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ABSTRACT
Objective and methods Dysferlin encoded by DYSF
deficiency leads to two main phenotypes, limb girdle
muscular dystrophy (LGMD) 2B and Miyoshi myopathy.
To reveal in detail the mutational and clinical features of
LGMD2B in Japan, we observed 40 Japanese patients in
36 families with LGMD2B in whom dysferlin mutations
were confirmed.
Results and conclusions Three mutations
(c.1566C>G, c.2997G>T and c.4497delT) were relatively
more prevalent. The c.2997G>T mutation was
associated with late onset, proximal dominant forms of
dysferlinopathy, a high probability that muscle weakness
started in an upper limb and lower serum creatine
kinase (CK) levels. The clinical features of LGMD2B are
as follows: (1) onset in the late teens or early adulthood,
except patients homozygous for the c.2997G>T
mutation; (2) lower limb weakness at onset; (3) distal
change of lower limbs on muscle CT at an early stage;
(4) impairment of lumbar erector spinal muscles on
muscle CT at an early stage; (5) predominant
involvement of proximal upper limbs; (6) preservation of
function of the hands at late stage; (7) preservation of
strength in neck muscles at late stage; (8) lack of facial
weakness or dysphagia; (9) avoidance of scoliosis;
(10) hyper-Ckaemia; (11) preservation of cardiac
function; and (12) a tendency for respiratory function to
decline with disease duration. It is important that the
late onset phenotype is found with prevalent mutations.

INTRODUCTION
Dysferlinopathies are autosomal recessive muscular
dystrophies caused by mutations in the dysferlin
gene (DYSF, MIM# 603009). Dysferlin deficiency
leads to two main phenotypes: limb girdle muscu-
lar dystrophy (LGMD) 2B and Miyoshi myopathy
(MM).1 2 Dysferlin is located on the plasma mem-
brane of skeletal muscle and is deficient in patients
with MM and LGMD2B.3 4 However, atypical
immunostaining in muscle from patients with dys-
ferlin mutations occurs,5 6 and dysferlin expression
is not normal in sarcoglycanopathy, dystrophinopa-
thy,7 caveolinopathy8 9 or calpainopathy6 muscles.
Therefore, the final diagnosis of dysferlinopathy

requires identification of mutations in the dysferlin
gene. We first reported dysferlin mutations in
Japanese patients with MM10 and in a patient from
a non-European ethnic group with distal anterior
compartment myopathy (DACM),11 a relatively
new phenotype of dysferlinopathy.12 Furthermore,
we revealed that, in MM, four mutations
(c.1566C>G, c.2997G>T, c.3373delG and
c.4497delT) were relatively more prevalent in the
Japanese population and the c.2997G>T mutation
was associated with late onset.13 Although muta-
tion analysis of the dysferlin gene is a time consum-
ing task because of the large size of the gene,14

large series of patients with dysferlin gene muta-
tions have been studied.6 15–24 However, few
detailed analyses of the clinical features of
LGMD2B, especially in relation to various types of
mutations, have been reported. Here we report the
clinical features of a series of 40 patients in 36 fam-
ilies with LGMD2B in whom dysferlin mutations
were confirmed, and cardiac and respiratory func-
tions were involved. In particular, we took into
account the duration that had elapsed since onset
when the clinical data were examined.

MATERIALS AND METHODS
We retrospectively observed 40 Japanese patients in
36 families with LGMD2B in whom dysferlin
mutations were confirmed. LGMD was defined as
symptomatic myopathy excluding MM and DACM
at the first visit to a neurologist. Mutational analysis
was performed by single strand conformation
polymorphism analysis and sequencing on
genomic DNA using our previously reported
method,13 14 25 with minor modifications (Ref Seq
NM_003494.2), and with informed consent and
approval of our local ethics committee. We retro-
spectively reassessed the history of onset and pro-
gression of the disease. The clinical examination
included manual muscle testing using the Medical
Research Council (MRC) Scale and assignment of
scales for the proximal limb muscles, as proposed
by Brooke et al.26 Clinical examination was carried
out by neurologists from the study groups for
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muscular dystrophy in Japan. Most patients had undergone
muscle CT scans at some stage of the disease. Serum creatine
kinase (CK) activity was measured. Cardiac and respiratory
functions were evaluated. We selected the first and last manual
muscle testing data and the last data on the scales for the prox-
imal limb muscles, CK activity, cardiac function and respiratory
function. We used all muscle CT scans. Patients were divided
into three groups according to whether they had the homozy-
gous c.2997G>T (p.Trp999Cys) mutation, the heterozygous
c.2997G>T (p.Trp999Cys) mutation or other mutations.
Difference in age at onset among the groups was evaluated by
the Kruskal–Wallis test. Multiple comparison of age at onset
between each group was assessed by Scheffé’s F test. Difference
in the first symptom among the groups was evaluated by the χ2

