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Introduction
Primary dysferlinopathies are a rare heterogeneous group 

of autosomal recessive muscular dystrophies that are caused by 
mutations in the 55-exon gene encoding the protein dysferlin (DYSF, 
2p13, MIM#603009) [1,2]. This 237 kDa protein belongs to a class 
of homologous proteins called “ferlins”. It is a protein located at 
the sarcolemma and the cytoplasm and, is not associated with the 
dystrophin-glycoprotein complex [3-5]. The essential role of this 
protein seems to be the repair of the membrane of skeletal muscle fibers 
[6-9].

The different presentations of these disorders have been described 
in various ethnic groups. Miyoshi myopathy (MM, MIM#254130), 
limb girdle muscular dystrophy 2B (LGMD2B, MIM#253601), distal 
myopathy with anterior tibial onset (DMAT, MIM#606678), and 
proximo-distal phenotypes are the most common disorders [10-14]. 
There are also other presentations ranging from isolated hyperCKemia 
to severe functional disability [13,15] and in elderly people, it can also 
be observed spinal muscle degeneration, with or without camptocormia 
[16]. The case of dysferlinopathy with choreic movements has only 
been described once and this could have been only by sheer chance 
since it has never been described again [17].

There is significant phenotypic heterogeneity among the patients 
sharing the same mutation in the DYSF gene so MM, LGMD2B 
or DMAT can be observed within the same family [13,18,19]. 
Furthermore, there is intra and interfamilial variability among the 
patients [2,12,14,15,18-23]. Modifier genes are held responsible for this 
[20,24]. 

The onset of LGMD2B and MM is generally in the teens or early 
adulthood. They usually have a normal life up to age 20 and they are 
often very good at sports. The muscles primarily affected in MM are the 
soleus and the gastrocnemius muscles leading to weakness of the thigh 
and later the upper limb muscles [10,12,13,25]. The early symptoms 
of these disorders are inability to stand on tip-toe, hop on one leg, 
run and difficulty to climb stairs [10,13]. These dystrophies progress 

slowly [10,13]. DMAT begins with anterior tibial muscle weakness 
which rapidly progresses to the lower and upper proximal muscles 
[11]. Approximately 22 years after onset, the patients are generally 
wheelchair-bound [13]. 

Creatine kinase (CK) levels are generally very high [10,12-15].

In many cases, it is common to find in the biopsies of the dysferlin 
deficient patients inflammatory infiltrates suggesting the misdiagnosis 
of inflammatory myopathy [14,26-31]. It is believed that patients 
suffering from inflammatory myopathy have a more rapid progression 
[14,27]. 

The diagnosis is made by the absence or reduced dysferlin in muscle 
by immunohistochemistry or immunoblotting [13,32]. The expression 
level of dysferlin protein can be either measured from blood monocytes 
[33,34] or Western blot analysis. When in the Western blot dysferlin is 
absent (0%) or reduced (up to 20%) it can be concluded that the DYSF 
gene is the only one to be held responsible for the variation [35]. The 
molecular analysis of the dysferlin gene confirms the diagnosis [13]. 
There are no mutational hotspots and there is no genotype–phenotype 
correlation [36].

Clinical Features
Common features

The patients have normal milestones. The psychological 
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Abstract
Primary dysferlinopathies are due to mutations in the 55-exon gene located on chromosome 2p13 which 

encodes the protein dysferlin. They are a group of autosomal recessive heterogeneous muscular disorders. Clinical 
presentations show heterogeneity, ranging from limb girdle muscular dystrophy 2B, Miyoshi myopathy and distal 
myopathy with anterior tibial onset to isolated hyperCKemia and severe functional disability. Miyoshi myopathy 
symptoms begin in the posterior muscle compartment of the calf, spreading later to the upper muscles. In limb girdle 
muscular dystrophy 2B the proximal muscles of the lower limbs are involved. The distal myopathy with anterior tibial 
onset shows anterior muscle weakness at onset, progressing rapidly to the lower and upper proximal muscles. 
The onset of these disorders is generally in the teens or early adulthood. The values of CK are always very high. 
The diagnosis is made by the reduction or absence of dysferlin in muscles of the affected patients performed by 
immunohistochemistry and immunoblotting with dysferlin monoclonal antibodies. The molecular analysis confirms 
the diagnosis.
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development is normal and many of them have university degrees [13-
15,36-39].

There is great variability in the natural history of these disorders: 
the age of onset as well as muscle involvement at onset and during the 
course of them. The onset is in the early teens or adulthood. The mean 
age varies from 12 to 73 years. Weakness, wasting and atrophy are 
commonly observed (Figure 1) [13,37,38].

The “diamond on quadriceps” is a typical sign of these disorders, 
which is not observed in other muscular dystrophies [40]. A simple 
semiological maneuver is needed to observe it. The patients are 
required to stand with the knees flexed so the quadriceps muscles are 
in mild contraction. Then, abnormal asymmetrical bulges with the 
shape of a diamond may be observed on the anterolateral part of the 
quadriceps muscles and are made more prominent by the wasting of 
the surrounding muscles [40,41]. 

It is frequent to misdiagnose dysferlinopathy with inflammatory 
myopathy [14,26-31,34]. Inflammation and severity of the disorder 
correlate with a more rapid progression [14,27]. It has also been 
demonstrated that inflammation cannot only cause muscle atrophy 
but it can also originate secondary muscle disorders, general organic 
diseases such as metabolic, endocrine, vascular and paraneoplasic 
myopathies [42].

Although there is not an overt cardiac involvement, there have been 
descriptions of affected patients that have cardiac impairment [43-45].

Patients have excelled or practiced sports that involve physical 
exertion. The majority of them show good muscle strength before the 
onset of the disease which generally takes place in the second decade 
of their lives [13,14,38,39]. As sport is associated with eccentric muscle 
exercise, aggravation of the disease might be due to the delivery 
of cytokines in muscle which eventually can cause myoedema and 
inflammation that can be observed in the MRI. [38,39]. The muscle 
membrane breaks down and the mutant dysferlin is incapable of 
repairing it [36,46].

The progression rate is variable and patients need to use a cane 
or crutches fifteen years after onset and they are wheelchair-bound 
approximately 22 years after onset [13,14].

LGMD2B

At onset, patients with LGMD2B have weakness and wasting in the 
hip and thighs. The shoulder girdle muscles are later involved during 
the progression of the disease. Sometimes the first symptoms are fatigue 
while walking, difficulty in running and climbing stairs. The pelvic 
muscles (glutei, tensor fascia latae) and the posterior compartment 
of the thigh (adductors, hamstrings) are the first ones to be affected. 
Proximal muscles of the legs can be also involved leading to a peculiar 
gait and they cannot stand on tiptoe [12,13,25,37]. The disorder can 
spread from the lower to the upper limbs. The muscles of the shoulder 
girdle (supraspinatus, infraspinatus) and the upper limbs (biceps 
brachia) are less frequently and mildly affected. Progressive muscular 
wasting is also observed [13,37]. Cardiac involvement with secondary 
dilated cardiomyopathy has been described [43,44].

Miyoshi myopathy

The flexor muscles (gastrocnemius and soleus muscles) are 
predominantly involved. At onset patients complain that they cannot 
stand on tiptoe due to weakness of the gastrocnemius muscles, but they 
can stand on their heels [10,13]. There is symmetrical muscle weakness 

and atrophy as well as moderate or marked wasting of the lower part 
of the legs. There can be pseudohypertrophy of the affected muscles 
[10,13,14]. Other distal symptoms are difficulty in climbing stairs, 
ankle subluxations and foot drop. Patients sometimes complain of pain 
on the legs [10,13,14]. 

Many years after onset the patients are unable to stand from 
squatting position [13,14].

In MM, when muscle wasting is observed, the “calf-heads on 
trophy sign” has been described [47]. 

It has been reported that patients suffer from subclinical cardiac 
impairment and some even have fibrosis of the cardiac muscle [45].

DMAT

In the distal myopathy with onset in the tibialis anterior (DMAT) 
or distal anterior compartment myopathy (DACM), the muscles to 
be involved are the anterior tibial muscles [11]. Early contractures 
of the ankle have also been observed [48]. As the disease progresses, 
muscle weakness extends to the posterior compartment involving the 
gastrocnemius. Although the age of onset, CK levels, and histological 
changes are similar to MM, the muscle weakness distribution is 
significantly different [11,48]. Sometimes the patients have to wear 
calipers to oppose the foot and be able to move around [13]. This 
phenotype has only been observed in Spaniards and Japanese patients 
[4,11].

Proximo-distal phenotypes

The proximo-distal phenotypes account for 35% of the cases. 
The variation of the disorder is not due only to the mutations in the 
DYSF gene but also to environmental factors [13,15] (Figure 1). Either 
proximal and a distal muscle weakness can be observed at onset, but 
the course is different in family members.

Congenital phenotypes

This type of inheritance is very rare. When it occurs, patients show 
delayed cephalic control support, generalized hypotonia, weakness of 
the limbs and difficulty in walking, running and climbing stairs. CK 
can be increased [49]. 

Prevalence
The prevalence is estimated between 1/100,000 and 1/200,000 

[50] varying in the different populations. It is about 1/1300 on Libyan 
Jews [51] while in the Japanese population it has not been possible to 
determine [52].

Figure 1: Atrophy and wasting of the supraspinatus muscle and hypertrophy 
of deltoid muscle.
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Inheritance
Dysferlinopathies are inherited in an autosomal recessive pattern, 

being all the parents obligatory heterozygous. Carriers are generally 
asymptomic, but some patients have been described to have symptoms 
of either LGMD2B or MM [36,53,54].

Serum CK 
In the active phase, serum CK level is markedly elevated, up to 50-

100 fold or more above the upper limit of normal value (170 IU/ l). The 
level of CK decreases as the disease progresses [13,14,37].

Morphological Finding
Histopathology 

The muscle biopsy shows non-specific myopathic changes that 
include: variability in fiber size and fiber splitting, multiple internal 
nuclei, small vacuoles and necrotic and regenerative fibers (H&E, 
Gomori Trichrome and NADH) [29] (Figures 2A, 2C and 2D). 
Lobulated fibers [14,29,55] and ring fibers have also been observed 
[55,56] with oxidative enzyme reactions.

Proliferation of endomysial and perimysial connective tissue 
as well as loss of muscle fibers with fatty replacement and fibrosis at 
the advance stages can be found. Lymphocytes and macrophages 
can be seen surrounding and invading necrotic fibers. Inflammatory 
myopathy is sometimes misdiagnosed because inflammatory infiltrates 
are observed at the earlier stages of the disorder [13,14,26,28-30]. In 
most cases with active dystrophy an increased inflammatory response 
either moderate or marked in MHC-1 and/or macrophage reaction has 
been observed [29] (Figures 2A and 2B).

 Mosaic pattern was seen on ATPase reaction. Both type 1(slow-
twitch) and type 2 (fast-twitch) fibers are normally distributed. In 
patients with an advanced-stage of dystrophy, there is a marked 
predominance of type 1 fibers [29], but it has also been observed that 
type 2C fibers were increased in number [10,57]. 

The Congo red shows amyloid deposits in the perymisial connective 
tissue, sarcolemmally and in the blood vessel walls [58,59].

Hypertrophied cardiomyocytes with swollen nuclei and severe 
diffuse perivascular and interstitial fibrosis can be observed [43]. 

When compared with other muscular dystrophies studied with 
the same methodology, it can be stated that in dysferlinopathies 
the percentage of the degenerating fibers is similar to that of 
sarcoglynopathies and lower than in Duchenne muscular dystrophy 
and myositis, but regarding regenerating fibers the percentage is higher 
than in sarcoglynopathies and lower than in Duchenne muscular 
dystrophy or myositis [29]. 

