
Introduction 

Caveolinopathy is a disease caused by alterations in caveolin-3 
(CAV3), a muscle-specific protein encoded by CAV3 [1]. It has 
been designated as LGMD1C, a subtype of limb–girdle muscular 
dystrophy (LGMD), but its clinical presentations are highly het-
erogeneous, including rippling muscle disease (RMD), LGMD, 
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Original article

Purpose: Caveolinopathy is a disease caused by caveolin-3 (CAV3) mutations that shows a wide 
clinical spectrum, including isolated hyperCKemia and limb-girdle muscular dystrophy. While re-
cent advances in next-generation sequencing (NGS) have enabled earlier diagnosis of this dis-
ease, it remains difficult to predict the clinical course of each patient. 
Methods: This study summarizes the clinical presentations of 13 genetically confirmed caveol-
inopathy patients in four Korean families. Genetic diagnosis was performed using NGS technolo-
gies for probands and Sanger sequencing for the other family members. 
Results: Four coding mutations were found (p.Val103_Val104del, p.Asp28Glu, p.Pro105Leu, and 
p.Arg27Gln), and each family showed autosomal dominant inheritance. While all 13 cases had 
hyperCKemia, only five of them showed some myopathic features including ankle contracture, 
calf hypertrophy, exercise intolerance, and muscle cramping. This high proportion of asymptom-
atic cases suggests both that these mutations may be associated with a mild phenotype and that 
caveolinopathy may be an underdiagnosed disease. 
Conclusion: This study extends our understanding of caveolinopathy; in particular, the findings 
suggest the need to consider caveolinopathy in patients with incidental findings of creatine ki-
nase elevation. NGS may be a useful method in the differential diagnosis of such cases. 

Keywords: Muscular dystrophy, limb-girdle, type 1C; Caveolin 3; High-throughput nucleotide se-
quencing; Muscular dystrophies, limb-girdle; Creatine kinase

long QT syndrome, distal myopathy, and isolated hyperCKemia 
[2]. Although the prevalence of caveolinopathy is unclear, it seems 
evident that it is a fairly rare disease.  

LGMD1C accounts for fewer than 5% of cases of LGMD, 
whose prevalence ranges from 1 in 14,500 to 1 in 123,000 accord-
ing to ethnicity [3]. One study on an LGMD cohort in the USA 
reported only one CAV3-affected case out of 4,656 patients [4], 
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and there are currently around 50 mutations of CAV3 listed in the 
Human Gene Mutation Database (HGMD) [5]. 

The progression of muscle weakness may be slow or rapid. The 
age of onset varies greatly from early childhood to late adulthood, 
and initial symptoms also differ among individuals [6-8]. In addi-
tion, the same mutations of CAV3 may result in quite different 
clinical features, showing evidence of intrafamilial phenotypic vari-
ability [2,9]. These diverse clinical presentations of caveolinopathy 
have posed a diagnostic challenge. However, in recent decades, ad-
vances in next- generation sequencing (NGS) technology have in-
creased the diagnostic rate of caveolinopathy and further broad-
ened its clinical spectrum. In addition to NGS, conventional diag-
nostic methods, such as muscle pathology and immunohisto-
chemical staining, can still be helpful in confirming the pathoge-
nicity of variants [10]. 

To our knowledge, few studies have investigated caveolinopathy 
in East Asian populations [11,12]. Although a couple of Korean 
patients have been reported previously [10,13], no caveolinopathy 
case series has been published to date. Considering its rarity and 
heterogeneity, a broad range of studies is warranted among differ-
ent ethnicities to elucidate the clinical and genetic spectrum of ca-
veolinopathy. In this study, we summarized the clinical manifesta-
tions of 13 caveolinopathy cases in four Korean families, which 

were diagnosed using NGS technology and reviewed through 
muscle pathology. We investigated whether there were any differ-
ences in clinical presentations according to the different types of 
mutations.  

