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Detection of Single-Nucleotide Polymorphism Gap Junction
Protein Beta-2 Genes in Deaf Schoolchildren of Javanese
Population in Surabaya, Indonesia

Nyilo Purnami, Gwenny Ichsan Prabowo’, Citrawati Dyah Kencono Wungu', Retno Handajani'?

Department of Otorhinolaryngology Head and Neck Surgery, Faculty of Medicine, Dr. Soetomo General Hospital, Universitas Aiangga, 'Department of Medical
Biochemistry, Faculty of Medicine, Universitas Airlangga, “Hepatitis Study Group, Institute of Tropical Disease, Universitas Aidangga, Surabaya, ldonesia

Abstract

Background: Genetic factors account for about 50%—75% responsible for hearing los& The existence of single-nucleotide polymorphism (SNP)
as genetic factors that affect hereditary hearing loss. The widely studied SNP was the gap junction protein beta-2 (GJB2) gene encoding the gap
junction beta-2 protein (connexin26) that found in cochlea and required to convert sound waves into electrical nerve impulse. This study was aimed
to detect the SNP GJB2 gene of hereditary hearing loss patients from Javanese population in Surabaya, Indonesia. Methods: The design of this
study was a cross-sectional, analytic observational. The participant was taken randomly among the students from a deaf School in Surabaya. The
questionnaire was completed by the parents of the deaf children. Blood sampling was taken from venous peripheral blood. DNA was extracted
and amplified on GJB2 gene arca by polymerase chain reaction (PCR). The positive results of PCR were processed further for sequencing. The
sequencing results were analyzed to detect the GIB2 gene SNP with reference sequence/rs-80338939. Results: A total of 22 children participated
in this study; all were profound sensorineural hearing loss (SNHL). The hereditary hearing loss was obtained with fewer in five children (22.73%),
who had a history of hearing loss in their family. It was compared to 17 children (77.27%) who had no family history of hearing loss. It was found
that the nucleotide variation in nucleotide number 8473 of GIB2 gene as much as 3 (13.64%) out of 22 children in hereditary hearing loss patients
in Deaf School Type B Surabaya. Conclusions: This study did not found any SNP GJB2 gene (rs-80338939) of hereditary hearing loss patients
from the Javanese population in Surabaya, Indonesia. There was the nucleotide substitution G to A in nucleotide number 8473 of GJB2 gene, which
indicated the change of amino acid code genetic code table (valine) to amino acid code genetic code table (isoleucine). It may as the cause of SNHL.

Keywords: Gap junction protein beta-2 gene, hereditary hearing loss, single-nucleotide polymorphism

INTRODUCTION 13q.12") and encodes protein connexin 26 composed of 226
amino acids.”¥! Connexin is a gap junction that resides in
epithelial cells and connective tissue and is responsible for
maintaining electrical potential in cochlea. Gap junctions are
used to transport neurotransmitters, metabolites, and potassium
ions.®® In cochlea, connexin 26 serves to maintain the balance
of K* ions used to deliver the stimulation of sound to hair
cells during the auditory transduction process.” Mutation of
the GJB2 gene results in modification of the codon encoding

Sensorineural hearing loss (SNHL) is the most common
sensory disorder that affected by environmental, genetfic,
and interaction among the factors. About 1 in 1000 births,
50%—75% bilateral hearing loss are caused by genetic
factors.!"? Since now, there have been 102 genes that cause
nonsyndromic hearing loss and one of the genes that have
significant associations with SNHL is gap junction protein
beta-2 (GJB2, OMIM 1221011).% About 50% of GJB2 gene

mutations cause autosomal recessive nonsyndromic hearing Address for correspondence: Dr. Gwenny Ichsan Prabowo,
loss in the world. In Turkey, about 18.9% of hearing loss Department of Medical Biochemistry, i;wﬂal:y of Medicine, lilﬁuarstt?s

i i 4 gga, Surabaya, Indonesia.
patients are caused by GJB2 gene mutations. Emk i

