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Abstract

The most common causes of congenital myasthenic syndromes (CMS) are CHRNE mutations, and 

some pathogenic allelic variants in this gene are especially frequent in certain ethnic groups. In the 

southern region of Brazil, a study found the c.130dupG CHRNE mutation in up to 33% of families 

with CMS. Here, we aimed to verify the frequency of this mutation among individuals with CMS 

in a larger cohort of CMS patients from different areas of Brazil and to characterize clinical 

features of these patients. Eighty-four patients with CMS, from 72 families, were clinically 

evaluated and submitted to direct sequencing of the exon 2 of CHRNE. The c.130dupG mutation 

was found in 32 patients (23 families), with 26 patients (19 families, 26.3%) in homozygosis, 

confirming its high prevalence in different regions of Brazil Among the homozygous patients, the 

following characteristics were frequent: onset of symptoms before 2 years of age (92.3%), little 

functional restriction (92.3%), fluctuating symptoms (100%), ocular muscle impairment (96.1%), 

ptosis (100%), limb weakness (88.4%), response to pyridostigmine (100%), facial involvement 

(77%), and bulbar symptoms (70.8%). The pretest probability of finding at least one allele 
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harbouring the c.130dupG mutation was 38.1%. Selecting only patients with impaired eye 

movement together with limb weakness and improvement with pyridostigmine, the probability 

increases to 72.2%. This clinical pre-selection of patients is likely a useful tool for regions where 

CHRNE mutations have a founder effect. In conclusion, the CHRNE mutation c.130dupG leads to 

fairly benign natural course of the disease with relative homogeneity.
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Introduction

Congenital myasthenic syndromes (CMS) are a group of genetic disorders in which the 

safety factor of the neuromuscular transmission is impaired. The phenotype is variable, 

making diagnosis difficult [1,2]. The increasing number of CMS causative genes adds to the 

difficulty of establishing the correct molecular diagnosis, and knowing the exact type of 

CMS has implications for appropriate care of the patients [1,3]. However, CHRNE 
mutations account for up to 50% of all CMS [3,4]. Other genes that more commonly lead to 

CMS are DOK7, COLQ, and RAPSN [5], but the frequency of the affected genes varies 

according to the studied geographic region and population [6,7].

Although there are several CHRNE mutations described, some pathogenic allelic variants 

are especially frequent in certain ethnic groups [8,9]. Nevertheless, in these cases the 

diagnosis can also be difficult due phenotypic variability, as some CHRNE mutations can 

present a high clinical heterogeneity, even when present in homozygous state [10]. In Brazil, 

a study with patients with CMS from the state of Paraná (southern part of the country) found 

the c.130dupG mutation in the CHRNE gene present in 6 out of 18 families [6]. Those 

patients frequently had ophthalmoplegia, palpebral ptosis, dysphagia, and proximal muscle 

weakness with onset before 2 years old, which are expected characteristics, considering the 

affected gene [1,2,3]. In the present study we aimed to verify the frequency of this mutation 

among individuals with CMS from different areas of Brazil and to characterize clinical 

features of these patients.

Patients and Methods

Eighty-four patients with CMS (49 females, 35 males) from 72 unrelated families, aged 

from 3 to 65 years at the time of clinical evaluation, were recruited. The parents or the 

patients were invited to participate in the study after informed consent was obtained, and the 

study was approved by the local ethics committee. The patients were evaluated at our centre 

in São Paulo, Hospital das Clínicas/USP (n = 61); in Salvador, at Hospital das Clínicas/

UFBA (n = 2); and in Ribeirão Preto, at Hospital das Clínicas/USPRP (n = 21).

Patients were evaluated by an experienced neurologist. Data included medical history and 

general physical and neurological examinations. Results of ancillary exams such as muscle 

biopsy, nerve conduction studies and electromyography (NCS/EMG), when available, were 
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noted. To detect the mutation c.130dupG in CHRNE (NM_000080.3), a fragment containing 

whole exon 2 was amplified by PCR for Sanger sequencing. Patients heterozygous for the 

c.130dupG mutation were screened for mutations in the whole coding CHRNE gene using 

primers covering all exons and splice junctions.

Clinical findings were compared only between the groups of homozygous patients for 

c.130dupG and the group without the mutation, with the objective to identify clinical clues 

for the c.130dupG mutation. Fisher's exact test was used for the comparison.

