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To the Editor:Mutations in the dysferlin (DYSF) gene lead
to dysferlinopathy, which is referred to as a group of
muscular dystrophies with autosomal recessive inheri-
tance. Dysferlinopathy includes Miyoshi myopathy (MM),
limb-girdle muscular dystrophy (LGMD2B), and other
atypical phenotypes, such as the “proximo-distal (PD)”
phenotype and distal anterior compartment myopathy.[1]

Currently, the genotype-phenotype correlation in the
majority of patients remains unclear. In addition, increas-
ing cases of atypical patients and intra-familial variability
of the clinical phenotype appear to complicate the
correlation. Here, we combined targeted next-generation
sequencing (NGS) and multiplex ligation-dependent probe
amplification genetic testing for dysferlinopathy with
extensive clinical data in a cohort of patients with
dysferlinopathy. We aimed to assess whether the existence
of specific mutations in the Chinese population provides a
detailed description of clinical features, estimate the factors
influencing intra-familial variability, and obtain new
insights into phenotype-genotype correlations.

The study retrospectively observed 28 consecutive patients
and their 27 relatives from 23 families between July 2014
and February 2019 in our hospital. Serum creatine kinase
activity, electromyography, muscle biopsy, and muscle
magnetic resonance imaging (MRI) were evaluated in the
majority of patients. Fatty infiltration of the thigh and
lower leg muscles was quantified by increased signal
intensity as previously reported.[2] Targeted NGS was
performed using an inherited neuromuscular disease
(NMD) panel (Agilent Technologies, Santa Clara, CA,
USA) of 420 known inherited NMD associated genes. The
mutations screened by NGS were further confirmed by
Sanger sequencing. All novel variants were subsequently
interpreted according to the American College of Medical
Genetics and Genomics standards and guidelines. All
procedures performed in studies involving human partic-
ipants were in accordance with the ethical standards of the
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institutional committee and/or national research commit-
tee (The First Affiliated Hospital of Fujian Medical
University, No. FYYY2006-01-19-01) and with the
1964 Declaration of Helsinki and its later amendments
or comparable ethical standards. Informed consent was
obtained from all individual participants included in the
study.

Among the 23 families, we identified 26 different
mutations distributed over the whole coding-sequence of
the DYSF gene [Figure 1A], of which 13 mutations were
novel, including ten pathogenic and three likely pathogenic
mutations [Supplementary Table 1, http://links.lww.com/
CM9/A446]. The cosegregation analysis in eight of ten
families with novel mutations supported the pathogenicity.
Notably, the c.1667T>C mutation was found in five
unrelated families, and was present in nine alleles (19.6%).
Haplotype analyses suggested that c.1667T>C was a
possible founder mutation [Supplementary Figure 1, http://
links.lww.com/CM9/A446]. Both the c.797-798delTT and
c.836A>Tmutations were present in four alleles. Notably,
the c.1667T>C and c.836A>T mutations have only been
described in the Chinese population, while the c.1667T>C
mutation was relatively more frequent in our series than in
a previous report.[3]

A total of 11 patients presented withMM, 13 patients with
LGMD2B, and four patients showed a PD phenotype
[Supplementary Table 2, http://links.lww.com/CM9/
A446]. Fifteen out of 28 patients had only lower limb
involvement, and their upper limbs were not clinically
affected at the physical examination, which was observed
in MM patients (8/11) more frequently than in LGMD2B
patients (3/13). Initial symptoms and signs at examination
are summarized in Supplementary Table 3, http://links.
lww.com/CM9/A446. The mean age of patients with
initial symptoms was 22.0± 7.2 years (range 11–42 years).
MM patients had a mean age of 17.9± 7.2 years, while the
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Figure 1: (A) (a) Distribution of DYSF mutations discovered in the cohort of our study. The DysF protein consists of various functional domains, including seven different C2 domains (C2A-
C2G), three Fer domains (FerI, FerA, and FerB), and two DysF domains.○ denotes the variants that have been previously reported and● denotes novel variants described in this study. (b)
Relative frequency of DYSF gene mutations. (B) Intra-familial variability was observed in families 3 and 23. (a) In family 3, the proband (II-a) with the homozygous c.1667T>C mutation
presented with the MM phenotype, while her sisters with the same mutation presented with the LGMD2B phenotype. The proband (II-a) showed severe atrophy of the posterior compartment
of the leg; However, the lower leg of her affected sister (II-b) had a normal appearance. (b) In family 23, the patient (II-b) carrying the novel frameshift mutation c.1644delA had the MM
phenotype, while another patient (II-a) carrying compound heterozygous mutations c.1644delA and c.5828_5843delCCTTGGACCAGCTGGA presented with a PD phenotype. DysF: Dysferlin;
LGMD2B: Limb-girdle muscular dystrophy; MM: Miyoshi myopathy; PD: Proximo-distal.
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mean age of LGMD2B patients was significantly higher,
25.0± 8.1 years (P< 0.05). The mean age was 27.5± 9.5
years in the group with the c.1667T>C (p.L556P)
mutation and 19.6± 4.6 years in the group without the
c.1667T>C (p.L556P) mutation. The difference between
the group with the c.1667T>C (p.L556P) mutation and
the group without the c.1667T>C (p.L556P) mutation
was significant (P< 0.05).