The single-nucleotide polymorphism (SNP) GJB2 gene is an
important gene located in the DFNBI locus on chromosome
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the connexifi protein 26 and affecting the stability of mRNA.
Mutation of the GJB2 gene is the main cause of congenital
deafuness.®™ GIB2 ¢.35delG gene mutations are common in
hearing-impaired patients in Europe and America. In Eastern
and Central European societies, c.167delT gene mutations
arc commenly found in hearing-impaired patients, while in
the Mongolia race mutations, c.235delC genes that occur
in many patients with hearing loss. Thus, gene mutations in
hearing-impaired patients can be identified in GJB2 c.35delG,
¢.167delT, and ¢.235delC."'" In Indonesia, there has not
been much investigation of the association between genetic
mutations and the occurrence of congenital hearing loss,
although the number of congenital hearing loss patients in
Indonesia is high. A study in Indonesia (1994-1996) obtained
the result of a congenital auditory hearing survey in of 0.1%
and in 2005 increased by about 0.22%.!" Based on the above
description GIB2 ¢.35delG analysis in congenital hearing loss
patients in Surabaya, Indonesia needs to be done.

MeTHODS

The participants of this siudy were congenital hearing loss
patients who met the inclusion criteria in Surabaya, Indonesia.
Participant inclusion criteria include children with congenital
hearing loss with profound (>80 dB). Exclusion criteria include
patients having a history of head trauma, otological disease,
meningitis, rubella virus infection, and using ototoxic drugs.
Participant’s parents who are willing to follow the research in
advance fill out informed consent sheets. A self-administered
questionnaire was completed by parents of a deaf child
participating in a GJB2 testing study. Before the assessment of
the research, participant’s first conduct ethical test (510/panke.
KKE/VIIL2017) at Dr. Soetomo General Hospital Surabaya,
Indonesia. The population of congenital hearing loss after being
identified in Yayasan Karya Mulia, Surabaya, Indonesia, found
215 participants. After a health history study, 103 participants
were selected according to the inclusion criteria, followed by
audiometric examination (Grason-Stadler Inc., Eden Prairie,
USA) according to the diagnosis of hearing loss according
to the WHO and found 36 participants who met the criteria.
Participants, who were eligible in this study as many as 22
children, underwent a genetics evaluation.

The design used in this rescarch is observational analytic.
Participants were collected 5 ml of venous blood samples
which were inserted into the vacutainer tube with
ethylenediaminetetraacetic acid. Then, in accordance with the
procedure, the peripheral blood mononuclear cells (PBMCs)
were separated from the samples and inserted into the
Eppendorf tube and stored at —§0°C at the Institute of Tropical
Disease, Universitas Airlangga, until further analysis.

DNA extraction from PBMC was performed using modification
procedure found in DNA Isolation Kit for blood/bone
marrow (paint No. 2 032 805), then continued the amplification
of GIB2 gene by polymerase chain reaction (PCR) technique.
PCR was performed using a pair of primers made using the

primary program of NCBI, and then the primary was selected
after multiple alignments using the Computer Program Clone
Manager 9 and the optimization test. A pair of primers used
for PCR GIB2 genes is: forward 5-ACG TTC AAG AGG
GTT TGG GAA-3 ‘and reverse 5°-CTG CAA GAA CGT
GTG CTA CG-3". The first round PCR was performed for
40 cycles and used the initial hot start temperature at 94°C for
5 min, each cycle consist of denaturation: 940 C for 45 s and
final etension for 7 min. In every work, PCR used a negative
control (aquadest) and positive control (samples already known
to contain GJB2), and research samples are done together. PCR
product detection was performed by electrophoresis technique
using 2% agarose gel dissolved TBE x0.5 and containing
cthidium bromide.

We detected SNP GIB2 gene (rs-80338939) with DNA
sequencing technique. The sequencing engine used is a
sequence ABI prism 310 genetic analyzer from Applied
Biosystems, Inc., using one of the primers (sense) used on
PCR. Electropherogram obtained from sequencing results and
analyzed using Computer Program Clone manager 9.