Inflammation is not only observed in the biopsies of dysferlinopathies, 
but also in polymyositis and other muscular dystrophies such as 
Duchenne muscular dystrophy and fascioscapulohumeral dystrophy. 
While in the biopsies of dysferlinopathies the macrophages are twice as 
many as in polymiositis, in the latter it is the CD8+ cells that double in 
number [28]. In Duchenne dystrophy macrophages and lymphocytes 
T can be observed in necrotic fibers and in fascioscapulohumeral 
dystrophy lymphocytes B and lymphocytes CD4+ can be observed in 
perivascular sites of necrotic fibers [60].

Immunohistochemistry

Dysferlin is generally absent in the sarcolemma of both skeletal and 

cardiac muscles. Patchy sarcolemmal and diffuse cytoplasmic staining 
can be observed in skeletal muscle (Figure 3). In cardiomyocytes the 
dysferlin seems to be trapped inside them [13,14,47]. 

Electron Microscopy 
At the early stages, subsarcolemmal vesicles and vacuoles are 

found. There are multilayered areas in the basal lamina, papillary 
projections and aggregates of subsarcolemmal vesicles, some of 
them filled with electron dense material (Figure 4). The nonspecific 
sarcoplasmic alterations found can be focal disruption of myofilaments 
filled with mitochondria, rough endoplasmic reticulum, free ribosomes 
subsarcolemmally and streaming of Z line [14,56,61]. 

Western Blot
The immunoblot analysis of muscle biopsy is undoubtedly the 

most useful tool to diagnose dysferlinopathy. This technique seems 
more reliable than the immunohistochemistry technique [13]. Even 

Figure 2: A) HE, B) Acid phosphatase, C,D ) Trichome. Muscle shows diffuse 
lymphocytic reaction and macrophagic infiltration (A), degenerating and 
regenerating muscle fibers (A, C). Increased MHC class 1 molecules (B). 
Muscle shows fibro-fatty replacement (D). (Magnification 40X) Absence of 
dysferlin in mutiplex Western Blot (E).

Figure 3: Absence of dysferlin in most of the fibers. Patchy sarcolemmal and 
diffuse cytoplasmatic dysferlin (Magnification 10X).
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though the inmmunoblotting using anti-dysferlin antibody is sufficient 
for the diagnosis of dysferlinopathy (Figure 5B), the Multiplex Western 
blot allows to make the differential diagnosis with dytrophinopathies, 
sarcoglycanopathies, calpainopathy (LGMD2A) [13] (Figures 2E 
and 5A). In LGMD2L, the recessive muscular dystrophy caused by 
anoctamin-5, patients show a normal dysferlin [62] 

When dysferlin is absent (0%) or reduced (up to 20%), the 
deficiency is due to the DYSF gene [35]. A 50% reduction has been 
observed in heterozygous patients [53]. Calpain can be either normal 
or reduced, but dystrophin and sarcoglycans are normal [3].

Electrocardiogram, Echocardiogram and Cardiovascular 
Magnetic Resonance

Some authors believe the heart is not affected [12,15]. Others 
have demonstrated that when the heart is involved, the ECG shows 
sinus rhythm, anterior ventricular block, ventricular hypertrophy and 
alterations in the repolarization [45,63].

The standard echocardiogram shows patients have a preserved or 
decreased left ventricular systolic function, hypokinesis of the inferior 
wall and some can have dilated cardiomyopathy [43,44]. The two 
dimensional longitudinal strain imaging by the automated function 
imaging (AFI) technique shows subclinical involvement of the heart. 
While there is a normal left ventricular ejection fraction, the peak 
systolic longitudinal strain can be decreased in the anteroseptal wall, 
the anterolateral wall or the inferior wall [45]. 

In the cardiovascular magnetic resonance with late gadolinium it 
has been observed fibrosis of the different cardiac walls [45].

Electromyogram
Dysferlinopathies generally have a myopathic pattern. Small 

amplitude polyphasic potentials with full recruitment, positive sharp 
waves, fibrillations and low voltage small unit potentials can be seen 
[13,64].

Pulmonary Function 
On the one hand, there are reports where the tests have shown 

that vital capacity is generally not affected, nor have they shown any 
nocturnal hypoventilation [36].

On the other hand there are reports that state quite the opposite. 
A case of a patient with dysferlinopathy and chronic obstructive 

pulmonary disease (COPD) was described. It was suggested that the 
respiratory muscle impairment can be due to the fact that the systemic 
inflammatory response of COPD could influence the phenotypic 
expression of dysferlin [65]. As the disease has a protracted course 
patients are at risk of developing severe respiratory failure since the 
respiratory muscles can be affected [66].

CT and MRI 
CT and MRI can be used to observe muscle atrophy, but the images 

of MRI have proven to be better to ascertain dystrophic muscle changes 
and myoedema of the different muscle compartments [11,49,64,67,68]. 
On the STIR sequences of the MRI studies, the muscle involvement can 
be observed as a hyper-density prior to clinical symptoms [38,69]. The 
muscles earlier affected are the gastrocnemius medialis and adductor 
magnus. Later, the muscles involved are the vastus laterallis and the 
soleus muscles. Diffuse muscle wasting is observed in the final stages 
of the disease [38]. 

The pattern described above, allows distinguishing between 
dysferlinopathies and other myopathies and muscular dystrophies [38].

Molecular Genetics 
The 55-exon DYSF gene (NM_001130978) is a 6,243 base-pair, 

located on chromosome 2p13, spanning a genomic region of 150 Kb. 
It is ubiquitously expressed in stomach, lung, kidney, uterus, placenta, 
cerebellum, brain stem, spinal cord, sciatic nerve, liver and spleen and 
is more prominent in skeletal and heart muscles [1-3,33,70].

Dysferlin (Fer-1L1), which is a type II transmembrane protein, 
belongs to the ferlin family and does not belong to the dystrophin-
glycoprotein complex. There is homology to Fer-1 of Caenorhabditis 
elegans. Fer-1 is needed for the fusion of the membrane during 
spermatogenesis and a mutation of this gene results in infertility 
[71,72]. The other members of the family in mammals are otoferlin 
(Fer-1L2; 2p23.1), myoferlin (Fer-1L3; 10q.24), Fer-1L4 (20q11.22), 
Fer-1L5 (2q11.2) and Fer-1L6 (8q24.13) [8,72-75] (Figure 6). 

Dysferlin is found in the T-tubules and in the plasma membrane 
of five to six week embryos [3,76] and seems to play a role in 
T-tubulogenesis and monocyte fagocytosis. It repairs the sarcolemma 
pathways which can range from intracellular vesicle trafficking and 
fusion to sealing breaches [6,75-79].

Figure 4: Papillary projections (blue arrow) and multiple vesicles (green arrow) 
(Magnification 20000X).

Figure 5: A) Multiplex Western Blot showing absence of dysferlin and a 
reduction of calpain 3. B ) Dysferlin is absent while is present in control biopsies.

http://www.ncbi.nlm.nih.gov/books/NBK114459/#ano5-md.REF.penttila.2012.897
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The gene has seven C2 domains and a single C-terminal 
transmembrane domain which anchors them to the membrane. It also 
has the FerA and FerB domains and the DysfN and DysfC domains 
[8,79,80]. The C2 domains have homology to the synaptotagmin family 
and protein kinase C. There are two types of C2 domains. Type 1 
domains are C2A, C2B and C2E and type 2 are C2C, C2D, C2F and 
C2G. Their interaction with calcium, phospholipids and other proteins 
regulate membrane trafficking [8,75,79] (Figure 7). The function of 
some C2 domains is not yet known [79]. Dysferlin also appears to have 
a potential role in cell adhesion, metabolism, mitochondrial association 
and immune cell function [81]. 

The transcript diversity on the DYSF gene can be observed in the 
55-exon transcript and those transcripts from the usual or conventional 
splicing events such as in exon 1, exon 5a and exon 40a, and the 
fourteen splicing isoforms which have been reported (exons 5a, 17 and 
40a) [82]. 

The allelic heterogeneity is revealed by point mutations, deletions, 
insertions and frame-shift mutations that have been described 
among most of the 400 deleterious mutations or non pathogenic 
polymorphisms reported to the Leiden Muscular Dystrophy database 
(http: //www.dmd.nl) [14,32,83-85]. 83% of the reported pathogenic 
missense mutations in dysferlin seem to affect the evolutionary 
conserved amino acids [8,80]. 

There must be a prominent reduction of dysferlin in order to affect 
muscle repair. A reduction of the protein to 20% can be considered 
pathognomonic of LGMD2B [35]. 

The mutations on the DYSF gene cause a misfolding of the protein, 
which in turn leads to dysfunction and degradation [8,43,80,81]. 

The complement system is involved in inflammatory disorders and 
dysferlin is reduced in muscles [9]. Dysferlin is also expressed in CD14+ 

macrophages [34,35]. 

It has also been demonstrated that there is accumulation of dysferlin 
in some non muscular diseases such as Alzheimer´s disease [75,86]. In 
Multiple Sclerosis dysferlin reactivity is induced in endothelial cells, 
being its expression associated with vascular leakage of serum proteins 
[75,87].

It has also been suggested that dysferlin might be essential for 
glomerular epithelial stability [88].

Binding Partners of Dysferlin
The DYSF gene interacts with other genes through several different 

pathways. 

Annexins A1 and A2 

Dysferlin usually associates with both annexins which bind 
to phospholipids, Ca2+ and actin. They are involved in membrane 
trafficking, channel activity and cell-matrix interactions. The impaired 
dysferlin affects the capability of the healing process. Both annexins 
have different roles in the repair process and this can be observed 
when the sarcolemma is injured. Annexin 2 is not altered whereas the 
relationship with A1is damaged [75,89-93]. The alterations of A1 in the 
A1-null mice show a great inflammatory response in muscles [9].

Figure 6: Schematic representation of the different members of the Ferlin family showing the homology between Caenorhabditis elegans (Fer-1) and the various ferlin 
genes in humans. The common structural motifs: the multiple C2 domains, the ferlin conserved domains and the transmembrane segments are depicted in all Fer-
1related proteins.
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AHNAK 1 and 2

These large proteins, located at the enlargeosome surface, and 
the costameric network, co-localize with dysferlin at the sarcolemmal 
membrane where they bind to dysferlin at the C2A domain. When 
there is a reduction or absence of dysferlin, there is also a reduction 
of AHNAK. In conjunction with dysferlin, both proteins take part in 
membrane repair and seem to affect transverse muscle fiber stiffness 
[75,91,94,95].

Calpain-3

Calpain-3 is a skeletal muscle-specific, non-lysosomal and 
Ca2+-dependent cysteine protease, localized in the sarcomere, and 
its function seems to be the regulation of the AHNAK proteins by 
dysferlin. In primary dysferlinopathies, there is a reduction of dysferlin 
as well as a moderate calpain-3 diminishment in some cases. In 
secondary dysferlinopathies, the reciprocal has been observed [75,96]. 
The cleavage of AHNAK fragments by CAPN3 leads to a loss of affinity 
for dysferlin [97].

Cavin or Polymerase I and transcript release factor (PTRF)

Cavin-1 or PTRF localizes to caveolae at the plasma membrane. 
Muscular dystrophy as well as generalized lipodystrophy in man and 
mice is due to its absence [85,98,99]. 

Caveolin-3

It is found at the junction of the sarcolemma and the T-tubules and 
acts as a chaperone to dysferlin. The caveolins are required for dysferlin 
trafficking. Mutations in caveolin-3 gene lead to accumulation of 
dysferlin in both LGMD1C muscle [100] and C2C12 transfectants 
[101]. Their mutations lead to accumulation of dysferlin in the Golgi 
apparatus resulting in an abnormal localization of Mitsugumin 53 
and dysferlin thus affecting membrane repair. Dysferlin is reduced 
when there is a deficit of caveolin-3, but the opposite does not take 
place [101]. The reason may be that caveolin-3 is found at the plasma 
membrane. A similar change happens with cavin. It can be inferred that 
while dysferlin needs caveolin-3 and cavin to have a correct position at 
the plasma membrane, the opposite does not happen [75,85,101,102]. 