Remarkably phenotypic variability among family mem-
bers was observed in two families [Figure 1B]. In family 3,
patient II-a presented with an MM phenotype and onset
with distal lower limb weakness and developed proximal
lower limb weakness with the progression of the disease,
with no upper limb involvement after 3 years of follow-up.
However, his affected sisters II-b showed LGMD2B,
complained of difficulty in running at onset, and
demonstrated mild proximal weakness of the lower limb
in neuromuscular examination. Two affected members
623
had distinct phenotypes in different branches of family 23
(F23). The patient (F23, II-a) showed the PD phenotype and
carried compound heterozygousmutations c.1644delA and
c.5828_5843delCCTTGGACCAGCTGGA. The cosegre-
gation analysis revealed that the mother of one patient
carried heterozygous c.1644delA and her father carried
another mutation. However, the patient (F23, II-b)
presented with the MM phenotype and carried the
homozygous mutation c.1644delA.

MuscleMRI of the lower limbs was detected in 22 patients.
At the thigh level, posterior thigh muscle groups (semi-
membranosus, semitendinosus, and biceps femoris), the
vastus lateralis, and the adductor magnus were commonly
affected, whereas rectus femoris, sartorius, and gracilis
were only involved in the advanced stage. The mean scores
for fat infiltration of the anterior, medial, and posterior
thigh muscle groups were 1.0 (interquartile range [IQR]:
2.3), 1.0 (IQR: 3.0), and 2.0 (IQR: 2.0), respectively. For
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the lower leg muscles, the posterior compartment (soleus,
gastrocnemius medialis, and gastrocnemius lateralis)
commonly and severely infiltrated muscles in >80% of
patients. The mean scores for fat infiltration of the anterior
compartment, central compartment, and posterior com-
partment were 1.0 (IQR: 3.0), 1.0 (IQR: 2.0), and 3.0
(IQR: 1.0), respectively. The fat infiltration of posterior
compartment involvement was significantly higher than
that of either the anterior or central compartment
[Supplementary Figure 2, http://links.lww.com/CM9/
A446].

In this study, we found 13 novel mutations in ten families
and identified a high frequency of novel mutations (50%).
Although the novel mutations found in this study were
spread out along the entire DYSF gene, a total of 11 novel
mutations were located in C2 domains or two DysF
domains and more frequently in the C2G domain. C2
domains are considered as highly conserved regions and
have Ca2+ and phospholipid binding motifs, and Ca2+

binding can facilitate domain interactions with membrane
repair proteins.[4] In addition, some mutations were a
residue of inner DysF domains and disrupted the formation
of arginine/tryptophan (R/W) stacks, likely resulting in
unfolded or unstable domains, finally leading to DysF
protein degradation.

Notably, both the c.1667T>C (p.L556P) and c.836A>T
mutations have been reported only in Chinese patients, and
the c.1667T>C (p.L556P) mutation was the most frequent
in our cohort. In contrast, four common mutations in the
Japanese population were not present in our study.[5]

These findings strongly supported the specificity of DYSF
mutations, which were associated with ethnic background.
Moreover, haplotype analysis revealed that the mutation
c.1667T>C might be a founder mutation in southern
China. In addition, in a previous study,[3] the recurrent
mutation c.1375dupA was considered a possible founder
mutation in northern China, but only one patient carried
this heterogeneous mutation in this study, which suggested
a difference between the distribution and frequency of the
DYSF mutation in southern and northern China.

Differences in clinical phenotypes and the course of disease
progression were observed in the siblings of our families,
confirming the significant intra-familial variability in
dysferlinopathy. In addition, different novel mutations
were detected among affected members in branches of the
same family (F23) and were first documented in our
cohort. This finding is a rare condition that may contribute
to the different phenotypes of two affected members in
the family (F23). These findings clearly indicated that the
clinical phenotypes were associated with not only the
DYSF gene but also additional factors, such as environ-
mental factors and modifier gene(s).

In conclusion, we identified a high proportion of novel
mutations and displayed a broad spectrum of the DYSF
624
gene. The mutations c.1667T>C (p.L556P) and
c.836A>T appear to be unique in the Chinese population,
suggesting that the distribution of DYSF mutations is
associated with ethnic background. Additionally, the
prevalent c.1667T>C mutation with later onset expands
the genotype-phenotype correlation. Notably, DYSF
mutations within families have distinct phenotypes, which
suggests that the clinical phenotype is determined not only
by DYSF mutations but also likely through a complex
interplay of environmental, epigenetic, and genetic factors.
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