for independence test. Kaplan–Meier curves with log rank test
were used to examine survival at each milestone of progression
in the groups. Pearson’s correlation coefficient test was used to
identify significant associations in ejection fraction (EF) (n=21),
atrial natriuretic peptide (n=9), brain natriuretic peptide (n=7),
per cent vital capacity (%VC) (n=23), carbon dioxide partial
pressure (pCO2) (n=16) and oxygen partial pressure (pO2)
(n=16) with disease duration. Because supine and standing pos-
ition chest x-rays were mingled, Pearson’s correlation coefficient
test was not used for the cardiothoracic ratio (n=22).

RESULTS
Mutations
We identified 17 different mutations in 36 families (table 1).
Two mutations (c.2974T>C (p.Trp992Arg) and c.2997G>T
(p.Trp999Cys)) were missense mutations and four mutations
(c.342+1G>A, c.937+1G>A, c.2643+1G>A and c.4794+
1G>A) were splice site mutations. The others were nonsense muta-
tions. The c.2997G>T (p.Trp999Cys) mutation was present in 26
alleles (36.1%). The c.1566C>G (p.Tyr522X) mutation and the
c.4497delT mutation were both present in eight alleles (11.1%).
We identified the c.3373delG mutation that has high frequency in
Japanese patients with MM13 in only one allele.

Clinical course
Mean age at onset of all patients was 26.6±9.9 years (range
14–58): the group homozygous for the c.2997G>T
(p.Trp999Cys) mutation, 37.9±10.2 years (19–58); the group
heterozygous for the c.2997G>T (p.Trp999Cys) mutation, 26.8
±7.6 years (14–35); and the group without the c.2997G>T
(p.Trp999Cys) mutation, 21.8±5.8 years (14–41). The differ-
ence between the group homozygous for the c.2997G>T
(p.Trp999Cys) mutation and the group heterozygous for the
c.2997G>T (p.Trp999Cys) mutation was significant (p<0.05).
The difference between the group homozygous for the
c.2997G>T (p.Trp999Cys) mutation and the group without the
c.2997G>T (p.Trp999Cys) mutation was significant (p<0.01)
(figure 1). The first symptom in most patients was lower limb
weakness. Walking on tiptoe was the first sign in one patient. In
three patients with the homozygous c.2997G>T (p.Trp999Cys)
mutation, the first symptom was upper limb weakness. In
two patients, one of them carrying the homozygous
c.2997G>T (p.Trp999Cys) mutation, upper limb weakness was
concomitant with lower limb weakness. There was a significant
difference (p<0.01) in the probability that the first symptom
was upper limb weakness among these three groups. The first
symptom in one patient was left brachial pain and in another
patient it was limitation of the elbow, hip, knee and spine.27 In
the early stage of the clinical course, hypertrophy of the calves
was noticed in three patients. Winged scapula, rigid spine27 and

hollow foot were observed in one patient each. Lordosis was
observed in two patients. Weakness of the face, dysphagia,
scoliosis and kyphosis were not found. Choreic movements and
pollakisuria were found in one patient.28 Mean duration at diffi-
culty in running was 1.3 years from disease onset (range 0–10),
3.1 years (0–14) for difficulty in climbing stairs, 5.5 years
(0–16) for stumbling, 6.0 years (0–10) for difficulty in standing
on tiptoe, 6.7 years (0–15) for rising from the floor, 8.7 years
(0–25) for noticing weakness in a proximal upper limb, 12.5
years (3–23) for walking with a cane, 20.4 years (9–35) for
noticing weakness in a distal upper limb, 21.6 years (13–29) for
using a wheelchair and 31.0 years (16–45) for using an electric
wheelchair. There was a significant difference (p<0.05) in the
survival ratio only at the stage of difficulty in standing on tiptoe
among these three groups (figure 2). There were no significant
differences in survival at the stage of the other symptoms
between these three groups. According to the scales for the prox-
imal limb muscles, only two patients each reached the severest
stage of arms and shoulders (cannot raise hands to mouth and
have no useful function) and hips and legs (confined to bed).

