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ABSTRACT: Infroduction: We retrospectively reviewed respira-
tory and cardiac function in patients with dysferlinopathy, includ-
ing 2 autopsy cases with respiratory dysfunction. Methods:
Subjects included 48 patients who underwent respiratory evalu-
ation (n = 47), electrocardiography (n = 46), and echocardiog-
raphy (n = 23). Results: Of the 47 patients, 10 had reduced
percent forced vital capacity (%FVC), and 4 required non-
invasive positive pressure ventilation. %FVC was significantly
correlated with disease duration, and mean %FVC was signifi-
cantly lower in non-ambulatory patients, as well as in those
aged >65 years with normal creatine kinase levels. On electro-
cardiography, QRS complex duration was prolonged in 19
patients, although no significant association with age, disease
duration, or respiratory function was found. Echocardiography
indicated no left ventricular dysfunction in any patient. Histopa-
thology of autopsied cases revealed mild cardiomyopathy and
moderate diaphragm involvement. Conclusion: Patients with
dysferlinopathy may develop severe respiratory failure and
latent cardiac dysfunction. Both respiratory and cardiac function
should be monitored diligently.
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Additional Supporting Information may be found in the online version of
this article.
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Dysferlinopathy is an autosomal recessive muscular
dystrophy caused by dysferlin gene mutations
(DYSF, MIM # 603009). The DYSF gene is located
on chromosome 2pl3 and codes for dysferlin,
which is mainly localized in the sarcolemma and is
associated with Ca®"-dependent defective mem-
brane repair and T-tubule system development. The
2 major phenotypes of dysferlinopathy are proximal
dominant limb-girdle muscular dystrophy type 2B
(LGMD2B) and distal dominant Miyoshi myopathy
(MM). In patients with dysferlinopathy, dysferlin in
the sarcolemma is absent or markedly reduced.
Immunohistochemical staining (IHC), immunoblot-
ting (IB), and gene analysis are useful for diagnosis.

Cardiac dysfunction (e.g., dilated cardiomyopa-
thy, cardiac conduction defect) is variably present
in patients with certain muscular dystrophies,
including dystrophinopathy and sarcoglycanopathy,
and respiratory failure is a major complication in
many neuromuscular disorders. However, these are
not part of the usual manifestations of dysferlinop-
athyl; only a limited number of studies have
reported respiratory and cardiac function in
patients with dysferlinopathy.>' The majority of
patients, including those with long disease dura-
tion, reportedly exhibited no respiratory problems,
although some non-ambulatory, advanced-stage
patients (but not necessarily with long disease
duration) showed reduced vital capacity.”® More-
over, dilated cardiomyopathy on echocardiography,
and/or abnormalities on electrocardiogram (e.g.,
ST-T change), were observed in both advanced
and mnon-advanced stage patients.”" However,
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Table 1. Patient characteristics.

Interquartile range

Mean SD Median Range (25th—75th percentile)
Age (years) 425 14.7 39.5 20-79 32.8-50.5
Age at onset (years) 22.5 7.5 20.5 10-46 16.0-29.0
Duration from disease onset {years) 20.0 12.3 17.5 3-46 11.0~26.0
Age at gait disturbance 43.8 10.6 45.5 22-60 36.0-50.0
CK (IUL) 3,596 2,978 3,160 94-14,591 1,249-4,884
BMI 21.5 3.7 21.3 15.3-35.0 18.9-23.0
%VC (%) 92.6 28.3 101.8 23.1-129.0 86.8-112.8
%FVC (%) 92.7 28.9 100.6 20.1-131.5 84.7-112.5
EF (%) 68.0 8.3 66.0 48-84 65.0-73.5
QRS duration {ms) 97.5 12.7 94.0 78-138 88.0-108.0

CK, creatine kinase; BMI, body mass index; VC, vital capacily; FVC, forced vital capacity; EF, gjection fraction.

