
Introduction

Coexistence of the Charcot-Marie-Tooth (CMT)

disease and hearing impairment was reported for

the first time 34 years ago, in the “premolecular

era”. De Weerdt and Heerspink reported

autosomal dominant CMT with slowly progres-

sive hearing impairment beginning in the fourth

decade of life (De Weerdt et al. 1974). The ob-

served co-transmission of CMT and hearing im-

pairment through generations appears to support

the hypothesis that hearing impairment is not ran-

domly associated with CMT, but rather may share

a common pathogenesis with CMT.

In the molecular era, numerous CMT subtypes

have been shown to segregate with progressive

hearing impairment. For example, Charcot-Marie-

Tooth disease type 1B (CMT1B), caused by muta-

tions in the myelin protein zero gene (MPZ), has

been shown to be associated with hearing impair-

ment in a few pedigrees (Seeman et al. 2004;

Kabziñska et al. 2007). Hearing impairment also

seems to be a constant feature in some CMT

subtypes. In the CMT occurring in a Gypsy com-

munity originating from the Bulgarian city of

Lom, deafness is an invariant feature of the pheno-

type, usually beginning in the third decade of life

(Kalaydjieva et al. 1996). In the Cowchock syn-

drome, an X-linked CMT is associated with deaf-

ness and mental retardation (Cowchock et al.

1985).

The underlying genetic defect in CMT type 1A

is a submicroscopic duplication in the 17p11.2-p12

region containing the peripheral myelin protein

gene with a molecular mass of 22 kDa (PMP22)

(Raeymaekers et al. 1991; Lupski et al. 1991). To

date, 57 point mutations have been reported in the

PMP22 gene.

The majority of PMP22 gene mutations segre-

gate with a phenotype of severe demyelinating

neuropathy (CMT1) or hypertrophic neuropathy,

also called Dejerine-Sottas syndrome (DSS),

while 14 PMP22 gene mutations were detected in

patients affected with hereditary neuropathy with
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liability to pressure palsies (HNPP). Only 8 muta-

tions in the PMP22 gene were reported in the com-

plex syndrome of CMT with hearing impairment

(www.molgen.ua.ac.be/CMTMutations).

In this study, we report a patient with slowly

progressive hearing impairment and CMT pheno-

type caused by a novel Ser112Arg mutation in the

PMP22 gene.

Case history

The patient was initially referred for evaluation at

the age of 2 years because of bilateral cataract and

severe imbalance. He was born after a normal

pregnancy with a birth weight of 3200 g. The par-

ents were not consanguineous. The family history

was negative for CMT and hearing impairment for

at least 3 generations. Bilateral cataract was

treated surgically when he was aged 2 years. The

developmental milestones of the proband were not

delayed except for gait unsteadiness.

At the age of 11 years, the proband was hospi-

talized for his gait disturbances and progressive

imbalance. The Roussy-Lévy syndrome (RLS)

was diagnosed in the proband on the basis of clini-

cal findings, namely symptoms of peripheral neu-

ropathy (weakness and wasting of distal muscles

in the upper and lower limbs with areflexia) and

slowly progressive imbalance. During evaluation

at the age of 11 years, hematological and biochem-

ical parameters were normal. Cerebrospinal fluid

examination was also normal except for elevated

protein concentration of 1.2 g L–1.

Asymmetrical (left ear) hearing impairment

was detected in the proband at the age of 24 years.

Initial audiometric testing performed then re-

vealed an asymmetrical (left ear) sensorineural

hearing impairment in middle-range frequencies

(Figure 1a). A moderate bilateral hearing impair-

ment was detected in middle- and high-range fre-

quencies in a subsequent audiometry performed at

the age of 33 years. In the recent audiometric test-

ing performed at the age of 35 years, hearing im-

pairment became more pronounced in the left ear,

especially in middle-range frequencies (Fig-

ure 1b). Tympanograms showed normal middle

ear pressure and compliance. Acoustic reflexes

were absent in the right ear. Bithermal caloric test-

ing showed no response bilaterally. The degree of

vestibular loss was moderate.

The last electroneurographic (ENG) examina-

tion was performed in 1984. The ENG parameters

(motor nerve conduction velocity in the peroneal

nerve and sensory conduction velocities in the me-

dian nerve) were in the normal range in the healthy

parents and brother of the proband.

A severe diffuse demyelinating neuropathy

with overt axonal component was diagnosed in the

proband when he was 11 years old. The median

distal latency (DL) was prolonged to 10 ms (nor-

mal < 3.5 ms). The motor nerve conduction veloc-

ity (MCV) was markedly reduced to 11.8 m s–1

(normal > 55 m s–1). The compound motor action

potential (CMAP) was reduced to 1.6 mV (normal

> 5 mV). In the peroneal nerve, MCV was reduced

to 12.2 m/s (normal > 46 m s–1), DL was prolonged

to 28.5 ms, and CMAP was reduced to 1.1 mV.

