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Abstract

Background: Charcot-Marie-Tooth (CMT) disease is a very heterogeneous neuro-
logical condition with more than 90 reported genetic entities. It is the most common
inherited peripheral neuropathy; however, cases are rarely reported in sub-Saharan
Africa. In addition, only few families, mostly of Caucasian ancestry, have been re-
ported to have Charcot-Marie-Tooth disease type 2D (CMT2D) mutations. To date
no case of CMT2D was reported in Africa. We present here a consanguineous family
with CMT phenotype in which a novel mutation in the GARS (glycyl-tRNA syn-
thetase) gene was identified.

Methods: Patients were examined thoroughly and nerve conduction studies (NCS)
were performed. DNA from the proband was used for CMT gene panel testing (in-
cluding 50 genes, PMP22 duplication and mtDNA). Putative mutations were verified
in all available family members to check for segregation.

Results: Two individuals, a male and a female, were found to be affected. Symptoms
started in their teenage years with muscle weakness and atrophy in hands. Later,
distal involvement of the lower limbs was noticed. Patients complained of minor
sensory impairment. NCS showed no response in the upper as well as the lower
limbs. Genetic testing surprisingly identified a novel heterozygous missense muta-
tion ¢.794C>A (p.Ser265Tyr) in the GARS gene associated with CMT2D. This vari-
ant segregated with the disease in the family and was also seen in the mother who
presented no symptoms.

Conclusion: This is the first report of a genetically confirmed CMT2D case in Africa,
expanding its genetic epidemiology. Increasing access to genetic testing may reveal
more novel CMT variants or genes in the African population that could be relevant to

other populations and further our understanding of their mechanism.
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1 | INTRODUCTION

Charcot-Marie-Tooth (CMT) disease also called hereditary motor
and sensory neuropathy is a heterogeneous group of degenerative
peripheral nerve disorders. It is characterized by a progressive
demyelination or axonal degeneration and cell death resulting in
distal muscle weakness and atrophy and sensory loss. Charcot-
Marie-Tooth disease type 2D (CMT2D) is a classic axonal pe-
ripheral sensorimotor neuropathy characterized by weakness and
atrophy of more upper than lower limbs involving mostly thenar
and first dorsal interosseous muscles. Earliest symptoms in many
individuals include transient cramps and pain in hands and calf
muscles on exposure to cold or exertion. Sensory loss may affect
all modes and can be variable within and across families. The dis-
ease is caused by mutations in the glycyl-tRNA synthetase (GARS,
OMIM 601472) gene (Antonellis et al., 2003) and distal spinal
muscular atrophy type V (ASMA-V) which does not present sen-
sory impairment is an allelic disorder (Sivakumar et al., 2005).

Although described in other populations, no genetically
confirmed CMT2D case has been reported in the literature in
Africa in general and West Africa in particular. In this study,
we report a novel mutation in GARS that causes autosomal
dominant CMT2D in a Malian family.

2 | METHODS

2.1 | Ethical compliance

This study was approved by the Ethics Committee of the
Faculty of Medicine and Dentistry, University of Sciences,
Techniques and Technologies of Bamako, Mali.
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All of the individuals included in the study were evaluated by
a group of neurologists after giving consent. Blood chemistries
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including glucose and vitamin B12 levels were done to exclude
common acquired causes of polyneuropathy. Nerve conduc-
tion studies (NCS), ENT and ophthalmologic examinations
were done to assess peripheral nerve, ear, or ocular involve-
ment. DNA was extracted from peripheral blood in all avail-
able family members for genetic analysis. PMP22 duplication/
deletion (GenBank accession number: NG_007949.1) analy-
sis was done first, and then a Next-generation CMT gene
panel testing composed of 50 genes and the mtDNA (Medical
Neurogenetics, Atlanta, GA) including GARS gene (GenBank
accession number: NG_007942.1) was performed on the index
patient. The putative mutation was verified in SNP databases
to exclude rare variants, and was checked in all available fam-
ily members. In silico analyses with PolyPhen, I-Mutant and
SIFT were performed for deleteriousness.

3 | RESULTS

The patients are from a consanguineous family of Bambara
ethnicity, and two out of the five living siblings presented with
distal muscle weakness and atrophy (Figure la). Family his-
tory showed that neither of the parents reported symptoms.
Symptoms started for both patients when they were around
12 years old with upper limb muscle weakness that progressed
over time and involved the thenar and interosseous muscles.
Later, lower limbs were also involved. On examination, both af-
fected individuals had distal muscle weakness and atrophy and
sensory loss (pin-prick and vibration) more pronounced in the
upper than the lower limbs, decreased to absent reflexes, and
plantar stimulation was neutral. Overall, symptoms were worse
in the older brother who had claw hands, and both had steppage
gait. Past medical history is consistent with recurrent seizures in
both patients around age 12, and EEG has showed slow frontal
temporal waves in the older patient, though he has no active sei-
zures at present. NCS showed no response in any of the nerves
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Pedigree of the family with CMT2D and genetic data. (a) Pedigree of the family with CMT2D. Asterisks represent individuals
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serine residue is highlighted and conserved from humans to flies (asterisk)
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tested. The clinical and laboratory findings are summarized in

