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Hereditary hearing impairment is heterogencous type of disorder which can be caused due to
environmental as well as genetical factors. Two distinct types of hereditary hearing loss are
syndromic or non-syndromic. Non-syndromic hearing loss is further categorized as autosomal
recessive, autosomal dominant, X-linked and mitochondrial deafness. Autosomal recessive occurs
more frequently as compared to autosomal dominant. Mutations in various genes are responsible
for hereditary hearing impairment. To date, about 99 autosomal recessives and 67 autosomal
dominant genes for deafness have been discovered. Some of important genes include GJB2, JGB6,
GJB3 which encodes gap junction proteins, MYO7A, MYO15A encodes myosine proteins, OTOF
encodes otoferlin, and SLC26A4 encodes anion exchanger protein. Up till now, the mutation in
GJB2 gene occurs more frequently in different population of the world and cause autosomal
recessive hearing impairment. The purpose of this review article was to explore the mutation and
function of those muted genes which encode different type of protein and responsible either for
autosomal recessive or autosomal dominant hearing impairment.
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INTRODUCTION

Hearing loss is one of the major problems in the
present world. One in thousand offspring is generally
affected due to hearing impairment worldwide. It is
genetically and phenotypically heterogeneous and
almost 300 million individuals suffered from it in the
present world.'® It is common at all ages. In
developed countries about 6—8% people are suffered
from genetic hearing impairment and it is considered
as the most serious health concern by birth.*

It can be due to environmental causes or
genetic factors. Almost 50% of hearing impairment is
due to genetic factors® that may be non-syndromic or
syndromic®. The non-syndromic hearing impairment
is further categorized as autosomal recessive,
autosomal dominant, X-linked and mitochondrial
hearing impairment and it is not associated with any
other defect in the body only concern with hearing
impairment. Almost 75-80% cases of hereditary
hearing impairment are of autosomal recessive non-
syndromic, 15-25% cases are autosomal dominant
non-syndromic, 1-2% cases are mitochondrial or X-
linked. Commonly, autosomal recessive hearing
impairment indicates pre-lingual or post-lingual
deafness which ranges from serious to intense
deafness. In autosomal dominant hearing impairment,
the phenotype is usually less serious which shows
post-lingual deafness and ranges from average to
serious.” The syndromic hearing impairment is
concerned with defects of other body parts and cause
diseases like, i.e., diabetes millets, Retinitis
Pigmentosa etc and about 30% of hereditary hearing
impairment is syndromic and it includes different

syndromes like usher syndrome, warden burg,
stickler, Alport etc.®

Autosomal recessive deafness is mostly
found in the people of Middle East because of
consanguineous marriages where the families are
large and more affected people and children are
found. In Pakistan, the hereditary deafness is
congenital and severe and covers 70% of cases while
autosomal recessive hearing impairment is the
frequent type because in Pakistan most of the
marriages are consanguineous which are estimated
about 60% and first cousin’s marriages are estimated
about 80%.”'" It has been estimated that about 40%
pathogenic mutation in genes and almost 130 loci
have been identified in isolated form. In Pakistan,
these loci were identified first in affected
individuals."" According to recent survey, the
marriages between first and second cousins results to
give birth to offspring with hearing impairment in
developed countries."?

Up till 2015, 99 autosomal recessive'®, 67
autosomal dominant', six X-linked recessive loci"
have been identified. The genes responsible for
autosomal recessive non-syndromic hearing loss
include (GJB2, MIM # 121011) encodes gap junction
protein beta 2, (MYOI154, MIM# 602666) encodes
myosin XVA, (TMCI, MIM# 606706) encodes
transmembrane channel-like 1, (SLC2644, MIM#
605646) encodes solute carrier family 26 (anion
exchanger) member 4, (OTOF, MIM# 603681)
encodes otoferlin and (CDH23, MIM# 605516)
encodes cadherin-related 23. Each of these has at
least more than 20 various mutations and most of
these are found in consanguineous families.'®
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The aim of this review was to highlight the function
and contribution of those muted genes which were
responsible for hereditary hearing loss and encode
different group of proteins. There are about 25
different proteins encoded by various non-syndromic
deafness genes. The important proteins and their
relative genes are discussed in this review paper.

