavy chain neonatal (Novo-castra, UK, NCL-MHCn)
antibody was used for identification of immature fibers.
Monoclonal antibodies against T-cells (CD3), B-cells (CD
20), macrophages (CD68), suppressor T cells (CD8) and
helper T cells (CD4) were used in selected cases for the
identification of the inflammatory cell spectrum.

were

The Mann-Whitney U and chi-square tests were used for
the comparison between groups. P values less than 0.05
were considered to be statistically significant.

RESULTS

Dystrophinopathies were the most common (50%,
n=45) muscular dystrophies, followed by gamma
sarcoglycanopathies (14.4%, n=13), dysferlinopathies
(12.3%, n=11) and merosin negative congenital muscular
dystrophies (CMD) (5.3%, n=6) in decreasing order of
frequency (Table I). The mean age of all 90 patients was 8.8
* 10.7 years (3 months- 64 years). Only 14 cases (15.5%)
were older than 14 years and 23 (26%) cases were younger
than two years. Dysferlinopathy was the most common
muscular dystrophy in the older (78.5%) age group and
merosin negative CMD (26.1%) was the most common
dystrophy in the infantile age (0-2 years) group. In Mann-
Whitney U and chi-square tests, there were statistically
significant differences between the types of muscular
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Table I: The detailed clinical characteristics of the patients
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Positive
Disease Phenotype Sex Mean CKlevel g/ilzoibe;zg; ll)rf:eﬁf; ofe': Consanguinity | family
n (%) n (%) n (%) age (IU/L) pn (P‘y) 24 11: (% )yt n (%) history
° ° n (%)
Duchenne
Muscular = o6 5(19.2) (Type
Dystrophy | [0 | 51226 | 1140657129 | [ o )Yp - 4(153) | 8(30.8)
(DMD) 26 PRy
Dystrophinopathies (28.9)
45 (50) Becker
Muscular
Dystrophy ?fgloe)‘lg 43+2.6 | 9695+ 7703 ?I(iif)}f"f)ype - 4@LYD | 53
(BMD) 19 phy
(21.1)
_ 1(7.7)
LGMD-2C ?g;lg)‘lz (Type
13 (14.4) : 7.7+ 2.5 | 8084+ 4924 | atrophy) N=6, . 3(23.1) |7(53.8)
Female=1 o
7.7) 46.2% (Type I
Sarcoglycanopathies atrophy)
15(16.6) LGMD-2D 1| Male=1 15 2415 1 (100) (Type i i i
(1.1) (100) IT atrophy)
LGMD-2E 1 | Male=1 1 (100) (Type
(1.1) (100) 2 1100001 11 atrophy) ) 1(100) :
Male=4
LGMD-2B 6| (66.7) 1(16.7) (Type
67) Femaleza | 2218 | 325751789 | [ s 3(50) 3(50) 3(50)
Dysferlinopathies (33.3)
11 (12.3)
Miyoshi Male=2
.| (0 41.4+ 3 (60) (Type II
gn(ysog;thles Female3 17.6 2410+ 1606 atrophy) 1(20) 2 (40) 1(20)
' (60)
Merosin Male=5
negative (83.3) 15405 | 1147736 | 2(333) (Type - 4(66.7) -
Congenital CMD 6 (6.7) Female=2 IT atrophy)
Muscular (16.7)
Dystrophy Merosin Male=1
(CMD) positive (50)
8 (8.9) CMD Female=1 1£0.4 875+ 247 - - 1 (50) -
2(2.2) (50)
Male=3 1(25) (Type
Emery Dreifuss (75) I atrophy) 2
MD 4 (4.4) 4(4.4) Femalez1 | 67%6 | 140251072 | Gofal S, - 1(25) 2 (50)
(25) atrophy)
Male=1,
FSHD 100% 31 200 - 1(100) - -
Other Dystrophies 6 Male=4, 3031+ 1488
6.7) 66.6% * 2 (33.3) (Type ) )
NOS Female=2, 9.1£ 3.6 11 atrophy) 1(16.6)
33.3%
P 0.001 0.001 0.000 0.061 0.021 0.085 0.309
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dystrophy and the presence of inflammatory infiltration
(p=0.021), CK levels (p= 0.001), age (p=0.001) and gender
(p<0.001) of the patients.

The mean age of the patients with dysferlinopathies
was 30.9 * 16.03 years, ranging from 14 to 64 years. The
patients with LGMD phenotypes were younger than MM
patients, without any statistically significant difference as
estimated by Mann- Whitney U test (p=0.082). Detailed
clinical characteristics of the patients are presented in Table
1. All patients presented some degree of muscle weakness.
Ten of them (90.9%) had high CK levels. At least one of
the muscle serum enzymes was altered in all patients. Four
patients (36.4%) had similarly affected family members. The
consanguinity rate was 45.5% (n=5). Physical examination
at the time of diagnosis especially revealed weakness of
limb muscles in most patients. Needle electromyogram was
performed and all patients were classified as myopathic.
The final diagnosis was assigned on the basis of muscle
biopsy findings.

