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Abstract

Mutations in the GJB2 gene are the most common causes of hereditary hearing loss. This study reveals some facts about the inheritance
pattern of M163V in the GJB2 gene.

This study was performed on two different families with non-syndromic hearing loss. We screened the GJB2 coding region with direct
sequencing.

There was a substitution of Ato G in exon 2 at nucleotide 487 (M163V). This mutation was heterozygous in fathers and children while moth-
ers were normal. Fathers of both families showed late onset hearing impairment, but there was early onset hearing loss in the children, which
was more severe compared to the fathers.

M163V has been reported as an unknown heterozygous mutation that leads to failure of the homotypic junctional channel formation. An-
other mutation in this codon is M163L, with an autosomal dominant inheritance, which impairs trafficking through the plasma membrane,
resulting in cell death. Assessment of the familial pedigree has revealed anticipation in phenotype and autosomal dominant inheritance.
These data in addition to the high conservation of methionine residue in mammalian species suggest that M163V is inherited with an auto-
somal dominant pattern. Therefore, the risk of inheritance will increase. Genetic counselors and otologists should prioritize the evaluation

and prevention of this disorder in patients.
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Introduction

earing loss is the most frequent inherited sensory disorder

in humans.* In previous studies, about 130 loci have been

described in non- syndromic hearing loss and 47 related
genes have been mapped so far.?

The first locus, DFNB1 was identified by Guilford et al. in 1994.
Three years later, mutations in the GJB2 gene, which encodes the
gap junction protein connexin26 (Cx26), were shown to be respon-
sible for deafness at this locus.®

In the cochlea, Cx26 proteins have important roles in the recircu-
lation of potassium ions.*

This cyclic ionic flux is crucial for the auditory process since it
enables the transduction of sound into nerve impulses which are
then directed to the brain for processing.

GJB2 is a small gene about 5500-bp length with 2 exons, of
which only 1 contains the coding region.

Hereditary hearing loss can be inherited as an autosomal domi-
nant, autosomal recessive, X-linked or mitochondrial pattern.?
Most of the GJB2 mutations described so far are recessive but a
few dominant patterns variations associated to hearing impairment
have also been identified.®

Identifying the inheritance pattern of these mutations could help
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genetic counselor for setting priority in evaluation, and prevention
of the disease. The aim of the current study is to confirm M163V
mutation causes a disease with the autosomal dominant pattern.

Materials and Methods

Two different Iranian families with non-syndromic hearing loss
were studied. This study was approved by the Ethics Committee of
Tehran University of Medical Sciences and signed informed con-
sents were obtained from the patients.

Atotal of six family members underwent otoscopic examination
and audiometric testing. Hearing levels were determined by pure-
tone audiometry with frequencies of 250, 500, 1000, 2000, 4000,
and 8000 Hz at intensities up t0120 dB.

Environmental causes (such as infectious diseases and ototoxic
drugs) were excluded by interviewing the patients. Peripheral
blood samples were taken from each member of the families and
genomic DNA was isolated using a FlexiGene DNA Kit (Cat. No.
51204, QIAGEN, U.S.) according to the manufacturer’s instruc-
tions.

An 806 bp DNA fragment that contained the coding exon of the
GJB2 gene (exon 2) was amplified by PCR using the following
primers: forward: 5-CTC CCT GTT CTG TCC TAG CT-3' and
reverse: 5-CTC ATC CCT CTC ATG CTG TC-3' (Gene Bank:
NG_008358.1).

PCR was performed under the following conditions: initial de-
naturation at 96°C for 3 min, 5 cycles of denaturation at 95°C for
1 min, annealing at 59°C for 1 min, extension at 72°C for 1 min,
26 cycles of denaturation at 94°C for 1 min, annealing at 59°C for
45 sec, extension at 72°C for 45 sec, followed by 8 min of final
extension at 72°C.
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Figurel. Pedigree of the family A and B.