Results

Average age at assessment of all CMS patients was 24.6 years and 24.15 years among the 

homozygous CHRNE c.130dupG patients. The CHRNE mutation was found in 32 patients 

(38.1% of the patients) from 23 different families (31.9% of the families) including 26 

patients (19 families) in homozygous state (table 1). From 6 heterozygous patients, another 

pathogenic mutation was found in 5 (table 1). Families had segregation analysis performed, 

confirming compound heterozygous status. Clinical data of patients carrying the CHRNE 
mutation are shown in table 1.

Among the homozygous c.130dupG mutation patients (n = 26), the following characteristics 

were very frequent: onset of symptoms before 2 years of age (92.3%); fluctuating symptoms 

(100%); ocular muscle impairment (96.1%); ptosis (100%); improvement with 

pyridostigmine (100%); limb weakness (88.4%); facial involvement (77%); and bulbar 

symptoms (70.8%). Delayed motor milestones were observed in 56.5% of the homozygous 

c.130dupG patients, neonatal hypotonia in 54.1%, breastfeeding difficulties in 55%, high 

arched palate in 66.6%, and scoliosis in 38.4%. No CHRNE c.130dupG patients presented 

with any congenital contractures. Twenty-two out of the 26 homozygous patients had 

available data of Electromiography/Nerve conduction study: 15 (68.1%) showed 

decremental response to 3 Hz repetitive stimulus (DRRS). Of the seven patients without 

DRRS, three were submitted to single fibre study, which demonstrated increased jitter in all.

Interestingly, of the CMS patients with ocular movement impairment, most of them 

presented with partial, instead of complete, impairment. That was the case in 88% of the 

patients homozygous for the CHRNE mutation and 87% of the patients without the 

mutation, considering patients with ocular movement impairment. In particular, the rectus 

inferior muscles were the most frequently spared, being not affected or relatively less 

affected in 73.9% and 76.4% of the patients with and without the c.130dupG mutation, 

respectively (figure 1).

Comparing the patients with homozygous c.130dupG mutations to those without, the 

following clinical findings were statistically more frequent in the homozygous c.130dupG 

mutation group: impaired eye movement (p = 0.0002), facial involvement (p = 0.01), limb 

weakness (p = 0.03), and good response to pyridostigmine (p = 0.0001), type II selective 

atrophy on muscle biopsy (p = 0.0089). Frequency of clinical characteristics of all patients 

are shown on table 2.
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The pretest probability among our cohort of finding at least one allele harbouring the 

CHRNE c.130dupG mutation was 38.1%. Selecting only patients with impaired eye 

movement who improved with pyridostigmine (n = 47), the probability of finding at least 

one allele mutated increased to 61.7% (29/47, p = 0.0001). In patients with impaired eye 

movement and limb weakness who improved with pyridostigmine (n = 36), the probability 

of finding at least one allele with the mutation was 72.2% (26/36, p = 0.0001).

Regarding the distribution of the mutation in the country, 27 patients (22 homozygous) of 19 

families were from the state of São Paulo (33.9% of São Paulo families), 4 patients (3 

homozygous) of 4 families were from the state of Minas Gerais (75% of Minas Gerais 

families), and 1 patient (homozygous) was from the state of Bahia (incidence of 20% of 

Bahia families).

Discussion

CHRNE c.130dupG (p.Glu44Glyfs*3) is a known pathogenic variant [13], with an allele 

frequency on GenomAD of 0.00010, that leads to a lack of adult form acetylcholine receptor 

(AChR) on the post-synaptic membrane [14,15] and consequently impairs neuromuscular 

transmission. This mutation has been repeatedly identified in patients with Spain and 

Portugal origin [16], and was present in 6.4% of CMS patients on a Spanish cohort [17]. 

Mihaylova et al. showed a higher prevalence of this mutation in CMS Brazilian patients 

from the state of Paraná [6]. In our cohort, the mutation was found among patients from 

other regions of the country, confirming the high prevalence of the mutation across different 

regions of Brazil.