Mitsugumin 53 (MG53)

MG53 co-localizes with dysferlin and annexin A1 to the T-tubule 
network and seems to be at the longitudinal T-tubules. It is necessary 
for extracelular vesicle trafficking and for membrane repair [8,103,104]. 
Its interaction with dysferlin and caveolin-3 rules membrane repair 

in skeletal muscles. It accumulates at an injured site of patients with 
muscular dystrophy in response to oxidative stress different from 
dysferlin and the membrane repair complex apparently targets the 
longitudinal T-tubules where there is membrane damage [8,104,105]. 
The MG53-deficient mice are not capable of resealing disruptions of 
the membrane [85,105].

Affixin (beta parvin)

It is a binding protein which co-localizes with dysferlin and ILK 
(integrin linked kinase) at the sarcolemma. While affixin is reduced 
from the sarcolemma its total amount remains normal. Affixin has a 
binding site at the C-terminal region of dysferlin and probably takes 
part with the latter in membrane repair [75,81,106].

Other binding proteins 

Several other proteins are involved with the dysferlin complex 
involved either in membrane repair or intracellular vesicle trafficking.

Gelsolin is a protein needed for the cleavage of calpain-3 thus 
affecting the AHNAK- complex [85,107].

Moesin (MSN) (membrane-organizing extension spike protein) is 
localized to filopodians and other membranous proteins taking part in 
cellular movements. It is also apparently involved in vesicle trafficking 
[85,108].

Vinculin co-localizes with dysferlin at the sarcolemma and interacts 
with it in the focal adhesion process [81].

By performing the FLIM - FRET technique there seems to be no 
interaction between caveolin 3, myomesin-2 or calsequestrin and 
dysferlin [109].

Correlation between Genotype and Phenotype
There is no correlation between the genotype and the phenotype, 

nor has it been possible to correlate the clinical variability the patients 
present and the variation in the amount of dysferlin [37]. When there 
is inflammation, a more rapid progression and a more severe clinical 
course can be observed [14,15,27].

It has been reported that in MM, the mutation G3370T has proven 
to have a milder form whereas mutation G3510A has more severe 
symptomatology [110,111]. 

Population Genetics
Several founder mutations of the dysferlin gene have been reported 

Figure 7: The dysferlin gene and the different protein domains and their interaction with dysferlin.
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in different geographic regions and populations. Undoubtedly, the 
mutations in native Canadians [20], Libyan Jews [51] and Jews of 
the Caucasus [112] were caused by endogamy. The mutations of the 
Mediterranean Latin populations: Italy [24], Spain [19], Portugal [84] 
and Portugal-Uruguay [14] have been demonstrated experimentally 
and are associated with a specific haplotype.

Animal Models
Animal models are useful to identify the different features that 

accelerate or delay the dystrophic damage in the different skeletal 
muscles and the new therapies that will be useful for these disorders.

Many murine models have proven the dystrophic features that 
appear in humans. Human beings and mice have similar muscular 
dystrophic characteristics. As there is more than 90% amino acid 
sequence homology between them [113] mice are used as animal 
models for dysferlinopathies [114-116]. 

The two naturally occurring murine models are the SJL and A/J 
mice. These models are useful because the clinical features of the 
affected mice are similar to those humans have. The SJL mice have an 
in-frame RNA deletion that makes them lose 57 amino acids in the 
highly conserved region of the C2E domain and the A/J mice have a 
ETn retrotransposon insertion in intron 4 [117]. 

Studies have shown that there are differences between the two 
models regarding the muscles affected and how the disease progresses 
[117]. The variability of the dystrophic changes back up the hypothesis 
that the progression of the muscular disease is not only due to the 
mutation on the DYSF gene, but also to modifier genes [114,115].

The first model to have proven features compatible with a deficient 
muscular dystrophy was the SJL mice. Dysferlin splicing mutations in 
SJL mice (SJL/-) define a natural model for LGMD2B and MM The 
SJL/J mice model has a disease progression that is similar to other 
Dysf-/- and C57BL/10.SJL mice models, but faster than in A/J mice. 
As in both A/J and Dysf-/- models, the proximal muscles are more 
severely affected than the distal muscles [113,114,118,119]. Most of 
the degenerative fibers of the SJL/J model are type2 (fast-twitch fibers) 
[113,114].

The inbred A/J model shows no dysferlin expression. The disease 
progression in the abdominal muscles was similar to those the Dysf-
/- model had. An increased frequency of rhabdomyosarcomas was also 
observed [118].

Comparative studies of the SJL/J and A/J models have shown that 
there is an earlier onset of the disease and the course of the disease 
is faster in the SJL/J model [114]. In both models there is an increase 
of macrophages and lymphocytes T, being CD4+cells more abundant 
than CD8+ cells [120]. There is controversy regarding the involvement 
of the diaphragm while a report states that only the SJL/J mice is 
affected another states it is affected in both models [121].

In the model B6.A-Dysfprmd/GeneJ (Bla/J mice) the disease 
progression is similar to A/J but slightly slower than in SJL/J, in Dysf-
/- and C57BL/10.SJL models. As SJL/J and Dysf-/- models, it shows 
that the proximal muscles are more severely affected than the distal 
muscles while the abdominal muscles are affected like Dysf-/- model 
[120]. Another model developed the transfer of full-length dysferlin 
which was achieved by AAV concatemerization [122].

The C57BL/6J-Chr6A/J/NaJ model has chr 6 from the A/J line with 
an ETn retrotransposon (5-6 kb) inserted in intron 4 of the dysferlin 

gene, while the remaining chromosomes are from C57BL/6J. The 
symptoms are very similar to the A/J mice have [123].

In the Dysf-/-(129.Dysftm1Kcam)/J model the disease progression is 
similar to SJL/J, Dysf-/-, and B10.SJL-Dysfim/AwaJ, and faster than in 
the A/J mice This knockout model has demonstrated that under stress 
there can be cardiac involvement. Dysferlin-null mice develop mild 
cardiomyopathy under mechanical stress since it was demonstrated 
that dysferlin is needed to repair cardiomyocytes´ membranes [124]. 
The B10.SJL-Dysfim/AwaJ model the progression of the disease is 
similar to the SJL/J mice [125].

The A/J mice were used for gene therapy using adeno-associated 
virus. The size of the minidysferlin was within the right packaging size 
of rAAA vectors [126].

Experiments regarding transgenic mice in order to test whether 
gene replacement therapy is a good candidate for treatment have 
demonstrated that the amount of dysferlin is related to the phenotype 
the mice have. An over-expression of  dysferlin  in mice leads to 
kyphosis, atypical gait, and reduced muscle mass and strength [127].

There are other non murine models that are being used. The 
Drosophila melanogaster has only one single ferlin gene called misfire. 
It has been demonstrated that mutations in this gene produce infertility 
in both males and females [128]. C. elegans is a model where new 
muscle-specific functions of the dysferlin protein can be explored as 
Fer-1 is expressed in muscle [129]. The zebrafish model by morpholino 
knockdown results in muscles being affected [130].

Treatment
Today there is no curative treatment for dysferlinopathies.

There is controversy whether patients should practice sports. We 
believe that they should not be encouraged to practice sports as in other 
muscular disorders. Exercise may worsen the breakdown of muscles 
[38].

To date, there is not a specific pharmacological treatment for 
dysferlinopathies. Steroids have been used to treat patients and 
have proven to be inefficient [14,35,131,132]. The administration of 
intravenous immunoglobin (IV-Ig) has been tested apparently with 
success [133].

Rituximab (a monoclonal antibody directed against CD20+ antigen 
on B cells) has been reported to be useful, apparently increasing muscle 
strength in MM [134].

For both IV-Ig and rituximab, we can state the lack of sustained 
effect (personal observations).

Dantrolene has shown to decrease CK, but the clinical conditions 
do not improve [135]. It is possible that some stop codon mutations 
might be treated with Ataluren (PTC124), the oligonucleotide antisense 
and nonsense suppression drug [135].

Currently, several trials leading to gene therapy have been tested. 
A treatment with a dysferlin full-length gene transfer might not be 
easy, but the results have been encouraging. In mice treated with it, 
the muscle histological aspects, the capability to repair the muscle 
membrane and the locomotive activity have been improved [122]. 
Mini-dysferlin seems to be the most promising treatment since 
it is has been proven that it plays an efficient role in membrane 
repair in vitro [126,127]. DYSF-exon skipping also seems to be very 
promising,especially for those mutations in exon 32 [136-139]. There is 

http://www.jain-foundation.org/our-dysferlin-research-institute/research-tools/mouse-models-dysferlin-deficiency/mouse-models-129dy
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hope that the new approach using proteosomal inhibitor for mis-sense 
mutated dysferlin will allow to restore the function of dysferlin [140]. 
Dysferlinopathies represent a particular challenge to define natural 
history in order to plan relevant clinical trials. Several studies have dealt 
with either inbred populations [51] or the natural history in genetically 
defined patients by Gardner Medwin and Walton´s modified score, 
MMT or quantitative muscle testing [38,49]. Nevertheless, the use of 
different functional tests and of various protocols makes it difficult 
to compare results meaningfully and to approach a “trial” with a well 
defined natural history and significant clinical outcome measures. 
The Jain Foundation, which is trying to “orchestrate” a treatment for 
dysferlinopathies, has undertaken the task to promote a multicenter 
prospective study coordinated by Dr Bushby in 16 different European 
and US centers. This study will investigate both clinical signs and 
MRI changes in 150 patients with the following specific objectives: 
1) to define the natural history and progression in several patients 
group by a MRI protocol and a physiotherapy protocol in both 
ambulant and non ambulant patients; 2) to study a selection of 
possible outcome measures in this multicenter evaluation; 3) to 
extend and implement already existing registries on LGMD 2B and 
Miyoshi myopathy (i.e., Jain Foundation, Telethon, TREAT-NMD).  
A common follow-up clinical/ MRI protocol for the evaluation of 150 
dysferlinopathy patients in various Centres of excellence for Muscular 
Dystrophies will be carried out from January 2013 to Feb 2016

Conclusion
Dysferlinopathies are rare genetic disorders that show heterogeneity 

and a perplexing clinical course. The promising treatments by mini-
dysferlin and exon skipping must still undergo more research and 
trials. The more we understand how the dysferlin complex works, the 
greater our chances will be to develop a treatment for these distressing 
disorders.

References
1. Bashir R, Strachan T, Keers S, Stephenson A, Mahjneh I, et al. (1994) A gene 

for autosomal recessive limb-girdle muscular dystrophy maps to chromosome 
2p. Hum Mol Genet 3: 455-457.

2. Liu J, Aoki M, Illa I, Wu C, Fardeau M, et al. (1998) Dysferlin, a novel skeletal 
muscle gene, is mutated in Miyoshi myopathy and limb girdle muscular 
dystrophy. Nat Genet 20: 31-36.

3. Anderson LV, Davison K, Moss JA, Young C, Cullen MJ, et al. (1999) Dysferlin 
is a plasma membrane protein and is expressed early in human development. 
Hum Mol Genet 8: 855-861.

4. Piccolo F, Moore SA, Ford GC, Campbell KP (2000) Intracellular accumulation 
and reduced sarcolemmal expression of dysferlin in limb--girdle muscular 
dystrophies. Ann Neurol 48: 902-912.

5. Huang Y, Laval SH, van Remoortere A, Baudier J, Benaud C, et al. (2007) 
AHNAK, a novel component of the dysferlin protein complex, redistributes to 
the cytoplasm with dysferlin during skeletal muscle regeneration. FASEB J 21: 
732-742.

