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Abstract. Charcot-Marie-Tooth disease (CMT) and related peripheral neuropathies are the most 
commonly inherited neurological disorders in humans, characterized by clinical and genetic hetero-
geneity. The most prevalent clinical entities belonging to this group of disorders are CMT type 1A
(CMT1A) and hereditary neuropathy with liability to pressure palsies (HNPP). CMT1A and HNPP 
are predominantly caused by a 1.5 Mb duplication and deletion in the chromosomal region 17p11.2, 
respectively, and less frequently by other mutations in the peripheral myelin protein 22 (PMP22) 
gene. Despite being relatively common diseases, they haven’t been previously studied in the Slovak 
population. Therefore, the aim of this study was to identify the spectrum and frequency of PMP22 
mutations in the Slovak population by screening 119 families with CMT and 2 families with HNPP 
for causative mutations in this gene.

The copy number determination of PMP22 resulted in the detection of CMT1A duplication in 
40 families and the detection of HNPP deletion in 7 families, 6 of which were originally diagnosed 
as CMT. Consequent mutation screening of families without duplication or deletion using dHPLC 
and sequencing identified 6 single base changes (3 unpublished to date), from which only c.327C>A
(Cys109X) present in one family was provably causative.

These results confirm the leading role of PMP22 mutation analysis in the differential diagnosis
of CMT and show that the spectrum and frequency of PMP22 mutations in the Slovak population 
is comparable to that seen in the global population.
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Introduction

Charcot-Marie-Tooth disease (CMT) and related inherited 
peripheral neuropathies represent a clinically and genetically 
heterogeneous group of disorders affecting the peripheral
nervous system (PNS). CMT in general is the most com-
monly inherited peripheral neuropathy, with an estimated 
international average prevalence of 17–40 per 100 000 in-
dividuals (Skre 1974; Barisic et al. 2008). It is found world 
wide in people of all races and ethnic groups except for 
some rare subtypes (Emery 1991). CMT is characterized by 
a slowly progressive weakening and atrophy of distal muscles 
and distal sensory impairment, which usually starts in the 
lower limbs and progresses to the upper limbs in advanced 
stages of the disease. Additional symptoms are skeletal de-
formities and decreased or absent tendon reflexes (Lupski
et al. 1991).

CMT is commonly divided into three main groups based 
on the electrophysiological findings in peripheral nerves of
patients. According to this classification, markedly slowed
motor nerve conduction velocity (NCV) (lower than 38 m/s) 
is typical of demyelinating neuropathies, while normal or 
slightly reduced motor NCV (higher than 38 m/s) is typical 
of axonal neuropathies (Harding and Thomas 1980). The
third group consists of CMT types with non-homogeneous 
electrophysiological findings, where NCVs can be either
above or below the 38 m/s criterion value in different patients
from a family and is called intermediate CMT (Nicholson 
and Myers 2006). The classification of CMT combines
these basic criteria with inheritance pattern and genetic 
background to further subdivide these main groups, and 
comprises more than 40 clinical entities.

The most common subtype responsible for about 43% of
all CMT cases is CMT type 1A (CMT1A), a demyelinating 
neuropathy with autosomal dominant inheritance (Szigeti et 
al. 2006). CMT1A patients show general symptoms of CMT 
as well as symptoms specific for demyelinating neuropathies,
which are decreased NCV and structures called onion-bulbs 
visible on sural nerve biopsies, arising due to demyelination 
and remyelination of axons (Lupski et al. 1991). The clinical
presentation of this non-lethal disease has a broad range, 
causing mild to moderate disability in patients. The vari-
able severity of symptoms is presumably caused by different
genetic background of patients; however, there is evidence 
that non-genetic factors may also be involved (Garcia et al. 
1995).