Manual muscle testing
In the first decade of the disease, the muscles of the lower limbs
were predominantly involved. In the upper limbs, the deltoid
muscle was predominantly involved. In the second decade of
the disease, the biceps and triceps brachii muscles became weak.
Later on, the flexor and extensor of the hand became weak.
Muscle weakness progressed and, in the fifth decade of the
disease, the muscles of the lower limbs were very weak (1 on
the MRC Scale). In the patient with 52 years of disease dur-
ation, although the muscles of the upper and the lower limbs
were 0 on the MRC scale, the flexor and extensor of the neck
were relatively preserved (2 on the MRC Scale).

Muscle CT scans
The CT scans revealed low density changes in the gastrocne-
mius, especially in the medial heads, soleus, hamstrings and the
erector spinal group, which was mainly affected in the lateral
parts in the early disease stage. Low density abnormalities in the
quadriceps femoris and the adductor magnus muscles were
observed at close to 10 years after disease onset. The tibialis
anterior, the peroneal group, the gluteal group, the quadrates
lumborum and the deltoid muscles were involved at 10 years
after onset. The gracilis and sarcorius muscles were preserved
and had hypertrophied during the second decade of disease dur-
ation. Approximately 20 years after disease onset, low density
changes in the dorsal muscles occurred in the neck region, par-
ticularly in the transversospinal group, except for the semispina-
lis capitis muscle. All muscles were replaced by low density
tissue or were atrophied at 30 years after disease onset. The
gluteal group, the psoas major muscle, the lateral abdominal
group and the levator scapulae muscle were preserved in the
late stage. There were exceptional cases. In one patient, low
density changes in the dorsal muscles in the neck region
occurred at an early stage. In another patient, the quadriceps
femoris muscles were more severely damaged than the ham-
strings at 14 years of disease duration.

Serum CK levels
Although serum CK levels were very high, there was a tendency
for levels to decrease with disease duration (figure 3). There
was a trend in the distribution of the levels by c.2997G>T
(p.Trp999Cys) mutation. Levels in the group homozygous for

2 Takahashi T, et al. J Neurol Neurosurg Psychiatry 2012;0:1–7. doi:10.1136/jnnp-2011-301339

Neuromuscular

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp-2011-301339 on 15 D

ecem
ber 2012. D

ow
nloaded from

 

http://jnnp.bmj.com/


the c.2997G>T (p.Trp999Cys) mutation were lower than those
of the other two groups.

Cardiac function
Although supine and standing position chest x-rays were
mingled, in half of the patients the cardiothoracic ratio was
>50%. No significant correlation was observed between EF and
disease duration. Except for two patients, levels of EF were

>50%. In all the patients, concentrations of atrial natriuretic
peptide were within the normal range. Except for one patient,
concentrations of brain natriuretic peptide were within the
normal range. No significant correlation was observed between
these peptides and disease duration. Although 19 patients exhib-
ited normal findings on ECG, abnormalities were found in nine
patients. The ECG showed premature ventricular contraction in
one patient, one degree atrioventricular block in two patients,

Table 1 Summary of dysferlin gene mutations of patients in this study

Patient Sex Age (years) Disease duration (years) Exon Nucleotide change Protein change State

Dys48-1 M 54 23 28 c.2997G>T p.Trp999Cys Homozygous
Dys58-1 F 51 8 28 c.2997G>T p.Trp999Cys Homozygous
Dys64-1 M 58 19 28 c.2997G>T p.Trp999Cys Homozygous
Dys93-1 F 57 17 28 c.2997G>T p.Trp999Cys Homozygous
Dys99-1 F 55 11 28 c.2997G>T p.Trp999Cys Homozygous
Dys106-1 F 22 3 28 c.2997G>T p.Trp999Cys Homozygous
Dys113-1 M 57 17 28 c.2997G>T p.Trp999Cys Homozygous
Dys123-1 F 59 25 28 c.2997G>T p.Trp999Cys Homozygous
Dys133-1 M 66 8 28 c.2997G>T p.Trp999Cys Homozygous
Dys170-1 F 38 7 28 c.2997G>T p.Trp999Cys Homozygous
Dys13-1 M 43 29 28

