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Abstract

Object: To identify the presentation of deafness-related gene caused non-syndromic hearing loss in Vietnamese
children.

Methods: Apply DNA microarray to 250 hearing-impaired and 250 normal children in Hanoi to screen nine
mutational hot spots of four deafness genes, namely GJB2, GJB3, SLC26A4, and 12S rRNA.

Results: there are 16 hearing loss participants carried mutations, account for 6.4% in comparison with 0 % of
control group. The carrier rates of GJB2, GJB3, SLC26A4, 12S rRNA mutations were 4.4%, 0%, 1.2% and 0.8%
respectively.

Conclusion: Early detection of common deafness mutations is a factor for diagnosing and rescuing, helping
hearing-loss children to develop their language and awareness normally. Microarray testing is a helpful and
instrumental screening method in the diagnosis of genetic hearing loss.
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GJB3; SLC26A4; 12S rRNA

Introduction
Hearing loss (HL) is one of the most common human sensory

diseases with an approximate incidence of 1-3 per 1,000 newborns
(WHO). Vietnam has about 1 million children born with more than
15,000 children will be deaf each year, according to ASEAN stats 2015.
The previous studies showed that 50% or more of congenital hearing
loss is due to genetic causes. 70% of all cases of genetic hearing
impairment are non-syndromic [1].

To date, more than 200 genes and 300 genetic loci have been
implicated in NSHL. The marked heterogeneity of genetic hearing loss
can be explained by the complexity of the auditory system, which
requires coordination of multiple processes involving the inner ear and
nervous system. A defect in any part of this complex chain of events
can lead to hearing impairment. The time at which the hearing
impairment is discovered is the most important factor affecting the
ability of a child to acquire language, because deafness is the biggest
obstacle to language learning and communication [2]. Therefore,
providers of genetic services should play an increasingly important role
in newborn hearing screening, diagnostic, and intervention services.

The most common known cause underlying autosomal recessive
NSHL is a mutation in the GJB2 gene. The GJB2 gene encodes
connexin 26 (C × 26), a transmembrane protein, functioning in
potassium recycling in the inner ear through the formation of gap
junctions. GJB2 mutations are responsible for approximately half of the
genetic hearing loss cases in the United States, Europe, Israel and
China [3-8].

The SLC26A4 gene provides coding instruction for an anion
(chloride/ iodide/ bicarbonate) transporter called pendrin, which is
expressed in the kidneys, inner ear, and thyroid [9-11]. Mutations in
SLC26A4 are responsible for approximately 5-7% of all cases of
congenital recessive hearing loss in the East Asian and Caucasian
populations [12-14].

The objective of this study is to detect nine hotspot mutations in
four common hearing loss related genes, including GJB2 (35delG,
176_191del16, 235delC, 299_300delAT), SLC26A4 (IVS7-2A>G,
2168A>G), GJB3 (538C>T), and 12s rRNA (1555A>G, 1494C>G),
through a hereditary hearing loss microarray screening method in
Vietnamese children with congenital HL.

Materials and Methods

Research subject
A total of 250 hearing-impaired children at the age from 5 to 8 were

recruited from the Otorhinolaryngology faculty and Biomedical and
Genetics Department at the Hanoi Medical University, Hanoi, Viet
Nam. The control group consisted of 250 subjects without hearing
disorder from all corresponding educational grades from 3 primary
schools in Hanoi.

Methods
In the study group 500 subjects (cases and control group) were pre-

tested for nine hotspot mutations of 4 deafness genes with a Nine
Deafness Gene Mutation Detection Microarray Kit (Capital Bio
Corporation, Beijing, China), as previously described.
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Firstly, we peripheral blood samples were obtained from objects,
and genomic DNA was extracted using a blood genomic DNA
extraction kit (Qiagen, America) according to the manufacturer’s
protocol. Then we performed polymerase chain reaction (PCR)
amplification of the obtained DNA. The PCR product was screened for
nine mutations of four deafness-related genes.

Samples were added into 200 μl centrifuge tube and 15 μl of
hybridization solution was added. It was placed in the hybridization

instrument for 60 min under 50°C and 5 r/min. Then, it was washed,
dried and scanned. Deaf Test software was used to set up the QC
(quality control probe), PC (positive probe), BC (blank control probe),
NC (negative control probe) and W (wild type) and Mutant type)
probes for 9 detection sites (Table 1).

2D 7D, 10D 34D 21D, 58D

Result

Mutation GJB2 (299_300delC)

Heterozygous

GJB2

(235delC)

Heterozygous

SLC26A4

(IVS7-2A>G)

Heterozygous

MT-RNR1 (1555A>G)

Homozygous

Table 1: Mutation detection by microarray method.