Hereditary neuropathy with liability to pressure palsies 
(HNPP) is a CMT related inherited peripheral neuropathy 
with a prevalence of 16 cases per 100 000 individuals (Mere-
toja et al. 1997). HNPP is an autosomal dominant disorder 
with marked phenotypic variability. The predominant
“classic phenotype” is characterized by recurrent episodes 
of nerve palsy resulting in mononeuropathy. Palsies are 

caused by relatively minor compression or trauma to su-
perficial nerves leading to numbness, muscle weakness and
atrophy (Verhagen et al. 1993; Gouide et al. 1995). In the 
majority of cases patients recover from palsies completely, 
however, repeated attacks can prevent full reversal, and 
with aging, patients frequently develop a largely symmetric 
polyneuropathy that mimics CMT1. This can easily lead to
the establishment of wrong diagnosis (Felice et al. 1994). 
Additional presenting phenotypes are acute brachial paraly-
sis, confluent mononeuropathy multiplex and the disputed
category of oligosymptomatic patients (Pareyson et al. 1996; 
Kumar et al. 1999). Electrophysiological findings in HNPP
patients are more uniform than their clinical features and 
include mildly slowed NCV, increased distal motor latencies 
and conduction blocks (Li et al. 2002). Sural biopsy findings
of compression sites often show characteristic sausage like
thickenings of the myelin sheath called “tomaculae” along 
with the signs of demyelination (Verhagen et al. 1993; Gouide 
et al. 1995).

CMT1A and HNPP are caused by different mutations
of the gene encoding for the peripheral myelin protein 22 
(PMP22). The major cause of CMT1A and HNPP is an un-
equal meiotic crossing-over event in the region 17p11.2-p12 
encompassing PMP22. The consequent chromosomes carry
a 1.5 Mb duplication and deletion, respectively (Raeymaek-
ers et al. 1991; Chance et al. 1993). Owing to the dosage 
sensitivity of peripheral myelin protein 22 (PMP22), not 
only point mutations in its gene, but also altered gene copy 
number leads to peripheral neuropathy (Saifi et al. 2003).
Thus three copies of PMP22 cause CMT1A, only one copy 
causes HNPP and other mutations in the gene give rise to 
CMT1A, CMT1E (autosomal dominant inherited demy-
elinating CMT with hearing loss), HNPP, Dejerine-Sottas 
syndrome (DSS), congenital hypomyelinating neuropathy 
(CHN) or CMT type 2 (axonal CMT with autosomal domi-
nant inheritance) (Fig. 1).

The PMP22 gene is highly expressed by myelinating 
Schwann cells of the PNS, but expression in other tissues 
such as the brain, intestine, lung and heart have also been 
reported (Baechner et al. 1995). Interestingly, despite its 
pleiotropic expression, the pathogenic effects of either dos-
age differences or other mutations in PMP22 seem to be 
restricted to the PNS (Nelis et al. 1999). The gene encodes
a major structural membrane protein of the compact myelin, 
where it comprises 2–5% of the total protein content (Snipes 
et al. 1992). Although PMP22 is known to be involved in 
the regulation of myelin thickness and stability and in the 
maintenance of the myelin sheath (D’Urso and Müller 1991) 
its exact function still remains elusive.

Molecular genetic studies of CMT have been performed 
in numerous populations, but not yet in the Slovak popula-
tion. Therefore, the aim of our study was to estimate the
frequencies of CMT1A duplication, HNPP deletion and 
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PMP22 point mutations in Slovak families with CMT and 
contribute to the population genetic data about CMT col-
lected so far.

Materials and Methods

Patients

For diagnostic purposes and in order to study the underlying 
mutations, blood samples were collected from Slovak CMT 
and HNPP patients since 1989. Diagnosis of patients was 
based on the presence of clinical symptoms. Typically, evi-
dence of slowly progressing motor and sensory neuropathy 
and characteristic foot deformities in CMT, palsy/palsies 
at common compression sites, mononeuropathy with both 

motor and sensory involvement and foot deformities in 
HNPP. Diagnosis was confirmed by positive family history
(if available) and/or by electrophysiological examination 
and/or in some cases by sural nerve biopsy. Patients were 
diagnosed in hospitals from all over the country in a time 
period of over 20 years. The cooperating hospitals didn’t use
uniform criteria for differential diagnosis of demyelinating
and axonal neuropathy, in addition the applied criteria 
might have changed since 1989 even within one hospital. 
Therefore we chose not to distinguish between patients with
indicated demyelinating, axonal or unspecified neuropathy
and included them all in the present study. Our sample set 
comprised 276 DNA samples from 119 unrelated CMT 
families and 2 unrelated HNPP families. Informed consent 
regarding genetic testing was obtained from all patients and 
family members. Genomic DNA of the participants was 

