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Abstract
X-linked Charcot-Marie-Tooth (CMT) disease type I (CMTX1) is the second most frequent type 
of CMT disease caused by pathogenic variants in the GJB1 gene. We described 2 extended 
cases (families) with CMTX1 with identified pathogenic variants – p.Val139Met and p.Arg-
215Trp. In both the families, neurological symptoms started earlier in male than in female pa-
tients. In some family members, molecular diagnostics was performed prior to neurological 
investigation due to family cascade screening. There was variable neurological phenotype 
representing CMT. Conclusions: There is a large clinical heterogeneity in CMTX, even amongst 
the family members.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Charcot-Marie-Tooth disease (CMT) is the most common hereditary sensorimotor 
neuropathy, with a prevalence of 1:2,500. CMT represents a group of clinically and genetically 
heterogeneous sensorimotor peripheral neuropathies and is characterized by a wide 
spectrum of symptoms [1, 2]. Distal muscle atrophy and weakness, sensory disturbance, foot 
deformities, such as pes cavus, and absent deep tendon reflexes have been reported from 
clinically evaluated CMT patients [2, 3]. X-linked Charcot-Marie-Tooth disease type 1 (CMTX1) 
(OMIM# 302800) – caused by defects in the GJB1 gene – is the second most common form of 
CMT after CMT1A and is the most common CMTX type accounting for 90% [4].
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The GJB1 gene encodes the protein connexin 32 (CX32), which is expressed in peripheral 
nervous system myelinating Schwann cells and thereby in both nerves and ganglia [5–7]. All 
pathogenic GJB1 variants can be classified into either ones that result in the absence of CX32 
protein on the cell membrane and cause cell trafficking defects or ones where CX32 protein 
is found on the cell membrane but the gating function is changed. In both cases, the CX32 
protein has impaired or no function [8]. The loss of CX32 protein function leads to altered ion 
and small-molecule trafficking and ultimately cell oedema. Furthermore, a gain-of-function 
defect resulting in central nervous system presentation has been reported [9].

In general, the onset of CMTX1 symptoms is reported during late childhood/adolescence. 
CMTX occurs earlier and more severely in male individuals; most male patients are clinically 
symptomatic by the age of 10 [9, 10]. For two-thirds of female cases, due to X-inactivation, the 
mutant allele is expressed in a proportion of the cells, making the symptoms milder [11]. 
However, one-third of the female patients clinically resemble the affected male ones [12]. 
Since the longest nerves in the body are affected first, the lower extremities are affected 
earlier than the upper [3]. Most often, the initial symptom is gait disturbance [10]. Having said 
that, many individuals experience subtle signs even earlier, such as motor delay, decreased 
athletic abilities, hip dysplasia, scoliosis, foot abnormalities, or pain; however, these signs can 
resemble many other childhood neurological diseases [3, 13]. From the small number of 
studies on CMTX within families, the phenotypic variance has been noted amongst family 
members [14–16].

Aim of the Study
The aim of this study was to examine the phenotype of CMTX in 2 large families where 

CMTX is caused by 2 pathogenic variants, namely, p.Val139Met located in the transmembrane 
domain and p.Arg215Trp located in the intracellular domain.

Case Report/Case Presentation

Materials and Methods
The study protocol was approved by the Central Medical Ethics Committee of Latvia (No. 

3/18-03-21). All participating patients or their parents gave signed informed consent. The 
patients were from 2 large families where CMTX1 was confirmed by molecular analysis.

DNA was isolated from peripheral blood using a commercial kit (Analytik Jena, Jena, 
Germany). GJB1 sequencing was performed using Sanger sequencing (BigDye Terminator Kit 
v.3.1) according to the manufacturer’s protocol (Thermo Fisher Scientific, Waltham, MA, 
USA). The primer sequences used were as previously described (Tomaselli et al. [14] 2017). 
For probands, all genes were sequenced. DNA sequences were aligned with the reference 
sequences NG_008357.1, NM_001097642.2, and NP_000157.1. Two variants were identified 
– p.Arg215Trp (c.643C>T, R215W, and rs879254099) and p.Val139Met (c.415 G>A, V139M, 
and rs104894812).

For family members, clinical and neurophysiological evaluation was performed in an 
outpatient setting. Standardised tests used for CMT patients were employed – CMT Neuropathy 
Score version 2 (CMTNSv2) and 6-min walk distance (6MWD) [17]. Neuropathic pain was 
evaluated using the DN4 scale, and the patients also responded to an in-house socio-demo-
graphic questionnaire. Following the identification of the index patient in both families, 
targeted screening for the identified variant was performed for family members after genetic 
consultation. The pedigree and identified genotypes are shown in Figure 1.

Seven members from the family No. 1 (p.Arg215Trp) were tested: 3 female and 4 male 
individuals. Two of the male patients showed the GJB1 p.Arg215Trp variant in the hemizygous 
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Fig. 1. Pedigrees with CMTX. Left panel: No. 1 family with the identified p.Arg215Trp variant in the GJB1 gene. 
Right panel: No. 2 family with the identified p.Val139Met variant in the GJB1 gene. The pedigrees show the ID 
number and the age of molecular diagnosis (age of clinical symptom manifestation), and identified patho-
genic variant and its status. The entries of individuals who are/were affected but have no data are a result of 
pathogenic variant DNA not being available. NA, not applicable. CMTX, X-linked Charcot-Marie-Tooth disease; 
ID, identification.

state (ID106 and ID12) (the other 2 male patients were negative), whereas all 3 of the female 
individuals showed the variant in the heterozygous form (ID11, ID107, and ID105). The aged 
patients first reported symptoms ranged between 1 year and 14 years. One family member 
had her molecular diagnosis confirmed within the first year of life (6 months); a nerve 
conduction study was not performed at the time as examination of her psychomotor development 
showed it to be appropriate for her age. The other patients were tested because they were already 
exhibiting a classic symptom of CMTX – pes cavus. The clinical and neurophysiological findings 
are shown in Table 1. The clinical hereditary neuropathy diagnosis was made for 4 family members 
and ranged between 7 and 49 years of age. Nerve conduction studies showed axonal polyneu-
ropathy in the majority of the affected family members. Almost all affected family members had a 
foot deformity. None of the patients had signs of neuropathic pain.