6. Bansal D, Miyake K, Vogel SS, Groh S, Chen CC, et al. (2003) Defective 
membrane repair in dysferlin-deficient muscular dystrophy. Nature 423: 168-
172.

7. Hayashi YK (2003) Membrane-repair machinery and muscular dystrophy. 
Lancet 362: 843-844.

8. Han R, Campbell KP (2007) Dysferlin and muscle membrane repair. Curr Opin 
Cell Biol 19: 409-416.

9. Han R (2011) Muscle membrane repair and inflammatory attack in 
dysferlinopathy. Skelet Muscle 1: 10.

10. Miyoshi K, Kawai H, Iwasa M, Kusaka K, Nishino H (1986) Autosomal recessive 
distal muscular dystrophy as a new type of progressive muscular dystrophy. 
Seventeen cases in eight families including an autopsied case. Brain 109: 31-
54.

11. Illa I, Serrano-Munuera C, Gallardo E, Lasa A, Rojas-García R, et al. (2001) 
Distal anterior compartment myopathy: a dysferlin mutation causing a new 
muscular dystrophy phenotype. Ann Neurol 49: 130-134.

12. Ueyama H, Kumamoto T, Horinouchi H, Fujimoto S, Aono H, et al. (2002) 
Clinical heterogeneity in dysferlinopathy. Intern Med 41: 532-536.

13. Urtizberea JA, Bassez G, Leturcq F, Nguyen K, Krahn M, et al. (2008) 
Dysferlinopathies. Neurol India 56: 289-297.

14. Vernengo L, Oliveira J, Krahn M, Vieira E, Santos R, et al. (2011) Novel 
ancestral Dysferlin splicing mutation which migrated from the Iberian peninsula 
to South America. Neuromuscul Disord 21: 328-337.

15. Nguyen K, Bassez G, Krahn M, Bernard R, Laforêt P, et al. (2007) Phenotypic 
study in 40 patients with dysferlin gene mutations: high frequency of atypical 
phenotypes. Arch Neurol 64: 1176-1182.

16. Seror P, Krahn M, Laforet P, Leturcq F, Maisonobe T (2008) Complete 
fatty degeneration of lumbar erector spinae muscles caused by a primary 
dysferlinopathy. Muscle Nerve 37: 410-414.

17. Takahashi T, Aoki M, Imai T, Yoshioka M, Konno H, et al. (2006) A case of 
dysferlinopathy presenting choreic movements. Mov Disord 21: 1513-1515.

18. Tagawa K, Ogawa M, Kawabe K, Yamanaka G, Matsumura T, et al. (2003) 
Protein and gene analyses of dysferlinopathy in a large group of Japanese 
muscular dystrophy patients. J Neurol Sci 211: 23-28.

19. Vilchez JJ, Gallano P, Gallardo E, Lasa A, Rojas-García R, et al. (2005) 
Identification of a novel founder mutation in the DYSF gene causing clinical 
variability in the Spanish population. Arch Neurol 62: 1256-1259.

20. Weiler T, Greenberg CR, Nylen E, Halliday W, Morgan K, et al. (1996) Limb-
girdle muscular dystrophy and Miyoshi myopathy in an aboriginal Canadian 
kindred map to LGMD2B and segregate with the same haplotype. Am J Hum 
Genet 59: 872-878.

21. Illarioshkin SN, Ivanova-Smolenskaya IA, Greenberg CR, Nylen E, Sukhorukov 
VS, et al. (2000) Identical dysferlin mutation in limb-girdle muscular dystrophy 
type 2B and distal myopathy. Neurology 55: 1931-1933.

22. Nakagawa M, Matsuzaki T, Suehara M, Kanzato N, Takashima H, et al. (2001) 
Phenotypic variation in a large Japanese family with Miyoshi myopathy with 
nonsense mutation in exon 19 of dysferlin gene. J Neurol Sci 184: 15-19.

23. Nalini A, Gayathri N (2008) Dysferlinopathy: a clinical and histopathological 
study of 28 patients from India. Neurol India 56: 379-385.

24. Cagliani R, Fortunato F, Giorda R, Rodolico C, Bonaglia MC, et al. (2003) 
Molecular analysis of LGMD-2B and MM patients: identification of novel DYSF 
mutations and possible founder effect in the Italian population. Neuromuscul 
Disord 13: 788-795.

25. Ueyama H, Kumamoto T, Nagao S, Masuda T, Horinouchi H, et al. (2001) A 
new dysferlin gene mutation in two Japanese families with limb-girdle muscular 
dystrophy 2B and Miyoshi myopathy. Neuromuscul Disord 11: 139-145.

26. Rowin J, Meriggioli MN, Cochran EJ, Sanders DB (1999) Prominent 
inflammatory changes on muscle biopsy in patients with Miyoshi myopathy. 
Neuromuscul Disord 9: 417-420.

27. McNally EM, Ly CT, Rosenmann H, Mitrani Rosenbaum S, Jiang W, et al. 
(2000) Splicing mutation in dysferlin produces limb-girdle muscular dystrophy 
with inflammation. Am J Med Genet 91: 305-312.

28. Gallardo E, Rojas-García R, de Luna N, Pou A, Brown RH Jr, et al. (2001) 
Inflammation in dysferlin myopathy: immunohistochemical characterization of 
13 patients. Neurology 57: 2136-2138.

29. Fanin M, Angelini C (2002) Muscle pathology in dysferlin deficiency. 
Neuropathol Appl Neurobiol 28: 461-470.

30. Nagaraju K, Rawat R, Veszelovszky E, Thapliyal R, Kesari A, et al. (2008) 
Dysferlin deficiency enhances monocyte phagocytosis: a model for the 
inflammatory onset of limb-girdle muscular dystrophy 2B. Am J Pathol 172: 
774-785.

31. Angelini C, Grisold W, Nigro V (2011) Diagnosis by protein analysis of 
dysferlinopathy in two patients mistaken as polymyositis. Acta Myol 30: 185-
187.

32. Krahn M, Béroud C, Labelle V, Nguyen K, Bernard R, et al. (2009) Analysis 
of the DYSF mutational spectrum in a large cohort of patients. Hum Mutat 30: 
E345-375.

http://www.ncbi.nlm.nih.gov/pubmed/8012357
http://www.ncbi.nlm.nih.gov/pubmed/8012357
http://www.ncbi.nlm.nih.gov/pubmed/8012357
http://www.ncbi.nlm.nih.gov/pubmed/9731526
http://www.ncbi.nlm.nih.gov/pubmed/9731526
http://www.ncbi.nlm.nih.gov/pubmed/9731526
http://www.ncbi.nlm.nih.gov/pubmed/10196375
http://www.ncbi.nlm.nih.gov/pubmed/10196375
http://www.ncbi.nlm.nih.gov/pubmed/10196375
http://www.ncbi.nlm.nih.gov/pubmed/11117547
http://www.ncbi.nlm.nih.gov/pubmed/11117547
http://www.ncbi.nlm.nih.gov/pubmed/11117547
http://www.ncbi.nlm.nih.gov/pubmed/17185750
http://www.ncbi.nlm.nih.gov/pubmed/17185750
http://www.ncbi.nlm.nih.gov/pubmed/17185750
http://www.ncbi.nlm.nih.gov/pubmed/17185750
http://www.ncbi.nlm.nih.gov/pubmed/12736685
http://www.ncbi.nlm.nih.gov/pubmed/12736685
http://www.ncbi.nlm.nih.gov/pubmed/12736685
http://www.ncbi.nlm.nih.gov/pubmed/13678966
http://www.ncbi.nlm.nih.gov/pubmed/13678966
http://www.ncbi.nlm.nih.gov/pubmed/17662592
http://www.ncbi.nlm.nih.gov/pubmed/17662592
http://www.ncbi.nlm.nih.gov/pubmed/21798087
http://www.ncbi.nlm.nih.gov/pubmed/21798087
http://www.ncbi.nlm.nih.gov/pubmed/3942856
http://www.ncbi.nlm.nih.gov/pubmed/3942856
http://www.ncbi.nlm.nih.gov/pubmed/3942856
http://www.ncbi.nlm.nih.gov/pubmed/3942856
http://www.ncbi.nlm.nih.gov/pubmed/11198284
http://www.ncbi.nlm.nih.gov/pubmed/11198284
http://www.ncbi.nlm.nih.gov/pubmed/11198284
http://www.ncbi.nlm.nih.gov/pubmed/12132520
http://www.ncbi.nlm.nih.gov/pubmed/12132520
http://www.ncbi.nlm.nih.gov/pubmed/18974555
http://www.ncbi.nlm.nih.gov/pubmed/18974555
http://www.ncbi.nlm.nih.gov/pubmed/21392994
http://www.ncbi.nlm.nih.gov/pubmed/21392994
http://www.ncbi.nlm.nih.gov/pubmed/21392994
http://www.ncbi.nlm.nih.gov/pubmed/17698709
http://www.ncbi.nlm.nih.gov/pubmed/17698709
http://www.ncbi.nlm.nih.gov/pubmed/17698709
http://www.ncbi.nlm.nih.gov/pubmed/17932988
http://www.ncbi.nlm.nih.gov/pubmed/17932988
http://www.ncbi.nlm.nih.gov/pubmed/17932988
http://www.ncbi.nlm.nih.gov/pubmed/16817213
http://www.ncbi.nlm.nih.gov/pubmed/16817213
http://www.ncbi.nlm.nih.gov/pubmed/12767493
http://www.ncbi.nlm.nih.gov/pubmed/12767493
http://www.ncbi.nlm.nih.gov/pubmed/12767493
http://www.ncbi.nlm.nih.gov/pubmed/16087766
http://www.ncbi.nlm.nih.gov/pubmed/16087766
http://www.ncbi.nlm.nih.gov/pubmed/16087766
http://www.ncbi.nlm.nih.gov/pubmed/8808603
http://www.ncbi.nlm.nih.gov/pubmed/8808603
http://www.ncbi.nlm.nih.gov/pubmed/8808603
http://www.ncbi.nlm.nih.gov/pubmed/8808603
http://www.ncbi.nlm.nih.gov/pubmed/11134403
http://www.ncbi.nlm.nih.gov/pubmed/11134403
http://www.ncbi.nlm.nih.gov/pubmed/11134403
http://www.ncbi.nlm.nih.gov/pubmed/11231027
http://www.ncbi.nlm.nih.gov/pubmed/11231027
http://www.ncbi.nlm.nih.gov/pubmed/11231027
http://www.ncbi.nlm.nih.gov/pubmed/18974568
http://www.ncbi.nlm.nih.gov/pubmed/18974568
http://www.ncbi.nlm.nih.gov/pubmed/14678801
http://www.ncbi.nlm.nih.gov/pubmed/14678801
http://www.ncbi.nlm.nih.gov/pubmed/14678801
http://www.ncbi.nlm.nih.gov/pubmed/14678801
http://www.ncbi.nlm.nih.gov/pubmed/11257469
http://www.ncbi.nlm.nih.gov/pubmed/11257469
http://www.ncbi.nlm.nih.gov/pubmed/11257469
http://www.ncbi.nlm.nih.gov/pubmed/10545047
http://www.ncbi.nlm.nih.gov/pubmed/10545047
http://www.ncbi.nlm.nih.gov/pubmed/10545047
http://www.ncbi.nlm.nih.gov/pubmed/10766988
http://www.ncbi.nlm.nih.gov/pubmed/10766988
http://www.ncbi.nlm.nih.gov/pubmed/10766988
http://www.ncbi.nlm.nih.gov/pubmed/11739845
http://www.ncbi.nlm.nih.gov/pubmed/11739845
http://www.ncbi.nlm.nih.gov/pubmed/11739845
http://www.ncbi.nlm.nih.gov/pubmed/12445162
http://www.ncbi.nlm.nih.gov/pubmed/12445162
http://www.ncbi.nlm.nih.gov/pubmed/18276788
http://www.ncbi.nlm.nih.gov/pubmed/18276788
http://www.ncbi.nlm.nih.gov/pubmed/18276788
http://www.ncbi.nlm.nih.gov/pubmed/18276788
http://www.ncbi.nlm.nih.gov/pubmed/22616201
http://www.ncbi.nlm.nih.gov/pubmed/22616201
http://www.ncbi.nlm.nih.gov/pubmed/22616201
http://www.ncbi.nlm.nih.gov/pubmed/18853459
http://www.ncbi.nlm.nih.gov/pubmed/18853459
http://www.ncbi.nlm.nih.gov/pubmed/18853459


Citation: Vernengo L, Carrasco L, Angelini C, Rodriguez MM (2013) Dysferlinopathies. J Genet Syndr Gene Ther 4: 134. doi:10.4172/2157-
7412.1000134

Page 9 of 11

Volume 4 • Issue 3 • 1000134
J Genet Syndr Gene Ther
ISSN: 2157-7412 JGSGT, an open access journal 

33. Ho M, Gallardo E, McKenna-Yasek D, De Luna N, Illa I, et al. (2002) A novel, 
blood-based diagnostic assay for limb girdle muscular dystrophy 2B and 
Miyoshi myopathy. Ann Neurol 51: 129-133.

