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Background
Congenital Myasthenic Syndromes (CMS) are a complex 
group of diseases in which the function of the neuromus-
cular junction (NMJ) is altered by one or multiple mech-
anisms, causing muscle weakness and fatigability. Most 
often, symptoms appear early in life, at birth or even pre-
natally [1, 2]; however, the clinical manifestations of CMS 
can start at any time in life. These diseases are caused by 
defects of genes encoding various proteins that are essen-
tial for neuromuscular transmission.

From the first complete description to present, muta-
tions in more than 30 genes have been found to associate 
with the pathogenesis of CMS [3, 4]. Although CMS are 
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Abstract
Background Congenital Myasthenic Syndromes (CMS) are rare genetic diseases, which share as a common 
denominator muscle fatigability due to failure of neuromuscular transmission. A distinctive clinical feature of 
presynaptic CMS variants caused by defects of the synthesis of acetylcholine is the association with life-threatening 
episodes of apnea. One of these variants is caused by mutations in the SLC5A7 gene, which encodes the sodium-
dependent HC-3 high-affinity choline transporter 1 (CHT1). To our knowledge there are no published cases of this 
CMS type in Latin America.

Case presentation We present two cases of CHT1-CMS. Both patients were males presenting with repeated 
episodes of apnea, hypotonia, weakness, ptosis, mild ophthalmoparesis, and bulbar deficit. The first case also 
presented one isolated seizure, while the second case showed global developmental delay. Both cases, exhibited 
incomplete improvement with treatment with pyridostigmine.

Conclusions This report emphasizes the broad incidence of CMS with episodic apnea caused by mutations in the 
SLC5A7 gene and the frequent association of this condition with serious manifestations of central nervous system 
involvement.
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infrequent diseases, they have been reported worldwide 
[1, 2]. According to the location of the protein encoded 
by the defective gene, CMS are classified as presynaptic, 
synaptic, and postsynaptic types with additional variants 
that involve all three compartments [2]. Postsynaptic 
forms due to mutations in genes transcribing the adult 
subunits of the acetylcholine receptor are the most fre-
quent types of CMS [2].

Although all CMS share in varied degree the clinical 
characteristics described above, those affecting the syn-
thesis of acetylcholine (ACh) have a particular phenotype 
characterized by recurrent episodes of apnea. These vari-
ants correspond to 6–7% of all CMS types [2] and can 
result from mutations in the genes encoding the choline 
acetyltransferase (CHAT) [5], the vesicular ACh trans-
porter (VAChT) (SLC18A3) [6], and the sodium-depen-
dent HC-3 high-affinity choline transporter 1 (CHT1) 
(SLC5A7) [7]. While the CMS caused by mutations in 
CHAT is the most common variant of this subtype of 
CMS, in recent years, several authors have reported 
mutations in SLC5A7 as another frequent cause of CMS 
with episodic apneas [7–11].

The translation product of SLC5A7 is the CHT1, which 
is responsible for choline reuptake in the presynaptic 
terminal after the cleavage of ACh by the enzyme ace-
tylcholinesterase in the synaptic cleft [10, 11]. There are 
also dominant mutations of this gene causing type VII 
hereditary distal motor neuropathy, which has different 
clinical manifestations than those in patients with CMS 
with episodic apnea [12]. We describe here the first two 
cases of CMS with episodic apnea caused by mutations 
in the SLC5A7 gene in Latin America and emphasize 
the frequent association of this genetic disorder with 

serious manifestations of central nervous system (CNS) 
involvement.

Case presentation
This study was approved by the Ethical Committee of the 
Hospital Italiano. Signed consents to participate and for 
publication of the case reports and images were obtained 
from the legal representatives of all the participants.

