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Abstract 

Hearing loss affects about 70 million people 

worldwide, which can be inherited as either 

syndromic or non-syndromic forms. Approximately 

50% of all childhood deafness is caused due to gene 

defects. The Non-syndromic hearing loss (NSHL) is 

extremely heterogenous trait inherited as autosomal 

recessive, autosomal dominant and X-linked and also 

due to mitochondrial mutations. In the present review 

genes causing non-syndromic hearing loss (NSHL) 

are classified based on their molecular function. 

GJB2 is most prominent deafness causing gene 

among the different populations including India, 

followed by other genes. The recent technological  

 

advances in target-enrichment methods and next 

generation sequencing has overcome the barriers 

possessed by the earlier methods and laid the path for 

comprehensive analysis of all the known genes 

causing non-syndromic hearing loss. The review 

mainly emphases on the genes causing non-

syndromic hearing loss in Indian population and their 

molecular function. Identifying the genes responsible 

for hearing loss enables otolaryngologists, geneticist 

to apply molecular diagnosis by offering genetic 

testing which helps in prevention of the condition of 

non-syndromic hearing loss, proper diagnosis, 
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management, pre-natal diagnosis and to offer genetic 

counselling. 

 

Keywords: Non-syndromic hearing loss; Genes; 

Gap junctions; Connexins; Myosins 

 

1. Introduction 

Hearing loss affects approximately 70 million people 

worldwide. The genetic aetiologies of hearing loss 

can be inherited as either syndromic or non-

syndromic forms. Approximately 50% of all 

childhood deafness is due to gene defects. About 1 in 

1000 children has prelingual hearing impairment [1], 

and 1 in 2000 is caused by a genetic mutation. 30% 

of the cases of prelingual deafness are classified as 

syndromic, while the remaining are non-syndromic. 

Non-syndromic hearing loss (NSHL) inherited as an 

autosomal recessive trait in 75-80% of the cases, 20% 

followed autosomal dominant mode, 2-5% inherited 

as X-linked pattern, and 1% due to mitochondrial 

mutations [2]. Autosomal recessive NSHL is 

prelingual, non-progressive and severe to-profound 

[3], whereas autosomal dominant NSHL is post-

lingual and progressive [4].  X-linked affect males 

more severely than females. 

 

So far, total 121 non-syndromic hearing loss genes 

have been identified. 49 genes accounts for 

Autosomal dominant non-syndromic hearing loss 

genes, while 76 genes are responsible for Autosomal 

recessive non-syndromic hearing loss and 5 genes for 

X-linked non-syndromic hearing loss [5].  Loci with 

dominant inheritance are represented by the 

abbreviation DFNA, followed by a HUGO Gene 

Nomenclature Committee accession. Loci with 

recessive inheritance are designated as DFNB, X-

linked inheritance is represented by DFNX, modifier 

loci altering expression of other HL genes are 

represented by DFNM, while one Y-linked locus is 

called DFNY1 [5]. Studies in the families with NSHL 

from different regions of the world, with high rate of 

consanguineous marriages revealed significant 

number of recessive deafness genes [6]. Genes 

causing NSHL can be grouped based on their 

molecular function such as homeostasis, hair cell 

structure, transcription factors, cytokinesis, 

extracellular matrix, mitochondrial and 

other/unknown. In the present review a brief 

information is provided about the genes involved in 

the non-syndromic hearing loss (NSHL) along with 

their molecular function in the Indian Population. 

 

2. Classification of NSHL Genes Based on 

Molecular Function 

2.1  Cochlear Ionic Homeostasis 

Homeostasis is a phenomenon whereby the flow of 

molecules into and out of a cell is regulated. Gap 

junctions, ion channels, and tight junctions are the 

important channels in maintaining the homeostasis in 

the inner ear. Also, genes coding for neuronal 

synapses and integral membrane proteins have been 

identified as key components of homeostasis. 