34
c.2997G>T
c.3771G>A

p.Trp999Cys
p.Trp1257X

Compound heterozygous

Dys55-1 F 47 22 28
37

c.2997G>T
c.3959_3960insA

p.Trp999Cys
p.Met1320IlefsX26

Compound heterozygous

Dys114-1 M 50 15 Intron 25
28

c.2643+1G>A
c.2997G>T

Splice site
p.Trp999Cys

Compound heterozygous

Dys120-1 M 55 25 18
28

c.1566C>G
c.2997G>T

p.Tyr522X
p.Trp999Cys

Compound heterozygous

Dys124-1 F 36 12 18
28

c.1566C>G
c.2997G>T

p.Tyr522X
p.Trp999Cys

Compound heterozygous

Dys127-1 F 56 23 18
28

c.1566C>G
c.2997G>T

p.Tyr522X
p.Trp999Cys

Compound heterozygous

4 M 75 49 Intron 25
41

c.2643+1G>A
c.4497delT

Splice site
p.Phe1499LeufsX4

Compound heterozygous

5 M Died at 59 Died at 42 21 c.1958delG p.Gly653ValfsX3 Homozygous
15 F 50 34 37 c.3959_3960insA p.Met1320IlefsX26 Homozygous
39 F 74 52 Intron 25 c.2643+1G>A Splice site Homozygous
44 M 41 14 29

41
c.3112C>T
c.4497delT

p.Arg1038X
p.Phe1499LeufsX4

Compound heterozygous

47 M 55 37 37 c.3959_3960insA p.Met1320IlefsX26 Homozygous
Dys37-1 M 60 40 Intron 10 c.937+1G>A Splice site Homozygous
Dys37-2 F 51 24 Sister of Dys37-1
Dys43-1 F 36 19 18 c.1566C>G p.Tyr522X Homozygous

Dys43-2 F 35 21 Sister of Dys43-1
Dys46-1 F 67 48 41 c.4497delT p.Phe1499LeufsX4 Homozygous
Dys50-2 M 70 29 41 c.4497delT p.Phe1499LeufsX4 Homozygous
Dys59-1 F 49 27 28 c.2974T>C p.Trp992Arg Homozygous
Dys61-1 F 43 21 41 c.4497delT p.Phe1499LeufsX4 Homozygous
Dys78-1 F 54 30 Intron 10 c.937+1G>A Splice site Homozygous
Dys84-1 F 64 45 14 c.1321C>T p.Gln441X Homozygous
Dys84-2 M 52 32 Brother of Dys84-1
Dys89-1 F 68 40 18

28
c.1566C>G
c.2974T>C

p.Tyr522X
p.Trp992Arg

Compound heterozygous

Dys117-1 M 32 9 18 c.1566C>G p.Tyr522X Homozygous
Dys117-2 M 30 16 Brother of Dys117-1
Dys126-1 M 23 2 Intron 4

54
c.342+1G>A
c.6135G>A

Splice site
p.Trp2045X

Compound heterozygous

Dys145-1 F 27 10 6 c.610C>T p.Arg204X Homozygous
Dys146-1 F 58 34 31

Intron 43
c.3373delG
c.4794+1G>A

p.Glu1125LysfsX9
splice site

Compound heterozygous

Dys163-1 M 36 11 6 c.493delC p.Leu165SerfsX48 Homozygous
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incomplete right bundle branch block in two patients, left axis
deviation in two patients, left atrial hypertrophy in one patient,
right ventricular hypertrophy in three patients, left ventricular
hypertrophy in three patients, ST change in two patients and
negative T in one patient.

Respiratory function
A statistically significant (p<0.01) correlation (r=−0.545) was
observed between %VC and disease duration (figure 4). In 48%

of patients, %VC was <80%. Although no significant correl-
ation was observed between pCO2 and disease duration, in 44%
of patients, levels of pCO2 were >45 mm Hg. In most patients,
levels of pO2 were >70 mm Hg. No significant correlation was
observed between pO2 and disease duration. Four patients had
used non-invasive positive pressure ventilation (NIPPV). One
patient who used NIPPV died after 42 years of disease duration
from respiratory failure.

