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Abstract 

Congenital myasthenic syndromes (CMS) comprise a heterogeneous group of genetic disorders of the neuromuscular junction. Next 
generation sequencing has been increasingly used for molecular diagnosis in CMS patients. This study aimed to identify the disease-causing 
variants in Thai patients. We recruited patients with a diagnosis of CMS based on clinical and electrophysiologic findings, and whole exome 
sequencing was performed. Thirteen patients aged from 2 to 54 years (median: 8 years) from 12 families were enrolled. Variants were 
identified in 9 of 13 patients (69%). Five novel variants and two previously reported variant were found in the COLQ , RAPSN and CHRND 

gene. The previously reported c.393 + 1G > A splice site variant in the COLQ gene was found in a majority of patients. Five patients harbor the 
homozygous splice site c.393 + 1G > A variant, and two patients carry compound heterozygous c.393 + 1G > A , c.718–1G > T , and c.393 + 1G > A , 
c.865G > T (p.Gly289Ter) variants. The novel variants were also found in RAPSN (p.Cys251del, p.Arg282Cys) and CHRND (p.Met481del). 
Molecular diagnosis in CMS patients can guide treatment decisions and may be life changing, especially in patients with COLQ mutations. 
© 2020 Elsevier B.V. All rights reserved. 
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. Introduction 

Congenital myasthenic syndromes (CMS) are a
eterogeneous group of genetic disorders caused by mutations
n genes encoding proteins at the neuromuscular junction
NMJ) that lead to impaired neuromuscular transmission and
atigable muscle weakness. The prevalence is approximately
.1–1/100,000 population, with variations according to
thnicity [1–6] . To date, slow channel syndrome in a large
hai family is the only published CMS case series in Thailand
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7] . CMS has a wide range of clinical manifestations. The
ost severe form presents as early as the prenatal period,
hereas the milder form can present during adolescence or

n adulthood. Symptoms include fatigable muscle weakness,
tosis, ophthalmoplegia, swallowing dysfunction, respiratory 

ysfunction, and scoliosis. CMS was initially classified as
resynaptic, synaptic, or postsynaptic syndrome based on
linical, electrophysiological and endplate electromicroscopic 
ndings [8–10] . However, these findings may not always
e able to clearly delineate each subtype. The advent of
ext generation sequencing (NGS) fascilitates the genetic
iagnosis of CMS and led to the discovery of novel causative
enes. Therapies for CMS include acetylcholinesterase 
nhibitors (pyridostigmine), potassium channel blockers 
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(3,4-diaminopyridine (3,4-DAP)), acetylcholine receptor
(AChR) open channel blockers (fluoxetine, quinidine), and
β2-adrenergic receptor agonists (ephedrine, salbutamol).
Responses to treatment depend on the CMS subtype,
and therapy that is effective for one type of CMS may
aggravate another type. Obtaining molecular diagnosis
is, therefore, crucial for therapeutic decisions [11–13] .
NGS is increasingly used for molecular diagnosis in CMS
patients. The responsible genes frequently described in
CMS include CHAT, COLQ, CHRNA1, CHRNB1, CHRND,
CHRNE, RAPSN, MUSK, DOK7 , and SCN4A . To date, there
are at least 32 genes known to be associated with CMS
[1] , [14] , [15] . The frequency of pathogenic variants in each
gene varies by ethnicity [5] , [15–17] . Here, we report clinical
and genetic findings in thirteen Thai CMS patients. 

2. Materials and methods 

2.1. Study design and patient population 

A descriptive, cross-sectional study was performed in
patients with CMS at three tertiary care centers (Siriraj
Hospital, Ramathibodi Hospital, and King Chulalongkorn
Memorial Hospital) from August 2017 to January 2019. The
Institutional Review Board approved this study. The diagnosis
of CMS was based on clinical symptoms and a decremental
electromyographic response on repetitive nerve stimulation
(RNS). Clinical features included childhood-onset or fatigable
weakness of extra-ocular, facial, bulbar, axial, limb or
respiratory muscles. The decremental electromyographic
response on RNS was defined as a greater than 10% decrease
in the amplitude or area of the fourth compared to the
first compound muscle action potential (CMAP) on slow (2–
3 Hz) RNS [10] . RNS findings were categorized into three
patterns as follows: Pattern 1, if there is a decremental
response of CMAPs at 2–3 Hz stimulation only; Pattern 2,
if there is a decremental response of CMAPs at 2–3 Hz
stimulation with repetitive CMAPs; Pattern 3, if there is
a decremental response of CMAPs at 2–3 Hz stimulation
only after 10 Hz stimulation for 5 min was applied or the
presence of facilitation after a ten-second exercise. Informed
assent and/or consent was/were obtained from each patient
and/or parent. Detailed clinical data including the age of
onset, presenting symptoms, motor milestones, patterns and
degree of weakness, electrophysiological data, laboratory
investigations (serum creatine kinase (CK), muscle biopsies,
AChR antibodies), treatment responses, and disease course
were obtained by reviewing the medical record. Responses to
treatment were described according to motor power grading or
respiratory function or developmental outcome. The outcome
was evaluated after months or years of observation and was
assessed as improvement, stable, worsening, or exacerbation
of weakness. Improvement and worsening were defined
when there were significant improvement and worsening of
clinical parameters mentioned previously. Stable was defined
when there was only subjective or mild objective clinical
improvement. Exacerbation of weakness was defined when
Please cite this article as: N. Pattrakornkul, C. Ittiwut and P. Boonsimma et al., 
and novel mutations, Neuromuscular Disorders, https:// doi.org/ 10.1016/ j.nmd.202
here was a history of acute motor deterioration aggravated
y external causes, such as illness or medication. 