Figure 1. Amino acid sequence and putative secondary structure of PMP22 in the plasma membrane, with indicated sites of point and 
microindel mutations that cause peripheral neuropathy. At some positions, different mutations of the same amino acid can lead to vari-
ant phenotypes, whereas there are also cases when a specific mutation can cause variant phenotypes in different families. For example:
insertion c.281_282insG (Gly94fs) is connected with HNPP, whereas a deletion affecting the codon of the same amino acid c.281delG
(Gly94fs) is connected with both CMT1 and DSS. This figure is a modification of an illustration found in Sanders et al. (2001), updated
by all PMP22 point and indel mutations except splice site mutations found in the Inherited Peripheral Neuropathies Mutation Database 
(last update 17 February 2011). CMT1E, autosomal dominant inherited demyelinating CMT with hearing loss.
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isolated from peripheral blood either by phenol-chloroform 
extraction using a modified procedure of Kunkel et al. (1977)
or by PuregeneTM DNA Purification Kit (Qiagen).

The CMT1A duplication was formerly identified in 11
samples by STR-PCR evaluation of the marker RM11-GT 
(locus D17S122). Additional two samples with confirmed
duplication and 2 samples with confirmed deletion were
kindly provided by Dr. Seeman (University Hospital Motol, 
Charles University, Prague, Czech Republic). These samples
were used in the validation experiments of the PMP22 copy 
number determination by real time PCR.

Real time PCR

Primers and TaqMan probes were newly designed using 
Primer3 software and purchased from Sigma-Aldrich.
Primers and TaqMan probes for PMP22 exon 4 and Hu-
man Serum Albumin (HSA) exon 12 were chosen for target 
and reference gene detection, respectively (oligonucleotide 
sequences and fluorescent labels are listed in Table 1). The
TaqMan assay was carried out in a multiplex fashion in 
quadruplicates for each sample in 96-well optical plates 
(Applied Biosystems) in a final volume of 15 μl. The reac-
tion mixture contained: 10 mM Tris-HCl (pH 9.5), 5 mM 
MgCl2, 1.5 mM KCl, 0.17 g/l BSA (bovine serum albumin), 
0.1% Triton X-100, 400 μM of each dNTP (GeneCraft), 1 ×
ROX (Finnzymes), 0.6 U BioThermAB Hot Start Taq DNA
Polymerase (GeneCraft), 300 nM PMP22 forward and
reverse primers, 1200 nM HSA forward and reverse prim-
ers, 100 nM PMP22 TaqMan probe, 400 nM HSA TaqMan 

probe, 30 ng of template DNA. In every assay, three healthy 
controls and one non-template control were included. The
reactions were performed by means of the ABI 7900HT Fast 
Real-Time PCR System (Applied Biosystems) instrument, 
using the following thermal conditions: initial denaturation 
for 2 min at 95°C followed by 40 cycles of 15 s denaturation 
at 95°C and 1 min annealing/polymerization at 60°C.

Acquired data was analysed by the ABI Sequence Detec-
tion Software version 2.1 and Microsoft Excel. Reaction wells
with obvious PCR failure were excluded from the analysis 
and relative PMP22 copy number was evaluated only in 
samples with at least 3 successful amplifications. Uniform
baseline and threshold settings were used for samples run 
together. Subsequently, the mean CT (threshold cycle) values 
of quadruplicates were calculated for each unknown sample 
and used for the calculation of gene dosage of PMP22, utiliz-
ing the comparative CT method (Livak 1997). The formula
in our case was: 2-ΔΔC

T, where ΔΔCT = [CT HSA (calibrator 
sample) – CT PMP22 (calibrator sample)] – [CT HSA (patient 
sample) – CT PMP22 (patient sample)]. Results of 0.5, 1 and 
1.5 indicated deletion, normal copy number and duplication 
of PMP22, respectively. We used the mean of CT values of 
the three healthy controls as the calibrator sample.

