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ABSTRACT
Myotonia congenita (MC), paramyotonia congenita (PC) and sodium channel myotonias(SCM) were
belonged to Non-dystrophic myotonias, in which muscle relaxation is delayed after voluntary or
evoked contraction. These diseases can not be simply distinguished only based on symptoms and
signs but also on genetics: more than 100 mutations in the CLCN1 gene have been associated with
MC, while at least 20 mutations in the SCN4A gene have been associated with PC and SCM. Most of
these genetics studies have been conducted outside China, only several MC, PC, and SCM families
accepted gene scan were reported in China. Therefore we analyzed genetic mutations in CLCN1 and
SCN4A in 10 Chinese families clinically diagnosed with Non-dystrophic myotonias. Our result
revealed 12 potential disease-causing mutations(3 mutations were novel) that were present in the
probands and affected family members. We also reviewed all available literature on mutations
linked to these 3 disease in Chinese populations. Our results may help identify genetic determinants
as well as clarify genotype-phenotype relationships.
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Introduction

Myotonia congenita (MC), which in its dominant form
is referred to as Thomsen’s disease (OMIM 160800) and
in its recessive form as Becker’s disease (OMIM
255700), is belong to non-dystrophic myotonia, together
with paramyotonia congenita (PC,OMIM 168300) and
sodium channel myotonias (SCM,OMIM 608390). As
myotonias, all diseases are characterized by delayed
muscle relaxation after voluntary or evoked contraction.

The typical clinic characteristic of patients with MC
including delayed relaxation after contraction, percus-
sion myotonia, warm up phenomenon (myotonia
relieved after repeated activity). MC is associated with
dysfunction of the voltage-gated chloride channel
CLC-1 in skeletal muscle. CLC-1 is encoded by the
CLCN1 gene, which is located at chromosome 7q35
and contains 23 exons. CLC-1 is important for normal
repolarization of muscle action potentials, and certain
mutations in CLCN1 cause the protein to misfunction,
resulting in plasma membrane hyper-excitation in

skeletal muscle tissue and the “myotonic runs” typi-
cally seen in the electromyograms of myotonic
patients.1

Mutations in the a-subunit of the sodium channel in
skeletal muscle, encoded by the SCN4A gene located at
chromosome 17q, can cause various forms of disease
such as PC, SCM.2 Patients with PC show cold sensitiv-
ity, myotonia worsens after repetitive activity, and epi-
sodic weakness.3 While, patients with SCM have
variable cold-sensitivity and not with episodic weak-
ness.3 This sodium channel is a heterodimer compris-
ing a pore-forming a-subunit and a regulatory B1
subunit and the a subunit consists of 4 homologous
domains, each containing 6 transmembrane segments.
Certain mutations in the SCN4A gene are sufficient to
cause repetitive discharges leading to myotonia.4

More than 100 mutations in CLCN1 have been
linked to MC, and more than 50 mutations have been
identified in the SCN4A gene, of which about 20 have
been linked to PC.5 Most of these studies were
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conducted outside China, raising the question of how
relevant they are to Chinese patients with MC, SCM,
and PC. Indeed, in Chinese populations, fewer than 20
mutations in CLCN1 have been associated with MC6-11

and only 8 mutations in SCN4A have been associated
with SCM or PC.12-19 Clarifying the genotype-pheno-
type relationships specifically in Chinese patients is par-
ticularly important given that studies primarily in other
ethnic groups have shown that mutations in the 2
genes can lead to clinically indistinguishable myotonias,
while certain mutations in either gene can give rise to a
spectrum of clinically heterogeneous phenotypes.20,21

To gain further insight into mutations that may con-
tribute to MC, SCM and PC, as well as clarify geno-
type-phenotype relationships, we analyzed CLCN1 and
SCN4A in 10 families with Nondystrophic myotonias
from southwest China. As a result, 5 families were con-
firmed as MC, 2 families as SCM and 3 families as PC.

Material and methods

Subjects

This study involved 10 probands clinically diagnosed
with non-dystrophic myotonia at the Department of
Neurology of West China Hospital, Sichuan Univer-
sity (Chengdu, China), as well as numerous affected
and unaffected members of their families. Complete
patient histories were obtained, and physical-neuro-
logical examinations were performed by neurologists.
Diagnoses were confirmed by 2 neurologists based on
the Diagnostic Criteria for Neuromuscular Disor-
ders.22 All patients showed non-dystrophic myotonia,
and symptoms ranged from mild to severe. All pro-
bands and part of their familial members underwent
electromyography and blood testing. In addition, 400
healthy Chinese people unrelated to the families
involved in the present research were recruited as
controls.

This study protocol was approved by the Ethics
Committee of West China Hospital, Sichuan Univer-
sity. Written informed consent was obtained from
patients or, if necessary, legal guardians, before blood
samples were collected.

Mutational screening of CLCN1 and SCN4A

Peripheral blood lymphocytes were isolated from pro-
bands and from their affected and unaffectedmembers of
10 families, and genomic DNA was extracted using

classical phenol-chloroform extraction. The polymerase
chain reaction (PCR), followed by direct sequencing, was
used to scan for mutations across all 23 exons of CLCN1,
24 exons of SCN4A, exon-intron boundaries, untrans-
lated regions and flanking regions. Primers for allCLCN1
and SCN4A exons (Tables S1–2) were designed using
on-line software (www.yeastgenome.org/cgi-bin/web-
primer) and synthesized at the Molecular Pathology
Center of The General Hospital of the Air Force of the
PLA (Beijing, China). Amplicons of the exons were
sequenced on an ABI PRISM 3730 DNA Sequencer
(Applied Biosystems, Foster City, CA).

