
R E S E A R C H Open Access

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Wang et al. BMC Neurology          (2022) 22:398 
https://doi.org/10.1186/s12883-022-02905-w

Introduction
Dysferlinopathy is an autosomal recessive muscular 
dystrophy caused by pathogenic variants in the DYSF 
gene, which is located on chromosome 2p13 and spans 
a genomic region of over 230 kbp consisting of 55 exons 
[1, 2]. It encodes the dysferlin, a transmembrane protein 
involved in membrane repair [3], Ca2 +  signaling pathway 
[4], cell adhesion [5], and T-tubule formation [6]. Patho-
genic variants in DYSF lead to abnormal muscle wasting 
and cause different clinical phenotypes mainly includ-
ing limb-girdle muscular dystrophy type R2 (LGMD R2) 
and Miyoshi myopathy (MM) [7]. Both LGMD R2 and 
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Abstract
Background  Dysferlinopathy is an autosomal recessive muscular dystrophy caused by pathogenic variants in the 
dysferlin (DYSF) gene. This disease shows heterogeneous clinical phenotypes and genetic characteristics.

Methods  We reviewed the clinical and pathological data as well as the molecular characteristics of 26 Chinese 
patients with dysferlinopathy screened by immunohistochemistry staining and pathogenic variants in DYSF genes.

Results  Among 26 patients with dysferlinopathy, 18 patients (69.2%) presented as Limb-girdle Muscular Dystrophy 
Type R2 (LGMD R2), 4 (15.4%) had a phenotype of Miyoshi myopathy (MM), and 4 (15.4%) presented as asymptomatic 
hyperCKemia. Fifteen patients (57.7%) were originally misdiagnosed as inflammatory myopathy or other diseases. 
Fifteen novel variants were identified among the 40 variant sites identified in this cohort.

Conclusion  Dysferlinopathy is a clinically and genetically heterogeneous group of disorders with various 
phenotypes, a high proportion of novel variants, and a high rate of misdiagnosis before immunohistochemistry 
staining and genetic analysis.
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MM develop in young adults with a slow course and 
elevated levels of creatine kinase (CK). However, weak-
ness and atrophy of the muscle involved were different 
in LGMD R2 and MM, with the former mainly affecting 
the pelvic and shoulder girdle muscles, while the latter 
mainly affecting the posterior compartment of the leg [8]. 
LGMD R2 is the second most common form of LGMD 
in Western countries [9] and Japan [10] and is the most 
prevalent genotype of LGMD in China [11].

This disease exhibits a variety of dystrophic features 
in muscle pathology, including fibrosis, necrosis and 
changes in fiber size, and sometimes shows inflamma-
tory infiltrates [12], which are easily misdiagnosed as 
inflammatory myopathy because of multiple overlap-
ping clinical features [13]. Corticosteroid treatment in 
these patients may lead to irreversible muscle damage, 
and it is difficult to distinguish between dysferlinopathy 
and inflammatory myopathy when the diagnosis is based 
solely on routine clinicopathological examination [14]. 
Immunohistochemistry (IHC) showed highly reduced 
expression of dysferlin protein, which is still a mandatory 
criterion for a positive diagnosis [15]. But since similar 
manifestations can also be seen in some other secondary 
myopathies, gene diagnosis remains the gold standard 
[16]. In this study, we reviewed the clinical and molecular 
characteristics of 26 Chinese patients with dysferlinopa-
thy screened by immunohistochemistry and genetic 
analysis, and identified a high proportion of novel vari-
ants which expand the genetic spectrum of dysferlinopa-
thy. Recently Zhong et al. reported 245 dysferlinopathy 
patients in 2021, although, our data further supplemented 
their study [11] and emphasized the importance of differ-
entiation from inflammatory myopathy.

Methods
Patient selection criteria and clinical evaluation
We retrospectively reassessed clinical data of 26 Chinese 
patients (including two patients previously reported) [17, 
18] from unrelated families with muscle biopsy in our 
hospital followed up based on the following inclusion cri-
teria: (1) loss or strong reduction of dysferlin expression 
evidenced by immunohistochemistry on muscle biopsy 
and (2) variants identified in the DYSF gene (n = 26). 
According to the reference range of different hospitals, 
the CK levels were normalized as x-fold of the upper 
limit of normal values.