Mutation screening

Mutation screening of samples was accomplished by dena-
turing high performance liquid chromatography (dHPLC). 
The appropriate DNA fragments for dHPLC analysis were
prepared by PCR, namely in five reactions which ampli-
fied PMP22 exons 1A, 2, 3, 4 and 5 and their surrounding 
sequences (primer sequences are listed in Table 1). PCR 
amplifications were carried out using the XP cycler (Bioer)
in a final volume of 30 μl, the reaction mixture contained:
10 mM Tris-HCl (pH 9.5), 5 mM MgCl2, 1.5 mM KCl, 0.17 g/l 
BSA, 0.1% Triton X-100, 200 μM of each dNTP (GeneCraft),
0.6 U BioTherm Taq DNA Polymerase (GeneCraft),
1250 nM forward/reverse primers for the desired exon and 
50 ng of template DNA. Thermal conditions appropriate for
amplification of all exons were: initial denaturation for 2 min
at 95°C followed by 40 cycles of 15 s denaturation at 95°C, 
15 s annealing at 60.5°C and 30 s polymerization at 72°C 
and final polymerization for 5 min at 72°C. The acquired
products were subsequently heteroduplexed by heating at 
95°C and slow cooling and analysed by the WAVE System 
3500HT (Transgenomic). Temperature and acetonitrile gra-
dient settings were individual for each amplicon. Acetonitrile 
gradient settings were applied as suggested by the Navigator 
Software (Transgenomic), while analysis temperatures were
set manually: 60.8°C and 62.7°C for exon 1A, 65.4°C for 
exon 2, 59.6°C and 61°C for exon 3, 60.1°C and 60.6°C for 
exon 4 and 63.4°C for exon 5. Data analysis was performed 
by the Navigator Software.

Table 1. Sequences and modifications of oligonucleotides used in
this study

Designation Sequence and modifications
PMP22 for 5‘- TGTCCAGGCCACCATGAT -3‘
PMP22 rev 5‘- GAAGAGTTGGCAGAAGAACAGG -3‘
PMP22 TaqMan probe 5’6-FAM- CTGTCGATCATCTTCAG-

CATTCTGTCTCTG -3’BHQ1
HSA for 5‘- GTTGCATGAGAAAACGCCA -3‘
HSA rev 5‘- GGTCGCCTGTTCACCAAG -3‘
HSA TaqMan probe 5‘HEX- AAGTGACAGAGTCACCAAAT-

GCTGCACA -3’BHQ1
PMP22 exon 1A for 5‘- ATATCCCAGCATTGGACCAG -3‘
PMP22 exon 1A rev 5‘- ATCACCCAGAGGCACAGTTT -3‘
PMP22 exon 2 for 5‘- AGTGCGTTCGGCCTCA -3‘
PMP22 exon 2 rev 5‘- GAACCCAGATGGGGAAGG -3‘
PMP22 exon 3 for 5‘- TCCCTCCCTCCCTGACTC -3‘
PMP22 exon 3 rev 5‘- GACAAGCTCATGGAGCACAA -3‘
PMP22 exon 4 for 5‘- ATGGCCAGCTCTCCTAACC -3‘
PMP22 exon 4 rev 5‘- ATCATTCCGCAGACTTGGAT -3‘
PMP22 exon 5 for 5‘- GCTCTGCCATGGACTCTCC -3‘
PMP22 exon 5 rev 5‘- CCCTTCCCTATGTACGCTCA -3‘
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DNA sequence analysis

For sequencing of samples with aberrant dHPLC profile
the BigDye Terminator v1.1 Cycle Sequencing Kit (Applied 
Biosystems) and the ABI PRISM® 3100 Genetic Analyzer 
(Applied Biosystems) were used. Obtained sequences were 
analysed by Sequencing Analysis Software version 5.4
(Applied Biosystems) and Chromas Lite version 2.01 and 
subsequently compared to Ensembl reference sequence 
ENSG00000109099 (GRCh37, chromosome 17, bases 
15132495-15169244) using BLAST sequence alignment 
software to locate/identify the underlying mutations or
polymorphisms.

Results

Validation of the real time PCR method optimized for 
PMP22 copy number determination was the initial step of 
our study, prior to patient testing. Validation was accom-
plished by evaluation of 13 samples with confirmed CMT1A
duplication, 2 samples with confirmed HNPP deletion and
110 samples of healthy individuals. Obtained value ranges 
for the three groups of samples were as follows: 0.624–0.626 
for samples with deletion, 0.758–1.24 for samples of healthy 
individuals and 1.356–1.546 for samples with duplication. 
On the basis of these results, values below 0.65 were assigned 
to HNPP patients, values between 0.75–1.25 to healthy 
individuals and values above 1.35 to CMT1A patients. 
The value ranges of distinct groups were not overlapping,
showing the feasibility of the method to determine PMP22 
copy number.