Results

Clinical characteristics

All probands in the 5 families with MC were male, and
age of disease onset ranged from 1 to 26 y (Table 1).
The pedigree is shown in Figure 1. The disease inheri-
tance pattern was considered to be autosomal domi-
nant in all families except family 2, which showed
autosomal recessive inheritance. All patients com-
plained of intermittent stiffness involving the mastica-
tory muscles, tongue, limbs and trunk muscles. Only
patient P2 from family 2 showed lid involvement.
Obvious factors inducing stiffness could not be identi-
fied, though stiffness was exacerbated by cold, hunger,
fatigue and nervous tension. Stiffness in all patients
improved with exercise (warm-up phenomenon).
Patients in all families except family 5 showed hyper-
trophy of affected muscles. Percussion myotonia was
detectable in the thenar eminence muscles even in
patients without obvious hypertrophy. Electromyogra-
phy of all patients showed typical myotonic dis-
charges. All the blood tests were normal.

Probands in Family 6, 7 with SCM, had cold/exer-
cise-induced stiffness from 1 yr and 12 y respectively
(Table 2). The disease inheritance pattern of the two
families were autosomal dominant (Fig. 2). Lids, mas-
ticatory muscles, limbs and trunk muscles were
involved with the progress of the disease. The pro-
bands and their affected familial members absent of
intermittent periods of weakness, even after cold expo-
sure. All 2 probands showed normal blood biochemis-
try, and electromyography showed typical myotonic
discharges. Blood testing revealed elevated creatine
kinase only in patient P6 from family 6 (712 mmol/L).

All probands in the 3 families with PC were male,
and age of disease onset ranged from 1 to 15 y

56 X. YANG ET AL.

http://www.yeastgenome.org/cgi-bin/web-primer
http://www.yeastgenome.org/cgi-bin/web-primer


(Table 2). The disease inheritance showed an autoso-
mal dominant pattern in all 3 families (Fig. 2). Nearly
all probands complained of cold- and/or exercise-
induced stiffness involving masticatory muscles,lids,
and limbs. Only patient P10 in family 10 reported the
absence of cold- or exercise-induced stiffness of the
lids. That patient’s mother also showed a similar
absence of such stiffness. All 3 probands showed nor-
mal blood biochemistry, and electromyography
showed typical myotonic discharges.

The detailed clinic information of all the probands
were listed in Tables 1,2.

Genetic analysis

Direct sequencing of all exons in CLCN1 and SCN4A
revealed 12 potential disease-causing mutations that
were present in the probands and affected family
members. Three of the 12 mutations were novel: a
splice mutation in CLCN1 associated with MC in fam-
ily 2 (c.2172 C 4A > G), a missense mutation in
CLCN1 associated with MC in family 5 [c.350A > G
(p.D117G)], and a deletion in SCN4A associated with
PC in family 10 (c.2638_2640delAAG). We failed to
find these 3 mutations in the ExAC database (www.
exac.broadinstitute.org) or 1000 Genomes Project
database (www.1000genomes.org). None of these 3
mutations was detected in any of the 400 healthy con-
trols. The remaining 9 mutations have already been
reported (Tables 1–2, Figs. 1–2).8,23–28

Discussion

The present study confirm 5 families with MC(Family
1–5), 2 families with SCM (Family 6–7) and 3 families
with PC (Family 8–10) from southwest China segre-
gated 1–2 candidate disease-causing mutations in pro-
bands and their familial members from all 10 families.
All of the three diseases showed an autosomal domi-
nant pattern of inheritance in nearly all families; the
exception was family 2, in which MC showed an auto-
somal recessive pattern. Most disease-associated
mutations that we detected were missense mutations;
one splice mutation was detected in family 1 with MC,
and one deletion was detected in family 10 with PC.

Of the 5 families with MC in our study, only fam-
ily 1 showed the E291K mutation in CLCN1. This
mutation was reported to be a recessive mutation in
a German patient with Becker’s disease.24 In contrast,
this mutation occurred in our population in one fam-
ily showing an autosomal dominant pattern of dis-
ease. In addition, the proband and his affected father
possessed the E291K mutation, his unaffected
brother and mother lacked this mutation.24 Our
results appear to be the first report linking the E291K
mutation to autosomal dominant MC. Our findings
are consistent with reports that MC-associated muta-
tions in CLCN1 can be dominant and recessive. The
presence of the mutation may not always predict the
same clinical presentation: the proband showed
severe myotonia involving upper and lower limbs,

Table 1. Clinical characteristics of probands from families with MC carrying mutations in CLCN1.

Family 1 Family 2 Family 3 Family 4 Family 5

Patient P1 P2 P3 P4 P5

Gene CLCN1 CLCN1 CLCN1 CLCN1 CLCN1
Mutation p.E291K, c.2172C4A>G p.R338Q/p. R47W p.A298T p.A298T p.D117G
Gender M M M M M
Age at onset, yr 12 26 1.0 9 15
Age at admission, yr 16 32 4.0 17 29
Initial symptoms Lower limb stiffness Lower limb myotonia Lower limb myotonia Lower limb myotonia Grip myotonia
Trigger NA NA NA NA NA
Clinical myotonia
Lid ¡ C ¡ ¡ ¡
Masticatory muscles ¡ ¡ ¡ C C
Tongue ¡ ¡ ¡ C C
Upper limb C C C C C
Lower limb C C C C C
Muscles of Trunk C ¡ C C ¡
Hypermyotrophy C C C C ¡
Cold aggravation C C C C C
Warm-up phenomenon C C C C C
Percussion myotonia C C C C C
Creatine kinase N N N N NA
Potassium N N N N NA
EMG Myotonic discharges Myotonic discharges Myotonic discharges Myotonic discharges Myotonic discharges

Note. EMG, electromyography; NA, not applicable; MC, Myotonia congenita; N, normal.

CHANNELS 57

http://www.exac.broadinstitute.org
http://www.exac.broadinstitute.org
http://www.1000genomes.org


masticatory muscles and trunk; in contrast, the pro-
band’s father showed only mild stiffness in the lower
limbs, which was triggered by sudden initiation of
movement. The more severe disease in the proband
may reflect the presence of a novel intronic splice
mutation c.2172 C 4A > G in CLCN1, which was
not found in ExAC, 1000G as well as our 400 health
controls. This splice mutation was presented in the
proband and his mother, but not in his father or his
2 brothers. Interestingly c.2172 C 4A > G was near
a reported splice mutation(c.2172 C 1G > T), which
result in skipping of exon 17 and lead to recessive
myotonia.29 Thus we speculated a similar function
between the 2 splice mutations. However, to verify
our speculation,it will be important to do some

further functional studies using a mini-gene assay30

to confirm whether it affects splicing and interact
with E291K to modulate disease severity.