Case 1
This male patient, who is currently a 36-month-old, was 
the first child of a healthy non-consanguineous couple, of 
Polish and Spanish ancestry. The pregnancy was uncom-
plicated, but the delivery was performed at term by cesar-
ean section because of the finding of a dilated middle 
cerebral artery by doppler ultrasound. At birth his Apgar 
score was normal, he had no joint contractures, and his 
weight was adequate for gestational age. In the first hour 
of life, he presented an episode of apnea with generalized 
cyanosis, which resolved with the administration of sup-
plemental oxygen by nasal cannula. At 6 h, he presented 
a paroxysmal event characterized by myoclonic jerks of 
the right hemi-body, interpreted as a possible seizure, 
which spontaneously resolved. He was transferred to the 
neonatal intensive care unit (NICU) for continued care. 
During hospitalization, bilateral ptosis, hypotonia, weak-
ness, laryngeal stridor, dysphonic crying, and weak suck-
ing were observed. An EMG was performed and revealed 
13% decrement of compound muscle action potential 
amplitudes during stimulation of the ulnar nerve at 2 Hz. 
An EEG and a brain MRI were both normal. After 21 
days he was discharged, but readmitted 24 h later, due to 
an episode of apnea associated with feeding. In the NICU 
he presented 5 additional episodes requiring the inser-
tion of an orogastric tube. Blood collection for a whole 
exome sequencing (WES) was completed, and the patient 
was discharged home.

At 2 months of age, he presented respiratory arrest, 
for which he was admitted to the pediatric intensive care 
unit (PICU) and required tracheostomy with prolonged 
mechanical ventilation.

The WES analysis informed two unreported hetero-
zygous variants in the SLC5A7 gene (NM_021815.5:c) 
associated with CMS. One variant was c.178 + 2T > C 
considered pathogenic by the Mutation Taster and 
Human Splicing Finder software [13, 14]. The other vari-
ant c.1448 C > T, p.Ala483Val, was considered pathogenic 
by CADD, MutationAssessor, and MutationTaster, but 
tolerated by Polyphen2-HVAR, and SIFT (Table 1).

With the tentative diagnosis of CMS, treatment with 
pyridostigmine 5  mg every 4  h was started, with good 
clinical response. The patient is now 3-year-old and dis-
plays only mild hypotonia and occasional divergent stra-
bismus (Fig. 1A).

Table 1 Genetic studies and clinical features
Genetic and clinical findings Case 1 Case 2
SLC5A7 mutations c.178 + 2T > C

c.1448 C > T
p.Ala483Val

c.1207T > C
p.Tyr403His
c.1349G > A
p.Gly450Glu

gender male male
current age 3-year-old 17-year-old
pregnancy uncomplicated uncomplicated
arthrogryposis no no
onset of symptoms first day of life first month of life
ptosis yes yes
ophthalmoparesis yes yes
hypotonia yes yes
weakness yes yes
episodes of apnea yes yes
seizures yes no
developmental delay no yes
behavioral changes no yes
tracheostomy yes yes
response to pyridostigmine favorable favorable
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Case 2
The second patient, a male born in Paraguay, was the sec-
ond child of a healthy non-consanguineous parents. The 
pregnancy was uncomplicated. He was born at 38 weeks 
of gestational age, without joint contractures and with a 
vigorous Apgar score. At 48  h he was discharged from 
the hospital. A few days following birth, bilateral ptosis, 
ophthalmoparesis, hypotonia, generalized weakness and 
significant head lag on traction were observed. He also 
presented several episodes of apnea throughout his first 
month of life. This was interpreted as recurrent laryngitis, 
secondary to gastroesophageal reflux and he underwent 
Nissen fundoplication surgery. At 3 months, he suffered 
a respiratory arrest, for which he was admitted to the 
PICU and required tracheostomy with mechanical ven-
tilation. A muscle biopsy, and a single-fiber electromy-
ography (SFEMG) study were performed in the first year 
of life. The muscle biopsy showed no diagnostic features, 
but the SFEMG study showed signs of failure neuromus-
cular transmission. He has global developmental delay, 
but he is currently able to communicate using a limited 
vocabulary. He is able to count single digits and to rec-
ognize geometrical figures. However, he is unable to read 
or write and requires assistance with activities of daily 
living. Genetic studies were performed, using a compara-
tive genomic hybridization (CGH) microarray, and WES. 