there are no clinical reports with details regarding
respiratory dysfunction associated with dysferlinop-
athy, and only a few reports have assessed histologi-
cal changes in respiratory and cardiac muscles in
dysferlinopathy patients.”®

Patients with neuromuscular disorders who pres-
ent with respiratory dysfunction undergo respiratory
training using the air stacking technique to increase
thoracic capacity and to use assisted cough peak
flow (CPF) from an early sta\ge.12 In addition, medi-
cation for cardiomyopathy, such as angiotensin-
converting enzyme inhibitors and/or f-blockers,
can be effective in delaying progression.'>'*

If dysferlinopathy patients commonly develop
respiratory and cardiac dysfunction, physicians
should diligently monitor respiratory and cardiac
function to detect early signs to enable respiratory
training and prescription of cardiac medication
from an early stage. In light of this background, we
aimed to analyze factors that contribute to respira-
tory and cardiac dysfunction in dysferlinopathy.

METHODS

Study Population. We retrospectively reviewed
medical charts of 48 patients with dysferlinopathy
who visited the National Center Hospital of the
National Center of Neurology and Psychiatry
(NCNP) from July 1979 to September 2013.
Patient diagnoses were confirmed by genetic analy-
sis and/or IHC together with IB,m for those who
satisfied 1 or more of the following diagnostic cri-
teria: (1) known homozygous or compound heter-
ozygous DYSF gene mutations; (2) 1 reported and
1 unreported, but causing aberrant splicing muta-
tions; and (3) absence of dysferlin in the sarco-
lemma by IHC. All patients who had no or only 1
mutation in a single allele were verified to have
absent dysferlin. This study was approved by the
ethics committee of the NCNP.

Measurements and Analysis. We collected data on
age at the time of examination, age at onset,

Dysferlinopathy Cardiopulmonary Function

disease duration, ambulation status, serum creatine
kinase (CK) levels, disease phenotype, respiratory
funcdon (%FVC), and cardiac function (electro-
cardiogram and echocardiogram) for analysis. As
percent vital capacity changed in parallel with
%FVC, we only used %FVC in respiratory assess-
ments. Decrement in %FVC and cjection fraction
(EF) were defined as <80%'® and 55%,'7 respec-
tively. Prolongation in QRS complex duration was
defined as >100 ms."®

A ttest was used for group comparisons of con-
tinuous data, and the Fisher exact test was used for
binary data. Correlation of data was assessed using
the Spearman rank correlation coefficient, which is
appropriate for both continuous and discrete varia-
bles, including ordinal variables. Fisher exact tests
were used to analyze factors that potentially contrib-
ute to respiratory dysfunction: age >65 years (the
age at which one is defined as elderly in japan)lg;
age at onset >20 years; gender; ambulation status;
serum CK levels; and disease phenotype. All analy-
ses were performed using SPSS for Macintosh, ver-
sion 18 (SPSS, Inc., Chicago, Illinois).

RESULTS

General Characteristics. The analysis included a
total of 48 Japanese patients (25 men, 23 women).
Age at onset was 22.5 = 7.4 years, and mean age at
the time of data collection was 42.5 * 14.7 years
(Table 1). Of these, 22 and 26 patients were
diagnosed with LGMD2B and MM, respectively, 36
were still ambulatory, and 12 were completely
wheelchair-bound. Among non-ambulatory patients,
mean disease duration at loss of ambulation was
19.4 = 59 years. Mean serum CK was 3,596 *
2,978 IU/L. More men were included in the MM
group, and more women were in the LGMD2B
group; age at disease onsct was significantly older
in the LGMD2B group (see Table S1 in Supplemen-
tary Material, available online), although other
parameters did not show a statistically significant
difference.
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Table 2. Genotypes of patients with dysferlinopathy.