The sensory responses were not recordable in the

upper (right median nerve) and lower (sural nerve)

extremities.

The most recent neurological examination was

performed when the patient was 38 years old. At

that time, his mental status was completely nor-

mal. However, the patient had to give up lecturing

due to progressive hearing impairment. Physical

examination revealed a pes cavus deformity. Inter-

estingly, no muscle wasting was observed in the

upper and lower limbs (Figure 2). However, he

was not able to walk on his heels. His gait was un-

balanced. Motor examination showed absent deep

tendon reflexes in the lower limbs. A stocking

glove sensory peripheral neuropathy to pin prick

and light touch was also revealed.

Materials and methods

All members of this CMT-affected family (the

proband, his healthy parents, and his healthy

brother) gave informed consent and the study was

approved by the local Ethics Committee of the

Warsaw Medical University. Additionally, the

proband agreed to the publication of his medical

records. Genomic DNA was extracted from pe-

ripheral blood lymphocytes by using the salt-

ing-out procedure.

First, a duplication of the peripheral myelin

protein 22 gene (PMP22) was excluded by using

the real-time PCR (RT-PCR) approach (Aarskog

et al. 2000). A coding sequence of the PMP22

gene was amplified in the PCR reaction with pre-

viously reported primers. The PMP22 gene se-

quence was screened for the DNA variants by

using single-strand conformation polymorphism

analysis (SSCP) and heteroduplex analysis (HA).

In both analyses, PCR products were separated on

9% acrylamide gels (37.5:1 acrylamide/
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bisacrylamide). The gels were silver-stained,

dried, and documented.

The PCR products showing an altered pattern

of DNA migration were sequenced using

BigDyeTM Terminator Version 3.1 Ready Reac-

tion Cycle Sequencing kit on the ABI 3730/xl Ge-

netic analyzer (Applied Biosystems).

The PMP22 gene sequence was analyzed by com-

paring with reference sequences NM_001097642.1

(transcript variant 1) and NM_000166.4 (transcript

variant 2) in the Basic Local Alignment Search Tool

(Blast NCBI - http://blast.ncbi.nlm.nih.gov/Blast.cgi).

Results

A relative dosage (RQ) of the PMP22 gene in the

proband was estimated at 0.804. In our experience,

the PMP22 gene dosage in normal individuals

(2 copies of the PMP22 gene) ranges from 0.700 to

1.090.

A direct sequencing (performed in the forward

and reverse orientation) of the PMP22 gene in the
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Figure 1. Audiograms recorded in the proband at the age of 24 years (A1, A2) and 35 years (B1, B2). A1, A2 =

asymmetric (left ear) sensorineural hearing impairment; greatest deficit in middle-range frequencies. B1, B2 = bilateral

hearing impairment, more pronounced in the left ear, in middle-range frequencies.

Figure 2. The 38-year-old proband, showing no wasting

of distal muscles in the upper or lower limbs.



proband revealed a heterozygous T to G

transversion at nucleotide 336, resulting (by con-

ceptual translation) in a novel substitution of

serine to arginine at codon 112 of the PMP22

gene. Direct sequencing of the PMP22 gene per-

formed in the proband’s parents and healthy

brother did not reveal any sequence alteration

(Figure 3).

Paternity-maternity testing was performed at

the Department of Forensic Medicine, Warsaw

Medical University, using PCR analysis of DNA

obtained from the proband and his healthy parents

by using 15 STR markers, which provides a com-

bined average power of exclusion of 99.999938%.

Discussion

The patient reported in this study manifested with

an atypical CMT phenotype. He started to suffer

from CMT in childhood but he did not develop

muscle wasting within 27 years of documented

duration of the disease. Surprisingly, the reduction

of motor nerve conduction velocities was severe

already at the beginning of the disease. In fact, the

patient was initially brought to medical attention

due to poor balance and progressive hearing im-

pairment.

Thus, a marked disproportion between the mo-

tor deficit and symptoms of sensory neuropathy

could be seen in the reported patient. Similarly, at

the electrophysiological level, a lack of response

from sensory nerves was associated with

demyelinating motor neuropathy. Although no

typical symptoms of the sensory neuropathy were

seen in the proband (typical plantar foot ulcer-

ation, dystrophic skin and nail changes), we would

rather classify this case of CMT as sensory-motor

neuropathy with slowly progressive hearing im-

pairment.