Figure 1 Histogram by age at onset. (A) Patients homozygous for the
c.2997G>T mutation. (B) Patients heterozygous for the c.2997G>T
mutation. (C) Patients without the c.2997G>T mutation.

Figure 2 Standing on tiptoe—possible survival curve. Survival curve
of patients homozygous for the c.2997G>T mutation (line with
squares), those heterozygous for the c.2997G>T mutation (line with
triangles) and those without the c.2997G>T mutations (line with
diamonds).

Figure 3 Serum creatine kinase (CK) levels during the disease course.
Levels of serum CK in patients homozygous for the c.2997G>T
mutation (squares), heterozygous for the c.2997G>T mutation
(triangles) and those without the c.2997G>T mutations (diamonds).

Figure 4 Respiratory function. (A) Per cent vital capacity (%VC)
according to disease duration. The line is the regression line of %VC and
disease duration. (B) Carbon dioxide partial pressure (pCO2) according
to disease duration. (C) Oxygen partial pressure (pO2) according to
disease duration. The triangles indicate levels in patients who had used
non-invasive positive pressure ventilation. The cross (+) indicates the level
in a patient who died after 42 years of disease duration of respiratory
failure.
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DISCUSSION
Three mutations (c.2997G>T (p.Trp999Cys), c.1566C>G
(p.Tyr522X) and c.4497delT) were relatively more prevalent in
the present Japanese patients with LGMD2B. Also, in Japanese
patients with MM, these three mutations were relatively more
prevalent in our previous study.13 We identified the c.3373delG
mutation that occurred with high frequency in Japanese patients
with MM, as well as these three mutations,13 in only one allele in
Japanese patients with LGMD2B.

In MM, patients with the c.2997G>T (p.Trp999Cys) mutation
had a significantly late onset.13 Tagawa et al6 reported that age of
onset in patients homozygous for the c.2997G>T (p.Trp999Cys)
mutation was later than the third decade of life. In this study, espe-
cially in patients homozygous for the c.2997G>T (p.Trp999Cys)
mutation, onset was significantly late. Only 10% of patients homo-
zygous for the c.2997G>T (p.Trp999Cys) mutation developed
muscle symptoms by 30 years. In contrast, 90% of patients
without this mutation developed muscle symptoms by the
same age. However, it is difficult to explain why the c.2997G>T
(p.Trp999Cys) mutation is related to late onset forms. In an immu-
nohistochemical analysis by Tagawa et al,6 although one patient
with the homozygous c.2997G>T mutation (p.Trp999Cys)
showed an ‘abnormal’ pattern, cytoplasmic accumulation of
immunopositive material with deficiency of membrane staining or
positive/negative mosaic membrane staining, three patients with
the same mutation showed a negative pattern. Guglieri et al21

reported that patients carrying two truncating mutations showed
the first muscular symptoms earlier in life than subjects harbouring
double missense substitutions. Indeed, the c.2997G>T mutation
is theoretically deduced to be a missense mutation (p.Trp999Cys).
Meanwhile, in this study, there were only two patients carrying
missense mutations other than the c.2997G>T (p.Trp999Cys)
mutation. Thus it is difficult to discuss statistically whether an
association between the c.2997G>T (p.Trp999Cys) mutation and
late onset forms is due to a missense mutation or other inherent
characteristics. Nonetheless, it is important that the late onset
phenotype is found with prevalent mutations.

Although patients homozygous for the c.2997G>T
(p.Trp999Cys) mutation had late onset, no difference in progres-
sion was observed in those harbouring the c.2997G>T
(p.Trp999Cys) mutation, except for difficulty in standing on
tiptoe. This suggests that the c.2997G>T (p.Trp999Cys) mutation
is related to late onset but not to the slow progression of the
disease. Furthermore, the c.2997G>T (p.Trp999Cys) mutation
may be relevant to the proximal dominant impairment in dysferli-
nopathy, diagnosed as the limb girdle type. Interestingly, there was
only one patient homozygous for the c.2997G>T (p.Trp999Cys)
mutation in 27 families with MM.13 Moreover, patients homozy-
gous for the c.2997G>T (p.Trp999Cys) mutation had a high
probability that the muscle weakness started in the upper limbs.
In addition, serum CK levels in patients homozygous for the
c.2997G>T (p.Trp999Cys) mutation were lower than those in
the other two groups.