The CGH demonstrated a microdeletion in chromosome 
6q22.32 (Chr6:126241510–126835279), also present in 
her healthy mother, therefore not considered to be patho-
genic. By contrast, the WES demonstrated two unre-
ported pathogenic variants in SLC5A7 (NM_021815.5:c): 
c.1207T > C, p.Tyr403His, and c.1349G > A, p.Gly450Glu 
(Table  1; Fig.  2), each one shared with each one of his 
parents. Both variants were considered likely pathogenic 
based on CADD scores (CADD 24.7; CADD 32.0).

Treatment was started with pyridostigmine, with a 
good but incomplete clinical response. Thus, ephedrine 
was added but subsequently discontinued due to rest-
lessness. Choline supplement, and donepezil were later 
added with a clinical improvement of cognitive function. 
The patient evolved favorably from the respiratory stand-
point, but currently presents a global developmental 
delay, with serious behavioral derangement. Occasional 
bilateral ptosis has also been observed since initiation of 
treatment (Fig. 1B).

Discussion and conclusions
We present two cases of presynaptic CMS, caused by 
pathogenic variants of the SLC5A7 gene. To date, fewer 
than 15 cases have been identified worldwide, and none 
of which have been reported in Latin America [11]. The 
clinical presentation of our patients was characterized by 
episodes of apnea in the neonatal period, muscle weak-
ness and generalized hypotonia, ptosis, ophthalmopare-
sis and bulbar symptoms. The first case also presented an 
episode of focal seizure in the first hours of life, while the 
second manifested global developmental delay with nota-
ble hyperactivity and behavioral disturbance. In both, the 
etiological diagnosis was achieved through WES, and 
they exhibited a good, but partial clinical response to 
treatment with pyridostigmine.

Congenital Myasthenic Syndromes are a rare entity, 
with an estimated prevalence of 9 to 10 per million [9]. 
From the pathophysiological point of view, the defect is 
found in the postsynaptic level in 75% of cases. The rest 
of the cases correspond 15% to synaptic forms and 6–8% 
to presynaptic variants [9]. Among the later, CHT1 defi-
ciency due to SLC5A7 gene mutations are in second place 
in prevalence of presynaptic CMS after ChAT deficiency, 
which represents about 5% of CMS [16].

At the nerve terminal, CHT1 is responsible for choline 
reuptake, which is the rate-limiting reaction in the syn-
thesis of ACh [17, 18]. In recent years, a series of patho-
genic variants in genes linked to CMS have been reported 
in pediatric patients with neuromuscular disorders as a 
primary symptom but also with clinical manifestations of 
CNS involvement, which expands the definition of what 
was previously interpreted as CMS [19, 20].

Cholinergic neurotransmission is widely present 
throughout the entire nervous system, so it is expected 

Fig. 1 Clinical features. A. Patient 1 displaying strabismus and compensa-
tory head tilt. B Patient 2 displaying bilateral ptosis
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that the clinical spectrum of this entity be broad. Accord-
ing to the literature, CHT1 deficiency is characterized by 
onset in the neonatal period, with hypotonia and gener-
alized weakness, ocular symptoms, bulbar compromise, 
and episodes of apnea. A large proportion of patients 
also present epilepsy and different types of cognitive 
developmental delay. For instance, cognitive deficit was 
described in 3 out of the 5 patients reported by Bauche 
et al. [7], and in all of the 4 patients reported by Wang 
et al. [8]. By contrast seizures were reported in only one 
of the patients described by Wang et al. [8] and in 2 out 
5 patients presented by Rodriguez Cruz et al. [9]. These 
clinical manifestations may result from hypoxic brain 
damage caused by repeated apneic episodes or may 
represent a direct consequence of impaired choliner-
gic transmission in the CNS. Indeed, since CHT1 is also 
required for the reuptake of ACh in central neurons that 
participate in executive functions and behavioral control 
[18], it is not surprising that deficiency of CHT1 has far-
reaching consequences than impaired neuromuscular 
transmission.

Episodes of apnea are always serious because they 
place the lives of patients at risk. The cases reported to 
date illustrate the morbidity associated with these events, 
since most patients require invasive ventilatory support 
and tracheostomy to maintain effective airway control [7, 
9, 20].