Homozygous
c.493delC 1
c.663+1 G>C 1
c.855+4 T>C 1
c.1284+2 T>C 1
c.1852 G>A 1
€.2233-2235delAAC* 1
c.2551 C>T* 1
c.2997 G>T 2
c.4834 T>A" 1
c.4497delT 3
c.5077 C>T 2
c.5508 G>A 1
c.6135 G>A 1
Compound heterozygous
c.342+1 G>A/c.6135 G>A 1
c.565 C>G /¢.855+4 T>C 1
c.855+4 T>C / c.4200 delC 1
c.937+1 G>A/c.2643+1 G>A 1
c.1004 G>A* / ¢.4497 delT 1
c. 1353+ 1G>A / ¢.5526-1 G>A 1
c.1566 C>G / ¢.2997 G>T 1
c.1556 C>G / ¢.5509 G>A 1
c.1566 C>G / c. 5698_5699 delAG 1
c2644-2 A>G / ¢.2997 G>C 1
C.2746_2747dupGG* / ¢.5308 T>C* 1
€.2997 G>T / ¢.3373 delG 2
c.2997G>T / ¢.3827 delT” 2
C.2997G>T / ¢.4497 delT 1
€.2997 G>T / c.4886+2 T>A* 1
€.2997 G>T/¢c.6135 G>A 2
¢.3373 delG / ¢.4748_4750 delACAInsT 1
c.4720G>T / ¢.5036 G>A 1
Heterozygous
€.2097 G>T 4
Not tested 6
Total 48
*Unreported.

Immunohistochemistry and Gene Analysis. THC and
IB were performed in 34 (71%) and 25 (52%)
patients, respectively, revealing completely absent
sarcolemmal dysferlin in all patients. DYSF gene
analysis was performed in 42 (88%) patients. Of
these patients, 17 were homozygous and 21 were
compound heterozygous, including 7 with 8 unre-
ported mutations (Table 2, and Table S2 online).
Gene analysis and IHC were performed in 28
(58%) patients. Although the pathogenicity of
these unreported mutations is unclear, they were
not detected in 100 healthy Japanese people, and
6 patients with unreported mutations, with the
exception of 1, showed abnormalities on IHC. One
patient without muscle biopsy had ¢.2997 G>T
and ¢.4886+2 T>A compound heterozygote. As
€.2997 G>T is a well-kknown causative mutation
and c.4886+2 T>A causes aberrant splicing, we
considered these mutations to be pathogenic. Only
1 point mutation in a single allele was detected in
4 patients whose diagnosis was confirmed by IHC
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and IB. In these patients, another mutation may
exist in non-translated or promoter regions. The
most common mutation was ¢.2997 G>T.

Respiratory Function. None of the patients had
lung or thoracic diseases that could affect their
respiratory function. Mean %FVC was 92.7 = 28.9
[median 100.6, interquartile range (25th~75th per-
centiles) 84.7-112.5, range 20.1-131.5], and no sig-
nificant difference was found between the
LGMD2B and MM groups (see Table S1 online).

Patienis with Respiratory Dysfunction. Age and dis-
ease duration were significantly correlated with a
reduced %FVC (Fig. 1). Significant factors associ-
ated with %FVC <80 identified by Fisher exact
tests included age >65 years, non-ambulatory sta-
tus, and CK levels (Table 3).

Decreased %FVC of <80 (range 20.1-71.2) was
seen in 21.3% (10 of 47) of patients (see Table S3
online), including 9 patients who were completely
wheelchair-bound and 4 who had serum CK levels
within the normal range. Their mean age was
significantly older (58.4 * 16.9 vs. 38.7 = 11.0,
P < 0.001) than in patients with normal respiratory
function. Patients aged <40 years or those who
were still ambulatory also had a decreased %FVC.
Among these patients, 5 had episodes of respira-
tory failure, such as hypoventilation coma during
respiratory infection requiring nocturnal, or occa-
sional noninvasive positive pressure ventilation
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FIGURE 1. Scatterplots of percent forced vital capacity (FVC)
and age (A), disease duration from onset (B), ejection fraction
(C), and QRS complex duration (D). A significant correlation
was found between disease duration and %FVC (p = 0.465,
P = 0.001).
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Table 3. Fisher exact tests for the influence of respiratory factors
studied.