.2. DNA extraction, whole exome sequencing, and 

ioinformatic analysis 

After informed consent was obtained, three milliliters of
eripheral blood was taken from patients and their available
arents. Genomic DNA was extracted from peripheral blood
eukocytes using a Puregene Blood Kit (Qiagen, Hilden,
ermany). DNA samples were sent to Macrogen Inc., Seoul,
outh Korea for whole exome sequencing (WES). The
equencing libraries were enriched by SureSelect Human All
xon V5 Kits (Agilent Technologies, Santa Clara, CA). The
aptured libraries were sequenced using Illumina HiSeq 2000
equencer (Illumina, Inc., San Diego, CA). Sequence reads

n FASTQ sequencing files were aligned with the Human
eference Genome hg19 from UCSC using Burrows-Wheeler
lignment (BWA) software (http://bio-bwa.source forge.net/).
ingle nucleotide polymorphisms (SNPs) and INDELS were
etected by SAMTOOLS (http://samtools.source forge.net/),
nd annotated by dbSNP&1000G. Trio-WES analysis was
erformed, and all SNVs and INDELS were filtered to include
plicing and exonic variants. Variants were subsequently
ltered out if they were present in our in-house database of
864 unrelated Thai exomes. 

The coding missense, nonsense, frameshift, and splice-site
ariants in the 32 genes associated with CMS according
o the gene table of neuromuscular disorders ( http://www.
usclegenetable.fr/4DACTION/Blob _ groupe2) were first

nalyzed. The candidate pathogenic variants were selected
ccording to the following criteria: (1) population frequency
 1% in gnomAD ( https:// gnomad.broadinstitute.org/ ) or
hai Exome database; (2) variants predicted to have a

unctional impact on coding regions (predicted missense,
onsense, consensus donor/acceptor splice site mutations,
nd insertions/deletions; and/or, (3) variants determined to be
amaging, probably damaging, or disease causing by one or
ore of the following in silico predictive mutation impact

oftware programs: SIFT ( http:// sift.jcvi.org/ ), PolyPhen-2
 http:// genetics.bwh.harvard.edu/ pph2/ ), and/or Mutation
aster ( http:// www.mutationtaster.org/ ). If no candidate
ariants in the 32 genes were identified, variants of other
elevant genes were filtered using the aforementioned criteria.
ll candidate variants were evaluated by clinical geneticists

nd neurologists, and they were classified according to
merican College of Medical Genetics and Genomics

ACMG) interpretation guidelines [18] . 

. Results 

We identified 13 CMS patients from 12 families. The age
f patients ranged from 2 to 54 years, with the median age
f 8 years. All patients were ambulatory. 
Congenital myasthenic syndromes in the Thai population: Clinical findings 
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Table 1 
Molecular genetic findings in 10 patients with congenital myasthenic syndromes. 

Patient ID Mutation 
analysis 

Gene Nucleotide change Zygosity Parental mutation 
status 

Allele frequency 
(gnomAD/dbSNP) 

Pathogenicity 
prediction 
(SIFT/Polyphen- 
2/MT@) 

Classification b 

1 WES 
singleton 

COLQ c.393 + 1G > A Homozygous Not performed 0.00000398/rs1085307792 N/A Pathogenic 

2 WES 
singleton 

COLQ c.393 + 1G > A Homozygous Not performed „ N/A Pathogenic 

3 WES trio COLQ c.393 + 1G > A Homozygous Parents are 
heterozygous 

„ N/A Pathogenic 

4 Sanger 
sequencing 

COLQ c.393 + 1G > A Homozygous Not performed „ N/A Pathogenic 

5 WES trio COLQ c.393 + 1G > A Homozygous Parents are 
heterozygous 

„ N/A Pathogenic 

6 WES 
singleton 

COLQ c.393 + 1 G > A 

c.718–1G > T 

Compound 
heterozygous 

Not performed 0.00000398/rs1085307792 
None/none 

N/A Pathogenic 
Pathogenic 

7 Sanger 
sequencing 

COLQ c.393 + 1G > A 

c.865G > T 

(p.Gly289Ter) 

Compound 
heterozygous 

Paternal allele 
Maternal allele 

0.00000398/rs1085307792 
None/none 

N/A Pathogenic 

8 WES trio RAPSN c.844C > T 

(p.Arg282Cys) 
c.752_754delGCT 

(p.Cys251del) 

Compound 
heterozygous 

Paternal allele 
Maternal allele 

0.00000406/rs75184547 
None/none 

D./P.D./D.C. 
N/A 

VUS 
VUS 

9 WES trio CHRND c.1441_1443delATG 

(p.Met481del) 
c.932 + 5G > A 

Compound 
heterozygous 

Paternal allele 
Maternal allele 

None/none 
0.00000398/rs797045474 

D.C. a 

N/A 

VUS 
Likely 
pathogenic 

10 WES 
singleton 

DNM2 c.496C > T 
(p.Arg166Trp) 