Family 2 showed another mutation, c.1013G > A(p.
R338Q), which has previously been reported as domi-
nant and recessive.31-33 This mutation was present in the
proband and his mother, but the mother showed no
myotonia symptoms. This difference may reflect the fact
that the proband, but not the mother, also had the muta-
tion c.139 C> T(p.R47W), which is reported to occur at
a frequency of 0.00002529 according to the ExAC data-
base. The same mutation has recently been reported in a
Chinese patient with Becker’s disease.11 Unfortunately
the proband’s father, who showed no symptoms of MC,
died before the study, so we could not obtain a DNA

Figure 1. Sequencing chromatograms of mutations in CLCN1(Family 1–5) and related pedigrees of families with MC. Black arrows
indicate mutations; dark squares, affected patients; arrows, the proband. (A) Sequencing chromatogram of the c.871G > A(p.
E291K) mutation in CLCN1 and the pedigree of family 1. The black arrow shows the position of a G-to-A transition at nucleotide
871 that replaces Glu with Lys at codon 291. The proband and his Father suffered from MC. (B) Sequencing chromatogram of
the c.1013G > A(p.R338Q) and c.139C > T(p.R47W) mutation in CLCN1 and the pedigree of family 2. The first black arrow
shows the position of a G-to-A transition at nucleotide 1013 that replaces Arg with Gln at codon 338. The second black arrow
shows the position of a C-to-T transition at nucleotide 139 that replaces Arg with Trp at codon 47. The proband suffered from
MC. (C) Sequencing chromatogram of the c.892G > A(p.A298T) mutation in CLCN1 and the pedigree of families 3 and 4. The
black arrow shows the position of a G-to-A transition at nucleotide 892 that replaces Ala with Thr at codon 298. In both fami-
lies, the proband’s father and grandfather suffered from MC. (D) Sequencing chromatogram of the c.350A > G(p.D117G) muta-
tion in CLCN1 and the pedigree of family 5. The black arrow shows the position of an A-to-G transition at nucleotide 350 that
replaces Asp with Gly at codon 117. The proband’s mother suffered from MC.
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sample in order to test whether the R47W mutation
came from him. Since R338Q showed lower penetrance
in this family, we conclude that the compound heterozy-
gous mutation led to the proband’s symptoms and that
the proband had Becker’s disease. However, whether the
R47W was functional important, functional electrophys-
iology will be useful to assess the mutated channel func-
tion and demonstrate that it is not a polymorphism.

We detected the mutation c.892G > A (Ala298Thr)
at exon 8 of CLCN1 gene in families 3 and 4, and this
mutation has previously been reported in a Chinese
family with MC.8 All patients in the 2 families carry-
ing this mutation showed symptoms at an early age,
ranging from 1 to 9 y. The mutation occurs at the
junction between helices H and I in CLC-1, and its
structural and functional effects remain unclear. One
possibility is that the mutation causes the same effects
as the nearby F297S mutation, which exerts a strong
dominant-negative effect on wild-type channels,
resulting in larger currents at strongly depolarized
potentials.34 The overall result is an increase in mem-
brane excitability. Actually, variations in exon 8 are
commonly associated with dominant MC making it
more likely that A298T will act with a dominant nega-
tive effect.34

Our study detected the novel mutation c.350A > G
(p.D117G) in family 5. Whether the proband received
this mutation from his mother, also affected by MC, is
unclear because we were unable to obtain DNA from

her. D117 is located in transmembrane segment B of
CLC-1 and is highly conserved across species. Poly-
Phen software predicted the effects of the D117G
mutation to be ‘probably damaging’, SIFT software
predicted its effects to be ‘damaging’ and Mutation
Taster indicating ‘disease causing’. However, future
studies should examine whether this mutation affects
the function of the chloride channel.

Family 6 was found to carry mutation c.1333G > A
(p.V445M) in SCN4A, and this mutation was previ-
ously associated with MC. This mutation has previously
reported been associated with MC in Caucasians from
the US35 and Dutch.36 Indeed, as many as 20% of
patients with MC without mutations in CLCN1 possess
mutations in SCN4A including the V445M mutation.36

However, patients with SCN4A mutation and have a
pure myotonic phenotype which is now named SCM
and is not considered to be a MC phenotype. The
V445M mutation is located in transmembrane segment
6 of domain 1 of the sodium channel,37 and it impairs
fast inactivation and enhances slow inactivation,
thereby reducing the risk of depolarization-induced
attacks of weakness. This may explain why patients
with SCM and the V445M mutation do not suffer
attacks of episodic weakness. Some Caucasian patients
with the V445M mutation show debilitatingly painful
myotonia and eyelid myotonia.35,36 In contrast, the pro-
band and other affected members of family 6 in our
study did not show painful myotonia, consistent with

Table 2. Clinical characteristics of probands from families with SCM and PC carrying mutations in SCN4A.

Family 6 Family 7 Family 8 Family 9 Family 10

Patient P6 P7 P8 P9 P10

Gene SCN4A SCN4A SCN4A SCN4A SCN4A
Mutation p.V445M p.G1306V p.R1448H p.T1313M p.E790del
Gender M M M M M
Age at onset, yr 1 12 1 12 16
Age at admission, yr 27 17 19 17 17
Initial symptoms Lower limb

stiffness
Exercise-induced
lower limb stiffness

Cold-induced lower
limb stiffness

Cold-induced four
limb stiffness

Cold-induced lower
limb stiffness

Triggers Cold Exercise Cold/exercise Cold/exercise Cold/exercise
Clinical myotonia
Masticatory muscles ¡ ¡ C ¡ C
Lid C C C C ¡
Tongue C ¡ ¡ ¡ C
Upper limb C ¡ C C C
Lower limb C C C C C
Hypermyotrophy C C ¡ C C
Cold aggravation C C C C C
Percussion myotonia ¡ ¡ ¡ ¡ C
Warm-up phenomenon ¡ ¡ ¡ ¡ ¡
Weakness ¡ ¡ C C C
Creatine kinase 712 N N N N
Potassium N N N N N
EMG Myotonic discharges Myotonic discharges Myotonic discharges Myotonic discharges Myotonic discharges

