A Costa Rican family affected with Charcot-Marie-Tooth disease
due to the myelin protein zero (MPZ) p.Thr124Met mutation
shares the Belgian haplotype
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Abstract: The p.Thr124Met mutation in the myelin protein zero (MPZ) causes the Charcot-Marie-Tooth disease
type 2J, a peripheral neuropathy with additional symptoms as pupillary alterations and deafness. It was observed
in several families around the world originating e. g. from Germany, Belgium, Japan, Italy and North America.
Here we report Central American patients originating from a family in Costa Rica carrying this mutation.
Clinical, electrophysiological and molecular analysis of patients and controls were performed, including gene
and linked markers” sequencing. Carriers share almost the entire haplotype with two non related Belgian CMT
patients. As a result of the haplotype analysis, based on ten markers (seven SNPs, two microsatellites and an
intronic polyA stretch), the founder effect hypothesis for this allele migration is suggestive. Rev. Biol. Trop. 62

(4): 1285-1293. Epub 2014 December 01.

Key words: Charcot-Marie-Tooth, peripheral neuropathy, Myelin protein zero, mutation, Costa Rica.

Hereditary motor and sensory neuropa-
thy (HMSN), also called Charcot-Marie-Tooth
disease (CMT), is a clinically and genetically
heterogeneous group of inherited peripheral
neuropathies. It is characterized by progres-
sive muscular weakness and atrophy of the
distal muscles (Lupski, 1998). By means of
electrophysiological and morphological stud-
ies, CMT can be divided into two major forms:
a predominantly demyelinating (HMSN type
I) and an axonal form (HMSN type II) (Dyck,
Chance, Lebo, & Carney, 1993).

MPZ had been initially related with a
hereditary motor and sensorial neuropathy type
I (HMSN 1), presenting myelin disturbances
resulting in reduced nerve conduction velocity

(NCV<38m/s) (Hayasaka et al., 1993a). How-
ever, families with normal NCV values (HMSN
II) have also been associated with MPZ (Sen-
derek et al., 2000). The mutation Thrl124Met
in the third exon of the protein was found to
be responsible for CMT in families with a
clinically distinct phenotype, including axo-
nal involvement, frequently deafness, Argyll
Robertson-like pupils and dysphagia (Chapon,
Latour, Diraison, Schaeffer, & Vandenberghe,
1999; De Jonghe et al., 1999). This mutation
has been found in several CMT families. When
the polymorphic markers close to the gene and
an intronic polymorphism were analyzed it was
associated with the same haplotype as two Bel-
gian families. Due to this, it has been suggested
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that a common ancestor was the founder of this
particular mutation (De Jonghe et al., 1999).
Nevertheless, Senderek et al. (2000) reported
a family with an identical mutation embedded
in a distinct haplotype, thus suggesting the
existence of a hot-spot in this codon. Not only
Belgian (De Jonghe et al., 1999) families with
the mutation p.Thr124Met have been reported,
also French (Chapon et al., 1999), German
(Senderek et al., 2000; Hanemann et al., 2001),
Italian (Schiavon et al., 1998), North American
(Baloh, Jen, Kim, & Baloh, 2004) and Japanese
(Yoshihara et al., 2000; Kurihara et al., 2002;
Numakura, Lin, Ikegami, Guldberg, & Haya-
saka, 2002; Kurihara, 2003).

Here we report a Costa Rican fam-
ily with CMT affected members due to the
p.Thr124Met mutation in MPZ. Costa Rican
family CR-C displayed autosomal dominant
HMNS, clinically an intermediate form with
pupillary involvement. When this phenotype
was considered, a suggestion was made to test
the MPZ of these families. The haplotype was
studied in order to observe whether the hypoth-
esis of a founder effect, relating the European
ancestors of family CR-C with the Belgian
or German families, could be supported. The
Costa Rican population has a genetically major
European (predominantly Spanish) component

(Morera, Barrantes, & Marin-Rojas, 2003). We
show evidence that the p.Thr124Met mutation
in the Costa Rican family CR-C is embedded
in a haplotype closely related to the Belgian
patients, supporting the migration hypothesis
from Europe to Central America.