After method validation, 119 families with CMT and 
2 families with HNPP were tested for duplication or dele-
tion. During testing, ΔΔCT values outside the designated 
diagnostic ranges occurred in 4.76% of the analysed 
samples. In these cases, the real time assay was repeated 
using other healthy controls – always giving unambiguous 
results. Individuals in 40 families out of the 119 exhib-
ited duplication of PMP22. Familial inheritance of the 

duplication was proven in 31 of these families, while the 
remaining 9 were either isolated cases or families with 
only the proband’s sample provided. In addition, 6 of the 
119 families diagnosed with CMT exhibited a PMP22 
deletion. From the two families with HNPP, the deletion 
was identified in one.

After PMP22 copy number determination, chosen 
samples from families without duplication or deletion 
were further screened for other causative mutations in the 
PMP22 gene. Sequencing of samples with aberrant dHPLC 
profiles revealed six single base changes as listed in Table 2,
from which three had already been published. The known
sequence variants are polymorphism c.319+33C>T in intron 
4 (rs3744333), nonsense mutation c.327C>A (Cys109X) in 
exon 5 and missense mutation c.353C>T (Thr118Met) in
exon 5 (Roa et al. 1993; Abe et al. 2004; Shy et al. 2006). The
newly identified variants are c.-244C>T in the promoter
region of exon 1A, missense mutation c.172C>T (Pro58Ser) 
in exon 3 and missense mutation c.358A>G (Arg120Gly) 
in exon 5. These sequence variants are at present not listed
in the Single Nucleotide Polymorphism Database (dbSNP 
– accessed 5 October 2011) or the Inherited Peripheral 
Neuropathies Mutation Database (IPNMDB – last update 
17 February 2011).

Discussion

When compiling published data for comparison with our own 
results, we realized that only some published papers discuss the 
frequency of 17p11.2-p12 duplication in the total population 
of CMT-affected patients. More than the half of the studies
found by us assessed the frequency of duplication among well 
defined cohorts of CMT1 (demyelinating CMT with auto-
somal dominant inheritance) patients. A few of these studies 
specified the overall number of CMT patients examined, thus
we were able to calculate the frequency of duplication in CMT. 
The rest, however, showed only data acquired from CMT1
patients. To be able to use the outcomes of these publications 
we extrapolated their results for the whole CMT population 

Table 2. Single nucleotide polymorphisms identified in PMP22 in this study and their respective phenotypes

SNP designation Region Phenotype
c.-244C>T promoter of exon 1A polymorphism
c.172C>T (Pro58Ser) exon 3 polymorphism
c. 319+33C>T (rs3744333) intron 4 polymorphism
c.327C>A (Cys109X) exon 5 CMT1 (heterozygotes)* 

c.353C>T (Thr118Met) exon 5 HNPP-like neuropathy (heterozygotes), CMT1 (hemizygotes), 
CMT2 (homozygotes)** 

c.358A>G (Arg120Gly) exon 5 unknown
* Abe et al. 2004; ** Roa et al. 1993, Shy et al. 2006.
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based on the frequency of CMT1, which is estimated to ac-
count for 60–70% of CMT cases (Shy et al. 2005; Szigeti et 
al. 2006). Duplication frequencies of different populations
obtained after this manner are presented in Table 3.

Quantitative real time PCR analysis of PMP22 copy 
number in our sample set identified the duplication in
35.40% of families (40/113). This outcome fits well into the
frequency ranges obtained in other studies (see Table 3), 
although it is somewhat less than the average. Familial occur-
rence of duplication was proven in 77.50% of cases (31/40), 
while in 20% of cases (8/40) only the probands sample was 
available and the family records had no indication of CMT 
phenotype in relatives. In one family, de novo origin of 
duplication was confirmed. If we consider the 8 probands
with negative family history as sporadic cases, the share of 
de novo CMT1A duplication on sporadic CMT cases is at 
least 11.1% (1/9).

