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A B S T R A C T

The autosomal recessive demyelinating form of Charcot-Marie-Tooth can be due to SH3TC2 gene pathogenic
variants (CMT4C, AR-CMTde-SH3TC2). We report on a series of 13 patients with AR-CMTde-SH3TC2 among a
French cohort of 350 patients suffering from all type of inheritance peripheral neuropathy. The SH3TC2 gene
appeared to be the most frequently mutated gene for demyelinating neuropathy in this series by NGS. Four new
pathogenic variants have been identified: two nonsense variants (p.(Tyr970*), p.(Trp1199*)) and two missense
variants (p.(Leu1126Pro), p.(Ala1206Asp)). The recurrent variant p.Arg954* was present in 62%, and seems to
be a founder mutation. The phenotype is fairly homogeneous, as all these patients, except the youngest ones,
presented scoliosis and/or hearing loss.

1. Introduction

Charcot-Marie-Tooth disease (CMT) is the most frequent inherited
peripheral neuropathies (1/2500). So far, variants in > 90 genes have
been identified causing either the demyelinating or the axonal form.
Duplication of the PMP22 gene is the most frequent cause of the au-
tosomal dominant demyelinating form. The autosomal recessive de-
myelinating form is foremost due to SH3TC2 gene pathogenic variants
(CMT4C, or AR-CMTde-SH3TC2) [1]. Patients with AR-CMTde-SH3TC2

suffer from early severe neuropathy starting in the first decade. Sco-
liosis and cranial nerve involvement, including hearing loss (HL), are
frequently observed [2–4].

We report on a series of 13 patients with AR-CMTde-SH3TC2 among
a French cohort of 350 patients suffering from all type of inheritance
peripheral neuropathy. Phenotype-genotype correlations of these spe-
cific features have been looked for.

https://doi.org/10.1016/j.jns.2019.06.027
Received 23 January 2019; Received in revised form 7 June 2019; Accepted 24 June 2019

⁎ Corresponding author at: ORL, Hôpital Mère-Enfant, 8 avenue Dominique Larrey, 87042 Limoges, Cedex, France
E-mail address: justine.lerat@chu-limoges.fr (J. Lerat).

Journal of the Neurological Sciences 406 (2019) 116376

Available online 26 June 2019
0022-510X/ © 2019 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/0022510X
https://www.elsevier.com/locate/jns
https://doi.org/10.1016/j.jns.2019.06.027
https://doi.org/10.1016/j.jns.2019.06.027
mailto:justine.lerat@chu-limoges.fr
https://doi.org/10.1016/j.jns.2019.06.027
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jns.2019.06.027&domain=pdf


Ta
bl
e
1

Ph
en

ot
yp

es
of

ou
r

13
pa

tie
nt

s
pr

es
en

tin
g

w
ith

a
de

m
ye

lin
at

in
g

he
re

di
ta

ry
ne

ur
op

at
hy

am
on

g
a

co
ho

rt
of

35
0

Fr
en

ch
pa

tie
nt

s.

Pa
tie

nt
Po

ly
ne

ur
op

at
hy

H
ea

ri
ng

lo
ss

Sc
ol

io
si

s
Cr

an
ia

ln
er

ve
in

vo
lv

em
en

t
O

th
er

sy
m

pt
om

s

Re
fe

re
nc

e
Fa

m
ily

Pa
tie

nt
(g

en
de

r/
ag

e
in

ye
ar

s)

N
eu

ro
pa

th
y

M
ed

ia
n

ne
rv

e
m

ot
or

ve
lo

ci
ty

(m
/s

)

A
ge

at
on

se
t

(y
ea

rs
)

Se
ns

or
y

ne
rv

e
im

pa
ir

m
en

t

M
ild

or
se

ve
re

w
ea

kn
es

s

Pr
ox

im
al

m
us

cl
e

in
vo

lv
em

en
t

Pe
s

Ca
vu

s
Lo

ss
of

am
bu

la
tio

n/
se

ns
or

y
at

ax
ia

Pr
es

en
t

D
eg

re
e

of
se

ve
ri

ty
A

ge
at

on
se

t
(a

ge
in

ye
ar

s)