The PCR product was subjected to direct sequencing by the chain
termination method on an ABI 3730 XL sequencer. The sequenc-
ing results were analyzed by Codon Code Aligner 3.5.2.
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Figure 2. Nucleotide sequence of the heterozygous variant ¢.487A>G
compare with normal control.

Results
The phenotypes and genotypes of the members in each studied

family are as follows: in family A, the deaf child (Alll) was het-
erozygous for the ¢.487A > G mutation (Figure 1). This mutation
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causes the substitution of the methionine amino acid residue at
position 163 of the Cx26 protein for a valine (p.M163V; Figure
2). Compound heterozygous M163V/V153I was associated with
a moderate hearing impairment in the child’s 34 year-old father
(ANL). V153l is a polymorphism associated with the GIB2 gene.”
In this family, the grandfather (Al) also had a hearing impairment
but he was not alive to be screened. The mother of the family (All2)
was normal for pure-tone test and was Wt/Wt for the GJB2 gene.

In family B, the proband (BIII) was a nine year-old boy with a
mixed severe hearing impairment, heterozygous for M163V/WT
(Figure 1). The child’s father (BII1) had the same heterozygous
genotype with mild high frequency hearing impairment that began
one year ago. As with family A, the grandfather was also positive
for a hearing impairment. The mother (BI12) was normal for pure-
tone test and was Wt/Wt for the GJB2 gene.

The fathers and grandfathers of both families showed late onset
hearing impairment. In fathers, this began in the third or fourth
decades of their lives, whereas in the grandfathers the onset was in
the sixth decade of their lives.

Discussion

A broad spectrum of GJB2 mutations associated with hearing
loss have been reported.? The ¢.487A > G mutation in its heterozy-
gous form was found in both families screened in this study. This
mutation causes the substitution of methionine amino acid at posi-
tion 163 of the Cx26 protein, which is located in the second extra-
cellular loop with valine (p.M163V). This methionine residue is
highly conserved among most mammalian species.®”

Assessment of the familial pedigrees in our study revealed an-
ticipation in phenotype and autosomal dominant inheritance. In the
two studied families, the fathers also had M163V mutations with
late onset of hearing impairment during the third or fourth decades
of their lives, whereas their children exhibited early onset hear-
ing impairment. The children had more severe impairment than
the fathers.

Several different studies have shown that the M163V mutation
is heterozygous.”* Dalamon etal. in 2005 described this muta-
tion in a 46-year-old male whose brother and parents also had the



mutation with late onset hearing loss that occurred around the fifth
decade of life.®?

In 2003, Bruzzone et al. studied the functional effects of M163V
and showed that the GJB2 gene with this mutation could be trans-
lated but failed to form homotypic junctional channels.*?

On the other hand, Matos et al. reported a new autosomal domi-
nant mutation that changes the methionine amino acid residue at
position 163 of the Cx26 protein to a leucine (c.487A > C). The
resultant mutant protein causes defective trafficking through the
plasma membrane and is associated with increased cell death.®

In conclusion, this residue (M163V) has an important role in the
functional protein and is conserved between different mammalian
species. This might explain why its mutations have always been
observed in the heterozygous form, not as compound heterozy-
gous. In addition to the aforementioned studies, the autosomal
dominant inheritance pattern in our families is another proof that
confirms this mutational pattern.

Although anticipation was observed in both families, this may
be a result of a three nucleotide repeat in an unknown hearing loss
associated gene or a risk modifying allele from the mother that
collaborates with M163V. Until now, there has been no gene with
a three nucleotide repeat in the hearing loss area. This needs ad-
ditional research in the future.

Most GJB2 mutations are inherited as an autosomal recessive
pattern, and if these mutations are found by themselves (hetero-
zygous), they are less important for the genetic counselor. How-
ever, when proven to be a mutation that belongs to an autosomal
dominant pattern, the risk of inheritance will increase. Therefore,
genetic counselors and otologists should pay more attention to pri-
oritize the evaluation and prevention of this disorder in patients.
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