The frequencies of duplication and deletion of the
1.5 Mb region mapping to chromosome 17p11.2-12 should 
be equal according to the fact that these mutations are 
reciprocal end products of the same crossing-over event. 
A large epidemiological study of HNPP by Meretoja et 

al. (1997) already confirmed the equal prevalence of the
two mutations. However, most studies report considerably 
fewer cases of deletion than duplication and anticipate this 
to be caused by under diagnosis of deletion due to its mild 
phenotype. We had only 2 HNPP families in our sample set, 
which means that HNPP is considerably underdiagnosed in 
Slovakia. Nevertheless, PMP22 copy number determination 
identified a total of 7 families with deletion, thus the ratio
of deletion to duplication is 1 to 5.7. This difference in the
number of detected deletions and duplications is similar 
to the outcome of a European collaborative study by Nelis 
et al. (1996), although there are publications that reported 
markedly higher and markedly lower ratios (Silander et al. 
1998; Kabzinska et al. 2009).

In the case of the 6 CMT families with identified HNPP
deletion, we also considered the possibility of the presence 
of recessive PMP22 mutations causing CMT phenotype in 
the hemizygous state, but this alternative was ruled out by 
sequencing which didn’t reveal such mutations (Numakura 
et al. 2000; Shy et al. 2006). In all of these cases, except one, 
the family history was negative, thus diagnosis was based 
on the probands phenotype alone. Five of the probands 

Table 3. Frequencies of CMT1A duplication among CMT patients in various populations

Unrelated  
patients Duplications 

found

Frequency of 
duplication 

in CMT1 (%)

Extrapolated  
frequency of  

duplication in 
CMT (%)*

Frequency 
of dupli-
cation in 
CMT (%)

References

CMT1 CMT
Australia – 224 136 – – 60.71 (Nicholson 1999)
China 32 – 20 62.50 37.50 – 43.75 – (Song et al. 2006)
European collaborative study 819 – 579 70.70 42.42 – 49.49 – (Nelis et al. 1996)
Finland – 122 64 – – 52.46 (Silander et al. 1998)
Italy 170 – 98 57.65 34.59 – 40.35 – (Mostacciuolo et al. 2001)
Japan† 128 217 40 31.25 – 18.43 (Numakura et al. 2002)
Japan† 227 354 53 23.35 – 14.97 (Abe et al. 2011)
Korea 28 57 15 53.57 – 26.32 (Choi et al. 2004)
Norway – 81 11 – – 13.58 (Braathen et al. 2011)
Poland – 179 51 – – 28.49 (Kabzinska et al. 2009)
Russia 109 174 59 54.13 – 33.91 (Mersiyanova et al. 2000)
Slovenia 36 – 29 80.56 48.33 – 56.39 – (Leonardis et al. 1998)
Spain – 133 86 – – 64.66 (Bort et al. 1997)
Taiwan 57 – 33 57.89 34.74 – 40.53 – (Lee et al. 2004)
The Netherlands/Germany – 396 109 – – 27.52 (Janssen et al. 1997)
USA†† 63 75 43 68.25 – 57.33 (Wise et al. 1993)
USA†† – 152 79 – – 51.97 (Boerkoel et al. 2002)
Average 55.98 39.54
Slovakia 113 – 40 – – 35.40 (present study)

In cases where multiple studies were focused on one population (marked by † and ††), the average values of the outcomes of these studies 
were used in Average calculation to avoid distortion of its value. For the same reason, average values of respective extrapolated frequency 
ranges were used in Average calculation; * 60–70% of frequency in CMT1.
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were between the age of 8 and 23, which is most probably 
not enough time to develop symmetric polyneuropathy. 
Therefore we presume that these patients were misdiag-
nosed simply because their physicians were not familiar 
with HNPP. This clearly emphasizes the need to increase
awareness of HNPP in the Slovak medical community 
and shows the importance of molecular testing in the 
establishment of reliable diagnosis of inherited peripheral 
neuropathies.