Clinically, the majority had the LGMD phenotype (54.5%)
with proximal muscle involvement and others had the MM
phenotype (45.5%) with distal involvement. Tibial muscle
phenotypes were not encountered. Morphologically,
lobulated fibers were noted in a patient with MM
(Figure 1). The presence of inflammation had preference to
a particular phenotype and most patients with remarkable
inflammation had the LGMD phenotype (Figure 2). The
inflammatory reaction was predominantly comprised
of macrophages (Figure 3) and T-lymphocytes (Figure
4). Three of these cases were diagnosed as inflammatory
myositis with previous muscle biopsy specimens examined
in other pathology laboratories. Significant type II
myofiber atrophy was noted in 4 patients (36.4%) and 3
of them had the Myoshi phenotype with longer duration
of illness (Figure 5). Immunostaining to dysferlin showed
total absence of labeling along the membrane in all cases
(Figure 6). Normal immunolabeling was noted to the rest
of the antibodies in all, except in three cases which showed
reduced intensity to calpain-3 expression.

DISCUSSION

A protective membrane resealing mechanism at the cell
level is mediated by exocytosis of intracellular vesicles
forming a membrane “patch” at the disruption site. This
process requires participation and coordination of a large
group of proteins involving cytoskeleton remodeling,
vesicle translocation, and membrane fusion (11). Some of
these proteins have recently been discovered and linked to
some human muscle diseases (12). According to the “patch
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Flgure 2: Dense 1nﬂammat10n was detected in some cases and
hence a differential diagnosis of polymyositis was made (H&E,
x400).

Figure 3: Inflammatory inflammation was comprised
predominantly macrophages with anti-CD68 antibody (x400).
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Figure 4: T-lymphocytes also were seen in the inflammation with
anti-CD3 antibody (x400).
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Figure 5: Remarkable type I myofiber atrophy in dysferlinopathy
with anti MHCf antibody (x100).
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Figure 6: Dysferlin deficiency along the cell membrane with anti
dysferlin antibody (x200).
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hypothesis”, membrane repair requires accumulation and
fusion of vesicles with each other and plasma membrane
at the site of disruption, wherein dysferlin also acts as a
mediator in this process. Dysferlin has been shown to play
roles in muscle membrane repair and muscle regeneration,
both of which require vesicle-membrane fusion (9,13).
Ultrastructural evidence suggests that membrane repair
mechanism is affected by dysferlin deficiency resulting
in muscle fiber damage, even though vesicle formation is
determined (9,13). However, the mechanism by which
muscle becomes dystrophic in these disorders remains
poorly understood (1-13). While clinical findings in
the present study were heterogeneous in terms of site of
muscle involvement, age of onset, rate of progression, all
histopathological examinations showed the classical signs
of a muscular dystrophy including an increase in fiber size
variation, foci of necrosis and regeneration. Regeneration
was especially prominent and we have observed a large
number of immature fibers by immunhistochemical
staining using anti-MHC neonatal antibody. This finding
also reinforced the role of dysferlin in the maturation of
regenerating fiber.

Identical mutations in the dysferlin gene can produce more
than one myopathy phenotype such aslimb girdle dystrophy,
distal myopathy and distal myopathy with anterior tibial
onset (DMAT). Muscle weakness in LGMD2B starts in
the proximal muscles of the pelvic girdle and presents
difficulties with running and climbing stairs. In contrast,
initial muscle weakness in MM is characteristically
restricted to the gastrocnemius muscle, as indicated by
an inability to stand on the toes (3,4,14,15). The finding
that both these conditions are caused by mutations in the
same gene is interesting because muscular dystrophies are
defined by the muscles involved and the possibility of such
different patterns of muscle involvement is unique among
known dystrophies (3). For example, Duchenne and Becker
muscular dystrophies have different clinical profiles yet the
actual muscle involvement is identical in both cases (3). This
certainly raises the possibility that dysferlin may interact
with a modifying protein that is the product of another
gene (3). For example it is known that reducing calpain 3
expressions is often accompanied by dysferlinopathies, but
concomitant mutations are not determined in the calpain
3 gene (16). It is also possible that dysferlin plays a role in
the development of the distal and proximal musculature
in the fetus. Interestingly since different muscle groups are
the initial targets, these diseases have been considered as
two distinct clinical conditions (4-7). Analysis of human
fetal tissue showed that dysferlin is being expressed at the
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earliest stages of the development when the limbs start to
show regional differentiation (3). Anderson et al. supposed
that lack of dysferlin at the critical time of embryogenesis
may contribute to the pattern of muscle involvement that
develops later with the onset of a muscular dystrophy
(1,3,7,14,15). In our series, 6 patients had the LGMD and
5 patients had the MM phenotype and there were no cases
with anterior tibial myopathy. The patients with proximal
involvement have presented the diseases with its earlier
onset. In our series the mean age for the LGMD phenotype
was much lower (22.1+ 8 years; 14 - 34 years) in consistent
with literature findings. In addition, we determined the
reduced intensity of calpain 3 expressions in only three
cases.