Standard histological methods were used to exam-
ine muscle slices. Muscle biopsy specimens were taken 
from the patients’ biceps brachii, quadriceps femoris, or 
gastrocnemius muscles after informed consent. Biop-
sied skeletal muscles were flash-frozen in isopentane 
chilled by liquid nitrogen. The histopathological analysis 
includes hematoxylin-eosin (HE), modified Gomori tri-
chrome (MGT), succinate dehydrogenase (SDH), myosin 

ATPase, acid phosphatase (ACP), NADH-tetrazolium 
reductase (NADH-TR), oil red O (ORO), and periodic 
acid-Schiff (PAS). Morphological determination of mus-
cle specimens was finished under light microscopy. Anti-
Dysferlin antibody (Abcam, JAI-1-49-3, rabbit, United 
Kingdom; dilution (1:100) was used to perform immuno-
histochemistry on muscle biopsies.

Genomic analysis
The screening of DYSF variants was conducted as 
described previously [11, 19] (transcript number 
NM_003494.4). Most of the clinical exome sequencing 
analysis were accomplished by MyGenosticsInc, Beijing, 
China.

ACMG/AMP rules used to classify the variants
The variants identified in patients are classified accord-
ing to ACMG/AMP guidelines, which are currently the 
standard in modern genetics. ACMG/AMP codes that 
were used for the classification have been provided for 
each variant in a Supplementary Table [see Additional 
file 1]. In the Chinese dysferlinopathy cohort, several 
criteria of the ACMG/AMP guidelines were modified 
as follows: PVS1: nonfunctional variants occur in criti-
cal genes, including nonsense, frameshift, splice, dele-
tion/repeat and start codon variants; PS1: A variant with 
the same amino acid change but a different nucleotide 
change as a known pathogenic variant; PS3: In vivo and 
in vitro functional assays have established that vari-
ants cause impaired gene function; PM2: Rare or miss-
ing variants in the population database; Referring to the 
SVI Recommendation for in trans Criterion PM3 (Ver-
sion 1.0), the PM3 score was given; The standards for 
PP3 recommended by the 2019 Association for Clinical 
Genomic Science ACGS are: REVEL ≥ 0.7, or > 2/3 of 
tools predicted to be harmful; For BP4, the criteria are: 
REVEL ≤ 0.4, or > 2/3 of the tools are predicted to be 
harmless and the variant position is not conservative, 
or no tool is predicted to be harmless; PP4: The disease 
associated with the variant was highly consistent with 
the patient’s symptoms and family history. All patients 
underwent immunohistochemical analysis to observe 
protein expression. If dysferlin was absent from muscle 
tissues found by immunohistochemistry in at least two 
patients with a pathogenic variant, PP4_strong was given 
(PP4_moderate if absent in one patient, PP4_supporting 
if decreased in one patient). PM2, BS1, and BA1 allele 
frequency thresholds were set at 0.02%, 0.5%, and 5%, 
respectively.

Statistical analysis
All values were calculated using IBM SPSS Statistics 26.0. 
Values are presented as the mean ± standard error (SE) 
unless otherwise stated. ANOVA(ANalysis Of VAriance)
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was used to test the significance of differences in age of 
onset and serum creatine kinase (CK) level between the 
different types of dysferlinopathy. A value of P ≤ 0.05 was 
considered statistically significant (two-tailed).

Results
Clinical Data
The 26 patients came from nine provinces in China. 
Among the 26 patients, 12 were females and 14 were 
males (Table  1). All patients had normal motor mile-
stones. The average age of onset was 24.5 ± 6.5 years 
(range 16–37 years). Eighteen patients (69.2%) pre-
sented as LGMD R2, 4 (15.4%) as MM, and 4 (15.4%) as 
asymptomatic hyperCKemia. The corresponding aver-
age ages of onset for each of the three types were listed 
as 25.6 ± 6.8 (range 16–21 years), 21.8 ± 5.1 (range 17–29 
years), and 22.0 ± 6.1 (range 16–29 years) (p = 0.41).

Fifteen patients (57.7%) were misdiagnosed as inflam-
matory myopathy before muscle biopsy (including twelve 
as LGMD R2, two as MM, and one as asymptomatic 
hyperCKemia), and 13 of them (86.7%) received cor-
ticosteroids, and some also received immunosuppres-
sive drugs. Misdiagnosis of inflammatory myopathy was 
more frequent in the LGMD R2 group (12 of 18 patients 
[66.7%]) vs. the MM group (2 of 4 patients [50%]) and 
the hyperCKemia group (1 of 4 patients [25%]). Three 
patients were misdiagnosed as viral myocarditis (3 of 4 
patients [75%]), all of whom presented as asymptomatic 
hyperCKemia. The other misdiagnosis includes periph-
eral neuropathy (n = 1), hepatopathy (n = 1), and arthritis 
(n = 1).