Heterozygous Not performed 0.00000398/rs1366377441 D/P.D./D.C. VUS 

D: damaging; D.C.: disease causing; P.D.: probably damaging; N/A: not applicable; VUS: variant of uncertain significance; WES: whole exome sequencing. 
SIFT: sorting intolerant from tolerant ( http:// sift.jcvi.org/ ); Polyphen-2: prediction of functional effects of human SNPs ( http:// genetics.bwh.harvard.edu/ pph2/ );. 
MT @: Mutation Taster ( http:// www.mutationtaster.org/ ); dbSNP ( https:// www.ncbi.nlm.nih.gov/ projects/ SNP/ ); gnomAD: Genome aggregation database ( https: 
// gnomad.broadinstitute.org/ ). 
Novel variants are demonstrated in bold. 

a PROVEAN (Protein Variation Effect Analyzer; http://provean.jcvi.org/index.php ) was used to predict the effect of an in-frame deletion. 
b According to the American College of Medical Genetics and Genomics interpretation guidelines [18] . 

3

 

(  

(  

g

3

 

h  

d  

a  

C  

(  

e  

a  

a  

r  

v
 

p  

O  

e
e  

r  

o  

m  

e  

r  

S  

h  

h  

s  

m  

i

3
 

t  

p
w  

e  

m  

o  

m  
.1. Molecular genetic findings 

Molecular diagnosis could be made in 9 of 13 patients
69%). The mutations were mostly found in the COLQ gene
7/13), followed by RAPSN (1/13) and CHRND (1/13). The
enetic findings are summarized in Table 1 . 

.2. Clinical findings and treatment responses 

Ten of thirteen CMS patients presented with congenital
ypotonia and various degrees of respiratory insufficiency
uring infancy. Most of them had ptosis, ophthalmoplegia,
nd delayed motor milestones. All patients had normal or low
K value. Ten patients had been tested for AchR antibodies

patients 1–5, 7- 9, and 11–12), and the results were negative
xcept in patient 7 who had low titers (0.50 nmol/L) of AchR
ntibodies (normal < 0.45 nmol/L). Muscle histopathology
vailable in seven patients (patients 1–3, 6, 10, 12, and 13)
evealed nonspecific myopathic change such as fiber size
ariation and atrophic fibers. 

Before genetic testing was available, 12 patients (except
atient 8) initially went through trials of pyridostigmine.
f those, two patients (one family) improved, two patients
Please cite this article as: N. Pattrakornkul, C. Ittiwut and P. Boonsimma et al., C
and novel mutations, Neuromuscular Disorders, https:// doi.org/ 10.1016/ j.nmd.202
xperienced exacerbation (more frequent respiratory failure 
pisodes or more extremity weakness), and eight patients
eported stabilization of symptoms. Patient 8 was the only
ne who received therapy after the identification of causative
utations in the RAPSN gene. The second-line drugs included

phedrine, salbutamol, or fluoxetine. Seven patients who
eceived ephedrine showed improvement in overall strength.
albutamol was prescribed in three patients. One of those
ad significant improvement in respiratory function, one
ad improvement in overall strength, and the other had no
ignificant improvement. Clinical characteristics, responses to
edications, and the progression of disease are summarized

n Table 2 . 

.2.1. COLQ-CMS 

Seven patients (54%) harbor COLQ mutations. All of
hem had symptom onset within the neonatal period. The
resenting symptoms were congenital hypotonia, generalized 

eakness, and recurrent pneumonia. Two to twenty-four
pisodes of recurrent pneumonia (most of which required
echanical ventilation) occurred throughout their lives. Ptosis,

phthalmoplegia, facial weakness, bulbar weakness, and neck
uscle weakness were present in all patients with COLQ
ongenital myasthenic syndromes in the Thai population: Clinical findings 
0.08.362
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Table 2 
Clinical characteristics in 13 patients with congenital myasthenic syndromes (The full table is available online). 
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mutations. Four patients had spinal scoliosis or hyperlordosis.
None of the patients in our cohort showed a slow pupillary
response. 

One of the two patients (patients 3 and 6) who underwent
a neostigmine test showed a positive response (patient 3).
All patients had electrodecremental responses of the RNS
Please cite this article as: N. Pattrakornkul, C. Ittiwut and P. Boonsimma et al., 
and novel mutations, Neuromuscular Disorders, https:// doi.org/ 10.1016/ j.nmd.202
est. Repetitive CMAPs could be elicited in two patients.
yridostigmine was initiated before the genetic diagnosis
as made. Two patients (patients 3 and 5) experienced

xacerbations of respiratory insufficiency, and the rest of the
atients showed no improvement. Ephedrine or salbutamol
as prescribed as second-line medication in six patients, and
Congenital myasthenic syndromes in the Thai population: Clinical findings 
0.08.362

https://doi.org/10.1016/j.nmd.2020.08.362


N. Pattrakornkul, C. Ittiwut and P. Boonsimma et al. / Neuromuscular Disorders xxx (xxxx) xxx 5 

ARTICLE IN PRESS 

JID: NMD [m5+; September 22, 2020;19:15 ] 

a  

a  

t  

s  

a

3
 

R  

r  

p  

d  

H  

i  

f  

a  

a  

m  

w

3
 

C
r
G  

P  

p  

a  

E  

b  

r  

a

3
 

p  

H  

i  

w  

s  

d  

m  

s  

m  

n
s
C  

b  

m  

n  

d  

r
 

c
 

o  

a  

c  

h  

r
 

p  

S  

b  

y  

n  

p  

t  

w  

d  

w
c  

a  

e

4

 

T  

b  

i  

n  

i  

a  

c  

i  

v  

c  

h  

c  

h  

c  

i  

o  

(  

t  

v  

i  

i  

5  

h  

o  

m  

e  

t
 

e  

o  

O  

a  

p  

[  
ll showed significant improvement in respiratory strength
nd overall strength. Especially patient 3 who experienced
en respiratory failures, after pyridostigmine was replaced by
albutamol she had never suffered from respiratory failure
gain. 