Materials and Methods 

1. Subjects 
The study was approved by the Institutional Review Board 
(IRB) of Seoul National University Hospital (IRB no. 2008-
135-115), and written informed consent was obtained from all 
patients and/or their parents. In total, 13 patients with proven 
mutations were enrolled in this study. They belonged to four 
families, and the largest family included eight affected patients 
(Fig. 1). The probands visited the Neuromuscular Clinic of 
Seoul National University Children’s Hospital (SNUCH) with 
symptoms or signs suspicious of myopathy such as hyperCKe-
mia and a tiptoeing gait, and they were all genetically diagnosed 
with caveolinopathy with CAV3 mutations. We found nine cases 
with CAV3 mutations in relatives through mutation screening in 
their family members. We retrospectively reviewed their medi-
cal records, including laboratory, radiographic, and pathologic 
findings during follow-up, and compared them within and be-

Fig. 1. Pedigrees of the families affected by caveolinopathy. Four independent families carried different caveolin-3 (CAV3) mutations, all 
inherited in an autosomal dominant manner.
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tween families according to their mutations. 

2. Mutation discovery 
With the suspicion of isolated hyperCKemia or muscular dystro-
phy, we tried to find causal variants for each patient (Fig. 2). Sin-
gle-gene analysis of the dystrophin (DMD) gene could not identify 
pathogenic variants, and the probands of each family were se-
quenced using different types of NGS technologies. Cases 1-1, 1-8, 
and 4-1 were sequenced through the LGMD panel of SNUCH. 
This panel is designed to include the exonic regions of 43 LG-
MD-related genes, using the Agilent SureSelectXT Custom kit 
(Agilent Technologies, Santa Clara, CA, USA). Case 2-1 was se-
quenced through whole-exome sequencing using the SureSe-
lectXT2 Human All Exon v4+UTRs kit (Agilent Technologies) 
and HiSeq 2500 (Illumina, San Diego, CA, USA). The mutation 
in case 3-1 was found using a commercial NGS platform (Diag-
nostic Exome Sequencing, Green Cross Genome, Yongin, Korea). 

The discovered variants were predicted to be “pathogenic” or 
“likely pathogenic” according to the guideline suggested by the 
American College of Medical Genetics and Genomics and the As-
sociation for Molecular Pathology in 2015 [14]. HGMD was used 
to check whether the mutations had been previously reported. 

Public variant databases, such as the Genome Aggregation Data-
base (gnomAD), were screened for their population allele frequen-
cies [15]. Finally, the discovered mutations were confirmed in oth-
er relative cases using Sanger sequencing. The details of the se-
quencing process and variant analysis were described previously 
[16]. 

3. Immunohistochemistry 
Muscle biopsy was conducted in cases 1-1, 1-8, 2-1, and 3-2. Mus-
cle samples were taken from the quadriceps femoris or rectus fem-
oris and frozen with isopentane cooled in liquid nitrogen. Serial 
frozen sections of 10 μm were stained with a set of histochemical 
stains. Purified mouse anti-caveolin-3 antibody (BD Transduction 
Laboratories, Lexington, KY, USA) was used for immunohisto-
chemical staining.  

Results 

1. Clinical presentations and comparison with causal 
mutations 
The clinical and mutational characteristics of the study samples are 
summarized in Table 1. Each sample with a CAV3 mutation had 
hyperCKemia regardless of their age, sex, and symptoms. Four 
CAV3 mutations were detected in four different families using 
NGS technologies, inherited in an autosomal dominant manner. 
All the mutations were predicted to be pathogenic or likely patho-
genic and previously reported in the HGMD. In addition, none of 
them was listed in the public variant database, gnomAD. 

1) Family 1 
All the cases genotyped in family 1 shared the same mutation, 
namely a heterozygous in-frame deletion of CAV3 c. 307_312del-
GTGGTG (p.Val103_Val104del). Case 1-1 visited the clinic after 
an incidental finding of elevated creatine kinase (CK) concentra-
tion (564 to 1,378 IU/L; reference range, 20 to 270 IU/L) at 13 
years of age. He was previously healthy and achieved normal motor 
developmental milestones except for being a slow runner during 
early childhood. While showing Achilles tendon tightness and calf 
hypertrophy on physical examination, he had normal motor power 
until the last follow-up (at 17 years old). 