Serum CK level
The mean ± SD minimal level of CK was 24.8 ± 15.9 xN 
(range 4-62xN). CK levels tended to drop as the dis-
ease progressed (Fig.  1). We discovered no correlation 
between CK levels and disease development in the three 
primary phenotypes LGMD R2, MM, and asymptom-
atic hyperCKemia, and the corresponding CK values of 
the three types are 22.8 ± 12.1 xN (range 4.3–41.6 xN ), 
33.3 ± 20.9 xN (range 8.4–59.3 xN), 23.6 ± 25.4 xN (range 
6.0–61.3 xN ) (p = 0.49), respectively.

Histological and immunohistochemical staining
A total of muscle samples corresponding to the 26 
patients included were available. The mean ± SD age at 
biopsy was 29.3 ± 9.0 years (range 16–52 years), and the 
mean ± SD disease duration was 4.9 ± 4.6 years (range 
0–17 years). Samples were retrieved from biceps brachia 
(n = 11), quadriceps (n = 11), and gastrocnemius (n = 4) 
muscles. Muscle biopsies from most patients showed 
markedly increased variation in fiber diameter, necrotic 
and regenerating fibers, splitting fibers, fibrosis, and adi-
pose deposition to a variable degree. Ragged red fibers 
(RRF) and ragged blue fibers (RBF) were observed in 2 
patients (Fig.  2  A, B), and vacuolation was observed in 
1 patient. Immunohistochemical analysis of most of the 
patients showed a complete absence of dysferlin expres-
sion in patients (Fig. 2 C) compared with the normal con-
trol group (Fig.  2D) and a strong reduction of dysferlin 
expression in 6 patients. Besides, Inflammatory cell infil-
tration occurred in 5 patients which makes it easily con-
fused with inflammatory myopathy (Fig. 2E-I).

Fig. 1  Levels of creatine kinase (CK) during the disease. There is a downward trend in levels over time. Each point indicates one patient’s most recent CK 
level (N = 26)
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Variant analysis
Among 26 patients, 25 had 2 variants, either 1 homozy-
gous (n = 4) or 2 compound heterozygous (n = 21) vari-
ants identified in the DYSF gene, and one had only 1 
heterozygous DYSF gene variant. Forty different variants 
were identified (including 15 not previously reported) 
[Table  1], including 17 missense (5 novel), 10 nonsense 
(4 novel), 7 exonicframeshifting variants (insertions or 
deletions, 4 novel), 4 splice variants (0 novel), and 2 exon 
duplication variants (2 novel). The c.3112 C > T (p. Arg-
1038Ter) was identified in more than one patient, and the 
patients who had the same variant came from different 
provinces.

Discussion
Dysferlinopathy is muscular dystrophy caused by the 
deficiency of dysferlin protein coding by the DYSF gene. 
Pathologic variants in DYSF lead to different clinical 
phenotypes, mainly including LGMD R2 and MM [20]. 
LGMD R2 mainly affects the proximal lower extremity 
muscle tissue in the youth; as the disease progresses, the 
scapular girdle and upper extremity muscles may also be 
affected, but the symptoms are mild; the neck and hand 
muscles are generally spared [21]. This disease is the 
second most common LGMD in Europe and Japan but 

is underdiagnosed in China previously [22]. MM is an 
adult-onset disorder characterized by early-onset gas-
trocnemius weakness, which is also accompanied by an 
increase in serum CK concentration [23]. But the onset 
of MM was found to be earlier than that of LGMD R2 
in the Italian population [24]. Other phenotypes associ-
ated with dysferlin deficiency have also been identified, 
including distal anterior myopathy (DACM) (also known 
as distal tibial onset distal myopathy), and proximal-dis-
tal phenotype (PD) (this phenotype may be a proximally 
rapidly progressive MM) [25, 26] and asymptomatic 
hyperCKemia. We didn’t observe DACM in our cohort 
with the highest proportion of LGMD R2, which was 
consistent with the domestic sample [22] and foreign 
studies [25].