.2.2. RAPSN-CMS 

Patient 8 harbored compound heterozygous mutations in
APSN . He presented with congenital hypotonia with mild

espiratory distress at birth. He developed facial weakness,
tosis, and ophthalmoplegia during infancy. Gross motor
elay, waddling gait, and Gowers’ sign were also observed.
e had episodes of worsening weakness related to acute

llnesses and two episodes of pneumonia without respiratory
ailure. Chromosome analysis and lysosomal enzyme acid
lpha-1,4-glucosidase activity were normal. The test for AchR
ntibodies was negative. After the molecular diagnosis was
ade, pyridostigmine was prescribed when exacerbation of
eakness occurred. 

.2.3. CHRND-CMS 

Patient 9 carried compound heterozygous mutations in the
HRND gene. He presented with severe gastroesophageal 

eflux disease (GERD) and pharyngeal incoordination. 
astrostomy tube has been in place since one month of age.
tosis, ophthalmoplegia, mild facial weakness, and neck and
roximal muscle weakness were apparent by one year of
ge. Pyridostigmine did not result in clinical improvement.
phedrine was added and the patient showed improvement in
ulbar symptoms. He is currently 8 years old and is able to
emove his gastrostomy tube and take solid food orally. Ptosis
nd ophthalmoplegia are still present. 

.2.4. Genetically uncharacterized-CMS 

Patient 10 is an 18-year-old male presented with fluctuating
tosis and subtle ophthalmoplegia since 2 months of age.
e suffered from recurrent pneumonia and respiratory

nsufficiency during his first 2 years of life. Proximal muscle
eakness was evident by age 12 years. He underwent

pinal fixation for lumbar scoliosis. His parents are fourth-
egree cousins. There are no other similarly affected family
embers. Physical examination revealed hyposthenic built,

hort stature, ptosis, ophthalmoplegia, and mild proximal
uscle weakness. Mitochondrial DNA sequencing was

egative for pathogenic mutations. The electrophysiologic 
tudy revealed electrodecremental response with repetitive 
MAPs on RNS and evidence of chronic myopathy. Muscle
iopsy revealed a nonspecific myopathic change (mild to
oderate fiber size variation and no fibers with internal

uclei). Pyridostigmine was prescribed and later discontinued
ue to complaints of dysarthria. Therapy with salbutamol
esulted in subjective improvement in muscle strength. 

Three patients (patients 11–13) had the clinical pattern of
hronic (10–30 years) progressive myopathy in common. 

Patients 11–12 are siblings. Patient 12 is the only
ne who has had a muscle biopsy and the result was
Please cite this article as: N. Pattrakornkul, C. Ittiwut and P. Boonsimma et al., C
and novel mutations, Neuromuscular Disorders, https:// doi.org/ 10.1016/ j.nmd.202
 nonspecific myopathy. Due to their facial features and
hronicity of disease, the diagnosis has long pointed to
ereditary myopathies until RNS was performed and both
evealed decremental responses. 

Patient 13 is a 54-year-old woman who had slow
rogressive proximal muscle weakness within 20 years.
he reported a history of ptosis and went through upper
lepharoplasty due to cosmetic concerns since she was 40
ears old. The CK level and thyroid function test were
ormal. Autoantibodies results were negative. The muscle
athology of the deltoid had a few small and large group of
ype 1 fibers among randomly distributed fiber types, which
ere inconclusive. CMS was later impressed mainly by the
ecremental response on RNS and the chronicity of disease
ithout clinical fluctuation and typical relapsing-remitting 

linical course of autoimmune myasthenia gravis. However,
 possibility of seronegative myasthenia gravis could not be
xcluded in this patient. 

. Discussion 

We report on clinical and genetic findings of thirteen
hai patients with CMS. The disease-causing variants could
e identified in 9 of 13 patients (69%). The patients with
dentified mutations had symptom onset during infancy. Five
ovel variants and two previously reported variant were found
n the COLQ , RAPSN and CHRND genes. COLQ mutations
re the most common, accounting for 54% of all cases. The
.393 + 1G > A variant in the COLQ gene is the most frequent
n our cohort. Seven unrelated patients carry the c.393 + 1G > A
ariant. Five patients harbor the homozygous splice-site
.393 + 1G > A variant, and two patients carry compound
eterozygous c.393 + 1G > A , c.718–1G > T and c.393 + 1G > A ,
.865G > T (p.Gly289Ter) variants. The c.393 + 1G > A variant
as been previously reported in 2 Chinese siblings with
ompound heterozygous c.367–3T > G , c.393 + 1G > A variants
n the COLQ gene [19] . Although a significant proportion
f Thais are of Chinese descent, based on history taking
three-generation pedigree, birth places) all of our patients and
heir available parents were Thai in origin. The c.393 + 1G > A
ariant (rs1085307792) is found in one of 251,346 alleles
n the gnomAD (anonymous Asian male) but absent in 2152
ndividuals (4304 alleles) in Thai exome database from which
 patients and 4 of their parents were excluded. The variant
as not been previously reported in larger cohorts from
ther ethnic groups. This suggests the c.393 + 1G > A variant
ight be a founder mutation in the Thai population. A more

xtensive population study with haplotype analysis is needed
o confirm this hypothesis. 