A co-segregation of CMT with hearing impair-

ment with point mutations in the PMP22 gene

does not seem to be an incidental finding, as it has

been demonstrated for 8 different PMP22 gene

mutations. In 6 affected families, an autosomal

dominant mode of inheritance was documented

for Thr23Arg, Thr28Gln, Val65Phe, Ala67Pro,

Leu71Pro and Ala115Thr118del mutations

(Boerkoel et al. 2002; Joo et al. 2004; Huehne et al.

2003; Kovach et al. 1999; Jen et al. 2005;

Sambuughin et al. 2003). A severe CMT pheno-

type with hearing impairment was shown to be as-

sociated with the Ser76Ile and Ser72Leu

mutations detected in sporadic CMT cases (Tyson

et al. 1997; Ionasescu et al. 1996).

CMT associated with hearing impairment

caused by different PMP22 gene mutations is

characterized by substantial variation in severity

of the phenotype. For instance, the Ala67Pro mu-

tation segregates with an extremely severe pheno-

type, with respiratory distress, hypotonia, and

feeding difficulties. Two patients harboring the

Ala67Pro mutation died in early infancy due to re-

spiratory distress (Kovach et al. 1999). At the

other end of the phenotypic spectrum, patients har-

boring the Ala115Thr118del begin to show hear-

ing problems in their early 30s (Sambuughin et al.

2003).

At present, it is not possible to draw a reliable

phenotype-genotype correlation for the

Ser112Arg mutation in the PMP22 gene, since no

other patients harboring the same mutation have
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Figure 3. Identification of the PMP22 gene mutation. A direct sequencing analysis revealed a heterozygous T to G

transversion (arrow) at nucleotide 336 of the PMP22 gene, resulting (by conceptual translation) in Ser112Arg missense

mutation. A = proband; B = his healthy mother; , C = his healthy father; D = healthy brother of the proband.



been reported. This variant has never been found

in large control groups in studies with a follow-up

of 14 years performed in numerous laboratories

(www.molgen.ua.ac.be/CMTMutations). We did

not find the Ser112Arg mutation in healthy rela-

tives of the proband, either. Thus the Ser112Arg

mutation in the PMP22 gene is a de novo variant,

confirmed by paternity-maternity testing. The fact

that the Ser112Arg mutation in the PMP22 gene

was detected in a single patient means that its co-

existence with the CMT phenotype with hearing

impairment may be incidental. In addition, the
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Figure 4. Conservation of point mutations found in the PMP22 gene segregating with CMT and hearing impairment

across various species. Amino acid number 1 is the first methionine of the open reading frame of PMP22. The

Ser112Arg mutation (boxed) is conserved across 10 species.

Figure 5. The PMP22 point mutations segregating with hearing impairment are located within transmembrane domains

of the PMP22 protein. The Ser112Arg mutation identified in this study is underlined. The number of asterisks

corresponds with the number of CMT-affected family members with the same mutation. The Val65Phe, Leu71Pro,

Ser72Leu, Ser76Ile, and Ser112Arg mutations have been identified in sporadic (isolated) CMT patients.



Ser112Arg variant is conserved within 10 species

(Figure 4).
Similarly to the other PMP22 mutations asso-

ciated with CMT with hearing impairment, the
amino-acid change caused by the Ser112Arg mu-
tation is located in a transmembrane domain. Two
mutations (Thr28Gln, Thr23Arg) were found in
the first transmembrane domain, while 5 muta-
tions involved the second transmembrane domain
(Val65Phe, Ala67Pro, Leu71Pro, Ser72Leu, and
Ser76Leu). Only one 4-amino-acid deletion
(Ala115-Thr118del) was detected in the third
transmembrane domain (Figure 5).

Some PMP22 point mutations have been char-
acterized at the cellular level in cell transfection
studies. The dominantly transmitted PMP22 mu-
tants (His12Gln, Ser72Leu, Ser79Cys,
Leu105Arg, and Leu147Arg) accumulate in swol-
len and fragmented endoplasmic reticulum and in
the Golgi apparatus but do not reach the plasma
membrane (Naef et al. 1999). A recessive
Thr118Met mutation did not disturb cellular traf-
ficking to the extent observed for a dominant mu-
tant, and was expressed in the plasma membrane
(Suter et al. 1995). By analogy, the Ser112Arg
mutation transmitted as a dominant trait may be
also completely retained in the endoplasmic retic-
ulum. However, to prove this hypothesis, func-
tional studies should be performed.

In conclusion, we have reported here a new

Ser112Arg mutation in the PMP22 gene, which

most probably is causative for early-onset

demyelinating CMT with slowly progressive

hearing impairment. A formal proof of the caus-

ative role of the Ser112Arg mutation would re-

quire identification of at least one more CMT

family with hearing impairment associated with

the same amino-acid substitution.
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