The search engines used for this review
paper were original research papers, Google Scholar
(https://www.google.com.pk), OMIM Entry
(https://www.omim.org/entry/121011), PubMed
(https://www.ncbi.nlm.nih.gov/pubmed),
http://hereditaryhearingloss.org/.

Gap Junctions

Gap junctions are intercellular channels and play a
vital role in the connection of cytoplasm of nearby
cell. Two hemi channels form these gap junctions,
each of which consists of six subunits.'”"® All the
Connexin are named as gap junction because these
are involved in the formation of gap junctions. These
are helpful in cell to cell communication via plasma
membrane of various cells. The transfer of
intercellular small molecules in the tiny environment
of the tissues is brought by the help of gap junction
and participates in intercellular communication.'® The
mutations in Connexin may create serious type of
hearing impairment and about 50% of deafness cases
are due to these mutations.”>** Various genes encode
different types of gap junction proteins. Those genes
include GJB2 encodes Connexin 26, GJB3 encodes
Connexin 31 and GJB6 encodes Connexin 30.

GJB2 (DFNBI1) (gap junction protein beta 2)
is a gene located on chromosome 17pl1.2, it is a
region which is similar to that of mouse model” and
involved in the cochlear homeostasis. GJB2 gene
encodes Connexin - 26 proteins, consists of 2 exons
and about 23 domains in Homo sapiens. About 189
different types of GJB2 genes have been discovered
in different organisms. Connexin 26 is a gap junction
protein. The GJB2 gene is responsible for autosomal
recessive non-syndromic hearing impairment and was
first discovered in 1996 in the consanguineous
families of Pakistan.”® In European countries about
50% of autosomal recessive non-syndromic
hereditary hearing impairment is due to mutation in
GIB2 gene.”” Most of the non-syndromic hearing
impairment (~50%) in children is caused due to
mutation in GJB2 gene.”® The GJB2 gene mutation
with 35delG is mostly responsible for hearing
impairment.*'* At least 100 various kinds of
mutations are recognized in GJB2 gene in the
patients with autosomal recessive non-syndromic
hearing impairment in different populations. GJB2
gene mutation is the basic cause of hereditary
deafness responsible for DFNB1 and DFNA3.%
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GJB3 (DFNA2B) gene encodes connexin-31 protein,
therefore also known as gap junction protein beta-3
gene (DFNA2B)>'"*? GJB3 gene is located at
chromosome 1p34.3 and composed of 2 exons in
human. It encodes connexin-31 protein (Cx31). At
least 157 GJB3 genes have been discovered in
various organisms. It is generally involved in
autosomal dominant and autosomal recessive hearing
impairment. Non-syndromic hearing impairment or
erythrokeratodermia is caused due to mutation in
GJB-3 gene.” Erythrokeratodermia variabilis (EKV,
MIM ID #133200) is a type of skin disorder but it is a
rare autosomal dominant disorder.”® The GJB3 gene
mutation was first identified in Chinese family
having autosomal dominant hearing impairment.**

GJB6 gene is located at chromosome 13q12
and consisting of 7 exons. GJB6 gene (MIM 604418)
encodes connexin-30 (Cx30), which is part of gap
junction proteins in the cochlea of inner ear.” Cx30
consists of 261 amino acids. About 162 GIJB6 genes
are identified in variety of organisms. Autosomal
recessive non-syndromic hearing impairment is
mostly caused by the mutation in GJB6 gene”’ but
this type of mutation is also responsible for
autosomal dominant hearing impairment in various
populations. The gap junctions Cx26 and Cx30 are
strongly expressed in the cochlea of inner ear and
play a vital role in the maintenance of potassium ion
homeostasis in the cochlea.’® Important mutations
were detected’’, in GJB6 gene that screened 23
dominant families and 64 and 30 families of America
and Japan with autosomal recessive non-syndromic
hearing impairment respectively.’’ A 342-kb deletion
is considered the most frequent type of mutation in
GJIB6, if it is homozygous or present in Trans
position with recessive GJB2 mutation then causes
non-syndromic hearing loss. About 20 various
pathogenic type of mutations in GJB6 with Del
(GJB6-D13S1830) and Del (GJB6-D13S1854) are
identified proceeding to sensorineural hearing
impairment.”®
Tight Junction
Tight junctions are very important in the formation of
intercellular barrier between the epithelial cells.
These intercellular barriers are necessary for the
separation of tissue spaces and regulation of solutes
through epithelium. Almost 40 various proteins have
been recognized as tight junction.” The most
important gene which encodes tight junction is
CLDN14 (DFNB29) and mutation in this gene cause
autosomal  recessive  non-syndromic  hearing
impairment.