The COLQ gene mutation is associated with motor
ndplate acetylcholinesterase deficiency. The patients had an
nset of respiratory insufficiency within the neonatal period.
phthalmoplegia, ptosis, neck weakness, and scoliosis were

lso present. Another hallmark of COLQ mutations is a slow
upillary response that can be found in 25% of patients
10] , [20–22] . This finding was not observed in our cohort.
ongenital myasthenic syndromes in the Thai population: Clinical findings 
0.08.362
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Repetitive CMAPs is also a clue for diagnosing COLQ -CMS
but may not be elicited until adolescence [19] . Worsening
of symptoms after pyridostigmine is observed in cases with
COLQ mutations. Patients 3 and 5 experienced exacerbation
of weakness, and the rest of our study patients showed no
improvement from pyridostigmine. Ephedrine and salbutamol
are effective in most patients [3] , [10] , [23–25] . All COLQ -
CMS patients in our cohort reported improvement after
treatment with ephedrine or salbutamol. Our findings suggest
that ephedrine or salbutamol should be considered as the
first drug of choice in Thai patients. Pyridostigmine should
also be avoided in Thai CMS patients without molecular
diagnosis or with features of COLQ, DOK-7 and slow
channel syndrome [7] , [26] . The clinical phenotypes of our
CMS patients with COLQ mutations compared with previous
reports are summarized in Table 3 (Supplementary material).

CMS patients with RAPSN mutations have been reported
to have two main phenotypes: late-onset with fatigable limb
weakness or early-onset characterized by arthrogryposis, high-
arched palate, and facial, cervical, and bulbar weakness
[27–30] . Patient 8 had an early onset of symptoms without
arthrogryposis. Facial weakness, ptosis, ophthalmoplegia,
bulbar weakness, and limb weakness were mild, and he
was able to catch up with his milestones. Episodic apnea
aggravated by infections is a distinctive feature that has
been reported in CHAT- , SLC5A7- and RAPSN 

–CMS patients
[13] . Patient 8 experienced two episodes of exacerbation of
weakness without apnea. These findings expand the phenotype
of RAPSN 

–CMS. 
The CHRND gene encodes for delta subunit nicotinic

AChR. Mutations in CHRND are known to cause CMS with
variable severity. Dominant gain of function mutations in
the ligand-binding or pore domain can result in prolonged
synaptic currents or slow channel syndrome, clinically
resembling acetylcholinesterase deficiency. Patients usually
present in the first decade of life. There are involvement
of the cervical, scapular, and dorsal forearm muscles. The
ocular muscles are usually spared. Some patients could have
mild, and asymmetric ptosis. Patients with monoallelic or
bi-allelic loss of function mutations are usually severely
affected and have high mortality in infancy or in early
childhood. Individuals harboring null mutations in both alleles
probably die in utero [10] . Patient 9 harbors one previously
reported splice-site c.932 + 5G > A variant and one novel in-
frame c.1441_1443delATG (p.Met481del) mutation [31] . This
novel in-frame deletion involves amino acid methionine
located at the transmembrane domain of delta subunits of
the acetylcholine receptor. The methionine residue is highly
conserved across different species. The PROVEAN (Protein
Variation Effect Analyzer; http://provean.jcvi.org/index.php)
predicts the variant to be disease-causing. The effect of
the variant to the acetylcholine receptor function remains
to be explored. Clinically, patient 9 had severe feeding
difficulty during the infancy period which subsequently
resolved at the age of one year. However, his ptosis and
ophthalmoplegia were still present. Pyridostigmine did not
improve or aggravate the disease. He showed some responses
Please cite this article as: N. Pattrakornkul, C. Ittiwut and P. Boonsimma et al., 
and novel mutations, Neuromuscular Disorders, https:// doi.org/ 10.1016/ j.nmd.202
o ephedrine and is currently ambulatory at the age of
 years. 

Heterozygous DNM2 mutations are known to be
ssociated with centronuclear myopathy and Charcot-Marie-
ooth disease [32,33] . Although DNM2 mutations are not
idely known to cause NMJ defects, there is increasing

vidence of the expanding spectrum of myopathy-myasthenic
verlap [34–38] . Gibbs et al. demonstrates that deficits in
euromuscular transmission are a significant component of
NM2 -myopathy pathology and that therapeutics targeting

he neuromuscular junction may provide effective treatment
34] . Patient 10 retrospectively had the clinical sign and
ymptoms of CMS since infantile period, but they were
nrecognized until muscle weakness and scoliosis was evident
uring adolescence. His muscle pathology is not typical
f centronuclear myopathy. Repetitive CMAPs on RNS in
atient 10 was a clue for COLQ- CMS or slow channel
yndrome but have not been reported in DNM2 patients
8] . However, singleton whole exome sequencing revealed a
issense variant (c.496C > T ; p.Arg166Trp) in the DNM2. No

ther variants in genes associated with fatigable weakness
HP:0003473), EMG: impaired neuromuscular transmission
HP:0100285) and myopathy ( HP:0003198 ) was found in this
atient, which includes COLQ and slow channel syndrome
enes. The variant is rare and present in one of 250,946
lleles in gnomAD (https://gnomad.broadinstitute.org/). The
equence change replaces the arginine residue with tryptophan
t the codon 166 of the DNM2 protein. Prediction programs
redict it to be disease-causing. The missense c.496C > T
p.Arg166Trp) variant identified in the DNM2 gene in patient
0 should be taken into consideration. However, the evidence
s inadequate to conclude its causative role for CMS. The
ariant’s pathogenicity and its etiologic role in patient 10 need
urther investigations. 

