Main Article

Frequency of W24 X Gene Polymorphism
among the Students from Hearing
Impaired Schools of Shimoga District

https://doi.org/10.47210/bjohns.2021.v29i2.436

Gangadhara KS," Geetha Bhaktha,” Manjula B’

ABSTRACT
Introduction
An important accompaniment of Non-syndromic sensorineural hearing loss is family history and consanguinity. One of the
widely studied single nucleotide polymorphism is the gap junction protein beta-2 (GJB2) gene which encodes the protein
connexin26. This study aims to detect the frequency of W24X mutation in a population with non-syndromic sensorineural
hearing loss concerning the degree of consanguinity.
Materials and Methods
The study includes 76 subjects with Non-syndromic sensorineural hearing loss. These subjects had congenital sensorineural
hearing loss and other causes for the same had been ruled out. The SNP rs 104894396 was identified by the PCR-RFLP
method.
Results
The frequency of the wild allele was 0.84% and the mutant allele was 0.15%. The frequency of wild allele and mutant allele
did not differ much between patients with and without consanguinity. The association between consanguineous marriage
and allele frequency was not significant. Gene polymorphism was not present in 77 percent of our NSHL subjects, though 79
percent of our study population were a result of consanguineous marriage.
Conclusion
Though the role of consanguineous marriages in congenital sensorineural hearing loss is well established, the association
between allele frequency and consanguineous marriage was not seen. We assume that other genes responsible for deafness
may be involved in the population.
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he most common neurosensory defect is hearing
loss. World Health Organization in its newsroom
has reported that 5 percent of the world’s
population or 466 million people worldwide is known to
have disabling hearing loss and among which nearly 34
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million of these are children. Probably by 2050 over 900
million people are slated to have disabling hearing loss.'
The majority of the causes of hearing loss are genetic;
non-genetic causes may be complications at birth, certain
pre-natal infections like Rubella, chronic ear infections,
the use of ototoxic antibiotics (e.g., aminoglycosides),
exposure to excessive noise, and aging.

Sensorineural deafness or sensorineural hearing loss
(SNHL) may be due to aetiologies in the cochlea and the
auditory nerve or damage in the auditory pathway.

Sensorineural hearing losses may be classified as
acquired and inherited. Deafness is observationally
and genetically diverse. When the auditory function is
the only observational finding without being associated
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with other symptoms or anomalies it is called the
non-syndromic form of deafness. Factors associated
with non-syndromic hearing loss (NSHL) are genetic
and are due to inheritance. Consanguineous marriage
will bring closer the biological association between
parents. Hence the probability of their offspring getting
the defective gene is more. The relationship between
consanguinity and genetic conditions with health
problems is extensively known. Some examples are
phenylketonuria (PKU), immunodeficiency disorders,
beta-thalassemia, and Down’s syndrome

Syndromic and non-syndromic hearing loss account
for nearly 50% of the inherited cases.” Of these 70
percent are non-syndromic and 30 percent are syndromic
cases of deafness. A major share of loci in the aetiology
of nonsyndromic hearing loss has been recognized.>*

Connexin, a four-pass transmembrane protein
constitutes the gap junction, which allows intercellular
communication. A polymorphism in the GJB2
gene located on chromosome 13q.12 results in the
modification of connexin 26 proteins.’ It is observed
that the genetic cause for congenital deafness is a
mutation in the GJB26. W24X is the mutation found
in the gene encoding connexin 26. Though there are
several mutations associated with hearing impairment
and identified in the GJB2 gene, the one common among
them was W24X6.

It is observed that most of the cases show clinical
features of bilateral hearing loss and are due to either
a single monogenic point or small indel mutation.”!?
The most observed cause for hearing loss has a strong
genetic inheritance and consanguinity plays a major role
init. A common tradition of consanguineous marriage is
prevalent among Africans, Asians, and Latin Americans.
This results in siblings with a higher incidence of genetic
disorders including hearing impairment. It is seen that
offsprings of consanguineous marriages run a higher
chance of having hearing impairment since the parents
are more likely to be homozygous for the trait, resulting
in the passing of the defective gene to their children. A
family history of deafness is considered a less prevalent
risk factor that is closely linked with consanguinity.
Hence we aimed to map the prevalence of consanguinity
and family history to show the pattern of genotype in
hearing loss due to W24X polymorphism.

Materials and Methods

Selection of study group: A total of 76 subjects were
included in the study (47 male and 29 female). In
this prospective study, subjects were selected after
audiological evaluation. Patients having conductive
hearing loss, syndromic hearing loss, history of taking
ototoxic drugs, history of otorrhea, head trauma,
meningitis, NICU admissions, kernicterus, any other
perinatal pathology, maternal complications during
pregnancy, or history of maternal consumption of
ototoxic drugs during pregnancy or any other known
causes of hearing loss were excluded from this study.