LGMD R2 is easily misdiagnosed as inflammatory 
myopathies, especially polymyositis (PM), which is very 
similar to LGMD R2 in clinical manifestation and mus-
cle pathology. Both LGMD R2 and PM exhibit proxi-
mal muscle weakness and significantly elevated muscle 
enzymes and may show infiltration of immune cells in 
muscle pathology, but the treatment is different between 
them [21]. PM is an immune disease that responds well 
to hormone therapy [27], but glucocorticoids have been 
reported to exacerbate muscle weakness in LGMD R2 

Fig. 2  (A-C) Muscle biopsy from left quadriceps of Patient 1. (A) Modified Gomori trichrome (400×) shows several ragged red fibers (RRF) (arrow). (B) 
Succinate Dehydrogenase (400×) highlights the ragged blue fiber (RBF) (arrow). (C) Immunohistochemistry staining of muscle fibers shows a complete 
absence of dysferlin expression (400×). (D) normal control of dysferlin (400×). (E-I) Muscle biopsy from left biceps of Patient 13. (E) Hematoxylin and eosin 
(HE) (200×) staining shows that inflammatory cells are seen between muscle fibers. Immunohistochemistry staining of muscle fibers shows (F) CD4 posi-
tive expression (×200), (G) CD8 negative expression (×200), (H) CD20 positive expression (×200) and (I) CD68 positive expression (×200)
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patients, and the damage to the muscle is irreversible 
[28]. We recommend that it is important to rule out dys-
ferlinopathy before starting corticosteroid courses. Stud-
ies have shown that injection of glucocorticoids into the 
patient’s muscle cell membrane can damage the mem-
brane stability [29], which may lead to an increase in the 
CK value, and this instability also exacerbates the lack 
of fibrillin repair capacity [29]. For LGMD R2, however, 
the focus is on early symptomatic treatment and appro-
priate exercise, which can slow disease progression and 
improve motor function. Therefore, the early diagnosis of 
LGMD R2 is closely related to the prognosis of patients. 
In our cohort, 5 patients showed inflammatory cell infil-
tration in muscle pathology. Twelve LGMD R2 patients 
(66.7%) in this group were misdiagnosed as polymyositis 
before biopsy, and 10 of them had received corticosteroid 
therapy, which may affect the level of CK. The CK level 
of patient 7 still repeatedly increased after corticosteroid 
therapy; in addition to corticosteroids, Patient 1 also took 
traditional Chinese medicine, but the CK level stayed at a 
high level (35.3 times the normal scope). Besides, 2 MM 
patients (50%) were misdiagnosed as polymyositis and 
had previously received corticosteroid therapy before the 
biopsy. The two diseases can be differentiated by analyz-
ing the expression of dysferlin in muscle tissues by IHC. 
For patients with LGMD R2, IHC analysis showed a lack 
of dysferlin in the involved muscle fibers, and MHC-I 
results were negative or low [30].

Besides inflammatory myopathies, dysferlinopathy 
patients with a history of exercise intolerance or asymp-
tomatic hyperCKemia [25, 31] may be misdiagnosed 
as metabolic myopathy. CK levels fluctuated in patients 
with metabolic myopathy but usually stayed at a high 
level in patients with dysferlinopathy, except in the late 
stage of the disease because of muscle wasting. In pri-
mary hospitals in China, patients with asymptomatic 
hyperCKemia at first tended to visit the department of 
cardiology or general medicine. Three patients of our 
cohort with asymptomatic hyperCKemia (75%) were 
misdiagnosed as viral myocarditis. Patients with viral 
myocarditis usually presented with chest pain, short-
ness of breath, fever, fainting, and palpitations. CK-MB 
is one of the diagnostic indicators of viral myocarditis. It 
has been reported that the CK-MB levels of children with 
viral myocarditis in the acute phase are about 3 times 
that of the normal control group [32] and CK levels can 
slightly increase, while in dysferlinopathy the CK but not 
the CK-MB levels usually increased significantly. Muscle 
damage in dysferlinopathy also results in an elevated 
level of liver enzymes (for example, ALT and AST) which 
may be confused with liver disease. Our study found that 
patients with asymptomatic hyperCKemia were eas-
ily misdiagnosed as myocarditis (75%) and liver disease 
(25%), indicating insufficient recognition of this disease Pa
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in primary hospitals in China, especially for doctors of 
internal medicine.