. Conclusions 

We report the use of WES in the diagnosis of CMS in the
hai population. Molecular diagnosis is crucial for therapeutic
ecision making. Mutations in the COLQ gene were identified
n the majority of our patients. Our findings also suggest that
phedrine or salbutamol should be considered as the first drug
f choice and pyridostigmine should be avoided in Thai CMS
atients. 

cknowledgements 

The authors would like to thank Dr. Andrew G. Engel
Mayo Clinic, Rochester, MN, USA) and Dr. Thipwimol Tim-
roon (Faculty of Medicine, Ramathibodi Hospital, Bangkok,
hailand) for performing WES on three of our patients.
e thank Theeraphong Pho-iam, Kanjana Prangphan, and

anaporn Netsuwan of the Faculty of Medicine, Siriraj
ospital, Mahidol University for their contributions. Most

mportantly, the authors express their gratitude to the children
nd families who participated in this study. This research was
upported by the Thailand Research Fund (DPG6180001),
Congenital myasthenic syndromes in the Thai population: Clinical findings 
0.08.362

https://hpo.jax.org/app/browse/term/HP:0003198
https://doi.org/10.1016/j.nmd.2020.08.362


N. Pattrakornkul, C. Ittiwut and P. Boonsimma et al. / Neuromuscular Disorders xxx (xxxx) xxx 7 

ARTICLE IN PRESS 

JID: NMD [m5+; September 22, 2020;19:15 ] 

M
A  

S

S

 

f  

3

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

[  

 

[  

[  

 

 

[  

 

[  

 

 

 

[  

 

 

[  

 

 

[  

 

 

 

[  

 

 

[  

 

[  

 

 

[  

 

 

[  

 

[  

 

[  

 

[  

[  

 

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

edical Genomics Cluster, the Chulalongkorn Academic 
dvancement Into Its 2nd Century Project, and Health
ystems Research Institute. 

upplementary materials 

Supplementary material associated with this article can be
ound, in the online version, at doi: 10.1016/j.nmd.2020.08.
62. 

eferences 

[1] McMacken G , Abicht A , Evangelista T , Spendiff S , Lochmuller H . The
increasing genetic and phenotypical diversity of congenital myasthenic
syndromes. Neuropediatrics 2017;48(4):294–308 . 

[2] Azuma Y , Nakata T , Tanaka M , Shen XM , Ito M , Iwata S ,
et al. Congenital myasthenic syndrome in Japan: ethnically unique
mutations in muscle nicotinic acetylcholine receptor subunits.
Neuromuscul Disord 2015;25(1):60–9 . 

[3] Rodriguez Cruz PM , Palace J , Beeson D . Inherited disorders of the
neuromuscular junction: an update. J Neurol 2014;261(11):2234–43 . 

[4] Mihaylova V , Scola RH , Gervini B , Lorenzoni PJ , Kay CK ,
Werneck LC , et al. Molecular characterisation of congenital myasthenic
syndromes in Southern Brazil. J Neurol Neurosurg Psychiatry
2010;81(9):973–7 . 

[5] Natera-de Benito D , Töpf A , Vilchez JJ , González-Quereda L ,
Domínguez-Carral J , Díaz-Manera J , et al. Molecular characterization
of congenital myasthenic syndromes in Spain. Neuromuscul Disord
2017;27(12):1087–98 . 

[6] Parr JR , Andrew MJ , Finnis M , Beeson D , Vincent A , Jayawant S .
How common is childhood myasthenia? The UK incidence and
prevalence of autoimmune and congenital myasthenia. Arch Dis Child
2014;99(6):539–42 . 

[7] Witoonpanich R , Pulkes T , Dejthevaporn C , Yodnopklao P ,
Witoonpanich P , Wetchaphanphesat S , et al. Intrafamily phenotypic
heterogeneity in a large Thai slowchannel-syndrome kinship.
Neuromuscul Disord 2011;21(3):214–18 . 

[8] Lorenzoni PJ , Scola RH , Kay CS , Werneck LC . Congenital myasthenic
syndrome: a brief review. Pediatr Neurol 2012;46(3):141–8 . 

[9] Engel AG . Congenital myasthenic syndromes in 2012. Curr Neurol
Neurosci Rep 2012;12(1):92–101 . 

10] Engel AG , Shen XM , Selcen D , Sine SM . Congenital myasthenic
syndromes: pathogenesis, diagnosis, and treatment. Lancet Neurol
2015;14(4):420–34 . 

11] Das AS , Agamanolis DP , Cohen BH . Use of next-generation sequencing
as a diagnostic tool for congenital myasthenic syndrome. Pediatr Neurol
2014;51(5):717–20 . 