Resutts

Demography data

In the research, participants conducted data collection on
gender, mean % standard deviation (SD), and age range with
the unit year. A summary of data on gender, mean + SD, and
age range of study participants as shown in Table 1.

The number of female Deaf School Type B (SLB) students with
the inherent deafness in this study was more than male students.
The mean age in female SLB students is younger than the mean
age in male students. The age range of male study participants
has a wider range of ages than females, with the age difference
between the youngest and the oldest in the subject of the study
were 17 years and in male 10 years in female.

Factors suspected of contributing to the occurrence of hearing
loss are as follows: environmental factors, genetic factors, and
interactions between the two factors. Factors that are thought
to play a very important role in the occurrence of hearing loss
is a genetic factor. This study also collected data-interview
questionnaire about the history of hearing loss in the family of
research participants. A summary of gender distribution data
and a history of hearing loss in the study participant’s family
are shown in Table 2.

Table 1: Distribution of gender, mean-+standard deviation,
and age range of the study parlicipants

Gender n (%) Age (year)
Mean=3D Range of age

Male (M) 10 (45.45) 14.50+10.32 8-25

Female (F) 12 (54.55) 11.83+7.44 7-17

n total (%) 22 (100) 13.12+9.13 7-25

SD: Standard deviation

- Indian Journal of Otology | Volume 25 | Issue 1 | January-March 2019
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Male participants in this study who had a history of hearing loss
in the family were higher (3/10) than female participants (2/12).
Overall, the total number of the study participants with a history
of hearing loss in the family was lower (22.73%) than the study
participants who did not have a history of hearing loss in the
family (77.27%).

Polymerase chain reaction examination results and gap
junction protein beta-2 gene sequencing

In this study. successfully extracted GIB2 gene DNA from
research participants that could be visualized by performing
electrophoresis. Documentation of PCR genc purification result
in positive GJB2 in the participants, was a DNA fragment
with a length of 422 bp that appeared as a band that visualized
with ultraviolet light. An example of electrophoresis results
from several PCR products of the GIB2 gene in the study
participants as shown in Figure 1.

Results of positive GJB2 gene PCR then sequenced to
determine the presence of SNP GIB2 gene with rs-80338939.
In this study, there was no SNP GJB2 gene with rs-80338939
but found the variation of nucleotide G to A in nucleotide
number 8473. Example of fragment resulted from sequencing
location around GJB2 gene variation in nucleotide number
8473 in research subject as shown in Figure 2a and b.

SNP GJB2 gene with rs-80338939 is located on chromosome
13q11-q12 in exon 2. In this study did not found SNP GIB2
gene rs-80338939, however, there is nucleotide variation at
nucleotide number 8473 GJB2 gene in participants study
number 3, 4, and 5, because the SNP is influenced by
demographic and ethnic factors.!""

Genetic variation in the research participants can be known
by doing multiple alignments that are comparing the results of

Table 2: Distribution of gender and history of hearing
loss in the family participants of the study

Gender History of hearing loss in the n total (%)
family, n (%)
Yes No
Male (M) 3(30) 7(70) 10 (100)
Female (F) 2(16.67) 10 (23.1) 12 (100)
» total (%) 5(22.73) 17(77.27) 22 (100)

papnppresp e TT T L LA Ad

Figure 1: Examples of electrophoresis results of some polymerase chain
reaction products of gap junction protein beta-2 genes in the participants’
research with positive results. M: Marker100 bp, KN: Negative control,
P1-P15: Sample

sequencing all research participants with GJB2 gene standard
from Gene Bank NCBI (NM_004004.5) and rs-80338939.
In the multiple alignments of the GJB2 gene standard of
Gene Bank NCBI (NM_004004.5), rs-80338939, and the
sample, it was found that in the research participants 3, 4,
and 5 found the variation/substitution of G nucleotides to A.
The nucleotide variation resulted in the amino acid change
which is coded because the codon genetic code table (GTC)
encoding the amino acid valine tumns into an amino acid code
table (ATC) codon that encodes the amino acid isoleucine.
Multiple alignments with the location of variation/substitution
of GIB2 gene nucleotide from the sequencing of all study
participants with congenital deafness, compare to rs 80338939
and GIB2 gene standard (NM_004004.5) is shown in Figure 3.
(Nucleotide number 8473).