Respiratory function

FVC >80% FVC «80% P
Age (years) <0.001
>65 0 6
<65 37 4
Age at onset (years) 1.00
>20 21 6
<20 16 4
Gender 0.072
Men 16 8
Women 21 2
Ambulation status <0.001
Ambulatory 34 1
Non-ambulatory 3 9
CK 0.001
Normal 0 4
Elevated 37 6
Phenotype 0.734
MM 21 5
LGMD2B 16 5

CK, creatine kinase, MM, Miyoshi myopathy; LGMD2B, mb-girdle mus-
cular dystrophy type 2B; FVC, forced vital capacity.

(NIV); however, they did not share the same muta-
tions, except c.2997G>T. Respiratory function was
monitored for >10 years in 3 patients (Fig. 2).

Cardiac Function. A history of myocardial infarc-
tion was noted in 1 patient and hypertension in
another. No other patients had a disease history
that could affect their cardiac function. Electrocar-
diography and echocardiography were performed
in 46 and 23 patients, respectively (Tables 4 and 5).
Electrocardiographic abnormalities were observed
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FIGURE 2. Progress of respiratory dysfunction in 3 patients.

(years)
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Table 4. Electrocardiography findings (n = 46).

%FVC
QRS duration Total >80% <80% Unknown
<100 ms Normal 22 21 0 1
Abnormal 5* 3 2 0
>100 ms Non-specific ICD 15 10 5 ]
IRBBB 2 1 1 0
CRBBB 1 1 0 0
LAH 1 0 1 0

ICD, intraventricular conduction delay; IRBBB, incomplete right bundle-
branch block, CRBBB, complete right bundle branch block; LAH, left
anterior hemiblock; FVC, forced vital capacity.

*Premature atrial contraction (PAC) / non-specific ST-T abnormality and
left axis deviation (LAD) / flattened T wave / PAC / premature ventricular
contraction, negative T wave, LAD, atrial fibrillation.

in 24 patients, including 9 patients with %FVC <80.
Intraventricular conduction delay (i.e., QRS dura-
tion prolongation) was detected in 19 patients, but
there was no significant association with age (P =
0.911), disease duration (P = 0.932), or %FVC (P
= 0.181). Echocardiographic abnormalities were
observed in 7 patients, but they were not clinically
significant. Of these, 5 patients had mild valvular
regurgitation, including 1 with mild left aurial dila-
tion. Mean EF was 68.0 * 8.3 (median 66.0, inter-
quartile range 65-73.5, range 48-84), but there was
no significant difference between patients with
FFVC >80% and <80% (69.6 = 7.5 vs. 58.7 = 9.3,
P = 0.156).

Autopsy. Patient 6 was found to have asymptom-
atic nocturnal hypoxemia and was started on noc-
turnal NIV at age 68. An electrocardiogram at age
69 showed non-specific intraventricular conduction
delay (QRS duration 114 ms) and left axis devia-
tion. He died from peritonitis at age 70. Patient 7
required NIV temporarily at age 79, with %FVC of
28.9%. An electrocardiogram at age 79 revealed
atrial fibrillation, premature atrial contraction, and
non-specific ST-T abnormality, but no prolonged
QRS duration. He died from multiple-organ failure

Table 5. Echocardiography findings (0 = 23).