 

2.1.1 Gap Junctions 

Gap junctions are made up of the transmembrane 

protein called connexins.  Connexon is a hemi 

channel formed by the combination of six connexins, 

a gap junction is created when two connexons are 

joined. Gap junctions allow the recycling of 

potassium ions back into the endolymph during 

mechanosensory transduction process in the inner 

ear.  Various forms of deafness result due to 

mutations in connexins which alter the structure and 

function of the gap junctions. GJB2, GJB3, and GJB6 
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are the genes which code for connexins and 

mutations in these genes results in non-syndromic 

hearing loss [7]. While GJB4 and GJA were 

associated with hearing loss, with unknown 

mechanisms. 

 

2.1.1.1 GJB2  

Gap junction protein beta 2 (GJB2) gene is located on 

chromosome 13 q11-12 and codes for connexin 26. 

Mutations in GJB2 contributes up to 50% of 

recessive nonsyndromic hearing loss [8]. GJB2 is the 

most prominent deafness gene. GJB2 gene mutations 

were reported in 33 (10.9%) patients with congenital 

hearing impairment from Telangana, among them 

6(18.2%) were carriers for the mutant allele. The 

most frequent mutation was p.W24X, which 

accounted for 87% of the mutant alleles. In addition 

to them the other six sequence variations identified in 

the GJB2 gene were c. IVS1+1G>A, c.167delT, 

c.235delC, p.W77X, p.R127H (polymorphism) and 

p.M163V [9].  Ramchander et al. (2005) found high 

prevalence of W24X mutation (6.5%), and low 

frequency of W77X (0.5%) and 235delC (0.5%) 

mutations in GJB2 in non-syndromic hearing 

impairment (NSHI) in the population of Andhra 

Pradesh, India [10]. 

 

 A study carried out in eastern India to identify the 

genetic cause of deafness by screening GJB2 gene 

found homozygous mutation for 167 delT in twelve 

(15.58%) cases and heterozygous mutation in ten 

(12.99%) out of 77 NSHL cases [11].  Ram Shankar 

et al. (2003) identified biallelic mutations of GJB2 in 

38 deaf cases along with three different mutations, 

ivs1(+1) G®A, W24X, and W77X. W24X was the 

most common mutation (18.1%) with a carrier 

frequency of 0.024 and showed founder effect for this 

mutation. In addition to these the other six 

polymorphisms observed were V27I, I111T, E114G, 

R127H, V153I, and R165W. Among these I111T was 

a novel polymorphism where isoleucine is replaced 

by a threonine [12]. Anu et al. (2009) from Kerala 

India reported that the mutations in connexin26 is 

responsible for 36% of non-syndromic sensorineural 

deafness [13]. Pawan et al. (2018) reported a range of 

GJB2 (Cx26) gene variants in children with non-

syndromic hearing loss from Northern (Delhi, UP) 

and western (Gujarat) regions of India Among these 

p. Trp24Ter was the most common mutation [14]. 

Nayyar et al. (2011) from Pune India, reported GJB2 

mutations, specifically for W24X in 26% (7/27) cases 

with non-syndromic congenital sensorineural hearing 

loss [15]. 

 

GJB2 mutations account for 28 to 63% of hearing 

loss in Europeans [16].  Mutations in GJB2 

contribute very little to the underlying genetic cause 

of NSHL in the Saudi Arabian, African American, 

Caribbean Hispanic, Pakistani and Moroccan 

populations [17-20].  While, the Indonesian 

population lack GJB2 mutations in their deaf 

community [21]. These findings indicate that the 

same mutations may not be responsible for NSHL in 

different populations. 

 

2.1.1.2 GJB3 and GJB6 

Gap junction protein beta 3 (GJB3) gene is located on 

chromosome 1p34 and codes for connexin 31. 