Note. EMG, electromyography; N, normal; PC, paramyotonia congenital; SCM, sodium channel myotonias.
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Figure 2. Sequencing chromatograms of SCN4A mutation and related pedigrees of SCM(Family 6–7) and PC(Family 8–10) fam-
ilies in which the mutations are present. Black arrows indicate mutations; dark squares, affected patients; arrows, the pro-
band. (A) Sequencing chromatogram of the c.1333G > A(p.V445M) mutation in SCN4A and pedigree of family 6. The black
arrow shows the position of an G-to-A transition at nucleotide 1333 that leads to the replacement of Val by Met at codon
117. The proband, his brother and Mother suffered from SCM. (B) Sequencing chromatogram of the c.3917G > T(p.G1306V)
mutation at SCN4A gene and the pedigree of Family 7 who carried the p.G1306V mutation. The arrow shows the position of
an G-to-T transition at nucleotide 3917 that leads to the replacement of Gly by Val at codon 1306. The proband, his Father
and Grandfather suffered from SCM. (C) Sequencing chromatogram of the c.4343G > A(p.R1448H) mutation at SCN4A gene
and pedigree of family 8. The black arrow shows the position of a G-to-A transition at nucleotide 4343 that leads to the
replacement of Arg by His at codon 1448. The proband and his Father suffered from PC. (D) Sequencing chromatogram of
the c.3938C > T(p.T1313M) mutationat SCN4A gene and the pedigree of Family 9. The arrow shows the position of an C-to-T
transition at nucleotide 3938 at SCN4A gene that leads to the replacement of Thr by Met at codon 1313. The proband, his
Mother and Grandfather suffered from PC. (E) Sequencing chromatogram of the c.2638_2640delAAG(E879del) mutation at
SCN4A gene Family 10. The arrow shows the position AAG was deleted and leads to the deletion of Lys at codon 879. The
proband and his Mother suffered from PC.
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another study of Caucasians and a recently report in a
Chinese family.12,27 These findings suggest the possibil-
ity that the V445M mutation may be associated with
different phenotypes depending on other factors,
including geographic area and ethnicity.

Family 7 carried the mutation c.3917G > T (p.
G1306V), which has been reported associated with
PC.38-40 All affected individuals from family 9 that
were genotyped showed a similar phenotype that was
consistent with previous reports associating this muta-
tion: exercise-induced muscle stiffness that is aggra-
vated by cold, without intermittent periods of
weakness, even after cold exposure.39 Thus, this family
should be SCM as Family 6. The mutation G1306V
was first reported in Chinese patients with SCM in the
present research. These results suggest a robust

genotype-phenotype correlation for this mutation that
is independent of ethnicity or geographic region.

Among the 3 families with PC in our study, the
most frequent reported mutations c.4343G > A (p.
R1448H) and c.3938C > T(p.T1313M) were found in
families 8 and 9 respectively. These mutations were
associated with classic characteristics of PC: cold- and
exercise-induced muscle stiffness as well as intermittent
periods of weakness not necessarily related to cold or
myotonia.9,18,41-43 Functional experiments have shown
that the mutations R1448H and T1313M impairs fast
inactivation of sodium channels in a temperature-sensi-
tive model, which may help explain the clinical pheno-
type of patients with PC who have these mutations.44

Family 10 possessed a novel deletion
(c.2638_2640delAAG); both the proband and his

Table 3. Spectrum of mutations in CLCN1 identified in Chinese families with MC.

Family no. Gene Exon/Intron cDNA Protein Mutation type Inheritance Reference

1 CLCN1 Exon 8 c.871G>A p.E291K Missense AD This work
1 CLCN1 Intron17 c.2172C4A>G ¡ Splice This work
2 CLCN1 Exon 8 c.1013G>A p.R338Q Missense AR This work
2 CLCN1 Exon 1 c.139 C>T p. R47W Missense This work
3,4 CLCN1 Exon 8 c.892G>A p.A298T Missense AD This work
5 CLCN1 Exon 3 c.350A>G P.D117G Missense AD This work
— CLCN1 Exon 8 c.1024 G>A p.A342T Missense AD 6

— CLCN1 Exon 11 c.1292 C>T p.A431V Missense Sporadic 6

— CLCN1 Exon 8 c.905G>A p.R317Q Missense AR 7

— CLCN1 Exon 11 c.1205,C>T p.A402V Missense 7

— CLCN1 Exon 7 c.782A>G p.Y261C Missense AR 8

— CLCN1 Exon 15 c.1679T>C p.M560T Missense 8

— CLCN1 Exon 8 C.892G>A p.A298T Missense AD 8

— CLCN1 Exon 15 c.1744A>T p.I553F Missense AR 9

— CLCN1 Exon 15 c.1750,C>A p.H555N Missense 9

— CLCN1 Exon 22 c.2617C>T p.L844F Missense AD 9

— CLCN1 Exon 15 c.1723C>T p.P575S Missense AD 10

— CLCN1 Exon 15 c.2492A>G p.Q831R Missense 10

T1 CLCN1 Exon 7 c.782A>G p.Y261C Missense AD 11

T1 CLCN1 Exon 22 c.2576G>A p.G859D Missense 11

T2 CLCN1 Exon 14 c.1568G>A p.G523D Missense AD 11

T3 CLCN1 Exon 15 c.1679T>C p.M560T Missense AR 11

T4 CLCN1 Exon15 c.1679T>C p.M560T Missense AR 11

T4 CLCN1 Intron 19 c.2364C2T>C — Splice 11

T5 CLCN1 Exon 1 c.139 C>T p. R47W Missense AR 11

T5 CLCN1 Exon 5 c.685G>A p.V229M Missense 11

Note. AD, autosomal dominant; AR, autosomal recessive; MC, Myotonia congenita.