CLDN14 (DFNB29) is a gene which
encodes claudin-14 protein present in human
beings.*” This gene is located at chromosome
21922.3 and consists of 7 exons in Homo sapiens.
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There are about 180 different types of CLDNI14
genes present in various organisms. Claudin-14
protein belongs to tight junctions normally shows cell
to cell adhesion in endothelial and epithelial cell
sheets and forms regular seals around the cell and
serves as strong physical barrier to stop various
solutes and water from entering directly through
cellular space. CLDNI14 (DFNB29) gene mutation
cause autosomal recessive non-syndromic hearing
impairment.*' This type of mutation was identified in
about six families of Pakistan suffered from
autosomal  recessive  non-syndromic  hearing
impairment. CLDNI14 is mostly expressed in the
cells of cochlea, liver and kidney where it helps in the
formation of tight junctions. To date, 6 various
pathogenic variants of human CLDNI4 are identified
in families having severe to profound deafness, but
having no permanent vestibular phenotype.*
Myosins

Myosins belong to huge family of actin-dependent
molecular motors which are useful for the creation of
a strong force that helps the actin filament in
movement and this force is generated with the help of
ATP which is bounded and hydrolysed by actin-
dependent molecular motors and shows function in
the cellular environment.** * Some myosins are
conventional and some are non-conventional.*
MYO7A and MYOI15A are two important muted
genes responsible for deafness and encode the
myosin protein.

MYO7A (DFNB2) is a gene located at
chromosome 11q13.5 and consisting of 55 exons.* It
encodes for unconventional myosin proteins (VIIA)
consisting of 2,215-amino acid. About 236 MYO7A
genes have been discovered in different organisms.
Myosin VIIA is generally expressed in epithelial
tissues of retina and inner ear. The hair cells and
stereocilia of inner ear mainly contain Myosin VIIA
protein. Any variation in the MYO7A gene is
responsible for about 50% of different types of usher
syndromes i.e. USHI, USHIB."* Mutation in the
MYO7A gene is also concerned with autosomal
recessive non-syndromic hearing impairment mostly
in humans. Different compound heterozygous or
homozygous mutations related to MYO7A gene have
been reported in variety of affected families of
Pakistan, Palestine, Turkey and Iran.

MYOI15A gene (DFNB3) is found on
chromosome 17p11.2 in humans which is identical to
that of mouse model and consisting of 66 exons with
71,097 bp.”MYOI5A gene encodes XVA myosin
protein having 3530 amino acids with 39.5 KDa.
About 183 MYOI5A genes have been recognized in
different organisms and mutation of which lead to
hereditary hearing loss. MYO15A gene plays a vital
role in elongation and development of stereocilia and
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actin filament. Cohesion of stereocilia is also brought
by the interaction of whirlin and MYO15A gene.* In
Homo sapiens, the mutation in the MYO7A gene was
first isolated in the families of Indonesia where about
2% of people were suffered from hearing
impairment.”® At least 43 MYOI15 gene mutations
have been reported occurring in the motor domain.
This type of mutation is generally responsible for
autosomal recessive hearing impairment.

Transmembrane Proteins

Transmembrane proteins are important class of
membranous proteins which act as a gateway that
allow specific molecules to pass through the
biological membrane. Various genes encode
transmembrane proteins and cause hereditary hearing
impairment. Those genes include SLC26A4
(DFNB4), TMC1 (DFNB12), and TMIE (DFNBO).