Table 1. Genetic testing of the proband identified a heterozygous E é
missense variant in the GARS gene at position ¢.794C>A, lead- > ) A s
ing to the amino acid change Ser265Tyr (Figure 1b). Sequencing B ~ “ ~ g
of DNA from other family members showed that the affected | :i
sister carried the Ser265Tyr variant as well as the mother who .E § g % ~ ~ a 3 E
had no obvious symptoms. Thus, what appeared to be autosomal SRR ~ £ ~ % §
recessive inheritance was instead autosomal dominant with vari- § g
able penetrance. The Ser265 residue is conserved across a wide @ E 3
range of species and is located in a highly conserved domain of E ~ o A é %
the protein (Figure 1c). In addition, the ¢.794C>A change was B ~ Z Z 5 ;
not found in SNP databases (ExXAC Browser, ClinVar, dbSNP, . E %
1000genome), and was shown deleterious in silico. 2 Z i~ 5 o
S| = E K g Qo g 2
=IC<EZ Z Z 5 %
T
4 | DISCUSSION 3| 5 ;2
2l 25 ¢ & 2 % ©
Charcot-Marie-Tooth disease type 2D caused by mutations g jE ;
in the GARS gene have been found in a relatively small num- g E 2 f
ber of families from different populations in Europe, North £ S " a Eb g
America, and Asia (Liao et al., 2015). Mutations in the GARS F = A& A% 8
gene have also been shown to cause dSMA-V, an early onset E § S ,,E) g
of pure motor neuropathy. While no CMT2D case was re- 2 E o E LE =
ported in Africa, dSSMA-V has been reported in a family with E 5 § E" o~ ~ o 3 %
North African origin (Dubourg et al., 2006). “ 1= B~ “ - g é
We report here a novel mutation in GARS causing CMT2D & g 2 i’ g
in a Malian family. CMT2D is an autosomal dominant dis- § " -&2 % E §
ease with high intrafamily variability, and most of the patients a2 = = Z 2 3
present symptoms during the second decade (Sivakumar et al., g a
2005). The hallmark of the disease is the presenting manifes- 5 % . ‘_: ' %
tations in the hands with weakness and atrophy in the thenar % § '§- ° é .é %
and the first dorsal interosseous muscles and the sparing of Fg i £ L § % g g
the hypothenar eminence, which is involved later in the dis- é’ E 'c% E ‘23 2 g £ §
ease course. Lower limbs are involved in about half of affected S E Z
individuals, and mild loss of vibration sense is observed in a E‘_ P ig % §
third of individuals in the late stage of the disease. High intra- a _§' § Tz o, £ z % 8
and interfamilial variability is observed in this disease. This E £ .E ; ? 5 '08) R % E %
is reflected in the family we report here in which two siblings 2 A=E 28 & = Z £%8
presented with symptoms around 12 years of age and neither g . s % S
of the parents complained of symptoms. The patients’ mother § " S ;2 @ % g ; ;
was tested positive for the variant, but her neurological exam- g E z g 2 § = = < 2V §
ination was normal. Unfortunately, she was not available for b § = 2 T =7 Z g § oy
NCS as it has been shown that in CMT conduction abnormal- 2 2 o é’ - §
ities may precede clinical ones. The adolescent onset and the 5 E‘ 2 2 § o - < 2 § ‘%‘
presence of sensory symptoms in the patients indicate that they § é" <SZ - - Z Z ; E
present CMT2D rather than dSMA-V. The underlying mecha- :8 3 o % g §_
nism distinguishing CMT2D from its allelic disease dSSMA-V E E - é s
is still not well elucidated although a recent study has sug- % g _ gz &
gested that CMT2D pathogenesis involves both neurodevelop- & £ 2 § - o - _g E 2
mental and neurodegenerative processes (Sleigh et al., 2017). — © <2 o - e :,:j é 4%:
Glycyl-tRNA synthetase is a member of the aminoacyl- = - £ S =
tRNA synthetase family. The human GARS protein has three g é - © _ £ o) 5
major functional domains including the core catalytic domain = & 2 & B § é g
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located at the 92nd—168th residues and the 24 1st—324th res-
idues where the mutation reported in this study is located
(Rohkamm et al., 2007). Its function is to catalyze the es-
terification reaction between the carboxyl group of glycine
and its cognate tRNAs, resulting in aminoacylation of the
tRNAs, substrates for protein synthesis in the ribosome (Ibba
& Soll, 2000). Mutations in or close to the catalytic domain
have been previously reported, and reduced GARS catalytic
activity or other functional impairment of GARS have been
suggested as a cause of the axonal neuropathy (Sivakumar et
al., 2005). However, other studies have suggested that tox-
icity of mutant GARS may cause the neuropathy (Motley et
al., 2011).

Some GARS mutations have weak genetic and functional
evidence of causing CMT (Griffin et al., 2014). However, a mu-
tation of the Ser265 residue leading to a different amino acid
change was reported in a family with dASMA-V (Lee et al., 2012).
This, in addition to the conservation of the Ser265 throughout
wide range of species, the deleteriousness of the Ser265Tyr
change by in-silico predictions and its absence in SNP databases,
suggests that the mutation we report is indeed pathogenic.

We report here the first CMT2D cases in Africa and a
novel mutation in GARS, expanding the genetic epidemiol-
ogy of this CMT subtype. The Ser265Tyr variant, which was
not previously reported elsewhere, adds to the limited number
of GARS disease-associated variants. Although some clini-
cal variability has been published in CMT2D families, the
clinical pattern seen in the family presented in this study has

rarely been reported. This can be stochastic or due to other
genetic or environmental modifiers. Larger cohort studies in
Africa will allow phenotype-genotype studies to understand
the phenotypic variability and the underlying mechanism dis-
tinguishing CMT2D from dSMA-V. Such studies may also
uncover other new CMT variants or genes that can be studied
in other populations.
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