Heterozygous point mutation c.327C>A (Cys109X) 
was identified in 3 patients from one family – in the father
and his two sons. The father (age 36) was found to be
a compound heterozygote who also harboured the muta-
tion c.358A>G (Arg120Gly). He demonstrated symptoms 
since birth and developed severe neuropathy characterized 
by atrophy of muscles below the knees, decreased tendon 
reflexes, hammer toes, bilateral pes cavus and severe pe-
ripheral neurologic lesions determined by electromyog-
raphy (both demyelinating and axonal). Examination of 
the older son (age 6) revealed diffuse peripheral muscle
atrophy, inability to stimulate the peroneal nerve and a mild 
paraparetic gait. The younger son (age 3) showed limited
dorsiflection of the feet, decreased patellar reflexes and the
inability to step on his heels leading to pathological gait. The
mutation Arg120Gly hasn’t been described yet, but owing to 
the masking effect of Cys109X it’s impossible to tell whether
it is a disease-causing mutation or a benign polymorphism. 
The severe clinical symptoms of the father carrying both
mutations and the fact that he was affected since birth
support the possibility that Arg120Gly has a pathogenic 
effect. On the other hand, a previous study focusing on
the mutation Cys109X found high variability of clinical 
symptoms of CMT1, even among patients from one family 
(age of onset 2–16 years) (Abe et al. 2004). This implies that
Arg120Gly could also be a benign polymorphism, in which 
case our patient would demonstrate another, more severe 
phenotype of Cys109X not described before.

Mutation c.353C>T (Thr118Met) causes a partial loss-
of-function of the PMP22 protein that leads to different
phenotypes depending on the presence of other alleles. Het-
erozygotes develop a HNPP-like neuropathy, homozygotes 
develop CMT2, hemizygotes develop CMT1 and if coupled 
with the CMT1A duplication, it should cause a milder phe-
notype than that typically seen in patients with duplication 
(Roa et al. 1993; Shy et al. 2006). We found this mutation in 
two patients from one family, who also harboured the dupli-
cation, but unfortunately we were unable to obtain reliable 
clinical data on these patients, thus we can neither support 
nor oppose the phenotype-genotype correlations presented 
by previous studies.

Sequence variants c.-244C>T and c.172C>T (Pro58Ser) 
haven’t been described to date, but they don’t segregate with 
the CMT1 phenotype in respective families, which indicates 

that these are benign polymorphisms and not causative mu-
tations. Polymorphism c. 319+33C>T in contrast to other 
single nucleotide polymorphisms detected in this study was 
found to have a relatively high frequency in our set of CMT 
patients. It was identified in 8 index cases (heterozygotes)
out of 79, which is 10.13%.

In spite of the considerably heterogeneous genetic back-
ground of inherited peripheral neuropathies, the mutation 
frequency of involved genes is fairly consistent in numerous 
populations. Accordingly, suggested diagnostic algorithms 
for effective detection of CMT and related inherited pe-
ripheral neuropathies are applicable in clinical laboratories 
worldwide. The most common mutations causing demyeli-
nating neuropathy are duplication of PMP22 followed by mu-
tations in GJB1 (gap junction protein, beta 1, 32 kDa), MPZ 
(myelin protein zero) and point mutations in PMP22. In 
axonal neuropathy, mutations of MFN2 (mitofusin 2), GJB1 
and MPZ are the most frequent. In HNPP, deletion of PMP22 
is the major cause but occasionally also point mutations of 
PMP22 are found to be responsible. Mutation screening of 
these genes enables the establishment of molecular diagno-
sis in over 80% of demyelinating neuropathies, 20–30% of 
axonal neuropathies and over 90% of HNPP cases (Banchs 
et al. 2009; Szigeti and Lupski 2009). None of the above 
mentioned genes were studied in the Slovak population 
before, but as expected, our results indicate that the relative 
frequencies of mutations of these genes are similar to that 
seen in the global population. Accordingly, in the next stage 
of our research we plan to accomplish the mutation screen 
of GJB1, MPZ, NEFL (neurofilament, light polypeptide) and
EGR2 (early growth response protein 2) genes of patients 
with undetected molecular cause of disease to determine the 
correct diagnosis and assign appropriate therapy.

Mutation analysis of PMP22 in Slovak patients with Char-
cot-Marie-Tooth disease and related inherited peripheral 
neuropathies revealed the underlying mutation in 39.67% 
of families. The prevailing mutations, as expected, were
CMT1A duplication and HNPP deletion, confirming the
role of PMP22 copy number determination as the first choice
diagnostic approach in the establishment of differential
diagnosis in inherited demyelinating neuropathies. The rela-
tive frequency of CMT1A duplication, HNPP deletion and 
other PMP22 point mutations is lower in the Slovak clinical 
population than the global average, but our results correlate 
well with the outcomes of numerous studies. This supports
the observation that the occurrence of these mutations is 
alike in the majority of developed countries. 
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