We found a pretest probability of the c.130dupG mutation of 31.9% in at least one allele of 

CMS patients, and when considering only homozygous patients the percentage is still high 

(26.4%). The percentages notably increase if we consider only patients with impaired eye 

movement and improvement of symptoms with pyridostigmine. This may be driven by the 

likely exclusion of RAPSN and DOK7 cases by this selection, as these genetic entities are 

more likely to not have those clinical features. In addition, for patients with impaired eye 

movement as well as with limb weakness and improvement with pyridostigmine, the 

percentage of patients with the CHRNE c.130dupG mutation is even higher (72.2% and 

58.3% for one and two alleles). This extra effect can be explained by the exclusion of 

patients with pure ocular symptoms, which seem to have a low probability to be genetically 

solved [4].

The clinical characteristics of the c.130dupG patients represent a good prognosis, and are 

quite similar to those bearing other CHRNE mutations that lead to AChR deficiency [8,15] 

although some clinical features seem to be strongly linked to this specific mutation. In 

general, the clinical presentation of the homozygous CHRNE c.130dupG patients was fairly 

homogenous, contrary to the great clinical variability shown in other CMS syndromes with 

other homozygous mutations [10, 18,19]. One possible explanation for this difference could 

be the fact that the c.130dupG mutation occurs in an early portion of the expressing gene, 

likely resulting in a null mutation. This might lead to stronger stimulus for compensating 

factors compared to, for instance, more C-terminal frameshift mutations, which may result 
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in expression of dysfunctional proteins. Therefore, in this case, patients with dysfunctional 

epsilon subunit would depend on other mechanisms to trigger compensating factors (which 

in turn might lead to more variable compensation) in comparison with patients with no 

epsilon subunit at all.

Interestingly, most of the patients presented with partial instead of complete ocular 

movement impairment, a characteristic not explored in other clinical studies. The ocular 

muscle most frequently spared was the rectus inferior, which might indicate that it tends to 

be the latest affected, once virtually every ocular muscle tends to be eventually paretic. This 

finding was similar in the groups with and without the c.130dupG mutation, indicating it is 

probably a general CMS feature rather than specific for CHRNE. It would be interesting to 

compare this feature with other diseases, and see, for instance, if it can help to clinically 

differentiate CMS from mitochondrial myopathy and congenital myopathy, which 

sometimes can be difficult to do in clinical practice [20]. Regarding therapeutics, we verified 

a high rate of response to anticholinesterase medication and an additional benefit to β2-

agonists among the homozygous CHRNE c.130dupG patients. Most likely, this may not be 

specific for the c.130dupG mutation, as β2-agonists were shown to be beneficial to patients 

with AChR deficiency as an add-on therapy [21].

The mutation c.130dupG in the CHRNE gene seems to have a high prevalence in different 

regions of Brazil, and to lead to expected CHRNE-related characteristics, with relative 

homogeneity and a fairly benign natural course of the disease. Careful selection of patients 

with a few simple clinical features can lead to a percentage as high as 72.2% of patients with 

the mutation, which could be a useful tool for the first screening of CMS patients, including 

in different countries where other CHRNE mutations also have a founder effect.
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Figure. Relative sparing of the muscle rectus inferior among patients with partial 
ophtalmoparesis.
Patients presented with different levels of asymmetrical impairment of ocular movements, 

which are not related to age. A. Patient 6 (28 years old). B. Patient 20 (37 years old). C. 

Patient 42 (8 years old. D. Patient 21 (10 years old)
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Table 1

Main clinical data from patients with the CHRNE c.130dupG mutation + = present; - = absent; nd = no data or 

not tested; EO = early onset; IP = improvement with pyridostigmine; FS = fluctuating symptoms; IEM = 

imparied eye movement; PIE = partially impaired eye movement; SRI= impaired eye movement sparing rectus 

inferior muscles; PP = ptosis; LW = limb weakness; BS = bulbar symptoms; FI = facial involvement; NPC = 

no progressive course; Variants found associated with c.130dupG: c.803-2A>G (previously reported as 

pathogenic [11]); c.858_859dup (p.leu287ser fs*14, novel); c.422T>A (p.pro141.leu, previously reported as 

pathogenic [12]).