The diagnostic suspicion of CMS is mainly based on the 
presence of relevant symptoms and a positive family his-
tory. Nevertheless, since all cases of CMS due to SCL5A7 
mutations thus far described have been recessively trans-
mitted, there is usually no family history of CMS in these 
patients. For the same reason, affected children carry two 
pathogenic variants in SLC5A7, while the parents, who 
carry only one pathogenic variant, are asymptomatic and 
do not require electrodiagnostic testing. Electrophysi-
ology studies demonstrating impaired neuromuscular 
transmission and blood work showing absence of autoan-
tibodies against proteins of the NMJ are useful. However, 
the key to the diagnosis lies in the finding of pathogenic 
variants in genes involved in the structure and func-
tion of the NMJ, which is usually achieved by perform-
ing a WES [1, 2]. The genetic diagnosis is also important 
to rule out other forms of CMS, such as those caused by 
mutation in genes encoding ChAT, Rapsyn, Agrin and 
ColQ, which can also result in episodes of apnea.

In the CHT1-CMS acetylcholinesterase inhibitors, 
such as pyridostigmine, by virtue of increasing the 
amount of ACh available to interact with the receptor, 
improve neuromuscular transmission [9, 11], However, 
in some CMS variants such those resulting from muta-
tions in Agrin and ColQ, pyridostigmine can result in 
an untoward effect. Moreover, since in CHT1-CM the 
therapeutic response to pyridostigmine is incomplete, 

Fig. 2 Schematic view of human CHT1 showing the position of the identified mutations. A. Variants Ala483Val along with the splice junction mutation 
c.178 + 2T > C (not shown in the drawing) were found in patient 1, while the Tyr403His and Gly450Glu were identified in patient 2. Notice that the three 
amino acid changes involve transmembrane segments of the CHT1 protein. (modified from reference Haga, 2014). 15B. Alignment of the amino acid 
sequence of the human CHT1 encompassing the identified mutations (arrowheads) with that of orthologous genes from mammals (horse and Guinea 
pig), vertebrate (easter brown snake) and insect (fruit fly). Notice that the amino acid sequences are well conserved
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sympathomimetic medications, such as Salbutamol and 
Ephedrine are often needed to support neuromuscular 
transmission. For this reason, early genetic diagnosis is 
essential since therapeutic intervention could improve 
the morbidity and mortality of the disease. In the case 
of our patients, after administration of pyridostigmine at 
adequate doses, improvement was observed in both mus-
cular and respiratory function with resolution of apnea 
episodes. However, in patient 2, there were no observable 
changes of the behavior or cognitive functions. Similar 
findings have been described by other authors, although 
some have described a partial improvement the behav-
ioral dysfunction [7–9, 11]. To explain this phenomenon, 
it was proposed that the response variability may be due 
to the severity of the clinical phenotype and the residual 
CHT1 function, although the latter is not routinely per-
formed in daily clinical practice [10].

Abbreviations
CMS  congenital myasthenic syndromes
NMJ  neuromuscular junction
ACh  acetylcholine
SLC5A7  solute carrier 5A7 gene
CHAT  choline acetyltransferase gene
VAChT  vesicular acetylcholine transporter
CHT1  choline transporter 1
WES  whole-exome sequencing

Acknowledgements
We want to acknowledge the support that we received from the parents of 
the patients.

Author contributions
Javier A. Muntadas: He identified the patients and conducted the 
electrodiagnostic evaluation in the second patient. He wrote the paper in 
conjunction with Martin R. Hyland and Ricardo A. Maselli. Martin R. Hyland: 
Helped with the identification of the patients and wrote the paper in 
conjunction with Javier A. Muntadas and Ricado A. Maselli. Maria Del Rosario 
Ortolá Martínez: Helped with the identification of the patients. Jaime N Young: 
Deposited the sequence variations in ClinVar and in conjunction with Ricardo 
A. Maselli edited and submitted the paper. Jessica X Chong: Identified the 
mutations in patient 2. Michael J Bamshad: Identified the mutations in patient 
2. Ricardo A Maselli: Together with Javier Muntadas he made the diagnoses 
of the patients. He also made the figures, deposited the sequence variations 
in conjunction with Jaime Young, and wrote the paper together with Javier 
Muntadas and Martin R. Hyland. All authors read and approved the final 
manuscript.