Table 4 Spectrum of mutations in SCN4A identified in Chinese families with SCM and PC

Family Gene Exon cDNA Protein Mutation type Diagnosis Inheritance Reference

6 SCN4A 9 c.1333G>A p.V445M Missense SCM AD This work, 12

7 SCN4A 24 c.4343G>A p.R1448H Missense PC AD This work
8 SCN4A 22 c.3938C>T p.T1313M Missense PC AD This work
9 SCN4A 22 c.3917G>T p.G1306V Missense SCM AD This work
10 SCN4A 14 c.2638_2640delAAG - Del PC AD This work
- SCN4A 24 c.4765G>A p.V1589M Missense PC AD 13

- SCN4A 14 C.3473C>T p.P1158L Missense PC AD 14

- SCN4A 22 c.3938C>T p.T1313M Missense PC AD 15

- SCN4A 24 c.4343G>A p.R1448C Missense PC AD 16-17

F6 SCN4A C.2065C>T p.L689F Missense PC AD 18

- SCN4A 24 c.4427T>C p.M1476T Missense PC AD 19

Note. AD, autosomal dominant; PC, paramyotonia congenital; SCM, sodium channel myotonias;
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mother had this mutation. Both the probands and
his mother showed milder symptoms as well as gen-
eralized tonic-clonic seizure. Whether the seizure
was associated with this mutation or was merely a
coincidence is unclear. The SCN4A protein is found
mainly in skeletal muscle, suggesting that its dys-
function should not lead to seizures. However,in a
recent study a p.Gly1537Ser mutation in SCN4A
was segregated in an Spanish dominant essential
tremor family. In this family, 2 patients with ET
also develop into epilepsy. Following functional
analyses of this mutation demonstrated that the
mutation can facilitated the conductance of both
ammonium and potassium ions, which could
increase the susceptibility to epilepsy and ET,
respectively.45 Furthermore, given that CLC-1 was
originally thought to be expressed only in skeletal
muscle and was later detected in human and murine
brain and linked to epilepsy.46 We are unaware of
functional studies of the c.2638_2640delAAG dele-
tion, though this mutation may not result in frame-
shift but it leads deletion of Lys residue may

increases the probability that the mutant protein
functions differently from the wild-type one.

Conclusion

This large-scale screening of mutations potentially
linked to 10 Chinese families with nondystrophic
myotonias has identified 3 novel mutations, including
one missense mutation, one splice mutation and one
deletion. Combining our results with the literature on
Chinese populations indicates that 21 mutations in
CLCN1 have been associated with MC, while 7 muta-
tions in SCN4A have been associated with PC, 2 muta-
tions in SCN4A have been associated with SCM
(Tables 3–4, Fig. 3). Review of published studies on
Chinese populations suggests that MC shows autoso-
mal recessive inheritance in 7 of 17 families (41.2%)
and autosomal dominant inheritance in the remaining
10 (58.8%). This literature-based incidence of autoso-
mal recessive disease is higher than the incidence of
14% reported in one previous study of a Chinese pop-
ulation, which was based only on clinical pedigree

Figure 3. Presentation of (A) all mutations in CLCN1 reported in Chinese patients with MC in the present study and in the literature, and
(B) all mutations in SCN4A reported in Chinese patients with SCM or PC in the present study and in the literature.

62 X. YANG ET AL.



analysis.47 Some patients diagnosed with sporadic MC
may actually have the autosomal recessive form of the
disease, as the case in family 2, whose affected mem-
bers contained compound heterozygous mutations.
Our results highlight the importance of screening
both CLCN1 and SCN4A in genetic studies of Non-
dystrophic myotonias. In addition, different mutations
may play different roles in the pathogenesis of Non-
dystrophic myotonias, and a given mutation may also
correlate with a range of phenotypes. This highlights
the strong possibility that epigenetic factors influence
the clinical expression of certain mutations. Future
studies should examine these factors in detail, and
functional experiments such as electrophysiological
experiment should clarify how disease-associated
mutations contribute to phenotype. Such work may
bring us closer to developing drugs to relieve the
symptoms of Non-dystrophic myotonias.

Disclosure of potential conflicts of interest
No potential conflicts of interest were disclosed.

Acknowledgments
We thank all the patients and their relatives as well as the
healthy controls involved in this research.

Funding
This research was supported by the Sichuan Key Project of Sci-
ence and Technology (no. 2010SZ0086) and the Sichuan Prov-
ince Applied Basic Research Program (no. 2014JY0247). The
first author was supported by the China Scholarship Council
(CSC, no. 201506240209).

References

[1] Kubisch C, Schmidt-Rose T, Fontaine B, Bretag AH,
Jentsch TJ. ClC-1 chloride channel mutations in myotonia
congenita: variable penetrance of mutations shifting the
voltage dependence. Hum Mol Genet 1998; 7:1753-60;
PMID:9736777; http://dx.doi.org/10.1093/hmg/7.11.1753

[2] Lee SC, Kim HS, Park YE, Choi YC, Park KH, Kim DS.
Clinical Diversity of SCN4A- Mutation- Associated Skel-
etal Muscle Sodium Channelopathy. J Clin Neurol 2009;
5:186-91; PMID:20076800; http://dx.doi.org/10.3988/
jcn.2009.5.4.186

[3] Matthews E, Fialho D, Tan SV, Venance SL, Cannon SC,
Sternberg D, Fontaine B, Amato AA, Barohn RJ, Griggs
RC, et al. The non-dystrophic myotonias: molecular
pathogenesis, diagnosis and treatment. Brain 2010;
133:9-22; PMID:19917643; http://dx.doi.org/10.1093/
brain/awp294

[4] Cannon SC, Brown RH Jr, Corey DP. Theoretical recon-
struction of myotonia and paralysis caused by incomplete
inactivation of sodium channels. Biophys J 1993; 65:
270-88; PMID:8396455; http://dx.doi.org/10.1016/S0006-
3495(93)81045-2

[5] Nurputra DK, Nakagawa T, Takeshima Y, Harahap IS,
Morikawa S, Sakaeda T, Lai PS, Matsuo M, Takaoka Y,
Nishio H. Paramyotonia congenita: from clinical diagno-
sis to in silico protein modeling analysis. Pediatr Int
2012; 54:602-12; PMID:22507243; http://dx.doi.org/
10.1111/j.1442-200X.2012.03646.x