34. De Luna N, Freixas A, Gallano P, Caselles L, Rojas-García R, et al. (2007) 
Dysferlin expression in monocytes: a source of mRNA for mutation analysis. 
Neuromuscul Disord 17: 69-76.

35. Cacciottolo M, Numitone G, Aurino S, Caserta IR, Fanin M, et al. (2011) 
Muscular dystrophy with marked Dysferlin deficiency is consistently caused by 
primary dysferlin gene mutations. Eur J Hum Genet 19: 974-980.

36. Klinge L, Aboumousa A, Eagle M, Hudson J, Sarkozy A, et al. (2010) New 
aspects on patients affected by dysferlin deficient muscular dystrophy. J Neurol 
Neurosurg Psychiatry 81: 946-953.

37. Mahjneh I, Marconi G, Bushby K, Anderson LV, Tolvanen-Mahjneh H, et al. 
(2001) Dysferlinopathy (LGMD2B): a 23-year follow-up study of 10 patients 
homozygous for the same frameshifting dysferlin mutations. Neuromuscul 
Disord 11: 20-26.

38. Angelini C, Peterle E, Gaiani A, Bortolussi L, Borsato C (2011) Dysferlinopathy 
course and sportive activity: clues for possible treatment. Acta Myol 30: 127-
132.

39. Angelini C, Nardetto L, Borsato C, Padoan R, Fanin M, et al. (2010) The clinical 
course of calpainopathy (LGMD2A) and dysferlinopathy (LGMD2B). Neurol 
Res 32: 41-46.

40. Pradhan S (2008) Diamond on quadriceps: a frequent sign in dysferlinopathy. 
Neurology 70: 322.

41. Pradhan S (2009) Clinical and magnetic resonance imaging features of 
‘diamond on quadriceps’ sign in dysferlinopathy. Neurol India 57: 172-175. 

42. Schofer MD, Patzer T, Quante M (2008) Atypical manifestation of late onset 
limb girdle muscular dystrophy presenting with recurrent falling and shoulder 
dysfunction: a case report. Cases J 1: 402.

43. Wenzel K, Geier C, Qadri F, Hubner N, Schulz H, et al. (2007) Dysfunction of 
dysferlin-deficient hearts. J Mol Med (Berl) 85: 1203-1214.

44. Luft FC (2007) Dysferlin, dystrophy, and dilatative cardiomyopathy. J Mol Med 
(Berl) 85: 1157-1159.

45. Choi ER, Park SJ, Choe YH, Ryu DR, Chang SA, et al. (2010) Early detection of 
cardiac involvement in Miyoshi myopathy: 2D strain echocardiography and late 
gadolinium enhancement cardiovascular magnetic resonance. J Cardiovasc 
Magn Reson 12: 31.

46. Klinge L, Dean AF, Kress W, Dixon P, Charlton R, et al. (2008) Late onset in 
dysferlinopathy widens the clinical spectrum. Neuromuscul Disord 18: 288-290.

47. Pradhan S (2006) Calf-head sign in Miyoshi myopathy. Arch Neurol 63: 1414-
1417.

48. Saito H, Suzuki N, Ishiguro H, Hirota K, Itoyama Y, et al. (2007) Distal anterior 
compartment myopathy with early ankle contractures. Muscle Nerve 36: 525-
527.

49. Paradas C, González-Quereda L, De Luna N, Gallardo E, García-Consuegra 
I, et al. (2009) A new phenotype of dysferlinopathy with congenital onset. 
Neuromuscul Disord 19: 21-25.

50. Moore SA, Shilling CJ, Westra S, Wall C, Wicklund MP, et al. (2006) Limb-
girdle muscular dystrophy in the United States. J Neuropathol Exp Neurol 65: 
995-1003.

51. Argov Z, Sadeh M, Mazor K, Soffer D, Kahana E, et al. (2000) Muscular 
dystrophy due to dysferlin deficiency in Libyan Jews. Clinical and genetic 
features. Brain 123 : 1229-1237.

52. Aoki M (2010) Dysferlinopathy. In: GeneReviews. 

53. Fanin M, Nascimbeni AC, Angelini C (2006) Muscle protein analysis in the 
detection of heterozygotes for recessive limb girdle muscular dystrophy type 
2B and 2E. Neuromuscul Disord 16: 792-799.

54. Illa I, De Luna N, Domínguez-Perles R, Rojas-García R, Paradas C, et al. 
(2007) Symptomatic dysferlin gene mutation carriers: characterization of two 
cases. Neurology 68: 1284-1289.

55. Liewluck T, Pongpakdee S, Witoonpanich R, Sangruchi T, Pho-Iam T, et al. 
(2009) Novel DYSF mutations in Thai patients with distal myopathy. Clin Neurol 
Neurosurg 111: 613-618.

56. Selcen D, Stilling G, Engel AG (2001) The earliest pathologic alterations in 
dysferlinopathy. Neurology 56: 1472-1481.

57. Nonaka I, Sunohara N, Satoyoshi E, Terasawa K, Yonemoto K (1985) 
Autosomal recessive distal muscular dystrophy: a comparative study with distal 
myopathy with rimmed vacuole formation. Ann Neurol 17: 51-59.

58. Spuler S, Carl M, Zabojszcza J, Straub V, Bushby K, et al. (2008) Dysferlin-
deficient muscular dystrophy features amyloidosis. Ann Neurol 63: 323-328.

59. Rosales XQ, Gastier-Foster JM, Lewis S, Vinod M, Thrush DL, et al. (2010) 
Novel diagnostic features of dysferlinopathies. Muscle Nerve 42: 14-21.

60. Arahata K, Ishihara T, Fukunaga H, Orimo S, Lee JH, et al. (1995) 
Inflammatory response in facioscapulohumeral muscular dystrophy(FSHD): 
immunocytochemical and genetic analyses. Muscle Nerve 2: S56–S66. 

61. Cenacchi G, Fanin M, De Giorgi LB, Angelini C (2005) Ultrastructural changes 
in dysferlinopathy support defective membrane repair mechanism. J Clin 
Pathol 58: 190-195.

62. Penttilä S, Palmio J, Suominen T, Raheem O, Evilä A, et al. (2012) Eight new 
mutations and the expanding phenotype variability in muscular dystrophy 
caused by ANO5. Neurology 78: 897-903.

63. Han R, Bansal D, Miyake K, Muniz VP, Weiss RM, et al. (2007) Dysferlin-
mediated membrane repair protects the heart from stress-induced left 
ventricular injury. J Clin Invest 117: 1805-1813.

64. Khadilkar SV, Singh RK, Kulkarni KS, Chitale AR (2004) A study of clinical 
and laboratory features of 14 Indian patients with dysferlinopathy. J Clin 
Neuromuscul Dis 6: 1-8.

65. Fuschillo S, Torrente Y, Balzano G (2010) Severe respiratory and skeletal 
muscles involvement in a carrier of dysferlinopathy with chronic obstructive 
pulmonary disease. Respir Care 55: 1091-1093.

66. Nishikawa A, Mori-Yoshimura M, Hayashi M et al. (2012) Respiratory 
dysfunction of dysferlinopathy. Neuromuscula Disord 22: 895. 

67. Mercuri E, Talim B, Moghadaszadeh B, Petit N, Brockington M, et al. (2002) 
Clinical and imaging findings in six cases of congenital muscular dystrophy 
with rigid spine syndrome linked to chromosome 1p (RSMD1). Neuromuscul 
Disord 12: 631-638.

68. Mercuri E, Pichiecchio A, Allsop J, Messina S, Pane M, et al. (2007) Muscle 
MRI in inherited neuromuscular disorders: past, present, and future. J Magn 
Reson Imaging 25: 433-440.

69. Stramare R, Beltrame V, Dal Borgo R, Gallimberti L, Frigo AC, et al. (2010) MRI 
in the assessment of muscular pathology: a comparison between limb-girdle 
muscular dystrophies, hyaline body myopathies and myotonic dystrophies. 
Radiol Med 115: 585-599.

70. Vandré DD, Ackerman WE 4th, Kniss DA, Tewari AK, Mori M, et al. (2007) 
Dysferlin is expressed in human placenta but does not associate with caveolin. 
Biol Reprod 77: 533-542.

71. Washington NL, Ward S (2006) FER-1 regulates Ca2+ -mediated membrane 
fusion during C. elegans spermatogenesis. J Cell Sci 119: 2552-2562.

72. Achanzar WE, Ward S (1997) A nematode gene required for sperm vesicle 
fusion. J Cell Sci 110 : 1073-1081.

73. Yasunaga S, Grati M, Chardenoux S, Smith TN, Friedman TB, et al. (2000) 
OTOF encodes multiple long and short isoforms: genetic evidence that the long 
ones underlie recessive deafness DFNB9. Am J Hum Genet 67: 591-600.

74. Britton S, Freeman T, Vafiadaki E, Keers S, Harrison R, et al. (2000) The third 
human FER-1-like protein is highly similar to dysferlin. Genomics 68: 313-321.

75. Glover L, Brown RH Jr (2007) Dysferlin in membrane trafficking and patch 
repair. Traffic 8: 785-794.

76. Al-Qusairi L, Laporte J (2011) T-tubule biogenesis and triad formation in 
skeletal muscle and implication in human diseases. Skelet Muscle 1: 26.

77. Matsuda C, Aoki M, Hayashi YK, Ho MF, Arahata K, et al. (1999) Dysferlin is 
a surface membrane-associated protein that is absent in Miyoshi myopathy. 
Neurology 53: 1119-1122.

78. Klinge L, Laval S, Keers S, Haldane F, Straub V, et al. (2007) From T-tubule 
to sarcolemma: damage-induced dysferlin translocation in early myogenesis. 
FASEB J 21: 1768-1776.