Funding
This work was supported in part by a grant of the Myasthenia Gravis 
Foundation of America (MGFA) to RAM. Sequencing and data analysis were 
provided for case 2 by the University of Washington Center for Rare Disease 
Research (UW-CRDR) with support from NHGRI grants U01 HG011744, UM1 
HG006493 and U24 HG011746.

Data availability
The DNA sequence data analyzed in this study are available in the 
ClinVar public archive : https://www.ncbi.nlm.nih.gov/clinvar/: 
[NM_021815.5(SLC5A7):c.178 +2T>C Variation ID: 2687476 Accession: 
VCV002687476.1, NM_021815.5(SLC5A7):c.1207T>C (p.Tyr403His) Variation 
ID: 2687766 Accession: VCV002687766.1, NM_021815.5(SLC5A7):c.1349G>A 
(p.Gly450Glu) Variation ID: 2687767 Accession: VCV002687767.1, 
NM_021815.5(SLC5A7):c.1448C>T (p.Ala483Val) Variation ID: 2687475 
Accession: VCV002687475.1]

Declarations

Ethics approval and consent to participate
This report was reviewed and approved by the Ethical Committee on Human 
Subjects of the Hospital Italiano. Informed consent to participate was 
obtained and signed by the legal representatives of all the participants of the 
study.

Consent for publication
Written informed consent for publication of the case reports and images was 
obtained from all the legal guardians/parents in the study.

Competing interests
The authors declare no competing interests.

Received: 11 March 2024 / Accepted: 31 July 2024

References
1. Estephan EP, Zambon AA, Thompson R, Polavarapu K, Jomaa D, Töpf A, et al. 

Congenital myasthenic syndrome: correlation between clinical features and 
molecular diagnosis. Eur J Neurol. 2022;29(3):833–42.

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

3. 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 – 30. https://doi.org/10.1002/
ana.410010403. PMID: 214017.

4. Ohno K, Ohkawara B, Shen XM, Selcen D, Engel AG. Clinical and Pathologic 
Features of Congenital Myasthenic Syndromes Caused by 35 Genes-A Com-
prehensive Review. Int J Mol Sci. 2023;24(4):3730. https://doi.org/10.3390/
ijms24043730. PMID: 36835142.

5. Ohno K, Tsujino A, Brengman JM, Harper CM, Bajzer Z, Udd B et al. Choline 
acetyltransferase mutations cause myasthenic syndrome associated with 
episodic apnea in humans. Proc Natl Acad Sci U S A. 2001;98(4):2017–2022; 
https://doi.org/10.1073/pnas.98.4.2017. PMID: 11172068.

6. O’Grady GL, Verschuuren C, Yuen M, Webster R, Menezes M, Fock JM, et al. 
Variants in SLC18A3, vesicular acetylcholine transporter, cause congenital 
myasthenic syndrome. Neurology. 2016;87(14):1442–8. PMID: 27590285.

7. Bauché S, O’Regan S, Azuma Y, Laffargue F, McMacken G, Sternberg D 
et al. Impaired presynaptic high-affinity choline transporter causes a 
congenital myasthenic syndrome with episodic apnea. Am J Hum Genet. 
2016;99(3):753–761; https://doi.org/10.1016/j.ajhg.2016.06.033. Epub 2016. 
PMCID: PMC5011057.

8. Wang H, Salter CG, Refai O, Hardy H, Barwick KES, Akpulat U, et al. Choline 
transporter mutations in severe congenital myasthenic syndrome disrupt 
transporter localization. Brain. 2017;140(11):2838–50.

9. Pardal-Fernández JM, Carrascosa-Romero MC, Álvarez S, Medina-Monzón 
MC, Caamaño MB, de Cabo C. A new severe mutation in the SLC5A7 gene 
related to congenital myasthenic syndrome type 20. Neuromuscul Disord. 
2018;28(10):881–4.

10. Rodríguez Cruz PM, Hughes I, Manzur A, Munot P, Ramdas S, Wright R, et al. 
Presynaptic congenital myasthenic syndrome due to three novel mutations 
in SLC5A7 encoding the sodium-dependant high-affinity choline transporter. 
Neuromuscul Disord. 2021;31(1):21–8.