[6] Chen ZT, He J, Chen WJ, Chen SG, Lin JL, Ye QY,
Huang HP. [Analysis of CLCN1 gene mutations in 2
patients with myotonia congenita]. Zhonghua Yi Xue Yi
Chuan Xue Za Zhi 2012; 29(6):690-92 [Article in
Chinese]; PMID:23225051

[7] Kong LE, Wu QY, Shen YS, He XS, Yi YH. A family of
congenital myotonic with CLCNl gene mutations. Clin
NeuroI 2012; 25(6):407-9 [Article in Chinese]

[8] Gao F, Ma FC, Yuan ZF, Yang CW, Li HF, Xia ZZ, Shui
QX, Jiang KW. Novel chloride channel gene mutations
in two unrelated Chinese families with myotonia conge-
nita. Neurol India 2010; 58:743-6; PMID:21045501;
http://dx.doi.org/10.4103/0028-3886.60385

[9] Burgunder JM, Huifang S, Beguin P, Baur R, Eng CS,
Seet RC, Lim EC, Ong BK, Hunziker W, Sigel E.
Novel chloride channel mutations leading to mild
myotonia among Chinese. Neuromuscul Disord 2008;
18:633-40; PMID:18579381; http://dx.doi.org/10.1016/
j.nmd.2008.05.007

[10] Li HF, Chen WJ, Ni W, Wu ZY. Paroxysmal kinesigenic
dyskinesia and myotonia congenita in the same family:
coexistence of a PRRT2 mutational two CLCN1 muta-
tions. Neurosci Bull 2014; 30:1010-6; PMID:25205014;
http://dx.doi.org/10.1007/s12264-014-1467-7

[11] Liu XL, Huang XJ, Shen JY, Zhou HY, Luan XH, Wang
T, Chen SD, Wang Y, Tang HD, Cao L. Myotonia conge-
nita : novel mutations in CLCN1 gene. Channels (Austin)
2015; 9(5):292-8; PMID:26260254; http://dx.doi.org/
10.1080/19336950.2015.1075676

[12] Liu XL, Huang XJ, Luan XH, Zhou HY, Wang T,
Wang JY, Chen SD, Tang HD, Cao L. Mutations
of SNN4A gene cause different diseases: 2 case
reports and literature review. Channels (Austin)
2015; 9:82-7; PMID:25839108; http://dx.doi.org/
10.1080/19336950.2015.1012945

[13] Xu C, Qi J, Shi Y, Feng Y, Zang W, Zhang J. Phenotypic
variation of Val1589Met mutation in a four-generation
Chinese pedigree with mild paramyotonia congenitia:
case report. Int J Clin Exp Pathol 2015; 8:1050-6;
PMID:25755818

[14] Cao WL, Lu GX, Tan YQ. A Paramyotonia congenita
family caused by a mutation in SCN4A gene. Chin J Clin
Lab Sci 2012; 33:264-367

[15] Liu XN, Dan YW, Zhang XQ. A Paramyotonia congenita
family: case report and literature review. Chin J Nerv
Ment Dis 2013; 39:69-70 [Article in Chinese]

CHANNELS 63

http://dx.doi.org/10.1093/hmg/7.11.1753
http://dx.doi.org/10.3988/jcn.2009.5.4.186
http://dx.doi.org/10.3988/jcn.2009.5.4.186
http://dx.doi.org/10.1093/brain/awp294
http://dx.doi.org/10.1093/brain/awp294
http://dx.doi.org/10.1016/S0006-3495(93)81045-2
http://dx.doi.org/10.1016/S0006-3495(93)81045-2
http://dx.doi.org/22507243
http://dx.doi.org/10.1111/j.1442-200X.2012.03646.x
http://dx.doi.org/23225051
http://dx.doi.org/21045501
http://dx.doi.org/10.4103/0028-3886.60385
http://dx.doi.org/10.1016/j.nmd.2008.05.007
http://dx.doi.org/10.1016/j.nmd.2008.05.007
http://dx.doi.org/25205014
http://dx.doi.org/10.1007/s12264-014-1467-7
http://dx.doi.org/26260254
http://dx.doi.org/10.1080/19336950.2015.1075676
http://dx.doi.org/25839108
http://dx.doi.org/10.1080/19336950.2015.1012945
http://dx.doi.org/25755818


[16] Guo XH, Jia BX, Lu Y. Clinic and genetic study of a
Chinese family with Paramyotonia congenita. J Practical
Med 2013; 29:3868-71 [Article in Chinese]

[17] Li W, Wang Z, Zhang W, Lv H, Xu H, Hong D, Yao S,
Yan Y. Clinical myopathological features and sodium
channel a-subunit encoding gene mutation analysis in 17
patients with skeletal muscle sodium channelo pathies.
Chin J Neurol 2014; 47:7–11. [Article in Chinese].

[18] Li J, Huang Q, Ge L, Xu J, Shi X, Xie W, Liu X, Liu X.
Identification of genetic variations of a Chinese family
with paramyotonia congenita via whole exome sequenc-
ing. Genom Data 2015; 4:65-68; PMID:26484179; http://
dx.doi.org/10.1016/j.gdata.2015.03.002

[19] Li W, Chen Q, Zhang Q, Li X, Du J. [Paramyotonia con-
genita caused by a novel mutation of SCN4A gene in a
Chinese family]. Zhonghua Yi Xue Yi Chuan Xue Za Zhi
2016; 33:131-4. [Article in Chinese]; PMID:27060299

[20] Colding-Jorgenson E. Phenotypic variability in myotonia
congenital. Muscle Nerve 2005; 32:19-34;
PMID:15786415; http://dx.doi.org/10.1002/mus.20295

[21] Lee SC, KimHS, Park YE, Choi YC, Park KH, KimDS. Clin-
ical diversity of SCN4A-mutation -associated skeletal muscle
sodium channelopathy. J Clin Neurol 2009; 5:186-91;
PMID:20076800; http://dx.doi.org/10.3988/jcn.2009.5.4.186