12] Lee M , Beeson D , Palace J . Therapeutic strategies for congenital
myasthenic syndromes. Ann N Y Acad Sci 2018;1412(1):129–36 . 

13] McMacken G , Whittaker RG , Evangelista T , Abicht A , Dusl M ,
Lochmuller H . Congenital myasthenic syndrome with episodic apnoea:
clinical, neurophysiological and genetic features in the long-term
follow-up of 19 patients. J Neurol 2018;265(1):194–203 . 

14] Bonne G , Rivier F , Hamroun D . The 2019 version of the gene table
of neuromuscular disorders (nuclear genome). Neuromuscul Disord
2018;28(12):1031–63 . 

15] Abicht A, Müller JS, Lochmüller H. Congenital Myasthenic Syndromes.
2003 May 9 [Updated 2016 Jul 14]. In: Adam MP, Ardinger HH, Pagon
RA, et al., editors. GeneReviews R © [Internet]. Seattle (WA): University
of Washington, Seattle; 1993-2020. Available from: https://www.ncbi.
nlm.nih.gov/ books/ NBK1168/ . 

16] Aharoni S , Sadeh M , Shapira Y , Edvardson S , Daana M ,
Dor-Wollman T , et al. Congenital myasthenic syndrome in
Israel: genetic and clinical characterization. Neuromuscul Disord
2017;27(2):136–40 . 
Please cite this article as: N. Pattrakornkul, C. Ittiwut and P. Boonsimma et al., C
and novel mutations, Neuromuscular Disorders, https:// doi.org/ 10.1016/ j.nmd.202
17] Durmus H , Shen XM , Serdaroglu-Oflazer P , Kara B , Parman-Gulsen Y ,
Ozdemir C , et al. Congenital myasthenic syndromes in Turkey: clinical
clues and prognosis with long term follow-up. Neuromuscul Disord
2018;28(4):315–22 . 

18] Richards S , Aziz N , Bale S , Bick D , Das S , Gastier-Foster J ,
et al. Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American college
of medical genetics and genomics and the association for molecular
pathology. Genet Med 2015;17(5):405–24 . 

19] Yeung WL , Lam CW , Ng PC . Intra-familial variation in clinical
manifestations and response to ephedrine in siblings with congenital
myasthenic syndrome caused by novel COLQ mutations. Dev Med Child
Neurol 2010;52(10):e243–4 . 

20] Legay C . Congenital myasthenic syndromes with acetylcholinesterase
deficiency, the pathophysiological mechanisms. Ann N Y Acad Sci
2018;1413(1):104–10 . 

21] Abicht A , Dusl M , Gallenmuller C , Guergueltcheva V , Schara U ,
Della Marina A , et al. Congenital myasthenic syndromes: achievements
and limitations of phenotype-guided gene-after-gene sequencing 
in diagnostic practice: a study of 680 patients. Hum Mutat
2012;33(10):1474–84 . 

22] Engel AG , Lambert EH , Gomez MR . A new myasthenic
syndrome with end-plate acetylcholinesterase deficiency, small nerve
terminals, and reduced acetylcholine release. Ann Neurol 1977;1(4):
315–330 . 

23] Souza PV , Batistella GN , Lino VC , Pinto WB , Annes M , Oliveira AS .
Clinical and genetic basis of congenital myasthenic syndromes. Arq
Neuro-psiquiatr 2016;74(9):750–60 . 

24] Padmanabha H , Saini AG , Sankhyan N , Singhi P . COLQ -related
congenital myasthenic syndrome and response to salbutamol therapy.
J Clin Neuromuscul Dis 2017;18(3):162–3 . 

25] Liewluck T , Selcen D , Engel AG . Beneficial effects of albuterol
in congenital endplate acetylcholinesterase deficiency and DOK-7
myasthenia. Muscle Nerve 2011;44(5):789–94 . 

26] Lee M , Beeson D , Palace J . Therapeutic strategies for congenital
myasthenic syndromes. Ann N Y Acad Sci 2018;1412(1):129–36 . 

27] Natera-de Benito D , Bestue M , Vilchez JJ , Evangelista T , Topf A ,
Garcia-Ribes A , et al. Long-term follow-up in patients with congenital
myasthenic syndrome due to RAPSN mutations. Neuromuscul Disord
2016;26(2):153–9 . 

28] Burke G , Cossins J , Maxwell S , Owens G , Vincent A , Robb S ,
et al. Rapsyn mutations in hereditary myasthenia: distinct early- and
late-onset phenotypes. Neurology 2003;61(6):826–8 . 

29] Milone M , Shen XM , Selcen D , Ohno K , Brengman J , Iannaccone ST ,
et al. Myasthenic syndrome due to defects in rapsyn: clinical and
molecular findings in 39 patients. Neurology 2009;73(3):228–35 . 

30] Burke G , Cossins J , Maxwell S , Robb S , Nicolle M , Vincent A ,
et al. Distinct phenotypes of congenital acetylcholine receptor
deficiency. Neuromuscul Disord 2004;14(6):356–64 . 

31] Daoud H , Luco SM , Li R , et al. Next-generation sequencing for
diagnosis of rare diseases in the neonatal intensive care unit. Can Med
Assoc J 2016;188(11):e254–60 . 

32] Bohm J , Biancalana V , Dechene ET , Bitoun M , Pierson CR , Schaefer E ,
et al. Mutation spectrum in the large GTPase dynamin 2, and
genotype-phenotype correlation in autosomal dominant centronuclear 
myopathy. Hum Mutat 2012;33(6):949–59 . 