Study subjects showing a severe-to-profound
congenital hearing loss on pure-tone audiometry were
further subjected to immittance audiometry, otoacoustic
emissions, and evoked auditory brainstem response
evaluation. The study data represents information
conducted over one year (January to December 2020).

The non-syndromic congenital sensorineural hearing
loss (SNHL) for GJB2 mutations was screened at the
speech and hearing center of Shimoga Institute of
Medical Science, Shivamogga, Karnataka, India

Blood sample collection: 3ml of venous blood was
collected in an EDTA containing vacutainer tube from
the study group with informed consent and was used for
DNA isolation.

Genomic DNA isolation: HiPurA Blood Genomic
DNA Mini Purification Kits from Himedia PVT was
used. This kit provides silica-membrane-based DNA
purification from fresh, old (more than 24 hours) and
frozen blood. The protocol involves blood cell lysis,
whichis achieved by incubating whole blood in a solution
containing chaotropic ions in the presence of Proteinase
K at 55°C. The lysate is prepared for the initial binding
of DNA to the spin column, and impurities like proteins,
polysaccharides, low molecular weight metabolites, and
salts are removed by short washing steps. HiMedia’s
spin column format allows rapid processing of multiple
numbers of samples in various volumes. The columns
have a high binding capacity and high-quality DNA is
obtained which is suitable for downstream processes.

The concentration and purity of DNA were
revealed using the Eppendorf micro Cuvette G1.0
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Table I: Demographic data of the study population [N(%)]

Table II: Genotype data for the W24X mutation in the
patients studied (N=76)

No mutation(GG) 59

G=0.84
Homozygous(AA) 6

A=0.15
Heterozygous(GA) 11

Male 47 (61.8)
Gender
Female 29 (38.2)
Family history of Yes 19 (25)
deafness No 57 (75)
No relation 16 (21)
Relation with the First 39 (51.3)
deaf individual Second 5(6.7)
Third 16 21)

BioSpectrometer basic. The DNA was aliquoted and
stored at -20°C.

Polymerase chain reaction-restriction fragment
length polymorphism (PCR—RFLP): On confirming the
purity of DNA, PCR was carried out for SOmicroliter
reactions using Himedia Taq mixture for 40 cycles (each
cycle of 94° C for 30 seconds, 60° C for 30 seconds, and
72° C for 60 seconds). The genomic region around the
W24X polymorphism was amplified using the desalted
primers Forward 5’-TCT TTT CCA GAG CAA ACC
GC-3’ and Reverse 5°-GAC ACG AAG ATC AGC TGC
AG-3’ from Metabion International Agency, Germany
by Hysel India Pvt Ltd. The amplified DNA fragment
was detected by running the PCR product on 1% agarose
gel, electrophoresed at 110 V. A visual quantification
of amplified DNA product was done in a gel doc (Bio-
Rad) using a 1500 base pair DNA ladder (Himedia). The
DNA was then considered for PCR—-RFLP procedure.
The 286 base pair PCR product was subjected to
overnight digestion with Alul restriction enzyme, as
per the protocol from the manufacturer’s instructions of
New England Biolabs.

If the DNA has the mutation, then restriction enzymes
will cut the DNA, resulting in fragments of different
sizes. The subjects with no mutation in the DNA of
interest will not be cleaved, resulting in a single band
(286 bp). When the DNA has a mutation in both the
strands then the restriction enzyme will cut both the
strands resulting in two fragments of equal size, i.e.,
with two bands as homozygous (182,104 bp).

When the mutation in the DNA is seen only in one

strand then the restriction enzyme will cut only that
mutated strand. Resulting in a total of three fragments.
Hence three bands as heterozygous (286,182,104 bp)
are seen.

For analysis, the data was entered in an excel sheet,
and frequency in percentage was calculated based on
the genotype.

Results

The study comprised 76 subjects and was fulfilling
the inclusion criteria. Among the subjects in our study
population, non-syndromic sensorineural hearing loss
was higher among the male population. The surprisingly
major share of the subjects (75 percent) of the study
population had no family history of deafness. Out of the
individuals with a family history of deafness, the first-
degree relation with the deaf individual was higher than
the not related status. (Table I)

The polymorphism in the W24X gene is depicted in
Table I1. The allele frequency of the wild gene was higher
throughout the study population. Nearly 77 percent of
the study population had no gene polymorphism. Among
the individuals with the mutation, the homozygous state
was less prevalent than the heterozygous state.