[22] Lehmann-Horn F, R€udel R. Non-dystrophic myotonias
and periodic paralyses. In: Emery AEH (ed).: Diagnostic
Criteria for Neuromuscular Disorders. London: Royal
Society of Medicine Press 1997;pp 31-6

[23] Jou SB, Chang LI, Pan H, Chen PR, Hsiao KM. Novel
CLCN1 mutations in Taiwanese patients with myotonia
congenita. J Neurol 2004; 251:666-70; PMID:15311340;
http://dx.doi.org/10.1007/s00415-004-0383-6

[24] Meyer-Kleine C, Steinmeyer K, Ricker K, Jentsch TJ,
Koch MC. Spectrum of mutations in the major human
skeletal muscle chloride channel gene (CLCN1) leading
to myotonia. Am J Hum Genet 1995; 57:1325-34;
PMID:8533761

[25] Bouhours M, Sternberg D, Davoine CS, Ferrer X,
Willer JC, Fontaine B, Tabti N. Functional characteri-
zation and cold sensitivity of T1313A, a new mutation
of the skeletal muscle sodium channel causing para-
myotonia congenita in humans. J Physiol 2004; 554
(Pt 3):635-47; PMID:14617673; http://dx.doi.org/
10.1113/jphysiol.2003.053082

[26] Nurputra DK, Nakagawa T, Takeshima Y. Paramyo-
tonia congenita: From clinical diagnosis to in silico
protein modeling analysis. Pediatr Int 2012; 54:602-
12; PMID:22507243; http://dx.doi.org/10.1111/j.1442-
200X.2012.03646.x

[27] Du H, Grob SR, Zhao L, Lee J, El-Sahn M, Hughes
G, Luo J, Schaf K, Duan Y, Quach J, et al. Granetand
K Zhang. Myotonia congenita with strabismus in a
large family with a mutation in the SCN4A gene.
Eye 2012; 26:1039-43; PMID:22653516; http://dx.doi.
org/10.1038/eye.2012.80

[28] Wakeman B, MacDonald IM, Ginjaar I, Tarleton J, Babu
D. Extraocular muscle hypertrophy in myotonia

congenita: Mutation identified in the SCN4A gene
(V445M). J AAPOS 2009; 13:526-7; PMID:19840739;
http://dx.doi.org/10.1016/j.jaapos.2009.07.001

[29] Chen L, Schaerer M, Lu ZH, Lang D, Joncourt F, Weis J,
Fritschi J, Kappeler L, Gallati S, Sigel E, et al. Exon 17
skipping leads to recessive myotonia. Muscle Nerve 2004;
29:670-6; PMID:15116370; http://dx.doi.org/10.1002/
mus.20005

[30] Ulzi G, Sansone VA, Magri F, Corti S, Bresolin N, Comi
GP, Lucchiari S. In vitro analysis of splice mutation in
the CLCN1 gene using the minigene assay. Mol Biol Rep
2014; 41:2865-74; PMID:24452722; http://dx.doi.org/
10.1007/s11033-014-3142-5

[31] Zhang J, George AL Jr, Griggs RC, Fouad GT, Roberts J,
Kwieci�nski H, Connolly AM, Pt�acek LJ. Mutations in the
human skeletal muscle chloride channel gene (CLCN1)
associated with dominant and recessive myotonia conge-
nita. Neurology 1996; 47:993-8; PMID:8857733; http://
dx.doi.org/10.1212/WNL.47.4.993

[32] George AL Jr, Sloan-Brown K, Fenichel GM, Mitchell
GA, Spiegel R, Pascuzzi RM. Nonsense and missense
mutations of the muscle chloride channel gene in patients
with myotonia congenita. Hum Mol Genet 1994; 3:2071-
2; PMID:7874130

[33] Zhang J, Bendahhou S, Sanguinetti MC, Pt�acek LJ. Func-
tional consequences of chloride channel gene (CLCN1)
mutations causing myotonia congenita. Neurology 2000;
54:937-42; PMID:10690989; http://dx.doi.org/10.1212/
WNL.54.4.937

[34] Fialho D, Schorge S, Pucovska U, Davies NP, Labrum
R, Haworth A, Stanley E, Sud R, Wakeling W, Davis
MB, et al. Chloride channel myotonia: exon 8 hot-
spot for dominant-negative interactions. Brian 2007;
130(pt 12):3265-74; http://dx.doi.org/10.1093/brain/
awm248

[35] Rosenfeld J, Sloan-Brown K, George AL. A novel muscle
sodium channel mutation causes painful congenital myo-
tonia. Ann Neurol 1997; 42:811-4; PMID:9392583;
http://dx.doi.org/10.1002/ana.410420520

[36] Trip J, Drost G, Verbove DJ, van der Kooi AJ, Kuks JB,
Notermans NC, Verschuuren JJ, de Visser M, van
Engelen BG, Faber CG, et al. In tandem analysis of
CLCN1 and SCN4A greatly enhances mutation detection
in families with non-dystrophic myotonia. Eur J Hum
Genet 2008; 16:921-9; PMID:18337730; http://dx.doi.org/
10.1038/ejhg.2008.39

[37] Wang DW, VanDeCarr D, Ruben PC, George AL Jr,
Bennett PB. Functional consequences of a domain 1/S6
segment sodium channel mutation associated with pain-
ful congenital myotonia. FEBS Letters 1999; 448:231-4;
PMID:10218481; http://dx.doi.org/10.1016/S0014-5793
(99)00338-5

[38] McClatchey AI, Van den Bergh P, Pericak-Vance MA,
Raskind W, Verellen C, McKenna-Yasek D, Rao K,
Haines JL, Bird T, Brown RH Jr, et al. Temperature-sen-
sitive mutations in the III–IV cytoplasmic loop region of
the skeletal muscle sodium channel gene in