Results

The carrier and mutation rates of deafness genes by DNA
microarray

Among the 250 NSHL cases included in our study, 16 carried at
least one type of pathogenic mutation, for a carrier rate of 6.4%. No
mutations were identified in the control group (Table 2).

Gene Nucleotide chance Carrier number
Carrier rate % (n=16)

Carrier rate % in total
(n=250)

Homozygous Heterozygous

GJB2 c.299-300delAT 3 5 50% 3.2%

c.235delC 0 3 18.75% 1.2%

35delG 0 0 0% 0%

176del16 0 0 0% 0%

SLC26A4 c.2168A>G 0 3 18.75% 1.2%

IVS7-2A>G 0 0 0% 0%

12S rRNA 1555A>G 2 0 12.5% 0.8%

1494C>T 0 0 0% 0%

GJB3 s538C>T 0 0 0% 0%

Total 16 100% 6.4%

Table 2: The carrier rate of deafness genes in 250 HL children.
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Table 1 shows that the c.299-300delAT GJB2 mutation was the most 
frequent, accounting for 50% of gene mutations. The second most 
frequent mutation was at c.2168A>G SLC26A4c (18.75%) and c. 
235delC GJB2 (18.75%). There are two among the 16 carriers carried 
the 1555A>G 12S rRNA mutation, account for 2.5%. None of 
candidates has mutation in GJB3 genes.

Discussion
Several studies show that about 60-80% of pre-lingual HL in

patients worldwide is associated with genetic factors, with clinical data
from developed countries showing that more than 60% of deaf patients
have hereditary deafness [15]. As the human genome project had been
completed, deaf disease gene localization and cloning have made great
progress. The molecular genetics and molecular epidemiology of
NSHL have gradually revealed the underlying genetic susceptibility to
HL.

Our new findings revealed that in the 250 patients screened, a total
of 16 of these subjects had pathogenic mutations, accounting for 6.4%,
which is in accordance with the frequencies in previous reports.
Among these nine sites in four genes, the carrier rate of GJB2
mutations (235 del C, 299 del AT. 35 del G, 176 del 16) were 3.2%,
1.2%, 0%, and 0%, respectively. The mutation rate for SLC26A4 sites
(IVS7-2A>G, 2168 A>G) was 1.2% and 0%, respectively. The figure of
gene MT-RNR1 (m.1555A>G) was 0.8% and none of mutation in GJB3
was found.

GJB2 gene mutations are the most common deafness-susceptibility
genes, which already have been mapped and cloned. At present, more
than 100 types of mutations have been found in the GJB2 gene.
However, different populations differ in their variations in the GJB2
gene [16]. Typically, the audiogram has a down sloping or flat pattern.
Symmetry between ears is typical, although one-fourth of individuals
have intra-aural differences of up to 20 dB (Cohn and Kelley). The loss
tends to be stable, with neither improvement in hearing nor fluctuation
in hearing level over the long term. In general, bony abnormalities of
the cochlea are not part of the deafness phenotype (less than 10%) and
developmental motor milestones and vestibular function are normal.

SLC26A4 encodes an anion transporter (chloride and iodide) and
mutations in SLC26A4 are the second most frequent cause of
autosomal recessive nonsyndromic HL (ARNSHL), and the resulting
phenotypes include PS, an autosomal recessive disorder characterized
by sensorineural deafness and goiter, Everett et al. [9]. The deafness is
congenital and associated with temporal bone abnormalities that range
in severity from isolated enlargement of the vestibular aqueduct [EVA;
dilated vestibular aqueduct (DVA)] to Mondini dysplasia, a more
complex malformation that also includes cochlear hypoplasia. The
thyromegaly in PS is due to multinodular goitrous changes in the
thyroid gland, although affected persons typically remain euthyroid.
The perchlorate discharge test is often abnormal.

MT-RNR1 is a drug-sensitive mutation; knowing about this
mutation can help parents avoid drugs, which will adversely affect the
child’s hearing. Deafness genes identified at neonatal screening can
predict some genetic correlation of late-onset deafness.

GJB3 mutation is associated with the high-frequency hearing
impairment in an autosomal dominant or recessive inheritance
pattern. GJB3 mutation is rarely detected in European and North
American population [17]. Our result has shown that there is no
mutation of gen GJB3 in Vietnam.

Conclusion
In conclusion, about 6.4% of the children with severe or profound

NSHL were found to harbor nine common mutations in the GJB2,
SLC26A4, MT-RNR1. This study supports the theory that the
mutations of GJB2 is the major genetic causes in sporadic NSHL,
which accounts for approximately 68.75% of case.

Hopefully a more comprehensive, accurate, fast, economic gene chip
will be developed in near future. As a result, deafness detection
technique will be used as a routine detection in clinic.
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