Pr
es

en
t

D
eg

re
e

of se
ve

ri
ty

Pa
tie

nt
I

F,
22

Se
ns

or
i-m

ot
or

de
m

ye
lin

at
in

g
28

3
Y

M
od

er
at

e
N

Y
N

/
Y

Y
M

od
er

at
e

16
Y

N
C

N
C

Sp
hi

nc
te

r
di

so
rd

er
s

Pa
tie

nt
II

M
,2

4
Se

ns
or

i-m
ot

or
de

m
ye

lin
at

in
g

30
<

8
Y

M
od

er
at

e
N

Y
N

/
N

N
/

/
Y

24
°

N
/

Pa
tie

nt
III

M
,4

3
Se

ns
or

i-m
ot

or
de

m
ye

lin
at

in
g

35
8

Y
M

od
er

at
e

N
Y

N
/

Y
Y

N
C

N
C

Y
Se

ve
re

N

Pa
tie

nt
IV

F,
23

Se
ns

or
i-m

ot
or

de
m

ye
lin

at
in

g
25

1
Y

M
od

er
at

e
N

Y
N

/
Y

N
/

/
Y

M
ild

N
C

/

Pa
tie

nt
V

F,
47

Se
ns

or
i-m

ot
or

de
m

ye
lin

at
in

g
25

4
Y

Se
ve

re
N

Y
N
/
Y

Y
Se

ve
re

N
C

N
/

La
te

nc
y

of
Vi

su
al

br
ai

ns
te

m
re

sp
on

se
s

/

Pa
tie

nt
VI

F,
29

Se
ns

or
i-m

ot
or

de
m

ye
lin

at
in

g
25

6
N

C
Se

ve
re

N
N

N
/
Y

N
C

N
C

N
C

Y
N

C
N

C
/

Pa
tie

nt
VI

I
M

,5
6

Se
ns

or
i-m

ot
or

de
m

ye
lin

at
in

g
32

Ch
ild

ho
od

Y
M

od
er

at
e

N
Y

N
/
Y

Y
M

od
er

at
e

pr
og

re
ss

iv
e

25
Y

N
C

N
/

Pa
tie

nt
VI

II
F,

68
Se

ns
or

i-m
ot

or
de

m
ye

lin
at

in
g

34
9

N
C

Se
ve

re
N

C
Y

N
C

/
N

C
Y

M
od

er
at

e
sl

op
e

cu
rv

e
N

C
Y

N
C

N
C

/

Pa
tie

nt
IX

F,
12

Se
ns

or
i-m

ot
or

de
m

ye
lin

at
in

g
34

3
Y

Se
ve

re
Y

Y
Y
/
Y

Y
M

ild
11

N
/

N
/

Pa
tie

nt
X

M
,9

Se
ns

or
i-m

ot
or

de
m

ye
lin

at
in

g
30

<
5

N
M

od
er

at
e

N
Y

Y
/
Y

N
/

/
Y

M
ild

<
10

°
N

A
ut

is
m

Pa
tie

nt
XI

F,
71

Se
ns

or
i-m

ot
or

de
m

ye
lin

at
in

g
30

Te
en

s
Y

Se
ve

re
N

Y
N

/
Y

Y
Se

ve
re

pr
og

re
ss

iv
e

<
10

Y
N

C
N

Bi
la

te
ra

l
ca

ta
ra

ct
Pa

tie
nt

XI
I

M
,8

3
Se

ns
or

i-m
ot

or
de

m
ye

lin
at

in
g

31
73

Y
Se

ve
re

N
N

N
C

/
N

C
Y

M
od

er
at

e
U

-
sh

ap
ed

cu
rv

e
N

C
Y

N
C

N
C

/

Pa
tie

nt
XI

II
M

,2
7

Se
ns

or
i-m

ot
or

de
m

ye
lin

at
in

g
30

8
Y

M
od

er
at

e
N

Y
N

/
N

N
/

/
N

/
N

M
us

cu
la

r
pa

in

F:
Fe

m
al

e;
M

:M
al

e;
N

C:
N

ot
Co

m
m

un
ic

at
ed

;/
:n

ot
ap

pl
ic

ab
le

;Y
:Y

es
;N

:N
o.