64 X. YANG ET AL.

http://dx.doi.org/26484179
http://dx.doi.org/10.1016/j.gdata.2015.03.002
http://dx.doi.org/27060299
http://dx.doi.org/10.1002/mus.20295
http://dx.doi.org/10.3988/jcn.2009.5.4.186
http://dx.doi.org/15311340
http://dx.doi.org/10.1007/s00415-004-0383-6
http://dx.doi.org/8533761
http://dx.doi.org/14617673
http://dx.doi.org/10.1113/jphysiol.2003.053082
http://dx.doi.org/10.1111/j.1442-200X.2012.03646.x
http://dx.doi.org/10.1111/j.1442-200X.2012.03646.x
http://dx.doi.org/22653516
http://dx.doi.org/10.1038/eye.2012.80
http://dx.doi.org/19840739
http://dx.doi.org/10.1016/j.jaapos.2009.07.001
http://dx.doi.org/10.1002/mus.20005
http://dx.doi.org/10.1002/mus.20005
http://dx.doi.org/24452722
http://dx.doi.org/10.1007/s11033-014-3142-5
http://dx.doi.org/8857733
http://dx.doi.org/10.1212/WNL.47.4.993
http://dx.doi.org/7874130
http://dx.doi.org/10.1212/WNL.54.4.937
http://dx.doi.org/10.1212/WNL.54.4.937
http://dx.doi.org/10.1093/brain/awm248
http://dx.doi.org/10.1093/brain/awm248
http://dx.doi.org/9392583
http://dx.doi.org/10.1002/ana.410420520
http://dx.doi.org/18337730
http://dx.doi.org/10.1038/ejhg.2008.39
http://dx.doi.org/10.1016/S0014-5793(99)00338-5
http://dx.doi.org/10.1016/S0014-5793(99)00338-5


paramyotonia congenita. Cell 1992; 68:769-74;
PMID:1310898; http://dx.doi.org/10.1016/0092-8674(92)
90151-2

[39] Park JH, Lee YW, Park SA, Lee TK, Rho HJ, Sung KB. A
case of paramyotonia congenita without periodic paraly-
sis: electrophysiological and molecular genetic studies.
Neurologist 2010; 16:203-5; PMID:20445432; http://dx.
doi.org/10.1097/NRL.0b013e3181a3cb6c

[40] Lerche H, Heine R, Pika U, George AL Jr, Mitrovic N, Bro-
watzki M, Weiss T, Rivet-Bastide M, Franke C, Lomonaco
M, et al. Human sodium channel myotonia: slowed channel
inactivation due to substitutions for a glycine within the III-
IV linker. J Physiol 1993; 470:13-22; PMID:8308722; http://
dx.doi.org/10.1113/jphysiol.1993.sp019843

[41] Pt�acek LJ, George AL Jr, Barchi RL, Griggs RC, Riggs JE,
Robertson M, Leppert MF. Mutation in an S4 segment of
the adult skeletal muscle sodium channel cause paramyo-
tonia congenita. Neuron 1992; 8:891-7; http://dx.doi.org/
10.1016/0896-6273(92)90203-P

[42] Nurputra DK, Nakagawa T, Takeshima Y, Harahap IS,
Morikawa S, Sakaeda T, Lai PS, Matsuo M, Takaoka Y,
Nishio H. Paramyotonia congenita: from clinical diagno-
sis to in silico protein modeling analysis. Pediatr Int
2012; 54:602-12; PMID:22507243; http://dx.doi.org/
10.1111/j.1442-200X.2012.03646.x

[43] Matthews E, Tan SV, Fialho D, Sweeney MG, Sud R,
Haworth A, Stanley E, Cea G, Davis MB, Hanna MG.
What causes paramyotonia in the United Kingdom?
Common and new SCN4A mutations revealed. Neurol-
ogy 2008; 70:50-3; PMID:18166706; http://dx.doi.org/
10.1212/01.wnl.0000287069.21162.94

[44] Dice MS, Abbruzzese JL, Wheeler JT, Groome JR,
Fujimoto E, Ruben PC. Temperature- sensitive defects in
paramyotonia congenita mutants R1448C and T1313M.
Muscle Nerve 2004; 30:277-88; PMID:15318338; http://
dx.doi.org/10.1002/mus.20080

[45] Bergareche A, Bednarz M, S�anchez E, Krebs CE,
Ruiz-Martinez J, De La Riva P, Makarov V, Gorostidi A,
Jurkat-Rott K, Marti-Masso JF, et al. SCN4A pore muta-
tion pathogenetically contributes to autosomal dominant
essential tremor and may increase susceptibility to epilepsy.
Hum Mol Genet 2015; 24:7111-20; PMID:26427606

[46] Chen TT, Klassen TL, Goldman AM, Marini C, Guerrini
R, Noebels JL. Novel brain expression of ClC-1 chloride
channels and enrichment of CLCN1 variants in epilepsy.
Neurology 2013; 80:1078-85; PMID:23408874; http://dx.
doi.org/10.1212/WNL.0b013e31828868e7

[47] Zhang YW, Zhang SS, Shang HF. Clinical characteristics
of myotonia congenita in China. Neural Regen Res 2008;
3:216-20

CHANNELS 65

http://dx.doi.org/10.1016/0092-8674(92)90151-2
http://dx.doi.org/10.1016/0092-8674(92)90151-2
http://dx.doi.org/20445432
http://dx.doi.org/10.1097/NRL.0b013e3181a3cb6c
http://dx.doi.org/8308722
http://dx.doi.org/10.1113/jphysiol.1993.sp019843
http://dx.doi.org/10.1016/0896-6273(92)90203-P
http://dx.doi.org/22507243
http://dx.doi.org/10.1111/j.1442-200X.2012.03646.x
http://dx.doi.org/18166706
http://dx.doi.org/10.1212/01.wnl.0000287069.21162.94
http://dx.doi.org/15318338
http://dx.doi.org/10.1002/mus.20080
http://dx.doi.org/26427606
http://dx.doi.org/23408874
http://dx.doi.org/10.1212/WNL.0b013e31828868e7

	Abstract
	Introduction
	Material and methods
	Subjects
	Mutational screening of CLCN1 and SCN4A

	Results
	Clinical characteristics
	Genetic analysis

	Discussion
	Conclusion
	Disclosure of potential conflicts of interest
	Acknowledgments
	Funding
	References