The distribution of consanguinity and its genotype
data is depicted in Table III. It is seen that 79 percent of
this study population were offsprings of consanguineous
marriages. Among these, a majority had no gene
polymorphism in the W24X gene though having non-
syndromic sensorineural hearing loss. It was observed
that there was no difference in risk allele frequency
between consanguineous and unrelated marriages.

Figure 1 shows different banding patterns after
subjecting to Restriction digestion Alu I. Lane 2 shows
the single band of 286 bp, lane 3 shows two bands of
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Table I1I: Grouping of type of marriage with genotype data analysis

GENOTYPE UNRELATED N(%) CONSANGUINEOUS N(%) OR(95% CI)  P-VALUE
GG 13(81.25) 46(76.6)
GA 2(12.5) 9(15) 127 (0240 6.63) |  0.78NS
AA 1(6.25) 5(8.4) 1"‘}3(01';)5 0 0.76NS

184, 104 bp, lane 4 shows three bands of 286, 184,
104bp.

Discussion

The gene encoding for connexin26 is GJB2 (Cx26).
This was the first gene found to be associated with an
autosomal recessive form of hearing loss.!! Most cases of
inherited hearing loss also have some other impairment.
In our study, we ruled out Usher syndrome, Jaervell
Lange-Nielsen syndrome, and Pendred syndrome which
were the most frequent associated forms.'> We also ruled
out prenatal and perinatal factors responsible for NSHL.

Fig. 1. Agarose gel electrophoresis showing banding
pattern.

Non-syndromic forms account for a fair proportion
of cases of deafness. This is described as molecular
heterogeneity.!® There are several ways of inheriting this
deafness. In our study, we have focused on autosomal
recessive non-syndromic hearing loss. Among these, the
mutation in GJB2 which is commonly associated with
autosomal recessive forms in the Indian population is
W24X.14

The prevalence of mutation W24X in India is
around 83-96 percent.*!'* The demographic data on the
prevalence of Non-syndromic hearing loss and their
related spectrum of genetic subtypes is very crucial
to improve the status of the individual. This mutation
affects the gap junction protein in the region where it
codes for tryptophan, which on mutation becomes stop
codon (W24X).

Across the Indian subcontinent, the identification
of this variant has been reported very well. A 26%
frequency rate was reported by Nayar et al from Pune
region.”” Ramshankar et al have reported an 18.1%
prevalence among congenitally deaf persons.®

This study has focused on the difference in the
association between consanguinity and risk allele
frequency in the subjects of non-syndromic hearing loss.
A study from Saudi Arabia had reported that offsprings
of consanguineous marriage had a significantly
elevated incidence of autosomal recessive disease.'®
Consanguineous marriage is a common practice in the
Middle East and a study conducted by Aljohara et al on
the prevalence of the inherited disorder has shown that
the incidence of having more than one child with SNHL
among the children from a consanguineous marriage
is 3.5 times higher than that of a non-consanguineous
marriage.'”” In our study, the prevalence of SNHL
among consanguineous offsprings was not significant,
though this study had a higher number of siblings
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from consanguineous marriage (79%). Connexin
channels (gap junctions and hemichannels) are common
offenders in a sensorineural hearing loss since cochlear
homeostasis is very much needed for hearing. The
effect of consanguinity on cochlear morphology has
been questioned and speculated to be altered. But
consanguineous marriage has not resulted in any
structural anomaly of cochlea.'® Genetic testing in these
offsprings need not be extensive and thus we can limit it
to the selective screening of those genes responsible for
the functioning of the cochlea rather than its anatomical
development. Our study has tried to identify those genes
which need to be specifically screened.

We also found 21 percent SNHL among non-
consanguineous marriages. This may be because
assortative mating comparatively influences recessive
mutations in the general when expressed in a
population."

In our study population, 77% had no gene
polymorphism in the W24X gene. This may be because
genetic causes of hearing loss are quite heterogeneous.
Several studies have shown the presence of some
common mutations among the Asian populations. This
includes 235delC among the Korean and Japanese
population.?*?! The mutations W24X and W77X were
found in Pakistani and Indian population®**' along with
Q124X.22 Hence this may be the reason that in our study
population other mutations may co-exist with W24X.
We assume that other genes responsible for deafness
may be involved in the population.

Conclusion

This study found gene polymorphism for the W24X
gene only in 23 percent of subjects. Since the offsprings
of consanguineous couples were more, we expected
gene polymorphism of this gene to be more prevalent.
This shows the possibility of the presence of mutation
other than W24X. Further research is needed to identify
other unknown mutations for SNHL.
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