Nine members from family No. 2 (p.Val139Met) were tested: 5 female and 4 male indi-
viduals. Two male patients had the GJB1 p.Val139Met variant in the hemizygous state and 4 
female patients had the variant in a heterozygous form. The remaining family members (2 
male and 1 female patients) tested negative for the pathogenic variant. The age at the onset 
of symptoms ranged between 10 and 17 (average age 13.3) years. Prior to molecular diag-
nosis, the clinical hereditary neuropathy diagnosis was confirmed for 3 family members 
ranged between 16 and 41 (average 32) years. Nerve conduction studies showed demyelin-
ating polyneuropathy in half of the family members. Furthermore, pes cavus was observed in 
4 of the 6 pathogenic variant-positive family members. CMTNSv2 showed a more severe 
clinical phenotype in the male patients. These patients also demonstrated the shortest 6MWD, 
despite not being the oldest family representatives. The youngest family members (3 female 
patients) had the lowest CMTNSv2. The score increased due to nerve conduction study abnor-
malities only; the normal 6MWD was preserved. Two family members complained about 
neuropathic pain, indicating possible small nerve fibre damage. None of the CMTX patients 
exhibited central nervous system involvement, and it had not been previously reported in 
their medical records.

For the p.Arg215Trp variant, the average age at the onset of first symptoms was 7.5 years 
for male and 8 years for female patients. For the p.Val139Met variant, it was 11.5 years for 
male and 17 years for female patients. The family with the p.Arg215Trp variant showed more 
variable clinical manifestations than the family with the p.Val139Met variant.

Discussion/Conclusion

Our clinical evaluation of family No. 1 and family No. 2 is consistent with the theoretical 
information detailed in previous studies [14–16]. The GJB1 gene pathogenic variants  
p.Val139Met and p.Arg215Trp result in the absence of functional gap junction channels or 
plaques, although mutant CX32 protein is transported to and inserted into the cell membrane. 
Both variants have suggested a dominant negative effect in female individuals, with  
p.Arg215Trp effect being less than p.Val139Met [18]. In our group, male individuals were 
affected earlier than female ones, that is, opposite to the dominant negative effect.

(For figure see next page.)
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In general, the symptoms of CMTX1 are first reported in the late childhood and earlier in male 
than in female patients [4, 9]. Our group of CMTX1 patients followed this trend; the average age 
at the onset of the first symptoms was 7.75 years for male and 13.3 years for female patients. 
Furthermore, family No. 1 with the p.Arg215Trp variant exhibited symptoms on average 5.55 
years earlier. As the longer nerves are affected first [3], initial symptoms develop in the lower 
extremities. In line with this, the vast majority of affected individuals in both families (80%) 
demonstrated pes cavus and 60% had foot drop. Indeed, in one of the affected family members, 
pes cavus was observed at the toddler stage. Karakis et al. [3] suggested that as pes cavus in idio-
pathic cases is commonly associated with CMT, patients exhibiting this foot deformity should be 
investigated for this disease. Additionally, Yagerman et al. [13] reported that 78% of children with 
bilateral pes cavus were diagnosed with CMT. Regarding the 6MWD results for affected indi-
viduals who were unable to achieve the normal value for their gender (580 m for me and 500 m 
for women [17], it was found that the men performed more poorly than the women.

Other studies have reported central nervous system involvement (both clinical and 
subclinical) such as acute episodes of motor weakness and dysarthria in CMTX patients [6, 7]. 
Moreover, magnetic resonance imaging has been used to detect white matter lesions in CMTX 
patients [19, 20]. Although the aforementioned approach is beyond the scope of this study, 
we conclude that our patients did not display nor disclose any episodes or symptoms that 
would suggest central nervous system involvement.

There are only a few reports in the literature that have studied the correlation between 
the genotype and phenotype in CMTX patients [2]. We found that the average age when 
symptoms were first reported was higher in the family with the p.Val139Met variant (11.5 
years for male and 17 years for female patients) than in the family with the p.Arg215Trp 
variant (7.5 years for male and 8 years for female patients). Furthermore, as expected with 
CMTX being an X-linked disorder, gender differences were observed.

Our findings confirm those of others that there is a large clinical heterogeneity in CMTX, 
even amongst family members. The 2 families we studied exhibited similar groups of 
symptoms; however, cold feet and foot callosities, acrocyanosis, and pain were more common 
in family No. 2 than in family No. 1. Overall, family No. 1 with p.Arg215Trp showed more 
symptoms than family No. 2 with p.Val139Met.

A limitation of the study is that not all family members, including the affected ones, were 
available for molecular analysis and neurological evaluation. Also, as the family member 
consultations stemmed from the index patients, it is likely that some family members were 
diagnosed based on cascade screening, rather than neurological symptoms.
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