In addition to the typical dystrophic features, 2 patients 
in this dysferlinopathy group presented with several 
ragged red fibers (RRF) seen on histopathological MGT 
staining. Previous reports have also documented mito-
chondrial abnormalities in some patients with dys-
ferlinopathy, in which there is an accumulation of 
subsarcolemmal mitochondria in muscle fibers, including 
one patient with RRF and paracrystalline mitochondrial 
inclusions [33, 34]. The mechanisms for the formation of 
mitochondria abnormalities observed in muscle pathol-
ogy are undefined. Previous research showed that dys-
ferlin has a ferlin Ca2+ domain with a variable affinity for 
Ca2+ and helps regulate the cytoplasmic Ca2+ [33], which 
becomes abnormally high in the absence of dysferlin. 
Doug M. Turnbull [35] et al. suggested that dysferlin gene 
variants increased the concentration of cytoplasmic Ca2+, 
leading to mitochondrial aberrations. However, not only 
do mitochondria regulate cytoplasmic Ca2+ levels, but 
the abnormal elevation of Ca2+ would also affect mito-
chondria, and calcium influx into the cytoplasm would 
lead to fragmentation of the mitochondrial network and 
increase mitochondrial fission [36]. Further studies are 
needed to investigate the mechanisms which may explore 
potential therapeutic strategies for dysferlinopathy.

Decreased expression of dysferlin supports the diag-
nosis of dysferlinopathy, but it should be noticed that the 
expression of dysferlin may also decrease secondary to 
deficiency of other related genes, such as CAPN3 (caus-
ative gene for LGMD R1), so genetic analysis remains 
the definitive diagnostic criterion for dysferlinopathy. A 
wide range of DYSF variants has been identified, includ-
ing missense, nonsense, frameshift deletions/insertions, 
splice variants and large exonic deletions [9]. Missense 
variants accounted for nearly half of the study in this 
cohort, and a comparison of the variant spectrum with a 
large French cohort [37] suggested a possible difference, 
with exonicframeshifting (18% vs. 30%) and splice (10% 
vs. 16%) being lower in our cohort, while missense (42% 
vs. 34%) and nonsense (25% vs. 20%) were more com-
mon in our cohort which also had 2 exon duplication 
variants. The top three outcomes in the world patients 
dataset were missense (42.3%), splicing (13.7%), and 
frameshift (11.1%) [19]. Chinese patients showed a simi-
lar pattern of variant sequence distribution as patients 
worldwide[17–25, 39] (Table  2). Most reported patho-
genic variants for dysferlinopathy are single nucleotide 
variants and small insert/deletions [37], but large exonic 
deletions and duplications have also been described [38]. 
Pathogenic variants identified in this study consist of 4 
(4/27) canonical-splice, 10 (10/27) nonsense, 6 (6/27) 
missense, and 7 (7/27) frameshift variants. Most of the 
variant types are single nucleotide variants consistent 

with previous reports. Two variants were identified pre-
viously in Chinese patients: c. 937 + 1G > A6, splicing, and 
c.3112 C > T (p. Arg1038Ter) [20] were also retrieved in 
our study. The c.3112 C > T (p. Arg1038Ter) was identi-
fied in more than one patient, and the patients who had 
the same variant came from different provinces, suggest-
ing the variant may be recurrent in China. The c.2997 
G > T (p. Trp999Cys) variant was the most common vari-
ant in the LGMD group in the previous study [39], but no 
c.2997 G > T (p. Trp999Cys) variant was observed in our 
cohort. Previous studies involving other genotypes have 
shown no observed relationship between reduced expres-
sion levels and the severity of clinical symptoms. There-
fore, the effect of genotype on protein levels, and thus on 
phenotype, should be further investigated for each vari-
ant [39]. In addition, we also identified 15 novel variants, 
expanding the molecular spectrum of dysferlinopathy, 
and highlighted the high proportion of novel variants in 
Chinese patients with dysferlinopathy.

In summary, we reviewed the clinal and molecular 
characteristics of 26 Chinese patients with dysferlinopa-
thy. This study showed clinical and genetic heterogeneity 
of dysferlinopathy and a high proportion of novel vari-
ants in the Chinese population. We also found a high rate 
of misdiagnosis of dysferlinopathy in primary hospitals, 
suggesting more attention should be paid to improving 
the knowledge and awareness of this disease.
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