MATERIALS AND METHODS

A four-generation pedigree was recon-
structed based on a family originating from
the Central Valley of Costa Rica, Central
America (Fig. 1). Family members underwent
genetic and clinical analyses, after informed
consent was obtain. The study was approved
by the University of Costa Rica. The clinical
examination consisted of standardized tests of
strength and muscular sensibility (Berghoff et
al., 2004). In addition DNA from the family
members was obtained from peripheral blood
(from individuals II:1, II:2, III:2, IIL:5, 1V:1,
1V:3,IV:4, 1V:5, 1V:6, 1V:8, IV:9, IV:10, IV:11,
IV:12 and IV:13), via the phenol/chloroform
isolation method. Standard clinical electro-
physiological examinations were performed to
three patients (II:2, II1:2 and II1:3) in the medi-
an, ulnar, peroneal and tibial nerves according
to Berghoff et al. (2004).

10 @000 O
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Fig. 1. Pedigree of the CR-C family, with five individuals affected with autosomal dominant Charcot-Marie-Tooth disease.

They present deafness and pupillary abnormalities.
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Since the Thr124Met mutation in exon 3
of MPZ alters a Nlalll restriction site the PCR
product of MPZ exon 3 of all family members
was digested by the restriction enzyme Nlalll
(5"°-CATG-3"). This mutation introduces a
different recognition site (CACG>CATG). The
primers were MPZex3-P4 (5°-tcattagggtcctct-
cacatgc-3°) and MPZex3-M21 (5'-gcctgaata-
aaggtccttagge-37) (Nelis et al.,, 1994). After
the amplification, agarose gel electrophoresis
(4.5%, 3 h., 120 V) was performed.

MPZ exon 3 was sequenced in both direc-
tions using an ABI 3130 DNA Sequencer
(Applied Biosystems) and analyzed using
Sequencing Analysis 5.2 (Applied Biosytems).
In addition primer PT-F (5'-cttcctetgtatcect-
tactg-3") and the reverse primer for exon 3 were
used for amplifying an intronic polymorphism
(poly-T repeat), to find out which alleles were
linked to the mutation allele. The PCR profile
used was: 94°C 20 s., 65°C to 55°C (-1°C/cycle
during 10 cycles) 20 s., 68°C 45 s. and then
25 cycles at 55°C as annealing temperature.
PCR products were cloned in E. coli in order
to split the wild type and the mutated allele
of the dT-repeat. The products were inserted
in a pCR-4 Blunt-TOPO vector and TOP10
cells (Invitrogen) and transformed following
the manufacturer’s instructions. Colonies were
picked, and sequenced in both directions using
the same primers. DNA samples from patients
from families Antw-3 and Antw-5 from Bel-
gium (De Jonghe et al., 1999) were also tested.

In addition, we examined the neigh-
boring single nucleotide polymorphisms
(SNP): rs6685495, rs6674383 using primers
F:5-GCCCTGCATTGAGGATGTAG-3",
R:5"-GGGACAAGGGTATGGGAAG-3’,
rs12731474, rs16832793 using primers F:
5"-TGTCCTCACCTTCCTCTTGG-3", R:
5'-GACAGTTGGGGTGGGAGTAG-3",
rs7551761, rs12065184 and rs7554208 using
primers F:5-TCAACCATTGCCCTTCTC-
AG-3", R:5-TGCAATGAGTGAGCCATA-
GG-3". All seven SNPs are located in intronic
sites in MPZ. The PCR profile was a “touch-
down” program, starting at 94°C 20 sec., 70°C
until 60°C (-1°C/cycle, during 10 cycles) 20

sec., 72°C 40 sec., and then 25 cycles at 60°C.
Genotypes were obtained by sequencing in
both directions using the respective primers
and BigDye Terminator version 3.0 (Applied
Biosystems) with an ABI 310DNA machine
(Applied Biosystems) and analyzed with the
SEQUENCE ANALYZER (Applied Biosys-
tems) and SEQMAN II (DNAstar) softwares.