Distribution of genotype G/G (homozygote-wild type) is
found in male research participants with 70% of inherited
deafness (7/10) and in the study participants of female
with 100% congenital deafness (12/12). Distribution of
genotype A/A (homozygote-mutant type) is only found in
the male participants with 30% (3/10) congenital deafness.
In the overall study participants with congenital deafness,
the genotype A/A distribution was 13.64% (3/22), derived
only from male participants. In the study participants with
congenital deafness studied, no genotype G/A (heterozygote)
was obtained. The distribution of genotypes and alleles of
nucleotide variation/substitution in 8473 GJB2 gene in the
study participants with congenital deafness is shown in Table 3.

There was a difference in genotype or allele distribution of
nucleotide variation/substitution in 8473 GJB2 gene in the
study participants with innate deafness between sexes. In
the male research participants obtained genotype G/G and
A/A, while the female research participants only obtained
genotype G/G. The frequency of allele G in male research
participants was 94.1% while in female as much as 92.3%.

150 260 0 250 290
ATTGGAAAGATCTGGCTCACCATCCTCTTCATTTTITCGCATTA

M ANAAAMMANANAAAAA AR AANAAAAASANNANL S AAANA

250 260 270 280 50
TGGAAAGATCTGGCTCACCGTCCTCTTCATTTITTCGCATTATG

ﬂl\mﬂﬂmmnﬂmmf\nﬂm;\mmm ANAANANAAA

Figure 2: (a) Allele A mutant type, in the research participants number
3, 4, and 5, there was a nucleotide substitution G to A. (b) Allele G wild
type, partial example of sequence location fragments around the gap
junction protein beta-2 gene variation in nucleotide number 8473 in the
study participants

Indian Journal of Otology | Volume 25 | Issue 1 | January-March 2019 ZJ
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M4 004004.5
Rs-50336939
Pl
B2
P3

AGATCTGRCTCACCGTOCTCT TCATT TTTCGCATTATG

Figure 3: Multiple alignments with location around nucleotide
substitution G to A on gap junction protein beta-2 gene single-nucleotide
polymorphism (rs-80338939), NM_004004.5, and all samples (P1 - P24).
NM_004004.5: Gap junction protein beta-2 gene standard from
Gene-Bank NCBI, rs-80338939 and all samples (P1-24)

Nucleotide variation/substitution in 8473 GJB2 gene in
the study participants with deafness based on demographic
characteristics is shown in Table 4.

Discussion

Molecular diagnosis to detect mutations in congenital deafness
has many constraints since the number of genes suspected to
be the cause and contribution of each gene in causing deafness
is still not fully understood. Types of gene mutations found in
congenital deafness influenced by several factors, namely, the
differences in demographic and ethnic populations.

Genetic analysis of congenital deafness is an important tool
of tracking hereditary disease in research participants with
congenital deafness as early as possible so that it can be
treated promptly, as well as tracing the hereditary deafness
to family members of the study participants and also can be
used as premarital screening.['?! It is important to note that
genetic testing should be counted, related with 50% of children
with congenital hearing loss are due to genetic factors and
about 50% of infants do not have any known risk factors,
mandating the implementation of universal newborn hearing
screening (UNHS) for both newborns with and without risk
factor. However, UNHS may suffer from limitations. First,
since the target condition for the majority is permanent hearing
loss and given that a genetic cause could not be identified in
many hearing-impaired children.™

Delay in diagnosis of hearing loss resulted in a major
impact on cognitive development and the ability of children
to communicate; hence, it will greatly affect the child’s
psychosocial development in the future.