33] Rodriguez Cruz PM , Palace J , Beeson D . Congenital myasthenic
syndromes and the neuromuscular junction. Curr Opin Neurol
2014;27(5):566–75 . 

34] Gibbs EM , Clarke NF , Rose K , Oates EC , Webster R , Feldman EL ,
et al. Neuromuscular junction abnormalities in DNM2 -related
centronuclear myopathy. J Mol Med (Berl) 2013;91(6):727–37 . 

35] Liewluck T , Shen XM , Milone M , Engel A . Endplate structure and
parameters of neuromuscular transmission in sporadic centronuclear
myopathy associated with myasthenia. Neuromuscul Disord 
2011;21(6):387–95 . 

36] Robb SA , Sewry CA , Dowling JJ , Feng L , Cullup T , Lillis S ,
et al. Impaired neuromuscular transmission and response to
ongenital myasthenic syndromes in the Thai population: Clinical findings 
0.08.362

https://doi.org/10.1016/j.nmd.2020.08.362
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0001
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0001
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0001
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0001
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0001
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0001
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0002
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0002
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0002
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0002
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0002
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0002
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0002
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0002
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0003
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0003
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0003
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0003
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0004
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0004
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0004
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0004
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0004
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0004
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0004
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0004
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0005
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0005
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0005
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0005
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0005
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0005
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0005
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0005
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0006
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0006
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0006
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0006
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0006
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0006
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0006
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0007
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0007
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0007
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0007
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0007
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0007
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0007
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0007
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0008
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0008
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0008
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0008
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0008
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0009
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0009
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0010
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0010
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0010
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0010
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0010
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0011
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0011
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0011
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0011
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0012
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0012
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0012
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0012
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0013
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0013
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0013
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0013
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0013
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0013
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0013
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0014
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0014
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0014
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0014
https://www.ncbi.nlm.nih.gov/books/NBK1168/
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0016
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0016
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0016
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0016
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0016
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0016
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0016
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0016
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0017
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0017
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0017
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0017
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0017
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0017
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0017
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0017
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0018
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0018
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0018
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0018
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0018
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0018
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0018
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0018
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0019
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0019
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0019
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0019
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0020
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0020
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0021
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0021
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0021
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0021
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0021
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0021
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0021
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0021
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0022
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0022
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0022
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0022
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0023
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0023
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0023
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0023
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0023
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0023
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0023
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0024
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0024
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0024
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0024
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0024
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0025
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0025
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0025
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0025
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0026
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0026
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0026
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0026
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0035
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0035
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0035
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0035
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0035
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0035
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0035
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0035
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0036
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0036
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0036
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0036
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0036
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0036
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0036
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0036
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0037
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0037
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0037
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0037
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0037
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0037
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0037
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0037
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0038
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0038
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0038
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0038
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0038
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0038
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0038
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0038
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0039
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0039
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0039
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0039
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0039
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0040
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0040
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0040
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0040
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0040
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0040
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0040
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0040
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0041
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0041
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0041
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0041
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0042
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0042
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0042
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0042
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0042
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0042
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0042
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0042
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0043
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0043
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0043
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0043
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0043
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0044
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0044
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0044
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0044
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0044
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0044
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0044
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0044
https://doi.org/10.1016/j.nmd.2020.08.362


8 N. Pattrakornkul, C. Ittiwut and P. Boonsimma et al. / Neuromuscular Disorders xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: NMD [m5+; September 22, 2020;19:15 ] 

 

 

 

 

[  
acetylcholinesterase inhibitors in centronuclear myopathies.
Neuromuscul Disord 2011;21(6):379–86 . 

[37] Nicolau S , Liewluck T , Shen XM , Selcen D , Engel AG , Milone M . A
homozygous mutation in GMPPB leads to centronuclear myopathy with
combined pre- and postsynaptic defects of neuromuscular transmission.
Neuromuscul Disord 2019;29(8):614–17 . 
Please cite this article as: N. Pattrakornkul, C. Ittiwut and P. Boonsimma et al., 
and novel mutations, Neuromuscular Disorders, https:// doi.org/ 10.1016/ j.nmd.202
38] Nicolau S , Kao JC , Liewluck T . Trouble at the junction: when myopathy
and myasthenia overlap. Muscle Nerve 2019;60:648–57 . 
Congenital myasthenic syndromes in the Thai population: Clinical findings 
0.08.362

http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0044
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0045
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0045
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0045
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0045
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0045
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0045
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0045
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0046
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0046
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0046
http://refhub.elsevier.com/S0960-8966(20)30563-0/sbref0046
https://doi.org/10.1016/j.nmd.2020.08.362

	Congenital myasthenic syndromes in the Thai population: Clinical findings and novel mutations
	1 Introduction
	2 Materials and methods
	2.1 Study design and patient population
	2.2 DNA extraction, whole exome sequencing, and bioinformatic analysis

	3 Results
	3.1 Molecular genetic findings
	3.2 Clinical findings and treatment responses
	3.2.1 COLQ-CMS
	3.2.2 RAPSN-CMS
	3.2.3 CHRND-CMS
	3.2.4 Genetically uncharacterized-CMS


	4 Discussion
	5 Conclusions
	Acknowledgements
	Supplementary materials
	References