RESULTS

Clinical features: The patients showed a
distal symmetric motor and sensory neuropathy
with additional pupillary abnormality. Mean
age at onset was the fourth decade (range 19
to 68 years). Three patients (II-2, III-2, III-
3, Fig. 1) had CMT diagnosis; two younger
members of the family had minor symptoms
(V1 and V2, Fig. 1). The oldest affected family
members had distal muscle weakness, atrophy
of hands and feet and progressive deafness.
Furthermore, these patients showed distal sen-
sory deficits including disturbed touch and
pain perception, as well as an impaired sense
of vibration and position. Spontaneous pain
sensation in the legs was a predominant find-
ing in two subjects. Three individuals com-
plained of minor pain in the lower extremities.
Three subjects reported muscle cramps in
the legs. Diminished or absent deep tendon
reflexes in the lower extremities were present
in five subjects. All family members showed
impaired pupillary reaction to light (contraction
slowed). The electrophysiological data reflect
axonal and demyelinating polyneuropathy with
decreased amplitudes of muscle action poten-
tial, slowed nerve conduction velocity of the
motor and sensory nerves and prolonged distal
motor latency.

Molecular analysis: Since the particu-
lar phenotype of the patients in this fam-
ily (axonally pronounced neuropathy, deafness
and pupillary abnormalities) had similari-
ties with CMT2J (OMIM 607736) patients,
a digestion of the MPZ-exon 3 PCR product
with the restriction enzyme Nla III was per-
formed, resulting in two bands in an agarose
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electrophoresis for the patients, but only one
in healthy controls (Fig. 2). The mutation was
further confirmed by sequencing of exon 3 of
MPZ (Fig. 3). The heterozygous mutation was
observed in all affected individuals in codon
124 (C®T). The healthy controls carried the
wild type sequence. Taking into account the
molecular data, there was complete agreement
between genotype and phenotype. Penetrance
seems to be complete in this family. The only
person that could develop the disease is V:1 but
is still young. To investigate the origin of these
variation microsatellites, SNP markers and an
intronic oligo-dT repeat (Fig. 4) were used
for the haplotype reconstruction, both for the
Costa Rican and Belgian affected individuals.
The haplotypes related with the disease in the
Costa Rican and Belgian individuals are shown
in table 1. Markers D1S2771, RS6674383,
RS16832793, RS12731474, RS7551761 and
RS7554208 were identical in affected mem-
bers of both countries. In the last two markers,

Belgian individuals were heterozygous, but
for allele C, Costa Rican patients were homo-
zygous. For marker RS12065184, the two
Belgian individuals do not share the same
genotype. Belgian individual B-003 —like the
Costa Rican patients- present the allele A, and
B00S5 the allele C. Finally, genotype of marker
DI1S2705 was 152 bp for the Costa Rican
patients, and 150 bp for the Belgian ones, and
for the oligo-dT marker, an allele of 24 repeats
was present in the Costa Ricans and an allele of
23 repeats in the Belgians.

DISCUSSION

The clinical signs of patients of the CR-C
family and other families with the Thr124Met
in MPZ exon 3 mutation are very similar, this
suggests a constant phenotype in the mutation
carriers. Most of the neuropathy patients affect-
ed by MPZ mutations represent a demyelinat-
ing hereditary motor and sensory neuropathy
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5. GGCACGTTC......... -3’
3 CCGTGCAAG......... -5’
Nlalll
O GGCATGTTC......... -3 Thr124Met
3 CCGTACAAG......... -5’
158 bp 189 bp