J. Lerat, et al. Journal of the Neurological Sciences 406 (2019) 116376

2



2. Materials and methods

After giving their informed consent, 350 French patients suffering
from inherited peripheral neuropathy were screened by PMP22 multi-
plex-ligation-dependent-probe-amplification, followed by targeted
next-generation-sequencing using a 92-gene custom panel designed for
the diagnosis of CMT and associated neuropathies (detailed in [5];
Supplementary data).

Patients were selected from diagnostic registries of a French genetic
reference center. Previously, a clinical questionnaire has been fulfilled.
Patients' ascertainment could be precised thanks to medical records.

The NGS panel included the 44 known CMT genes, 27 genes in-
volved in HSN (Hereditary Sensitive Neuropathy) and HMN (Hereditary
Motor Neuropathy) and 21 other genes of interest involved in neuro-
pathies of differential diagnosis. The amplified library was prepared
with Ion P1 HiQ Template OT2 200 kit (Ampliseq Custom (Life tech-
nologies)), sequenced on Proton sequencer (Life technologies), and
mapped to the human reference sequence hg19/GHCh37. Variants were
evaluated with Alamut Mutation Interpretation Software (Interactive
Biosoftware, Rouen, France) using the NM_024577.3 reference se-
quence for the SH3TC2 gene. Databases such as ExAC Genome browser
(http://exac.broadinstitute.org), dbSNP135 (National Center for
Biotechnology Information [NCBI], Bethesda, Maryland, USA, http://
www.ncbi.nlm.nih.gov/projects/SNP/), Clin Var (www.ncbi.nlm.nih.
gov/clinvar), HGMD professional (www.hgmd.cf.ac.uk) and Mutalyzer
(https://mutalyzer.nl/) were also screened. Pathogenic variants of in-
terest were verified by Sanger sequencing using forward and reverse
primer pairs.

For HL screening, MLPA and Sanger sequencing for GJB2 and GJB6
were performed.

3. Results and discussion

Diagnosis was positive for 201 patients (57%). As expected, the
most frequent pathogenic variant was PMP22 duplication detected in
52 patients (15%). Deletion of PMP22 was observed in 29 patients (8%)
and pathogenic point variant were detected in 120 patients (34%).

Among these 120 patients diagnosed with point variants, 40 pa-
tients presented with a demyelinating neuropathy and the SH3TC2 gene
appeared to be the most frequently mutated with 13 diagnosed patients
(32.5%). Details of their phenotypes and genotypes are presented in
Tables 1 and 2.

3.1. Phenotype

Although some clinical information is missing, we can see that all
these patients, except for the youngest patients in our series, presented
with scoliosis (n= 10; 77%) and/or deafness (n= 8; 62%). The phe-
notype is fairly homogeneous with sensori-motor demyelinating poly-
neuropathy with early onset before the age of 10, except for one patient
with adulthood onset (patient XII).

Sensory ataxia with poor imbalance seems to be a prominent fea-
ture, as it was found in nine patients (70%), like Gooding et al. [6].

Cranial nerve involvement is another key point of CMT4C, as it is
shown in our study with eight patients reporting HL and one patient
with increased latencies of visual brainstem responses. Recently,
Kontogeorgiou et al. reported cranial nerve involvement in 31% of the
cases [7], and Yger et al. in a French cohort in 71% [4]. HL is the
foremost observed condition [8].

Pes cavus was found in eleven cases (85%). Foot deformities are
very frequently described in this phenotype [9,10].

Only one patient had a proximal muscle involvement, whereas it has
been reported in recent studies [11,12].

Table 2
Genotypes of our 13 patients presenting with a demyelinating hereditary neuropathy due to SH3TC2 among a cohort of 350 French patients. Strong grey color
corresponds to nonsense variants, middle grey color to nonsense variant associated to missense variant, mild grey color to missense variants. (F: Female; M: Male; in
Red: novel variants found).