Case 1-2 was a younger brother of case 1-1. Likewise, while he 
had hyperCKemia, ankle contractures, and muscle cramping 
during exercise at 8 years of age, calf hypertrophy was not ob-
served, and his motor performance was almost normal. Case 1-5, 
a maternal cousin of case 1-1, had hyperCKemia and muscle 
cramping without ankle contracture at 9 years of age. In addition, 
a 39-year-old maternal uncle (case 1-7) had been clinically diag-

Fig. 2. Diagnostic approach to patients with incidental 
hyperCKemia or suspected muscular dystrophy. In general, we 
first apply multiplex ligation dependent probe amplification 
(MLPA) of dystrophin (DMD) to the patients. If negative, we 
conduct muscle biopsy or limb-girdle muscular dystrophy (LGMD) 
gene panel sequencing, sometimes both at the same time. 
Further studies such as whole-exome sequencing (WES), whole-
genome sequencing (WGS), and RNA sequencing (RNA-Seq) are 
considered if the above studies fail to find causal mutations.

Incidental hyperCKemia (>1,000−2,000 IU/L)
or suspected muscular dystrophy

Deletion and duplication screening in the DMD gene using MLPA

Muscle biopsy
and/or

LGMD panel sequencing

Duchenne
muscular dystrophy

Non-duchenne
muscular dystrophy

Further evaluation
such as WES, WGS, RNA-Seq, etc.

Negative

Negative

Positive

Positive
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Table 1. Clinical and genetic information of the study subjects

Sex
Initial  

symptom  
(yr)

Current 
age (yr) CAV3 mutation CK (IU/L) Ankle  

contracture
Calf  

hypertrophy
Exercise  

intolerance Tiptoeing Muscle 
cramping

Other medical 
conditions

Case 1-1 M 9 17 p.Val103_Val104del 564–1,378 Yes Yes No No No -
Case 1-2 M 8 12 p.Val103_Val104del 1,445–2,279 Yes No No No Yes -
Case 1-3 F - 46 p.Val103_Val104del 1,132 No No No No No -
Case 1-4 F - 15 p.Val103_Val104del 1,430 No No No No No -
Case 1-5 M 8-9 13 p.Val103_Val104del 1,500–2,000 No No No No Yes -
Case 1-6 F - 42 p.Val103_Val104del 982 No No No No No -
Case 1-8 M 3 18 p.Val103_Val104del 265–2,695 Yes Yes Yes, mild No No Epilepsy
Case 1-9 F - 45 p.Val103_Val104del 972 No No No No No -
Case 2-1 M 4-5 21 p.Asp28Glu 1,286–1,886 Yes Yes Yes Yes Yes Depression
Case 3-1 M - 2 p.Pro105Leu - No No No No No Birth asphyxia
Case 3-2 M - 40 p.Pro105Leu 1,713–1,847 No No No No No -
Case 4-1 F - 6 p.Arg27Gln 320–527 No No No No No -
Case 4-2 M - 36 p.Arg27Gln 813 No No No No No -

CAV3, caveolin-3; CK, creatine kinase.

nosed with muscular dystrophy and showed tiptoeing gait, al-
though symptom progression was not definite. However, his 
DNA sample was not available and the presence of a mutation 
could not be confirmed. Other female family members (cases 1-3, 
1-4, and 1-6) had no symptoms or signs, except for elevated CK 
levels. 

Case 1-8 visited the clinic with an isolated hyperCKemia at 7 
months of age, and calf hypertrophy and ankle contracture de-
veloped during follow-up. Despite showing normal develop-
ment and tolerable motor performance, he started to have mild 
and intermittent exercise intolerance at the age of 16 years. Ad-
ditionally, he started to show seizures at age 15 years, and there 
were four episodes of sudden collapse with loss of conscious-
ness followed by generalized tonic-clonic seizures. He was treat-
ed with an antiepileptic medication (divalproex sodium) with a 
clinical diagnosis of idiopathic generalized epilepsy. Electroen-
cephalography and 24-hour Holter monitoring showed no defi-
nite abnormal findings, and no further seizures were detected 
since the start of treatment. His mother, case 1-9, had isolated 
hyperCKemia without any motor symptoms or signs until the 
fourth decade.  

2) Family 2 
Case 2-1 had a missense mutation, CAV3 c.84C > A (p.Asp28G-
lu). He was the only mutation-proven patient with definite exercise 
intolerance and tiptoeing gait in this study. He started to show tip-
toeing gait from 4 to 5 years old, and visited the clinic for a further 
evaluation at 16 years old. He had hyperCKemia, calf hypertrophy, 
exercise intolerance, and muscle cramping at that time, but his mo-

tor power was not definitely impaired. His mother (case 2-2) was 
shown to have isolated hyperCKemia (694 IU/L), and his mater-
nal uncle (case 2-3), whose mutational status was unknown, also 
had similar muscle symptoms and was discharged early from mili-
tary service due to the symptoms. Additionally, case 2-1 had major 
depressive disorder with suicidal ideation and was treated with an-
tidepressants. 