79. Lek A, Lek M, North KN, Cooper ST (2010) Phylogenetic analysis of ferlin 
genes reveals ancient eukaryotic origins. BMC Evol Biol 10: 231.

http://www.ncbi.nlm.nih.gov/pubmed/11782994
http://www.ncbi.nlm.nih.gov/pubmed/11782994
http://www.ncbi.nlm.nih.gov/pubmed/11782994
http://www.ncbi.nlm.nih.gov/pubmed/17070050
http://www.ncbi.nlm.nih.gov/pubmed/17070050
http://www.ncbi.nlm.nih.gov/pubmed/17070050
http://www.ncbi.nlm.nih.gov/pubmed/21522182
http://www.ncbi.nlm.nih.gov/pubmed/21522182
http://www.ncbi.nlm.nih.gov/pubmed/21522182
http://www.ncbi.nlm.nih.gov/pubmed/19528035
http://www.ncbi.nlm.nih.gov/pubmed/19528035
http://www.ncbi.nlm.nih.gov/pubmed/19528035
http://www.ncbi.nlm.nih.gov/pubmed/11166162
http://www.ncbi.nlm.nih.gov/pubmed/11166162
http://www.ncbi.nlm.nih.gov/pubmed/11166162
http://www.ncbi.nlm.nih.gov/pubmed/11166162
http://www.ncbi.nlm.nih.gov/pubmed/22106716
http://www.ncbi.nlm.nih.gov/pubmed/22106716
http://www.ncbi.nlm.nih.gov/pubmed/22106716
http://www.ncbi.nlm.nih.gov/pubmed/20092694
http://www.ncbi.nlm.nih.gov/pubmed/20092694
http://www.ncbi.nlm.nih.gov/pubmed/20092694
http://www.ncbi.nlm.nih.gov/pubmed/19087338
http://www.ncbi.nlm.nih.gov/pubmed/19087338
http://www.ncbi.nlm.nih.gov/pubmed/19087338
http://www.ncbi.nlm.nih.gov/pubmed/17828519
http://www.ncbi.nlm.nih.gov/pubmed/17828519
http://www.ncbi.nlm.nih.gov/pubmed/17876566
http://www.ncbi.nlm.nih.gov/pubmed/17876566
http://www.ncbi.nlm.nih.gov/pubmed/20497525
http://www.ncbi.nlm.nih.gov/pubmed/20497525
http://www.ncbi.nlm.nih.gov/pubmed/20497525
http://www.ncbi.nlm.nih.gov/pubmed/20497525
http://www.ncbi.nlm.nih.gov/pubmed/18396043
http://www.ncbi.nlm.nih.gov/pubmed/18396043
http://www.ncbi.nlm.nih.gov/pubmed/17030657
http://www.ncbi.nlm.nih.gov/pubmed/17030657
http://www.ncbi.nlm.nih.gov/pubmed/17614318
http://www.ncbi.nlm.nih.gov/pubmed/17614318
http://www.ncbi.nlm.nih.gov/pubmed/17614318
http://www.ncbi.nlm.nih.gov/pubmed/19084402
http://www.ncbi.nlm.nih.gov/pubmed/19084402
http://www.ncbi.nlm.nih.gov/pubmed/19084402
http://www.ncbi.nlm.nih.gov/pubmed/17021404
http://www.ncbi.nlm.nih.gov/pubmed/17021404
http://www.ncbi.nlm.nih.gov/pubmed/17021404
http://www.ncbi.nlm.nih.gov/pubmed/10825360
http://www.ncbi.nlm.nih.gov/pubmed/10825360
http://www.ncbi.nlm.nih.gov/pubmed/10825360
http://www.genetests.org
http://www.ncbi.nlm.nih.gov/pubmed/16934466
http://www.ncbi.nlm.nih.gov/pubmed/16934466
http://www.ncbi.nlm.nih.gov/pubmed/16934466
http://www.ncbi.nlm.nih.gov/pubmed/17287450
http://www.ncbi.nlm.nih.gov/pubmed/17287450
http://www.ncbi.nlm.nih.gov/pubmed/17287450
http://www.ncbi.nlm.nih.gov/pubmed/19493611
http://www.ncbi.nlm.nih.gov/pubmed/19493611
http://www.ncbi.nlm.nih.gov/pubmed/19493611
http://www.ncbi.nlm.nih.gov/pubmed/11402103
http://www.ncbi.nlm.nih.gov/pubmed/11402103
http://www.ncbi.nlm.nih.gov/pubmed/3985587
http://www.ncbi.nlm.nih.gov/pubmed/3985587
http://www.ncbi.nlm.nih.gov/pubmed/3985587
http://www.ncbi.nlm.nih.gov/pubmed/18306167
http://www.ncbi.nlm.nih.gov/pubmed/18306167
http://www.ncbi.nlm.nih.gov/pubmed/20544924
http://www.ncbi.nlm.nih.gov/pubmed/20544924
http://www.ncbi.nlm.nih.gov/pubmed/23573588
http://www.ncbi.nlm.nih.gov/pubmed/23573588
http://www.ncbi.nlm.nih.gov/pubmed/23573588
http://www.ncbi.nlm.nih.gov/pubmed/15677541
http://www.ncbi.nlm.nih.gov/pubmed/15677541
http://www.ncbi.nlm.nih.gov/pubmed/15677541
http://www.ncbi.nlm.nih.gov/pubmed/22402862
http://www.ncbi.nlm.nih.gov/pubmed/22402862
http://www.ncbi.nlm.nih.gov/pubmed/22402862
http://www.ncbi.nlm.nih.gov/pubmed/17607357
http://www.ncbi.nlm.nih.gov/pubmed/17607357
http://www.ncbi.nlm.nih.gov/pubmed/17607357
http://www.ncbi.nlm.nih.gov/pubmed/19078746
http://www.ncbi.nlm.nih.gov/pubmed/19078746
http://www.ncbi.nlm.nih.gov/pubmed/19078746
http://www.ncbi.nlm.nih.gov/pubmed/20667157
http://www.ncbi.nlm.nih.gov/pubmed/20667157
http://www.ncbi.nlm.nih.gov/pubmed/20667157
http://www.ncbi.nlm.nih.gov/pubmed/12207930
http://www.ncbi.nlm.nih.gov/pubmed/12207930
http://www.ncbi.nlm.nih.gov/pubmed/12207930
http://www.ncbi.nlm.nih.gov/pubmed/12207930
http://www.ncbi.nlm.nih.gov/pubmed/17260395
http://www.ncbi.nlm.nih.gov/pubmed/17260395
http://www.ncbi.nlm.nih.gov/pubmed/17260395
http://www.ncbi.nlm.nih.gov/pubmed/20177980
http://www.ncbi.nlm.nih.gov/pubmed/20177980
http://www.ncbi.nlm.nih.gov/pubmed/20177980
http://www.ncbi.nlm.nih.gov/pubmed/20177980
http://www.ncbi.nlm.nih.gov/pubmed/17554076
http://www.ncbi.nlm.nih.gov/pubmed/17554076
http://www.ncbi.nlm.nih.gov/pubmed/17554076
http://www.ncbi.nlm.nih.gov/pubmed/16735442
http://www.ncbi.nlm.nih.gov/pubmed/16735442
http://www.ncbi.nlm.nih.gov/pubmed/9175703
http://www.ncbi.nlm.nih.gov/pubmed/9175703
http://www.ncbi.nlm.nih.gov/pubmed/10903124
http://www.ncbi.nlm.nih.gov/pubmed/10903124
http://www.ncbi.nlm.nih.gov/pubmed/10903124
http://www.ncbi.nlm.nih.gov/pubmed/10995573
http://www.ncbi.nlm.nih.gov/pubmed/10995573
http://www.ncbi.nlm.nih.gov/pubmed/17547707
http://www.ncbi.nlm.nih.gov/pubmed/17547707
http://www.ncbi.nlm.nih.gov/pubmed/21797990
http://www.ncbi.nlm.nih.gov/pubmed/21797990
http://www.ncbi.nlm.nih.gov/pubmed/10496277
http://www.ncbi.nlm.nih.gov/pubmed/10496277
http://www.ncbi.nlm.nih.gov/pubmed/10496277
http://www.ncbi.nlm.nih.gov/pubmed/17363620
http://www.ncbi.nlm.nih.gov/pubmed/17363620
http://www.ncbi.nlm.nih.gov/pubmed/17363620
http://www.ncbi.nlm.nih.gov/pubmed/20667140
http://www.ncbi.nlm.nih.gov/pubmed/20667140


Citation: Vernengo L, Carrasco L, Angelini C, Rodriguez MM (2013) Dysferlinopathies. J Genet Syndr Gene Ther 4: 134. doi:10.4172/2157-
7412.1000134

Page 10 of 11

Volume 4 • Issue 3 • 1000134
J Genet Syndr Gene Ther
ISSN: 2157-7412 JGSGT, an open access journal 

80. Therrien C, Dodig D, Karpati G, Sinnreich M (2006) Mutation impact on dysferlin 
inferred from database analysis and computer-based structural predictions. J 
Neurol Sci 250: 71-78.

81. de Morrée A, Hensbergen PJ, van Haagen HH, Dragan I, Deelder AM, 
et al. (2010) Proteomic analysis of the dysferlin protein complex unveils its 
importance for sarcolemmal maintenance and integrity. PLoS One 5: e13854.

82. Pramono ZA, Tan CL, Seah IA, See JS, Kam SY, et al. (2009) Identification and 
characterisation of human dysferlin transcript variants: implications for dysferlin 
mutational screening and isoforms. Hum Genet 125: 413-420.

83. Lo HP, Cooper ST, Evesson FJ, Seto JT, Chiotis M, et al. (2008) Limb-
girdle muscular dystrophy: diagnostic evaluation, frequency and clues to 
pathogenesis. Neuromuscul Disord 18: 34-44.

84. Santos R, Oliveira J, Vieira E, Coelho T, Carneiro AL, et al. (2010) Private 
dysferlin exon skipping mutation (c.5492G>A) with a founder effect reveals 
further alternative splicing involving exons 49-51. J Hum Genet 55: 546-549.

85. Cacciottolo M, Belcastro V, Laval S, Bushby K, di Bernardo D, et al. (2011) 
Reverse engineering gene network identifies new dysferlin-interacting proteins. 
J Biol Chem 286: 5404-5413.

86. Galvin JE, Palamand D, Strider J, Milone M, Pestronk A (2006) The muscle 
protein dysferlin accumulates in the Alzheimer brain. Acta Neuropathol 112: 
665-671.

87. Hochmeister S, Grundtner R, Bauer J, Engelhardt B, Lyck R, et al. (2006) 
Dysferlin is a new marker for leaky brain blood vessels in multiple sclerosis. J 
Neuropathol Exp Neurol 65: 855-865.

88. Izzedine H, Brocheriou I, Eymard B, Le Charpentier M, Romero NB, et al. 
(2006) Loss of podocyte dysferlin expression is associated with minimal 
change nephropathy. Am J Kidney Dis 48: 143-150.

89. Raynal P, Pollard HB (1994) Annexins: the problem of assessing the biological 
role for a gene family of multifunctional calcium- and phospholipid-binding 
proteins. Biochim Biophys Acta 1197: 63-93.

90. Gerke V, Moss SE (2002) Annexins: from structure to function. Physiol Rev 
82: 331-371.

91. Benaud C, Gentil BJ, Assard N, Court M, Garin J, et al. (2004) AHNAK 
interaction with the annexin 2/S100A10 complex regulates cell membrane 
cytoarchitecture. J Cell Biol 164: 133-144.

92. Cagliani R, Magri F, Toscano A, Merlini L, Fortunato F, et al. (2005) Mutation 
finding in patients with dysferlin deficiency and role of the dysferlin interacting 
proteins annexin A1 and A2 in muscular dystrophies. Hum Mutat 26: 283.

93. Gerke V, Creutz CE, Moss SE (2005) Annexins: linking Ca2+ signalling to 
membrane dynamics. Nat Rev Mol Cell Biol 6: 449-461.

94. Huang Y, Laval SH, van Remoortere A, Baudier J, Benaud C, et al. (2007) 
AHNAK, a novel component of the dysferlin protein complex, redistributes to 
the cytoplasm with dysferlin during skeletal muscle regeneration. FASEB J 21: 
732-742.

95. Marg A, Haase H, Neumann T, Kouno M, Morano I (2010) AHNAK1 and 
AHNAK2 are costameric proteins: AHNAK1 affects transverse skeletal muscle 
fiber stiffness. Biochem Biophys Res Commun 401: 143-148.

96. Anderson LV, Harrison RM, Pogue R, Vafiadaki E, Pollitt C, et al. (2000) 
Secondary reduction in calpain 3 expression in patients with limb girdle 
muscular dystrophy type 2B and Miyoshi myopathy (primary dysferlinopathies). 
Neuromuscul Disord 10: 553-559.