%FVC
Total >80% <80% Unknown

Normal 15 13 1 1
Abnormal

Mild TR 2 2 0 C

Mild TR + PR 1 1 6] o]

Mild MR 1 1 0 0

Mild AR 1 0 1 0

Mild LA dilation 1 1 0 o]

EF < 55% 2 1 (53%) 1 (48%) 0

TR, tricuspid regurgitation; PR, pulmonary regurgitation; MR, mitral
regurgitation;, AR, aortic regurgitation; LA, left atrium; EF, ejection frac-
tion; FVC, forced vital capacily.
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FIGURE 3. Pathological specimens and skeletal muscle computed tomography (CT) from patient 6. Skeletal muscle CT at age 61
years shows marked muscle atrophy and adipose infiltration (A). Almost all fibers were replaced by adipose tissue and fibrous tissue
in biceps brachii (B) and iliopsoas (C). Flexor digitorum superficialis was relatively preserved (D). The diaphragm exhibited moderate
to severe variation in fiber size, adipose tissue infiltration, and endomysial fibrosis (E, F). Cardiac muscle was preserved compared
with diaphragm. Minimal variation in fiber size and scattered adipose tissue infiltration was observed (G). Dysferlin was completely
deficient in the sarcolemma of cardiac muscle (H). MT, Masson trichrome; HE, hematoxylin and eosin; NADH-TR, nicotinamide ade-

nine dinucleotide—~tetrazolium reductase, DYSF, dysferlin.

at age 79. Both patients had complications of dia-
betes mellitus.

Histopathologically, both patients showed simi-
lar findings. Almost all fibers were replaced by adi-
pose tissue and fibrous ftissue in limb muscles
(Figs. 3B and C and 4A-F). The diaphragm
showed moderate to severe fiber size variation,
endomysial fibrosis, and adipose tissue infiltration
(Figs. 3E and F and 4H-]). The cardiac muscle
showed minimal to mild variation in fiber size,
endomysial fibrosis, and scattered adipose tissue
infiltration (Figs. 3G and H and 4K). Dysferlin was
completely absent in cardiac muscle sarcolemma
(Figs. 3K and 4L).

DISCUSSION

Respiratory function in patients with dysferlin-
opathy has attracted little attention so far.
Although some reports have described respiratory
symptoms or abnormal findings in patients with
dysferlinopathy,z"s’7 there are insufficient data to
allow prediction of which patients are susceptible
to respiratory dysfunction, or when the signs of
respiratory dysfunction may appear. In a previous
autopsy case, degeneration of the diaphragm was
noted, but no detailed description regarding the
degree of severity in each muscle (e.g., limbs,
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diaphragm) was provided.7 As appropriate induc-
tion of respiratory rehabilitation and NIV can
improve outcome and quality of life in patients, an
effort should be made to promote early detection
of respiratory compromise. Our study showed that
age, disease duration, ambulation status, and
serum CK levels were associated with respiratory
function (Fig. 1). Moreover, patients <40 years of
age and those who were still ambulatory also had
respiratory insufficiency.

In previous studies, patients with LGMD2B** or
proximodistal dysferlinopathy® were reported to
have respiratory dysfunction. Because diaphragm
and respiratory muscle weakness can cause respira-
tory dysfunction, we predicted that a proximal-
dominant phenotype, LGMD2B, may be associated
with an early onset of respiratory failure relative to
a distal-dominant type, MM. As average %FVC did
not significantly differ between the MM and
LGMD2B groups, it may be difficult to predict
respiratory dysfunction on the basis of clinical phe-
notype. However, among the patients with %FVC
<80, the decrease in %FVC was greater in
LGMD2B patients (see Table S3 online). LGMD2B
patients with respiratory dysfunction were older
and had longer disease duration compared with
MM patients, and thus it is difficult to determine
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FIGURE 4. Pathological specimens and skeletal muscle computed tomography (CT) from patient 7. Skeletal muscle CT at age 73
shows proximal dominant marked muscle atrophy and adipose infiltration (A). Almost all fibers were replaced by adipose tissue and
fibrous tissue in biceps brachii (B), iliopsoas (C), tibialis anterior (D), and rectus femoris (E, F), and only a few muscle fibers remained
[(D) arrow]. The tongue was well preserved (G). The diaphragm exhibited moderate to severe variation in fiber size, adipose tissue
infiltration, and endomysial fibrosis (H-J). Cardiac muscle was preserved compared with diaphragm. Mild endomysial fibrosis and scat-
tered adipose tissue infiltration with muscular degeneration was observed (K). Dysferlin was completely deficient in cardiac muscle
sarcolemma (L). MT, Masson trichrome; HE, hematoxylin and eosin; NADH-TR, nicotinamide adenine dinucleotide—tetrazolium reduc-

tase; DYSF, dysferlin.

whether the difference in %FVC was attributable
to the phenotypic difference. However, it is possi-
ble that patients with LGMD2B develop respiratory
failure in earlier stages.