We investigated the clinical features of 40 patients in 36 fam-
ilies with LGMD2B in whom dysferlin mutations were con-
firmed. Disease duration was long (26.6±9.9 years) in this study.
The clinical features of LGMD2B in this study were as follows:
(1) onset in the late teens or early adulthood except in patients
homozygous for the c.2997G>T (p.Trp999Cys) mutation;
(2) lower limb weakness at onset in most patients; (3) distal
change of lower limbs on muscle CT in the early stage; (4) impair-
ment of lumbar erector spinal muscles on muscle CT in the early
stage; (5) predominant involvement of the proximal upper limbs;

(6) preservation of function of the hands in late stage; (7) preser-
vation of strength in the neck muscles in late stage; (8) lack
of facial weakness or dysphagia; (9) avoidance of scoliosis;
(10) hyper-Ckaemia; (11) preservation of cardiac function; and
(12) tendency for respiratory function to decline with disease
duration and occasional necessity for ventilatory assistance.

Age at onset was similar to that reported for various types of
mutations.18 19 21 However, patients with disease onset at
73 years24 29 or congenital onset30 have been reported.
Clinicians may not have taken into account analyses of the dys-
ferlin gene for such patients.

Nishida et al proposed the name ‘distal limb girdle type mus-
cular dystrophy’ for patients with MM that develop proximal
muscle involvement relatively early.31 32 Nguyen et al17 classi-
fied patients for whom it was not possible to distinguish
between a distal phenotype of MM and a limb girdle pheno-
type, even when examined at onset, as a distinct ‘proximodistal’
phenotype group. Although patients with the typical features of
MM13 33 or asymptomatic hyper-CKaemia were excluded from
the present study, variable patterns of weakness in the lower
limbs were observed, as in previous studies.17 19 20 22 24

However, the predominant muscle weakness was in proximal
sites of the upper limbs in the present study.

The results of muscle CT scan in this study were similar to
those of detailed imaging studies in LGMD2B at a relatively
early stage.23 34 35 In this study, we had only one case in whom
a low density change in the dorsal muscle in the neck region
occurred in the early stage. In contrast, two patients showed
fatty muscle degeneration of the cervical elector spinae muscles
after 9 or 10 years of disease duration, in a study performed
using 3.0 T MRI.35 Another exceptional finding was a case in
which the quadriceps femoris muscles were more severely
damaged than the hamstrings, which was reported in two of five
patients.34

In the present study, only two patients showed levels of EF
that were <50% and the patient who showed the lowest EF
(32.7%) had no symptoms or signs of cardiomyopathy.36

Guglieri et al21 reported cardiac rhythm changes in three
patients and left ventricular hypertrophy in four patients from a
total of 22 LGMD2B patients. Wenzel et al37 reported ECG
abnormalities (repolarisation abnormalities or left ventricular
hypertrophy) in four patients and pathological echocardio-
graphic parameters in five of seven LGMD2B patients.
Furthermore, two patients had symptoms and signs of dilated
cardiomyopathy. Choi et al38 reported left ventricular hyper-
trophy on ECG in two patients, no cardiac signs in one patient
and mildly decreased EF (45%) in one patient among five MM
patients. Therefore, we think that in most patients with
LGMD2B, in spite of the existence of laboratorial abnormalities,
cardiac function was clinically preserved.

Mahjneh et al16 reported that patients with LGMD2B with
disease durations of up to 7 years might show slight restrictive
lung disease. Cagliani et al39 reported that respiratory tests
showed mild obstructive signs at the small airways in a
20-year-old man with LGMD2B. Illa et al12 reported that pul-
monary function tests revealed a mild reduction in VC in two
patients with DACM. In this study, many patients showed patho-
logical levels of respiratory parameters and levels of %VC
decreased with disease duration. Furthermore, some patients
needed NIPPV and one patient died of respiratory failure. The
change in muscles related to respiratory function worsens with
disease duration. Therefore, it is important to pay attention to
respiratory function in patients with dysferlinopathy.
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