97. Huang Y, de Morrée A, van Remoortere A, Bushby K, Frants RR, et al. (2008) 
Calpain 3 is a modulator of the dysferlin protein complex in skeletal muscle. 
Hum Mol Genet 17: 1855-1866.

98. Liu L, Brown D, McKee M, Lebrasseur NK, Yang D, et al. (2008) Deletion 
of Cavin/PTRF causes global loss of caveolae, dyslipidemia, and glucose 
intolerance. Cell Metab 8: 310-317.

99. Hayashi YK, Matsuda C, Ogawa M, Goto K, Tominaga K, et al. (2009) Human 
PTRF mutations cause secondary deficiency of caveolins resulting in muscular 
dystrophy with generalized lipodystrophy. J Clin Invest 119: 2623-2633.

100. Matsuda C, Hayashi YK, Ogawa M, Aoki M, Murayama K, et al. (2001) The 
sarcolemmal proteins dysferlin and caveolin-3 interact in skeletal muscle. Hum 
Mol Genet 10: 1761-1766.

101. Cai C, Weisleder N, Ko JK, Komazaki S, Sunada Y, et al. (2009) Membrane 

repair defects in muscular dystrophy are linked to altered interaction between 
MG53, caveolin-3, and dysferlin. J Biol Chem 284: 15894-15902.

102. Dwianingsih EK, Takeshima Y, Itoh K, Yamauchi Y, Awano H, et al. (2010) A 
Japanese child with asymptomatic elevation of serum creatine kinase shows 
PTRF-CAVIN mutation matching with congenital generalized lipodystrophy 
type 4. Mol Genet Metab 101: 233-237.

103. Weisleder N, Takeshima H, Ma J (2009) Mitsugumin 53 (MG53) facilitates 
vesicle trafficking in striated muscle to contribute to cell membrane repair. 
Commun Integr Biol 2: 225-226.

104. Waddell LB, Lemckert FA, Zheng XF, Tran J, Evesson FJ, et al. (2011) 
Dysferlin, annexin A1, and mitsugumin 53 are upregulated in muscular 
dystrophy and localize to longitudinal tubules of the T-system with stretch. J 
Neuropathol Exp Neurol 70: 302-313.

105. Cai C, Masumiya H, Weisleder N, Matsuda N, Nishi M, et al. (2009) MG53 
nucleates assembly of cell membrane repair machinery. Nat Cell Biol 11: 56-
64.

106. Matsuda C, Kameyama K, Tagawa K, Ogawa M, Suzuki A, et al. (2005) 
Dysferlin interacts with affixin (beta-parvin) at the sarcolemma. J Neuropathol 
Exp Neurol 64: 334-340.

107. Burtnick LD, Urosev D, Irobi E, Narayan K, Robinson RC (2004) Structure of 
the N-terminal half of gelsolin bound to actin: roles in severing, apoptosis and 
FAF. EMBO J 23: 2713-2722.

108. Lankes WT, Furthmayr H (1991) Moesin: a member of the protein 4.1-talin-
ezrin family of proteins. Proc Natl Acad Sci U S A 88: 8297-8301.

109.  Flix B, De la Torre C, Castillo J et al. (2011) Dissecting the interactions of 
proteins constituting the dysferlin complex. Neuromusc Disord 21: 677-678. 

110. Takahashi T, Aoki M, Tateyama M, Kondo E, Mizuno T, et al. (2003) Dysferlin 
mutations in Japanese Miyoshi myopathy: relationship to phenotype. 
Neurology 60: 1799-1804.

111. Sinnreich M, Therrien C, Karpati G (2006) Lariat branch point mutation in the 
dysferlin gene with mild limb-girdle muscular dystrophy. Neurology 66: 1114-
1116.

112. Leshinsky-Silver E, Argov Z, Rozenboim L, Cohen S, Tzofi Z, et al. (2007) 
Dysferlinopathy in the Jews of the Caucasus: a frequent mutation in the 
dysferlin gene. Neuromuscul Disord 17: 950-954.

113. Vafiadaki E, Reis A, Keers S, Harrison R, Anderson LV, et al. (2001) Cloning 
of the mouse dysferlin gene and genomic characterization of the SJL-Dysf 
mutation. Neuroreport 12: 625-629.

114. Kobayashi K, Izawa T, Kuwamura M, Yamate J (2010) The distribution and 
characterization of skeletal muscle lesions in dysferlin-deficient SJL and A/J 
mice. Exp Toxicol Pathol 62: 509-517.

115.  Kobayashi K, Izawa T, Kuwamura M, Yamate J (2012) Dysferlin and animals 
models for dysferlinopathy. J Pathol Toxicol 25: 135–147. 

116. Hornsey MA, Laval SH, Barresi R, Lochmüller H, Bushby K (2013) Muscular 
dystrophy in dysferlin-deficient mouse models. Neuromuscul Disord 23: 377-
387.

117. Ho M, Post CM, Donahue LR, Lidov HG, Bronson RT, et al. (2004) Disruption 
of muscle membrane and phenotype divergence in two novel mouse models 
of dysferlin deficiency. Hum Mol Genet 13: 1999-2010.

118. Weller AH, Magliato SA, Bell KP, Rosenberg NL (1997) Spontaneous 
myopathy in the SJL/J mouse: pathology and strength loss. Muscle Nerve 
20: 72-82.

119. Bittner RE, Anderson LV, Burkhardt E, Bashir R, Vafiadaki E, et al. (1999) 
Dysferlin deletion in SJL mice (SJL-Dysf) defines a natural model for limb 
girdle muscular dystrophy 2B. Nat Genet 23: 141-142.

120. Nemoto H, Konno S, Nakazora H, Miura H, Kurihara T (2007) Histological and 
immunohistological changes of the skeletal muscles in older SJL/J mice. Eur 
Neurol 57: 19-25.

121. Barton ER, Wang BJ, Brisson BK, Sweeney HL (2010) Diaphragm displays 
early and progressive functional deficits in dysferlin-deficient mice. Muscle 
Nerve 42: 22-29.

122. Lostal W, Bartoli M, Bourg N, Roudaut C, Bentaïb A, et al. (2010) Efficient 
recovery of dysferlin deficiency by dual adeno-associated vector-mediated 
gene transfer. Hum Mol Genet 19: 1897-1907.

http://www.ncbi.nlm.nih.gov/pubmed/16996541
http://www.ncbi.nlm.nih.gov/pubmed/16996541
http://www.ncbi.nlm.nih.gov/pubmed/16996541
http://www.ncbi.nlm.nih.gov/pubmed/21079765
http://www.ncbi.nlm.nih.gov/pubmed/21079765
http://www.ncbi.nlm.nih.gov/pubmed/21079765
http://www.ncbi.nlm.nih.gov/pubmed/19221801
http://www.ncbi.nlm.nih.gov/pubmed/19221801
http://www.ncbi.nlm.nih.gov/pubmed/19221801
http://www.ncbi.nlm.nih.gov/pubmed/17897828
http://www.ncbi.nlm.nih.gov/pubmed/17897828
http://www.ncbi.nlm.nih.gov/pubmed/17897828
http://www.ncbi.nlm.nih.gov/pubmed/20535123
http://www.ncbi.nlm.nih.gov/pubmed/20535123
http://www.ncbi.nlm.nih.gov/pubmed/20535123
http://www.ncbi.nlm.nih.gov/pubmed/21119217
http://www.ncbi.nlm.nih.gov/pubmed/21119217
http://www.ncbi.nlm.nih.gov/pubmed/21119217
http://www.ncbi.nlm.nih.gov/pubmed/17024495
http://www.ncbi.nlm.nih.gov/pubmed/17024495
http://www.ncbi.nlm.nih.gov/pubmed/17024495
http://www.ncbi.nlm.nih.gov/pubmed/16957579
http://www.ncbi.nlm.nih.gov/pubmed/16957579
http://www.ncbi.nlm.nih.gov/pubmed/16957579
http://www.ncbi.nlm.nih.gov/pubmed/16797397
http://www.ncbi.nlm.nih.gov/pubmed/16797397
http://www.ncbi.nlm.nih.gov/pubmed/16797397
http://www.ncbi.nlm.nih.gov/pubmed/8155692
http://www.ncbi.nlm.nih.gov/pubmed/8155692
http://www.ncbi.nlm.nih.gov/pubmed/8155692
http://www.ncbi.nlm.nih.gov/pubmed/11917092
http://www.ncbi.nlm.nih.gov/pubmed/11917092
http://www.ncbi.nlm.nih.gov/pubmed/14699089
http://www.ncbi.nlm.nih.gov/pubmed/14699089
http://www.ncbi.nlm.nih.gov/pubmed/14699089
http://www.ncbi.nlm.nih.gov/pubmed/16100712
http://www.ncbi.nlm.nih.gov/pubmed/16100712
http://www.ncbi.nlm.nih.gov/pubmed/16100712
http://www.ncbi.nlm.nih.gov/pubmed/15928709
http://www.ncbi.nlm.nih.gov/pubmed/15928709
http://www.ncbi.nlm.nih.gov/pubmed/17185750
http://www.ncbi.nlm.nih.gov/pubmed/17185750
http://www.ncbi.nlm.nih.gov/pubmed/17185750
http://www.ncbi.nlm.nih.gov/pubmed/17185750
http://www.ncbi.nlm.nih.gov/pubmed/20833135
http://www.ncbi.nlm.nih.gov/pubmed/20833135
http://www.ncbi.nlm.nih.gov/pubmed/20833135
http://www.ncbi.nlm.nih.gov/pubmed/11053681
http://www.ncbi.nlm.nih.gov/pubmed/11053681
http://www.ncbi.nlm.nih.gov/pubmed/11053681
http://www.ncbi.nlm.nih.gov/pubmed/11053681
http://www.ncbi.nlm.nih.gov/pubmed/18334579
http://www.ncbi.nlm.nih.gov/pubmed/18334579
http://www.ncbi.nlm.nih.gov/pubmed/18334579
http://www.ncbi.nlm.nih.gov/pubmed/18840361
http://www.ncbi.nlm.nih.gov/pubmed/18840361
http://www.ncbi.nlm.nih.gov/pubmed/18840361
http://www.ncbi.nlm.nih.gov/pubmed/19726876
http://www.ncbi.nlm.nih.gov/pubmed/19726876
http://www.ncbi.nlm.nih.gov/pubmed/19726876
http://www.ncbi.nlm.nih.gov/pubmed/11532985
http://www.ncbi.nlm.nih.gov/pubmed/11532985
http://www.ncbi.nlm.nih.gov/pubmed/11532985
http://www.ncbi.nlm.nih.gov/pubmed/19380584
http://www.ncbi.nlm.nih.gov/pubmed/19380584
http://www.ncbi.nlm.nih.gov/pubmed/19380584
http://www.ncbi.nlm.nih.gov/pubmed/20638880
http://www.ncbi.nlm.nih.gov/pubmed/20638880
http://www.ncbi.nlm.nih.gov/pubmed/20638880
http://www.ncbi.nlm.nih.gov/pubmed/20638880
http://www.ncbi.nlm.nih.gov/pubmed/19641737
http://www.ncbi.nlm.nih.gov/pubmed/19641737
http://www.ncbi.nlm.nih.gov/pubmed/19641737
http://www.ncbi.nlm.nih.gov/pubmed/21412170
http://www.ncbi.nlm.nih.gov/pubmed/21412170
http://www.ncbi.nlm.nih.gov/pubmed/21412170
http://www.ncbi.nlm.nih.gov/pubmed/21412170
http://www.ncbi.nlm.nih.gov/pubmed/19043407
http://www.ncbi.nlm.nih.gov/pubmed/19043407
http://www.ncbi.nlm.nih.gov/pubmed/19043407
http://www.ncbi.nlm.nih.gov/pubmed/15835269
http://www.ncbi.nlm.nih.gov/pubmed/15835269
http://www.ncbi.nlm.nih.gov/pubmed/15835269
http://www.ncbi.nlm.nih.gov/pubmed/15215896
http://www.ncbi.nlm.nih.gov/pubmed/15215896
http://www.ncbi.nlm.nih.gov/pubmed/15215896
http://www.ncbi.nlm.nih.gov/pubmed/1924289
http://www.ncbi.nlm.nih.gov/pubmed/1924289
http://www.ncbi.nlm.nih.gov/pubmed/12796534
http://www.ncbi.nlm.nih.gov/pubmed/12796534
http://www.ncbi.nlm.nih.gov/pubmed/12796534
http://www.ncbi.nlm.nih.gov/pubmed/16606933
http://www.ncbi.nlm.nih.gov/pubmed/16606933
http://www.ncbi.nlm.nih.gov/pubmed/16606933
http://www.ncbi.nlm.nih.gov/pubmed/17825554
http://www.ncbi.nlm.nih.gov/pubmed/17825554
http://www.ncbi.nlm.nih.gov/pubmed/17825554
http://www.ncbi.nlm.nih.gov/pubmed/11234777
http://www.ncbi.nlm.nih.gov/pubmed/11234777
http://www.ncbi.nlm.nih.gov/pubmed/11234777
http://www.ncbi.nlm.nih.gov/pubmed/19615872
http://www.ncbi.nlm.nih.gov/pubmed/19615872
http://www.ncbi.nlm.nih.gov/pubmed/19615872
http://www.nmd-journal.com/article/S0960-8966%2813%2900060-6/abstract
http://www.nmd-journal.com/article/S0960-8966%2813%2900060-6/abstract
http://www.ncbi.nlm.nih.gov/pubmed/23473732
http://www.ncbi.nlm.nih.gov/pubmed/23473732
http://www.ncbi.nlm.nih.gov/pubmed/23473732
http://www.ncbi.nlm.nih.gov/pubmed/15254015
http://www.ncbi.nlm.nih.gov/pubmed/15254015
http://www.ncbi.nlm.nih.gov/pubmed/15254015
http://www.ncbi.nlm.nih.gov/pubmed/8995586
http://www.ncbi.nlm.nih.gov/pubmed/8995586
http://www.ncbi.nlm.nih.gov/pubmed/8995586
http://www.ncbi.nlm.nih.gov/pubmed/10508505
http://www.ncbi.nlm.nih.gov/pubmed/10508505
http://www.ncbi.nlm.nih.gov/pubmed/10508505
http://www.ncbi.nlm.nih.gov/pubmed/17108690
http://www.ncbi.nlm.nih.gov/pubmed/17108690
http://www.ncbi.nlm.nih.gov/pubmed/17108690
http://www.ncbi.nlm.nih.gov/pubmed/20544921
http://www.ncbi.nlm.nih.gov/pubmed/20544921
http://www.ncbi.nlm.nih.gov/pubmed/20544921
http://www.ncbi.nlm.nih.gov/pubmed/20154340
http://www.ncbi.nlm.nih.gov/pubmed/20154340
http://www.ncbi.nlm.nih.gov/pubmed/20154340