Skeletal muscle also requires an efficient and active
membrane repair system to overcome the harmful effects
of contractions (11-13). An acute membrane repair
mechanism not only prevents damaged cells from necrosis,
but also reduces the “danger” signals exposed by the
immune system, which will otherwise amplify and cause
massive tissue injury (11-13). However, “danger” signals
are attenuated and inflammatory cells except macrophages
do not emerge in most types of muscular dystrophies.
Infiltrates of T lymphocytes have been previously described
in only two types of muscular dystrophies, dysferlin
deficiency and facioscapulohumeral dystrophy (FSHD)
(9). Although muscle inflammation is widely recognized
in dysferlinopathy, the contribution of the immune system
to the pathology of dysferlinopathy remains to be fully
explored. While it is widely accepted that MHC-class 1
expression is up-regulated in inflammatory myopathies, it
is not clear whether it is a result of the nonspecific response
to muscle degeneration or of the specific disease process
itself (17). Previous reports have shown that MHC-class 1
is induced by several proinflammatory cytokines which are
highly expressed in inflammatory myopathies. Normally
MHC class 1 is not expressed on the sarkolemma of both
normal and myopathic muscle cells. Its increased expression
is observed in patients with chronic inactive inflammatory
myopathy as well as with active inflammatory myopathy. It
is detectable even after the initiation of immunosuppressive
treatment (17). Contrarilyy, MHC-Class I complex is
not over-expressed in dysferlinopathies. Therefore,
immunostained MHC class 1 complex is a valuable marker
for differential diagnosis. As well as in dysferlinopathies,
there is evidence of immune system involvement in muscle
inflammation and downregulation of the complement
inhibitor factor, CD55 (11,18,19). In this study, diffuse
inflammatory infiltrates or other evidences of inflammatory
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processes were noted in four patients. However, over
expression of MHC class 1 complex was not detected in any
of them. Molecular genetic studies to determine the type of
mutation involved in inflammation were not performed in
our cases. Immunophenotyping of inflammatory infiltrates
in our study revealed predominantly macrophages and
T cells. There was no statistically significant difference
between phenotype of dysferlinopathies and the presence
of inflammation (p=0.429). In addition there was no
correlation between the duration of illness and density of
inflammatory infiltration.

Misdiagnosis is common place in patients with primary
dysferlinopathy. More dramatically, it can lead to
unnecessary and potentially hazardous therapeutic
interventions such as long-term oral administration of
corticosteroids or immune suppressors (20). In a couple
of retrospective studies, nearly 25% of LGMD 2B/MM
patients had initially been diagnosed with polymyositis, one
of the most common dysimmune inflammatory myopathy
in adults (18-21). In our series, 3 patients (27.2%) were
also diagnosed as inflammatory myopathies with previous
biopsies. In dysferlinopathy, inflammatory changes in
muscle are sometimes so florid that they can mislead the
pathologist as well as the clinician. Moreover, CK levels are
equally elevated in both conditions, a finding which also adds
to the confusion. When faced with similar challenges, it is
best to systematically perform additional immunostainings
in order to differentiate the two conditions (20). Preliminary
clinical ascertainment is crucial and generally provides
relevant clues to the diagnosis of dysferlinopathy. The distal
limb muscle involvement in the clinical picture is quite
suggestive for MM and is often confirmed by calf muscle
imaging. A total absence of dysferlin in monocytes and/or
in muscle is a key element for the accurate diagnosis. Even
better is to detect a homozygous mutation in the DYSF
gene. In any event, the most critical clue will be generated
by dysferlin immunohistochemistry and immunoblotting.

In conclusion, our study reveals dysferlinopathies to be
a common (12.3%) identifiable cause of severe muscle
diseases next to gamma sarcoglycanopathies in western
Turkey. The overall prevalence of dysferlinopathies is
still hard to estimate in the absence of a comprehensive
international patients’ registry. Immunohistochemistry
helps in the discrimination from other forms of LGMD
and immunohistochemistry can also be used to identify
dysferlinopathy. In cases of suspected dysferlin deficiency,
the large size of the dysferlin gene discourages molecular
testing. Although it is generally agreed that an extensive
molecular analysis has a high cost, a precise determination
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of the dysferlin gene is important for genetic counseling
and in shaping future therapeutic strategy. Genetic analysis
for screening dysferlinopathies is not cost effective but
this analysis will also help identify the types of mutations
in Turkey and explain the high regional dysferlinopathy
prevalence.
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