SLC26A4 (DFNB4) is a gene located at
chromosome 7q31 having 23 exons in humans.
About 188 various types of SLC26A4 Genes have
been discovered in various organisms. SLC26A4
encodes a transmembrane protein.i.e. Pendrin and its
fundamental function is the transport of anion (CI,
I" and HCO;) in the cell membranes.’** Pendrin is
mostly expressed in the inner ear, thyroid and kidney.
SLC26A4 gene mutation is responsible for autosomal
recessive non-syndromic hearing impairment but this
type of mutation is also concern with enlarged
vestibular aqueduct (EVA) and pendred syndrome
which is a sensorineural autosomal recessive hearing
impairment related to cochlear abnormalities caused
by biallelic SLC26A4 gene mutation. Malfunction of
pendrin proceeds to Pendred syndrome (PS) and non-
syndromic (DFNB4) hearing impairment and EVA.>
Up till now, about 174 SLC26A44 gene mutations have
been identified. The SLC26A4 gene consists of 2
mutant alleles in the patients suffered from Pendred
syndrome and responsible for autosomal recessive
hearing impairment while one or no muted allele is
found in the patients suffered from EVA or non-
syndromic deafness.™

TMC1 (DFNBI12) is a gene located at
chromosome 9q21.12 in humans. It encodes
transmembrane channel-like 1 (TMC1), and having
25 exons and is about 300kb. About 192 TMCI1
genes have been discovered in different organisms.
TMCI is mostly expressed in the hair cells of cochlea
and play important role in the function of hair cell.”
Up till now, 35 homozygous mutations in TMCI
gene have been identified in 60 different families of
the world suffered from autosomal recessive non-
syndromic hearing impairment and having identical
phenotype which is characterized by pre-lingual
serious to extreme hearing impairment.® The
frequent type of p.R34X nonsense mutation is the
basic cause of autosomal recessive mutation in
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TMCI1 gene at DFNB7/11 locus mostly found in the
population of North Africa and Asia.”” TMCI gene
mutation is also concerned with autosomal dominant
hearing loss at the DFNA36 locus, but such cases are
still less.'

TMIE (DFNB6) (MIM # 607237) is a
transmembrane inner ear gene.”™ It is found on
chromosome 3p21 and has 4 exons. It encodes
transmembrane protein, i.e., 154 amino acid peptides
and has only one transmembrane domain.”® There are
about 263 different types of TMIE gene found in
different organisms. Mutation in TMIE gene is
responsible for hearing impairment in humans as well
as mice.”’ Variants of the TMIE gene responsible for
autosomal  recessive  non-syndromic  hearing
impairment were frequently found in Pakistani
population. There were evaluated 5 types of various
recessive homozygous mutations in TMIE gene in
patients of consanguineous families having serious to
extreme pre-lingual hearing impairment.”® Mutation
in the TMIE gene cause defect in the sensory cells of
the inner ear and create problem in the auditory
nerves.

Otoferlin Protein

Otoferlin is engaged in the vesicle fusion with the
cell membrane, and in vesicle impletion. The
function of otoferlin in vesicle impletion may be
involved in the binding as well as
intercommunication with endocytic proteins, e.g.
adaptor protein 2 (AP2) which approves fast consent
of exo-cytosed particles from the vesicular discharge
site.

OTOF (DFNBY9) is a gene located on
chromosome 2p23.1 consisting of 48 coding exons
and is 90 Kb. About 175 OTOF genes have been
discovered in different organisms. OTOF gene
encodes otoferlin protein and its expression is
generally found in the hair cells of cochlea and
brain." A naval gene OTOF was identified in Homo
sapiens and mutation in this gene was responsible for
homozygous type of autosomal recessive non-
syndromic hearing impairment.”> OTOF muted gene
was also recognized in the consanguineous family of
Lebanon with autosomal recessive hearing
impairment which might be serious to extreme.®
ARNHL was caused by missense mutation
p.Glul700GlIn, in OTOF gene.** Up till now, at least
93 various mutations are identified in OTOF gene.

CONCLUSION

In this review, we have described different muted
genes responsible for hereditary hearing impairment.
The study shows that GJB2, GJB6, MYOT7A,
MYOS5A and SLC26A4 are the most common muted
genes responsible for autosomal recessive or
autosomal dominant hearing impairment. This review
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also highlighted the function and importance of those
proteins which are encoded by muted genes. It was
also mentioned here that mutation in GJB2, MYOS5A
and SLC26A4 cause deafness in most of
consanguineous families of different population. So
genetic counselling may be helpful in investigation of
hereditary hearing impairment and complete clinical
confession about the impact of mutations in particular
genes is essential in consummating the complete
potential.
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