Citation: Vernengo L, Carrasco L, Angelini C, Rodriguez MM (2013) Dysferlinopathies. J Genet Syndr Gene Ther 4: 134. doi:10.4172/2157-
7412.1000134

Page 11 of 11

Volume 4 • Issue 3 • 1000134
J Genet Syndr Gene Ther
ISSN: 2157-7412 JGSGT, an open access journal 

123. Nadeau JH, Singer JB, Matin A, Lander ES (2000) Analysing complex genetic 
traits with chromosome substitution strains. Nat Genet 24: 221-225.

124. Han R, Bansal D, Miyake K, Muniz VP, Weiss RM, et al. (2007) Dysferlin-
mediated membrane repair protects the heart from stress-induced left 
ventricular injury. J Clin Invest 117: 1805-1813.

125. von der Hagen M, Laval SH, Cree LM, Haldane F, Pocock M, et al. (2005) 
The differential gene expression profiles of proximal and distal muscle groups 
are altered in pre-pathological dysferlin-deficient mice. Neuromuscul Disord 
15: 863-877.

126. Krahn M, Wein N, Bartoli M, Lostal W, Courrier S, et al. (2010) A naturally 
occurring human minidysferlin protein repairs sarcolemmal lesions in a mouse 
model of dysferlinopathy. Sci Transl Med 2: 50ra69.

127. Glover LE, Newton K, Krishnan G, Bronson R, Boyle A, et al. (2010) Dysferlin 
overexpression in skeletal muscle produces a progressive myopathy. Ann 
Neurol 67: 384-393.

128. Smith MK, Wakimoto BT (2007) Complex regulation and multiple 
developmental functions of misfire, the Drosophila melanogaster ferlin gene. 
BMC Dev Biol 7: 21.

129. Krajacic P, Hermanowski J, Lozynska O, Khurana TS, Lamitina T (2009) C. 
elegans dysferlin homolog fer-1 is expressed in muscle, and fer-1 mutations 
initiate altered gene expression of muscle enriched genes. Physiol Genomics 
40: 8-14.

130. Kawahara G, Serafini PR, Myers JA, Alexander MS, Kunkel LM (2011) 
Characterization of zebrafish dysferlin by morpholino knockdown. Biochem 
Biophys Res Commun 413: 358-363.

131. Barohn RJ, Miller RG, Griggs RC (1991) Autosomal recessive distal dystrophy. 
Neurology 41: 1365-1370.

132.  Udd B, Griggs R (2004) Distal myopathies. In: Engel A, Franzini-Armstrong C, 
editors. Myology Vol 2. New York: McGraw-Hill 2004:1169-1178. 

133. Albrecht DE, Rufibach LE, Williams BA, Monnier N, Hwang E, et al. (2012) 
5th Annual Dysferlin Conference 11-14 July 2011, Chicago, Illinois, USA. 
Neuromuscul Disord 22: 471-477.

134. Lerario A, Cogiamanian F, Marchesi C, Belicchi M, Bresolin N, et al. (2010) 
Effects of rituximab in two patients with dysferlin-deficient muscular dystrophy. 
BMC Musculoskelet Disord 11: 157.

135. Wang B, Yang Z, Brisson BK, Feng H, Zhang Z, et al. (2010) Membrane 
blebbing as an assessment of functional rescue of dysferlin-deficient human 
myotubes via nonsense suppression. J Appl Physiol 109: 901-905.

136. Hattori H, Nagata E, Oya Y, Takahashi T, Aoki M, et al. (2007) A novel 
compound heterozygous dysferlin mutation in Miyoshi myopathy siblings 
responding to dantrolene. Eur J Neurol 14: 1288-1291.

137. Aartsma-Rus A, Singh KH, Fokkema IF, Ginjaar IB, van Ommen GJ, et al. 
(2010) Therapeutic exon skipping for dysferlinopathies? Eur J Hum Genet 18: 
889-894.

138. Lévy N, Wein N, Barthelemy F, Mouly V, Garcia L, et al. (2010) Therapeutic 
exon ‘switching’ for dysferlinopathies? Eur J Hum Genet 18: 969-970.

139.  Aartsma-Rus A, Van der Maarel S (2010) Letter. Eur J Hum Genet 18: 971. 

140. Azakir BA, Di Fulvio S, Kinter J, Sinnreich M (2012) Proteasomal inhibition 
restores biological function of mis-sense mutated dysferlin in patient-derived 
muscle cells. J Biol Chem 287: 10344-10354.

http://www.ncbi.nlm.nih.gov/pubmed/10700173
http://www.ncbi.nlm.nih.gov/pubmed/10700173
http://www.ncbi.nlm.nih.gov/pubmed/17607357
http://www.ncbi.nlm.nih.gov/pubmed/17607357
http://www.ncbi.nlm.nih.gov/pubmed/17607357
http://www.ncbi.nlm.nih.gov/pubmed/16288871
http://www.ncbi.nlm.nih.gov/pubmed/16288871
http://www.ncbi.nlm.nih.gov/pubmed/16288871
http://www.ncbi.nlm.nih.gov/pubmed/16288871
http://www.ncbi.nlm.nih.gov/pubmed/20861509
http://www.ncbi.nlm.nih.gov/pubmed/20861509
http://www.ncbi.nlm.nih.gov/pubmed/20861509
http://www.ncbi.nlm.nih.gov/pubmed/20373350
http://www.ncbi.nlm.nih.gov/pubmed/20373350
http://www.ncbi.nlm.nih.gov/pubmed/20373350
http://www.ncbi.nlm.nih.gov/pubmed/17386097
http://www.ncbi.nlm.nih.gov/pubmed/17386097
http://www.ncbi.nlm.nih.gov/pubmed/17386097
http://www.ncbi.nlm.nih.gov/pubmed/19755517
http://www.ncbi.nlm.nih.gov/pubmed/19755517
http://www.ncbi.nlm.nih.gov/pubmed/19755517
http://www.ncbi.nlm.nih.gov/pubmed/19755517
http://www.ncbi.nlm.nih.gov/pubmed/21893049
http://www.ncbi.nlm.nih.gov/pubmed/21893049
http://www.ncbi.nlm.nih.gov/pubmed/21893049
http://www.ncbi.nlm.nih.gov/pubmed/1891082
http://www.ncbi.nlm.nih.gov/pubmed/1891082
http://www.ncbi.nlm.nih.gov/pubmed/22153991
http://www.ncbi.nlm.nih.gov/pubmed/22153991
http://www.ncbi.nlm.nih.gov/pubmed/22153991
http://www.ncbi.nlm.nih.gov/pubmed/20618995
http://www.ncbi.nlm.nih.gov/pubmed/20618995
http://www.ncbi.nlm.nih.gov/pubmed/20618995
http://www.ncbi.nlm.nih.gov/pubmed/20558759
http://www.ncbi.nlm.nih.gov/pubmed/20558759
http://www.ncbi.nlm.nih.gov/pubmed/20558759
http://www.ncbi.nlm.nih.gov/pubmed/17868276
http://www.ncbi.nlm.nih.gov/pubmed/17868276
http://www.ncbi.nlm.nih.gov/pubmed/17868276
http://www.ncbi.nlm.nih.gov/pubmed/20145676
http://www.ncbi.nlm.nih.gov/pubmed/20145676
http://www.ncbi.nlm.nih.gov/pubmed/20145676
http://www.ncbi.nlm.nih.gov/pubmed/20512160
http://www.ncbi.nlm.nih.gov/pubmed/20512160
http://www.ncbi.nlm.nih.gov/pubmed/22318734
http://www.ncbi.nlm.nih.gov/pubmed/22318734
http://www.ncbi.nlm.nih.gov/pubmed/22318734

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Clinical Features 
	Common features 
	LGMD2B 
	Miyoshi myopathy 
	DMAT
	Proximo-distal phenotypes 
	Congenital phenotypes 

	Prevalence
	Inheritance
	Serum CK  
	Morphological Finding 
	Histopathology
	Immunohistochemistry

	Electron Microscopy  
	Western Blot 
	Electrocardiogram, Echocardiogram and Cardiovascular Magnetic Resonance 
	Electromyogram 
	Pulmonary Function  
	CT and MRI  
	Molecular Genetics  
	Binding Partners of Dysferlin 
	Annexins A1 and A2  
	AHNAK 1 and 2 
	Calpain-3 
	Cavin or Polymerase I and transcript release factor (PTRF) 
	Caveolin-3 
	Mitsugumin 53 (MG53) 
	Affixin (beta parvin) 
	Other binding proteins  
	Correlation between Genotype and Phenotype 

	Population Genetics 
	Animal Models 
	Treatment 
	Conclusion 
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	References