Research participants with a history of hearing loss in the
family were fewer than those who had no history of hearing
loss in the family. The results of this study are not in line

Table 3: Genotype and allele distribution of nucleotide
variation/substitution at 8473 gap junction protein beta-2
genes in the study parlicipants with congenital deafness

Hereditary hearing loss

Male (%) Female (%)

Genotype

G/G 7(70) 12 (100)

G/A 0(0.0) 0(0.0)

A/A 3(11.8) 0(0.0n

Total 10 (100) 12(100)
Allele

G 14(94.1) 24 (92.3)

A 6(5.9) 0(0.0)

Total 20 (100) 24 (100)

G/G: Homozygote wild type, A/A: Homozygote mutant type,
G/A: Heterozygote

Table 4: Distribution of genotype variation/substitution
of gap junction protein beta-2 gene nucleotide based on
-demographic characteristics on study participants with
congenital deafness

Genotype A/A (isoleucine/ G/A G/G (valine/
GJB2 gene isoleucine} (valine/ valine)
(mutant type) isoleucine)} {wild type)

Mean age (year) 235 0 11.92
Gender

Male ] 1] 7

Female 0 0 12
Family history

Yes | 0 4

No 2 ] 15

A/A: Homozygote mutant type, G/G: Homozygote wild type,
G/A: Heterozypote

with previously obtained data, which is about 50% of GIB2
gene mutations causing autosomal recessive nonsyndromic
hearing loss in the world.™ The GIB2 gene plays a coding
protein gap junction beta-2 (connexin 26) which is primarily
expressed in the stria vascularis, ligament spiral, spiral limbus,
and among the buffer cells in the cochlea. Connexin 26
(gap junction protein) plays a role in the transport of potassium
ions in the inner ear. Connexin 26 malfunctions from GJB2
gene mutations will result in impaired potassium ion transport
from hair cells through the supporting cell network to the
endolymphe that induce hearing loss.!*) Nonsyndromic SNHL
can caused by SNP GJB2 gene that it can bother the transport
of potassium jon.!"*!

In this study, the GJB2 gene SNP was not found with
rs-80338039, the heterogeneity of the results of this study
was supported byl'"l who suggested that ethnic diversity
and geographic area could influence genotypic variation in
the population.!""! Factors that are suspected to influence the
results of this study are the differences in ethnicity because
the research participants are all derived from the Javanese
population as well as the difference of demographic location

7 1ndian Joumal of Otology | Volume 25 | Issue 1 | January-March 2019
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because the research was conducted in Asia, Indonesia. This
is supported by the SNP study of the GIB2 gene in Japanese
and Korean populations found mainly in SNP 235delC and in
African population found R143W.['¥

In this study, SNP GJB2 gene was found with the prevalence
of 13.64% (3/22) in nucleotide number 8473 which resulted
GTC codon change to ATC, causing the substitution of amino
acid valine to isoleucine. This funding was described consistent
with an optimization of the genctic code so as to minimize
kinetic energy disturbances during evolution by mutation
for processes such as protein folding and dynamics known
to be essential for function."*! This result provided empirical
evidence that genetics evaluation is important to parents
regardless of the genetic testresult and children have received a
genetic explanation for the deafess.""” Further research needs
to find on the impact of substitution of valine amino acid to
leucine in congenital deafness. Efforts to increase awareness of
the usefulness of genetics evaluation to ensure appropriate care
for deaf children as recommended by the American College
of Medical Genetics."'”

ConcLusions

There was not find the SNP GIB gene in this study on the
congenital deafness of the Java tribe in Surabaya, Indonesia,
referring to NCBI with rs-80338939 (SNP is in nucleotide
number 8293 [y], 8341 [r], 8361 [y], 8380 [y] 8429 [n],
8444 [v], 8528 [r], and 8543 [k]). Further research on following
this finding might demonstrate the clinical utility.
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