Almost all reports of patients with dysferlinop-
athy who have severe respiratory dysfunction are
from Japan. Therefore, we considered the possibil-
ity that the severity of the condition is influenced
by genetic factors. In this study, however, we found
different DYSF gene mutations in every patient
(except for siblings), and no mutations other than
the heterozygous ¢.2997G>T mutation were com-
mon in patients with reduced %FVC. The
€.2997G>T mutation has been reported very fre-
quently among Japanese patients,“’o and most of
the patients with the ¢.2997G>T mutation in our
study had normal respiratory function; therefore,
no specific relationship was suggested between
gene mutations and respiratory dysfunction.
Because background conditions, such as age and

Dysferlinopathy Cardiopulmonary Function

disease duration, vary from patient to patient, the
number of patients from a single insfitution was
too small to consider the relationship between
gene mutations and disease severity. Multicenter
trials and long-term follow-up are necessary to
reach a conclusion.

Only a few studies have evaluated cardiac func-
tion in patients with dysferlinopathy.”’’ In our
study, electrocardiographic abnormalities were
more frequently observed in patients with %FVC
<80. As the mean age of patients with %FVC <80
was higher, and electrocardiogram abnormalities
such as premature beats or right bundle-branch
block reportedly increase with age,?’ there may be
some association between abnormal electrocardio-
gram findings and aging. On the other hand, QRS
complex duration was prolonged in some patients
regardless of age, disease duration, or %FVC. Pro-
longed QRS duration is caused by conduction
delays at various sites within the ventricles.
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Intraventricular conduction delay may be caused
by structural changes or by the functional proper-
ties of the cardiac conduction system. Shinmura
el al. reported that the QRS complex duration did
not change significantly with age in healthy elderly
pcople.22 Ilkhanoff et al. reported that QRS com-
plex duration >100 ms was significantly associated
with incident heart failure.” Although follow-up is
necessary to determine whether cardiac dysfunc-
tion appears in the future in patients with pro-
longed QRS duration, this may suggest potential
cardiac dysfunction and could be used as an indi-
cator for detecting early-stage cardiomyopathy.
Moreover, patients with prolonged QRS complex
duration were distributed from early to advanced
stages in this study and, according to Kuru e/ al®
and Wengzel ¢t al,® patients with dilated cardiomy-
opathy (DCM) who maintained walking ability with
assistance had high serum CK levels. Therefore,
cardiac dysfunction may occur irrespective of stage
of disease progression. On echocardiography, val-
vular regurgitation was observed in some patients
with or without respiratory dysfunction, but the
degree of regurgitation was mild in all patients.
Given that trivial to mild valvular regurgitation on
echocardiography has been reported in many
healthy people with normal cardiac function,* the
abnormal findings seen in our study are likely non-
pathogenic. ‘

Only a few histopathological assessments have
been performed on respiratory and cardiac
muscles in patients with dysferlinopathy,”™ In our
autopsy cases, limb muscles were most severely
affected. The diaphragm was also damaged, but to
a milder degree compared with limb muscles. As
limb muscle weakness tends to be more prominent
than respiratory dysfunction, respiratory problems
in patients with dysferlinopathy may have been
underestimated. Cardiac muscle showed mild
changes. Suzuki #f al” reported that, in an autopsy
case with respiratory and cardiac involvement, the
diaphragm was more severely affected than the car-
diac muscle, suggesting that the myocardium tends
to be preserved better than the diaphragm. In our
patients, old age, diabetic complications, and/or
severe arteriosclerosis may have affected myocardial
changes, including cardiac muscle degeneration.
However, our findings (i.e., variation in fiber size,
endomysial fibrosis, and complete dysferlin defi-
ciency in the sarcolemma) are consistent with those
reported previously in patients with DCM,” and may
be attributed to dysferlinopathy.