Patient Genotype
Reference
Family

Patient 
(gender/age 
in years)

Country Mutation type Zygosity Nucleotide 
change

Amino acid 
change

Localization

Patient I F, 22 France Nonsense Homozygous c.2860C>T p.Arg954* Exon11
Patient II F, 29 France Nonsense Homozygous c.2860C>T p.Arg954* Exon11
Patient III M, 43 France Nonsense Homozygous c.2860C>T p.Arg954* Exon11
Patient IV F, 23 France Nonsense + 

Nonsense
Compound 
heterozygous

c.2860C>T +
c.3325C>T

p.Arg954*+ p. 
Arg1109*

Exon11+
Exon14

Patient V F, 47 France Nonsense Homozygous
c.3325C>T

p.Arg1109* Exon14

Patient VI F, 29 France Nonsense + 
Nonsense

Compound 
heterozygous

c.2860C>T + 
c.2910C>A

p.Arg954* + 
p.Tyr970*

Exon11+ 
Exon12

Patient VII M, 56 France Nonsense Homozygous c.3321C>A p.Tyr1107* Exon14
Patient VIII F, 68 France Nonsense + 

Missense
Compound 
heterozygous

c.2860C>T + 
c.3377T>C

p.Arg954* + 
p.Leu1126Pro

Exon11+
Exon 15

Patient IX F, 12 France Nonsense + 
Missense

Compound 
heterozygous

c.2860C>T 
+c.3511C>T

p.Arg954* + 
p.Arg1171Cys

Exon11+
Exon 16

Patient X M, 9 France Nonsense + 
Missense

Compound 
heterozygous

c.2860C>T + 
c.3511C>T

p.Arg954* + 
p.Arg1171Cys

Exon11+
Exon 16

Patient XI F, 71 France Missense + 
Nonsense

Compound 
heterozygous

c.2642A>G + 
c.3596G>A

p.Asn881Ser + 
p.Trp1199*

Exon11+
Exon16

Patient XII M, 83 France Missense Homozygous c.3617C>A p.Ala1206Asp Exon16

Patient XIII M, 27 France Missense + 
Missense

Compound 
heterozygous

c.1969G>A + 
c.2642A>G

p.Glu657Lys +
p.Asn881Ser

Exon11+
Exon11

J. Lerat, et al. Journal of the Neurological Sciences 406 (2019) 116376

3

http://exac.broadinstitute.org
http://www.ncbi.nlm.nih.gov/projects/SNP/
http://www.ncbi.nlm.nih.gov/projects/SNP/
http://www.ncbi.nlm.nih.gov/clinvar
http://www.ncbi.nlm.nih.gov/clinvar
http://www.hgmd.cf.ac.uk
https://mutalyzer.nl/


3.2. Genotype

In addition to already known pathogenic variants, four new pa-
thogenic variants have been identified: two nonsense variants
(c.2910C > A, p.(Tyr970*) and c.3596G > A, p.(Trp1199*)) and two
missense variants (c.3377T > C, p.(Leu1126Pro) and c.3617C > A, p.
(Ala1206Asp)).

Analysis at the DFNB1 locus did not reveal any pathogenic variant
for all diagnosed and known deaf patients, which is in favour of the
implication of the SH3TC2 gene in hearing loss.

The recurrent variant p.Arg954* was present in 62% of our patients.
This is similar to another French study by Yger et al. (62.5%) and a
Czech study by Lassuthova et al. with 63.2% [4,10].

Thus, this pathogenic variant is prevalent in 5% in Northern Europe,
such as Norway [13], and is also frequent in Italy [8,14]. As it is also
identified in North America, p.Arg954* seems to be a founder mutation
[15,16]. Haplotype analysis should be performed to confirm this hy-
pothesis.

4. Conclusion

SH3TC2 appears to be the most frequently implicated gene in au-
tosomal recessive demyelinating form of CMT in the French population,
often associated with scoliosis and/or HL. Sensory ataxia and pes cavus
are prominent features of CMT4C. Moreover, p.Arg954* appears to be a
founder mutation.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jns.2019.06.027.
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