11. Rizvi M, Truong TK, Zhou J, Batta M, Moran ES, Pappas J, et al. Biochemical 
characterization of two novel mutations in the human high-affinity choline 
transporter 1 identified in a patient with congenital myasthenic syndrome. 
Hum Mol Genet. 2023. https://doi.org/10.1093/hmg/ddac309.

12. Barwick KE, Wright J, Al-Turki S, McEntagart MM, Nair A, Chioza B et al. 
Defective presynaptic choline transport underlies hereditary motor 
neuropathy. Am J Hum Genet. 2012;91(6):1103–7. https://doi.org/10.1016/j.
ajhg.2012.09.019. Epub 2012. PMID: 23141292.

13. Schwarz JM, Rodelsperger C, Schuelke M, Seelow D. Mutation Taster 
evaluates disease-causing potential of sequence alterations. Nat Methods. 
2010;7(8):575–6. https://doi.org/10.1038/nmeth0810-575. PMID: 20676075.

14. Desmet FO, Hamroun D, Lalande M, Collod-Béroud G, Claustres M, Béroud C. 
Human Splicing Finder: an online bioinformatics tool to predict splicing sig-
nals. Nucleic Acids Res. 2009;37(9):e67. https://doi.org/10.1093/nar/gkp215. 
Epub 2009. PMID: 19339519.

https://www.ncbi.nlm.nih.gov/clinvar/
https://doi.org/10.1002/ana.410010403
https://doi.org/10.1002/ana.410010403
https://doi.org/10.3390/ijms24043730
https://doi.org/10.3390/ijms24043730
https://doi.org/10.1073/pnas.98.4.2017
https://doi.org/10.1016/j.ajhg.2016.06.033
https://doi.org/10.1093/hmg/ddac309
https://doi.org/10.1016/j.ajhg.2012.09.019
https://doi.org/10.1016/j.ajhg.2012.09.019
https://doi.org/10.1038/nmeth0810-575
https://doi.org/10.1093/nar/gkp215


Page 6 of 6Muntadas  et al. BMC Medical Genomics          (2024) 17:207 

15. Haga T. Molecular properties of the high-affinity choline transporter CHT1. J 
Biochem. 2014;156(4):181–94. https://doi.org/10.1093/jb/mvu047. Epub 2014 
Jul 29. PMID: 25073461.

16. Zhang Y, Cheng X, Luo C, Lei M, Mao F, Shi Z, et al. Congenital myasthenic 
syndrome caused by a Novel Hemizygous CHAT Mutation. Front Pediatr. 
2020;8:185. https://doi.org/10.3389/fped.2020.00185. eCollection 2020.PMID: 
32411636.

17. Guidry G, Willison BD, Blakely RD, Landis SC, Habecker BA. Developmental 
expression of the high affinity choline transporter in cholinergic sympathetic 
neurons. Auton Neurosci. 2005;123(1–2):54–61. https://doi.org/10.1016/j.
autneu.2005.10.001. Epub 2005 Nov 8. PMID: 16278103.

18. Cuddy LK, Seah C, Pasternak SH, Rylett RJ. Differential regulation of the 
high-affinity choline transporter by wild-type and Swedish mutant amyloid 

precursor protein. J Neurochem. 2015;134(4):769–82. https://doi.org/10.1111/
jnc.13167. Epub 2015 Jun 3. PMID: 25970623.

19. Ramdas S, Beeson D. Congenital myasthenic syndromes: where do we go 
from here? Neuromuscul Disord. 2021;31(10):943–54.

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

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1093/jb/mvu047
https://doi.org/10.3389/fped.2020.00185
https://doi.org/10.1016/j.autneu.2005.10.001
https://doi.org/10.1016/j.autneu.2005.10.001
https://doi.org/10.1111/jnc.13167
https://doi.org/10.1111/jnc.13167

	Congenital myasthenic syndrome secondary to pathogenic variants in the SLC5A7 gene: report of two cases
	Abstract
	Background
	Case presentation
	Case 1
	Case 2

	Discussion and conclusions
	References