Fig. 2. Identification of the Thr124Met mutation in MPZ using the restriction enzyme Nla III. A: Agarose gel electrophoresis
(4.5%, 3 h., 120 V) shows the expected fragments for two patients, not for the healthy control. B: diagram with the
recognition site of the restriction enzyme and the size of the fragments produced.
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Fig. 3. DNA sequencing of exon 3 of MPZ, causing the Thr124Met mutation (*), found in the CR-C family.
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Fig. 4. Poly-T repeat of the intron 2 of MPZ gene, related with the mutation Thr124Met in patients from family CR-C. The
repeat from the cloned mutant allele from patient C007 is shown.

type I (HMSN I, CMT1B), whereas in this case
the electrophysiological data reflect an inter-
mediate type. Deafness and pupillary alteration
are additional symptoms associated with this
mutation. Although these three characteristics
are present in CMT disease, they can also be
caused by other mutations (Leal et al., 2003).

The manifestation of progressive senso-
rineural hearing loss and abnormal pupillary
reaction may indicate that the mutation in MPZ
results in an abnormality of cranial nerves in
combination with and abnormality in other
peripheral nerves (Seeman et al., 2004). Starr
et al. (2003) found that both the sural and
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TABLE 1

Costa Rican and Belgian haplotypes associated with the Charcot-Marie-Tooth disease type 2J. Marker’s names, positions
on chromosome 1, distance between markers and the putative haplotype migrated due to the founder effect are shown

Haplotype associated

Marker Position on Chr. 1 Distance  Costa Rica Belgium . .
with the disease

D1S2771 158762042-158962418 0 257 257 257
D1S2705 159024443-159224773 62025 152 150 152 (150)
RS6685495 159543000 318227 G G/A G
RS6674383 159543058 58 G G G
oligo-DT (MPZ intron 2)  159543404-159543427 346 24 23 24 (23)
RS16832793 159544831 1404 G G G
RS12731474 159544924 93 C C C
RS7551761 159545186 262 C C/G* C
RS12065184 159545301 115 A A/C ** A
RS7554208 159545344 43 C C/G * C

* Genotype is heterozygous in both Belgian patients.

** One Belgian patient is homozygous for A, and the other one is homozygous for C.

proximal auditory nerves showed a loss of
large myelinated fibers, consistent with incom-
plete re-myelination; and the few distal audito-
ry nerve fibers found in the cochlea also had a
beaded appearance, consistent with incomplete
re-myelination.

Clinical findings for patients of peripheral
neuropathy, such as pupillary abnormalities
and deafness, were associated with MPZ muta-
tions earlier. De Jonghe et al. (1999) reported
seven such families with an age of onset in the
fourth and fifth decade, rapidly progressive
muscle weakness and severe sensory abnor-
malities. Many patients initially complained of
shooting pain in the legs.

In previous studies MPZ mutations have
been shown to cause demyelinating neuropa-
thy with the phenotypic variability of CMT1B
(Hayasaka et al., 1993c¢; Gabreéls-Festen et al.,
1996), Dejerine-Sottas Neuropathy (Hayasaka
et al., 1993b; Rautenstrauf3, Nelis, Grehl, Van
Broeckhoven, & Pfeiffer, 1994; Warner et al.,
1996) and congenital hypomyelination (Warner
et al., 1996). As in this study, not only demye-
lination, but also axonal degeneration is associ-
ated with MPZ mutations (Marrosu et al., 1998;
Senderek et al., 2000; Young et al., 2001). It
has been suggested that axonal degeneration is
most likely secondary to myelin dysfunction,

possibly due to impaired axoglial interactions
(Marrosu et al.,, 1998). Experimental stud-
ies in MPZ-deficient mice showed axonal
degeneration (Giese, Martini, Lemke, Soriano,
& Schachner, 1992; Frei et al., 1999) which
agrees with these observations in humans. In
contrast to homozygous MPZ”~ deficient mice,
heterozygous MPZ*- mutants are less severely
affected. It is particularly noticeable that they
do not have any signs of axonal degeneration
(Martini, Zielasek, Toyka, Giese, & Schachner,
1995; Carenini et al., 2001).

Furthermore, these features are not unique
in MPZ mutations since similar observations
have been made in CMT related mutations in
the peripheral myelin protein PMP22 gene and
in neuropathy associated with gammopathy
(Schréder & Himmelmann, 1992).