3) Family 3 
The members of family 3 shared a CAV3 c.314C > T (p.Pro-
105Leu) mutation. Case 3-1 had a history of birth asphyxia and 
suspicious muscle hypotonia at birth and remained in a neonatal 
intensive care unit for 1 month. At that time, CK elevation was in-
cidentally found and his father brought him to the clinic for fur-
ther evaluation at 2 months of age. He had no abnormal symp-
toms or signs and started to control his head, and he showed a so-
cial smile at the initial visit. He showed normal development until 
the last follow-up (at 30 months of age), walking well without 
support. His father and grandmother (cases 3-2 and 3-3) had no 
definite exercise intolerance or other muscle symptoms, but their 
CK levels were elevated (1,713 to 1,847 and 1,386 IU/L, respec-
tively). 

4) Family 4 
Case 4-1 inherited a missense variant, CAV3 c.80G > A (p.Arg-
27Gln), from Case 4-2. Case 4-1 visited the clinic due to hyper-
CKemia at 4 years of age (320 to 527 IU/L), which was incidental-
ly found during treatment for Kawasaki disease at an outside hos-
pital. CK levels were measured in both parents, and her father (case 
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4-2, 36 years old) was also shown to have CK elevation (813 IU/
L). However, neither case 4-1 nor 4-2 had any muscle symptoms 
or signs at the time of the study. 

We also performed electrocardiography (cases 1-1, 1-8, 2-1, and 
3-2) and echocardiography (cases 1-1, 1-5, 1-8, and 2-1) for cardi-
ac evaluation. The results showed no abnormal findings and nor-
mal heart function, indicating no definite cardiac muscle involve-
ment at that time. Four patients (cases 1-1, 1-2, 1-5, and 2-1) un-
derwent electromyography and nerve conduction studies, and the 
results were compatible with myopathy, showing increased inser-
tional activity, short duration, reduced-to-complete interference 
pattern, and an early recruitment pattern. 

2. Muscle pathology 
We conducted muscle biopsy for four cases (cases 1-1, 1-8, 2-1, 
and 3-2). All findings were consistent with muscular dystrophy, 
showing several myopathic changes such as size variation, degener-
ation and regeneration of myofibers, and endomysial/perimysial 
fibrosis with fatty changes. Although case 3-2 was 39 years old at 
the time of biopsy, the oldest among them, his muscle pathology 
was the least severe, showing minimal size variation of myofibers 
and minimal endomysial fibrosis. 

While immunohistochemical staining for dystrophin 1, 2, and 
3 showed no definite abnormalities, the signal activities of dys-
ferlin were weakly positive and negative in cases 1-1 and 2-1, re-
spectively. Therefore, those cases were initially suspected of hav-
ing dysferlinopathy before genetic diagnosis. We also performed 
immunohistochemical staining using antibody to caveolin, 

which revealed a definitively low expression compared with 
normal controls (Fig. 3).  

Discussion 

This study reported 13 caveolinopathy cases in four Korean fami-
lies. We found four CAV3 mutations and summarized their clinical 
presentations in association with their causal mutations. To our 
knowledge, this is one of the largest clinical studies on caveolinopa-
thy, especially in an East Asian population. Although all mutations 
were previously reported and listed in HGMD, the clinical features 
differed from each other even when the same mutations were in-
volved. 