We are aware that recruiting patients from the
NCNP, an institution highly specialized in muscle
disease, is a potential source of selection bias,
because these patients may be more severely
affected than the general patient population.
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Therefore, our study may not accurately reflect the
general patient population. Investigations of small
populations may also underestimate the statistical
significance. A broader investigation, such as one
that uses an international registry and clinical out-
come studies, will be needed in the future.

In conclusion, as patients with dysferlinopathy
are prone to respiratory dysfunction, respiratory
function should be evaluated regularly, especially
in older, advanced-stage patients. Furthermore, as
ORS complex duration prolongation on the elec-
trocardiogram could also occur, irrespective of
age, disease duration, and %FVC, it is preferable
to evaluate cardiac function regularly.
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Genetic profile for suspecte

dysferlinopathy identified by targeted

next-generation sequencing

ABSTRACT

Objective: To investigate the genetic causes of suspected dysferlinopathy and to reveal the
genetic profile for myopathies with dysferlin deficiency.

Methods: Using next-generation sequencing, we analyzed 42 myopathy-associated genes,
including DYSF, in 64 patients who were clinically or pathologically suspected of having dysfer-
linopathy. Putative pathogenic mutations were confirmed by Sanger sequencing. In addition,
copy-number variations in DYSF were investigated using multiplex ligation-dependent probe
amplification. We also analyzed the genetic profile for 90 patients with myopathy with dysferlin
deficiency, as indicated by muscle specimen immunohistochemistry, including patients from a
previous cohort.

Results: We identified putative pathogenic mutations in 38 patients (59% of all investigated pa-
tients). Twenty-three patients had DYSF mutations, including 6 novel mutations. The remaining
16 patients, including a single patient who also carried the DYSF mutation, harbored putative
pathogenic mutations in other genes. The genetic profile for 90 patients with dysferlin deficiency
revealed that 70% had DYSF mutations (n = 63), 10% had CAPN3 mutations (n = 9), 2% had
CAV3 mutations (n = 2), 3% had mutations in other genes {in single patients), and 16% did not
have any identified mutations (n = 14).

Conclusions: This study clarified the heterogeneous genetic profile for myopathies with dysferlin
deficiency. Our results demonstrate the importance of a comprehensive analysis of related genes
in improving the genetic diagnosis of dysferlinopathy as one of the most common subtypes
of limb-girdle muscular dystrophy. Unresolved diagnoses - should be investigated using
whole-genome or whole-exome sequencing. Neurol Genet 2015;1:¢36; doi: 10.1212/
NXG.0000000000000036

GLOSSARY

CK = creatine kinase; DM = distal myopathy; HGMD = Human Gene Mutation Database; LGMD = limb-girdle muscular
dystrophy; MLPA = multiplex ligation-dependent probe amplification; MMD = Miyoshi muscular dystrophy; XHMM = eXome-
Hidden Markov Model.

Dysferlinopathies are a group of autosomal recessive muscular dystrophies caused by mutations
in DYSF. There are 3 main phenotypes: Miyoshi muscular dystrophy 1 (MMD1; OMIM
#254130), limb-girdle muscular dystrophy type 2B (LGMD2B; OMIM #253601), and distal
myopathy with anterior tibial onset (OMIM #606768). DYSF is located on chromosome
2p13.3-p13.1. It is composed of 55 exons coding for 2,080 amino acid residues, which form
the dysferlin protein (approximately 230 kDa).! Dysferlin is expressed in the plasma membrane
of skeletal muscles® and is involved in calcium-mediated membrane fusion events and mem-
brane repair.>* Patients with DYSF mutations have very low levels of dysferlin expression in
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