Mutations in GJB3 result in an autosomal dominant 

inheritance pattern of nonsyndromic hearing loss 

[22].  Gap junction protein beta 6 (GJB6) gene is 

located on chromosome 13q12 and codes for 

connexin 30. Instrastrial fluid-blood barrier within 

the cochlear stria vascularis is disturbed due to 
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deficiency in connexin 30 [23]. GJB6 mutations are 

associated with both dominant and recessive type of 

non-syndromic deafness. Padma et al. from 

Hyderabad, India reported absence of GJB6 

mutations in congenital hearing impairment [9].  In 

consistent to their results Seema et al. from 

Chandigarh, India also could not find any deleterious 

mutations in GJB6 in non-syndromic hearing loss 

[24]. The present studies demonstrated that the 

mutations in the GJB6 gene are not likely to be a 

main cause of non-syndromic deafness in Asian 

Indians. 

 

2.1.2 Ion channels 

2.1.2.1 KCNQ4  

The potassium voltage-gated channel, KQT-like 

subfamily, member 4 gene (KCNQ4) is located on 

chromosome 1p34 and encodes for voltage-gated 

potassium Kv7.4 channel protein [25]. Mutations in 

KCNQ4 results in autosomal dominant hearing loss 

by impairing cell-surface potassium channel 

expression [26].  Bidisha et al. (2017) stated that the 

KCNQ4 mutation are absent in Bengali families with 

ADNSHL originated from West Bengal, India [27]. 

 

2.1.2.2 SLC26A4  

Solute carrier family 26, member 4 gene (SLC26A4) 

is located on chromosome 7q31 and encodes a 

pendrin protein. Pendrin functions as a chloride-

iodide transporter in the inner ear by controlling the 

pH of endolymph and allowing proper function of 

certain potassium and calcium channels [28]. In PDS 

and nonsyndromic deafness, about 150 SLC26A4 

gene mutations have been identified and it may be the 

second most common cause of nonsyndromic 

hereditary hearing loss in the Caucasian population 

[29].  Defects in pendrin protein results in structural 

changes, that occur in the inner ear, which includes 

enlargement of vestibular aqueduct and endolymph 

sac [30]. Park et al. identified 11 novel mutant alleles 

of SLC26A4 in 17 (5.4%) of the 318 families with 

deafness.  SLC26A4 linked haplotypes with recurrent 

mutations were consistent with founder effects. 

Mutations at SLC26A4 are common and account for 

about 5% of recessive deafness in south Asians and 

other populations [31]. 

 

2.1.3 Tight Junctions 

2.1.3.1 CLDN14  

 Claudin 14 (CLDN14) gene is present on the 

chromosome 21q22.3, [32] which encodes a tight 

junction protein that maintains ionic composition of 

fluid at the basolateral surface of outer hair cells [33]. 

Mutations in CLDN14 results in the inhibition of the 

protein from forming tight junctions, which is very 

important for the hearing process. Claudin 14 

absence from the tight junctions in the organ of corti, 

leads to altered ionic permeability of the paracellular 

barrier of the reticular lamina, and that prolonged 

exposure of the basolateral membranes of outer hair 

cells to high potassium concentrations might be the 

cause of hair cells death.  

 

2.2 Auditory Neuron Synapse 

2.2.1 OTOF  

Otoferlin (OTOF) gene is located on chromosome 

2p23.1 [34] and codes for otoferlin, a member of the 

mammalian ferlin family of membrane-anchored 

cytosolic proteins, and play a role in the composition 

of ribbon synaptic vesicles and affect the 

neurotransmitter release at the inner hair cell of 

cochlea. DFNB9 recessive deafness is caused due to 

mutations in OTOF gene [35].  2-3% of non-

syndromic hearing losses (NSHL) are resulted from 
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mutations in OTOF gene in some ethnic groups [36]. 

Recessive mutations were identified in the OTOF 

(p.R708X), SLC26A4 (p.Y556X) and CLDN14 

(p.V85D) genes in hearing loss in Dhadkai village of 

Jammu and Kashmir, India.  p.R708X mutation 

seemed to be the major cause of hearing impairment 

[37]. 

 

2.2.2 PJVK  

PJVK gene encodes the PJVK protein which belongs 

to the gasdermin family. The encoded protein is 

found in vertebrates and required for the proper 

function of auditory pathway neurons. Flaws in this 

gene are a cause of DFNB59 and it was the first 

reported gene that leads to deafness via neuronal 

dysfunction along the auditory cascade. Numerous 

mutations have been found in the PJVK gene [38, 

39]. The p.R183W mutation was identified in three 

Iranian families with non-syndromic deafness due to 

a neuronal defect [38]. 