Except for case 2-1, who visited for a further evaluation of tiptoe-
ing gait, each patient visited the clinic with a chief complaint of hy-
perCKemia, and muscle symptoms were mostly mild or absent 
during follow-up. Although caveolinopathy patients can have di-
verse clinical presentations, including LGMD, RMD, and long QT 
syndrome [2], the mutations in our cases (p.Val103_Val104del, 
p.Pro105Leu, and p.Arg27Gln) might be more associated with 
mild types of caveolinopathy. The p.Asp28Glu mutation of family 
2 was previously reported in a large German family with RMD and 
LGMD [9]. That study showed that the affected patients did not 
have muscle weakness, except for ankle dorsiflexion, until their late 
30s. Even when the disease progressed to muscle weakness, the 
study patients had muscle power of no less than grade 4 until the 
sixth decade of life. The p.Pro105Leu missense mutation of family 
3 was also previously found in two Italian families with LGMD 
[17]. In that study, while disease onset usually occurred at 5 years 
of age, patients showed normal motor development, mild-to-mod-
erate proximal muscle weakness, and slow disease progression. 
Likewise, case 3-3, the grandmother of case 3-1, had no definite ex-
ercise intolerance at the time of the study, and the muscle biopsy of 
case 3-2 showed relatively favorable pathology compared with that 
of the other mutations. Regarding the p.Arg27Gln mutation, there 
is one case report in a woman who had no neuromuscular symp-
toms until the age of 70 years [18]. 

Case 2-1, with the p.Asp28Glu mutation, had more severe 
symptoms than the other cases in this study; we assume that the 
difference in mutation position resulted in different clinical fea-
tures. However, it is early to draw clear conclusions because of the 
small sample size and short follow-up period. In addition, consid-
ering the intrafamilial phenotypic variability of caveolinopathy 
[2,9], it is difficult to predict the clinical course of each patient ac-
cording to the type of causal mutation. 

Some patients suffered from neuropsychiatric disorders: case 
1-8 with epilepsy and case 2-1 with depression. Although the re-

Fig. 3. Immunohistochemical staining of caveolin-3 in muscle 
biopsies. Sarcolemmal labeling of caveolin-3 (1:1,000 dilution) 
showed reduced staining in all three unrelated patients (Case 
1-1, Case 2-1, and Case 3-2) compared with normal controls.
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lationship between CAV3 and neuropsychiatric disorders has 
not been well established, one recent study found an association 
between CAV3 variants and epilepsy [19]. This group also re-
ported that CAV3 mutations could alter the current of hyperpo-
larization-activated cyclic nucleotide-gated channels and may 
develop cardiac arrhythmias [20]. However, given the limited 
available data and the absence of additional genetic or molecular 
studies conducted for these patients, more evidence is needed 
to support any association between CAV3 and neuropsychiatric 
disorders. 

Interestingly, in this study, the cases with myopathic features, 
such as ankle contracture, muscle cramping, exercise intolerance, 
and tiptoeing gait, were all males, and we speculate that male cave-
olinopathy patients might have earlier onset and more severe 
symptoms compared with females. The p.Val103_Val104del mu-
tation has also been reported in a male patient with RMD who 
showed muscle weakness and atrophy with symptom onset at 17 
to 18 years of age [13]. While his mother and elder sister had the 
same mutations, they had no definite muscle weakness or atrophy. 
This pattern agrees with our findings showing more severe clinical 
features in male patients. However, further studies are required to 
confirm this difference by sex, which might originate from other 
genetic or environmental factors such as differences in the level of 
physical activity. 

Two patients, cases 1-1 and 2-1, were initially suspected of hav-
ing dysferlinopathy because of decreased signal activities of dysfer-
lin on immunohistochemical staining. One study noted that two 
sarcolemmal proteins, dysferlin and CAV3, interact with each other 
in skeletal muscle, and CAV3 mutations can result in the deteriora-
tion of dysferlin [21]. In contrast, dysferlin impairment may also 
result in decreased CAV3 expression [22].  

We previously reported the p.Val103_Val104del mutation of 
cases 1-8 and suggested its ethnic specificity and the possibility of 
asymptomatic or minimally affected carriers in the Korean popula-
tion [10]. Since none of the four mutations in this study were listed 
in either gnomAD or our in-house database of around 1,000 Kore-
an genomes, further sequencing is required to reveal the allele fre-
quencies of these rare variants. 

In conclusion, this study showed the clinical spectrum of ca-
veolinopathy in patients with four different mutations. Because 
all the patients in this study had mild myopathic features, caveo-
linopathy needs to be considered in patients with no or mild 
muscle symptoms with hyperCKemia. However, considering 
the phenotypic variability, each patient needs to be checked reg-
ularly regardless of the presence and severity of clinical symp-
toms. Other genetic and environmental factors may determine 
the clinical presentation of caveolinopathy in addition to CAV3 

mutations, and further research is needed to elucidate the geno-
type–phenotype correlation in more detail and predict the clini-
cal course of each patient. 
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