As mentioned, the Thr124Met mutation
has been found to be responsible for CMT in
families from Italy (Schiavon et al., 1998), Bel-
gium (De Jonghe et al., 1999), France (Chapon
et al., 1999; Stojkovic et al., 2003), Japan
(Yoshihara et al., 2000; Misu et al., 2000),
Spain (Gallardo et al., 2009), Germany (Send-
erek et al., 2000), and Costa Rica (this study).
The haplotype analysis of the Costa Rican fam-
ily showed similarity between those of Costa
Rica and Belgium: both present a 257 bp-allele
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in D1S2771, whereas for the marker D1S2705,
the difference between the allele related with
the mutation in the CR-C family (152 bp) and
the allele related in the Belgian family (150 bp)
is only 2 bases, which could be explained by a
single mutation. Also the difference between 23
oligo-dT nucleotides in the Belgian family and
24 nucleotides in the Costa Rican family could
be explained by the addition of one nucleotide,
or may be a sequencing artifact due to restric-
tions of the Sanger method. These two small
changes in the markers can be explained con-
sidering the estimated disjunction time between
the common European ancestors of family
CR-C and the Belgian family. SNP markers
are concordant in the Costa Rican and Belgian
affected individual B-003. Considering the nor-
mal mutation rate in a single nucleotide in an
unexpressed sequence is 2.5 x 10® mutations
per nucleotide site or 175 mutations per diploid
genome per generation (Nachman & Crowell,
2000), most SNPs-variants in the region should
be identical if these families have a common
origin. This is what is observed in the Costa
Rican and Belgian families. The haplotypes
similarity indicates a founder effect behind the
disease in these families. Interestingly, the SNP
(RS12065184) is different in the two Belgian
patients. However, the rest of the haplotype is
identical, thus the hypothesis of an additional
mutation at this place is probable.

TABLE 2
Variations around the Thr124Met mutation in MPZ of
Belgian, German and Costa Rican families with CMT.
The allele sizes are presented (bp)

Marker \ Family Belgian German CR-C
D1S2771 257 251 257
D1S2705 150 150 152
Oligo-dT (MPZ intron 2) 23 14 24

On the other hand, Costa Rican and Bel-
gian haplotypes differ with the German ones
(Senderek et al., 2000) (Table 2). This fact
suggests that the mutation locus has also prop-
erties of a hot spot, prone to variation. As
conclusion, this mutation can be explained by
a founder effect and as well the existence of an

error prone site at codon 124 of MPZ. Further
genealogical studies may elucidate the known
historical Flemish influence in Latin America.
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RESUMEN

Una familia costarricense afectada por la enfer-
medad de Charcot-Marie-Tooth, debido a la mutacion
p-thr124Met en la proteina mielina cero (MPZ) com-
partida con el haplotipo belga. La mutacion p.thr124Met
en la proteina mielina cero (MPZ) causa la enfermedad
de Charcot-Marie-Tooth tipo 2J, una neuropatia periférica
con sintomas adicionales como alteraciones pupilares y
sordera. Se ha observado en varias familias alrededor del
mundo, originarias de Alemania, Bélgica, Japon, Italia y
Norteamérica, entre otras. Aqui reportamos a pacientes
centroamericanos provenientes de Costa Rica que acarrean
esta mutacion. Se realizaron analisis clinico, electrofisio-
logico y molecular de pacientes y controles, incluyendo
secuenciacion del gen y de marcadores ligados a éste. Estos
pacientes comparten casi por completo el haplotipo con
dos pacientes belgas no emparentados. Como resultado del
analisis de los haplotipos, basado en diez marcadores (siete
SNPs, dos microsatélites y un elemento poli-A intrénico),
se sugiere que se ha dado un efecto fundador en la migra-
cion de este alelo.

Palabras clave: Charcot-Marie-Tooth, neuropatia periféri-
ca, Proteina Mielina Cero, mutacion, Costa Rica.
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