 

2.3 Integral Membrane Proteins 

2.3.1 TMC1  

The transmembrane Channel-Like 1 (TMC1) gene is 

located on the chromosome 9q21.12 [40]. Allelic 

mutations in TMC1 may result in either autosomal 

dominant or autosomal recessive non-syndromic 

hearing loss. TMC1 is a transmembrane protein, 

although the exact function of it is not known, it may 

play a role in postnatal hair cell development and 

maintenance [40]. According to Pawan et al. (2014), 

TMC1 may be a common gene after GJB2 for 

nonsyndromic hereditary hearing loss in the Indian 

subcontinent. While c.100C>T is a common mutation 

in TMC1 [41]. In contrast Chandru et al. (2019) 

concluded that c.100C>T mutation is not a significant 

cause of deafness in the south Indian population [42]. 

2.3.2 TMIE  

The transmembrane Inner Ear (TMIE) gene encodes 

a transmembrane protein without a known function, 

and mutations in TMIE result in DFNB6 deafness 

[43]. Autosomal recessive prelingual deafness that 

profoundly affects all frequencies is caused due to 

mutations in TMIE [44].  

 

2.4 Hair Cell Structure 

Hair cell structure is largely determinant of its ability 

to function properly, and is maintained by adhesion 

proteins, ciliary proteins, as well as myosins.  

Alterations in hair cell structure will result in various 

forms of hearing loss.  

 

2.4.1 CDH23  

Cadherin 23 (CDH23) encodes the cadherin protein 

which interacts with a macromolecular organizer 

harmonin b, to form a transmembrane complex that 

connects stereocilia into a bundle [45]. CDH23 

interacts with protocadherin 15 (PCDH15) to form tip 

links that connect streocilia and control 

mechanoelectric transduction in the inner ear [46]. 

Autosomal recessive, nonsyndromic deafness 

DFNB12 is caused due to mutations in CDH23, and 

present with prelingual, moderate to profound 

sensorineural hearing loss (SNHL) without any 

vestibular impairment [47]. All the nonsyndromic 

cases are caused due to a missense substitution [48]. 

 

2.4.2 Ciliary Structure 

2.4.2.1 STRC  

Stereocilin (STRC) gene is located on chromosome 

15q15 and encodes the stereocilin protein, which is 

associated with the hair bundles of stereocilia within 

the inner ear [49], and defines the autosomal 

recessive DFNB16 deafness locus. Mutations in 
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STRC result in two possible phenotypes. Villamar et 

al. demonstrated a family having non-progressive 

deafness that presented in early childhood with 

moderate impairment at low and middle frequencies 

and severe impairment at high frequencies [50].  

While another study reported a separate family with 

DFNB16 deafness that had profound prelingual 

NSHL. Altogether, it is thought that the STRC gene 

is a major contributor to nonsyndromic bilateral 

sensorineural hearing loss (NBSNHI) among the 

GJB2 mutation negative probands, especially in those 

with mild to moderate hearing impairment [51]. 

According to Yoh et al. (2019), the occurence of 

STRC homozygous deletions was 1.7% in the 

hearing loss population and 4.3% among mild-to 

moderate hearing loss individuals. STRC deletions 

were the second most common cause of mild-to-

moderate hearing loss after the GJB2 gene in Japan 

[52]. 

 

2.4.3 Myosins 

Myosins are a family of motor proteins, which 

hydrolyze ATP to produce actin-based motility. 

Depending on their ATP-hydrolyzing domain 

myosins are differentiated into 30 families. Myosins 

plays an important role in the structure and 

movement of stereocilia within the inner ear. 

Mutations in myosin that alter the function of 

stereocilia result in sensorineural hearing loss. 

Nonsyndromic hearing loss is caused due to 

mutations in MYO3A, MYO6, MYO7A, MYO1C, 

and MYH9 genes. 