Patient / Family Age (years)/Sex EO IP FS IEM/ PIE/ SRI PP LW BS FI NPC Mutation state

1/1 30/M + + + +/+/+ + + - + + c.130dupG/c.130dupG

2/1 29/F + + + +/+/+ + + + + + c.130dupG/c.130dupG

3/1 12/M + + + +/+/+ + + + - + c.130dupG/c.130dupG

6/3 28/F + + + +/+/+ + - - - + c.130dupG/c.130dupG

7/3 19/F + + + +/-/- + + - - + c.130dupG/c.130dupG

8/4 13/F + + + +/+/- + + + - + c.130dupG/c.130dupG

9/5 32/M + + + +/+/- + + + + + c.130dupG/-

18/14 12/M + + + +/+/- + + + + + c.130dupG/c.130dupG

20/16 37/F + + + +/+/+ + + + + + c.130dupG/c.130dupG

21/17 10/M + + + +/+/+ + + + + - c.130dupG/c.130dupG

25/21 25/F + + + +/+/+ + + + + + c.130dupG/c.130dupG

27/23 4/F + + + +/-/- + - + + + c.130dupG/c.130dupG

29/25 34/F + + + +/+/+ + + + + + c.130dupG/c.130dupG

34/29 14/F + + + +/+/+ + + + + + c.130dupG/c.130dupG

40/34 64/M + + + +/+/+ + + + + + c.130dupG/c.803-2A>G

41/34 54/F + + + +/+/+ + + + + + c.130dupG/c.803-2A>G

42/35 8/F + + + +/+/+ + + + + + c.130dupG/c.130dupG

43/36 16/F + + + +/+/+ + + + + + c.130dupG/c.858_859dup

44/36 7/M + + + +/+/+ + - - + + c.130dupG/c.858_859dup

49/41 38/F + + + +/+/+ + + - + + c.130dupG/c.130dupG

50/42 21/F + + + +/+/+ + + + + + c.130dupG/c.130dupG

51/42 28/F + + + +/+/+ + + + + + c.130dupG/c.130dupG

60/51 43/F + + + -/-/- + + + - + c.130dupG/c.130dupG

64/55 34/M - + + +/nd/nd + + - + + c.130dupG/c.130dupG

65/55 38/F + + + +/nd/nd + + + + - c.130dupG/c.130dupG

66/56 18/F + + + +/nd/nd + + - + + c.130dupG/c.130dupG

67/57 27/F + + + +/nd/nd + + + + + c.130dupG/c.130dupG

68/58 34/M + + + +/nd/nd + + + + + c.130dupG/c.130dupG

69/58 19/M + + + +/nd/nd + + - - + c.130dupG/c.130dupG

70/59 19/F + nd + +/nd/nd + - nd + + c.130dupG/c.130dupG

71/59 34/M - nd + +/nd/nd + + nd + + c.130dupG/c.130dupG
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Patient / Family Age (years)/Sex EO IP FS IEM/ PIE/ SRI PP LW BS FI NPC Mutation state

72/60 5/F + + + +/nd/nd + + + + + c.130dupG/c.422T>A
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Table 2

Frequency of clinical features of patients with Congenital Myasthenic Syndrome

Clinical Features

Frequency (%) in the group 
with homozygous c.130dupG 
mutation

Frequency (%) in the group 
without c.130dupG mutation

Early onset of symptoms 92.3 75

Fuctuation of symptoms 100 86.5

Ocular muscle impairment/ partial /sparing muscle rectus inferior 96.1 / 83.3 / 72.2 55.7 / 43.4 / 36.9

Eyelid ptosis 100 86.5

Limb weakness 88.4 63.4

Bulbar symptoms 70.8 50

Facial weakness 77 52

Little functional restriction 92.6 80.7

Exacerbations crisis: At least one episode/more than 2 per year 30.7 / 7.7 21.1 / 7.6

Delayed motor milestones 56.5 53.8

Neonatal hypotonia 54.1 50

High arched palate 66.6 59.6

Breastfeeding difficulties 55 27.5

Scoliosis 38.4 28.8

Congenital Contractures 0 15

Response to pyridostigmine 100 54.1

Response to adding β2-agonists: Ephedrine/salbuthamol 100 / 100 100 / 100

with type II selective atrophy on muscle biopsy 66.6 20

Electromyography and nerve conduction study: decremental response 
to repetitive stimulus / single fibre study whith increased jitter 68.1 / 100 48.9 / 54.5
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