 

2.4.3.1 MYO3A  

Myosin IIIA (MYO3A) gene has been mapped to 

chromosome 10p11.1, and responsible for the 

DFNB30 locus, thought to function as a motor at the 

tip of stereocilia [53]. Progressive hearing loss, which 

first affects the high frequencies is caused due to 

mutations in MYO3A. In two unrelated Brazilian 

families with late onset non-syndromic hearing loss, 

whole exome sequencing identified a novel mutation 

(c.2090 T > G; NM_017433) in MYO3A gene [54]. 

 

2.4.3.2 MYO6  

Myosin VI (MYO6) gene has been mapped to 

chromosome 6q13, and it move toward the minus end 

of actin filaments in the opposite direction that other 

characterized myosins move [55]. MYO6 transports 

intracellular vesicles and organelles, to enable the 

removal of molecular components that are released 

by treadmilling at the taper of the stereocilium [56, 

57]. Autosomal dominant and autosomal recessive 

forms of nonsyndromic deafness that affect all 

frequencies are caused due to mutations in MYO6. 

 

2.4.3.3 MYO7A  

Myosin VII A (MYO7A) is located on chromosome 

11q12-21, and designated as DFNA11. DFNB2 a 

second locus has been more within the MYO7A 

interval, at 11q13.5.   MYO7A is associated with 

vestibular dysfunction, ranging from vertigo to 

complete absence of vestibular function in most of 

the cases [58]. MYO7A is essential to ensure 

stereocilia cohesion and a part of a functional unit, 

along with harmonin b and cadherin 23[59]. 

Nonsyndromic and syndromic forms of hearing loss 

may lie on the same phenotype range, whereby the 

presence of some residual protein function results in 

a less severe phenotype in nonsyndromic deafness 

[60]. Arun et al. from India identified a novel 

MYO7A insertion mutation in a four generation 

Usher syndrome (USH) family [61]. 
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2.4.3.4 MYO15A  

Myosin XVA (MYO15A) is located on chromosome 

17p11.2 and responsible for the DFNB3 locus. 

MYO15A passages the whirlin protein and perhaps 

other molecular components to their normal location 

at the stereocilia tip for programmed elongation of 

the stereocilia in hair cells of cochlea [62].  

Autosomal recessive prelingual deafness, moderate to 

severe or profound form is resulted due to improper 

functioning of MYO15A [63]. MYO15A gene role in 

the development of hearing loss was first identified in 

a village of Bengkala, Bali [64]. Elinaz et al. (2019) 

found a novel homozygote variant 

(c.9611_9612+8delTGGTGAGCAT) in the 

MYO15A gene which creates a shift in the reading 

frame starting at codon 3204 [65]. Out of 600 

families screened, only 6 showed linkage to DFNB3, 

contributing only 1%. Thus, MYO15A is not a 

common cause of deafness in the Indian population 

[66]. 

 

2.5 Transcription Factors 

Transcription factors are the proteins which binds to 

DNA domains and helps to initiate a program of 

increased or decreased gene transcription, and also 

plays an important role in cell’s maintenance, 

development, response to neighbouring cells, and 

response to the environment of the cell.  

 

2.5.1 EYA4  

Eyes absent homolog 4 (EYA4) gene in humans is 

mapped to chromosome 6q23 [67] and is responsible 

for hearing loss at the DFNA10 locus [68]. EYA4 is a 

transcriptional activator that upsurges the rate of gene 

transcription in cells of the inner ear. Mutations in 

EYA4 leads to autosomal dominant pattern of 

progressive deafness that begins between the ages of 

20-60 and affects all frequencies. Compared to other 

autosomal dominant deafness phenotypes the onset of 

DFNA10 deafness is late. Genetic screening for 

EYA4 mutations in a large cohort of Japanese 

hearing loss patients identified 11 novel EYA4 

variants (3 frameshift, 3 missense, 2 nonsense, 1 

splicing and 2 single-copy number losses) and two 

previously reported variants in 12 cases (0.90%) 

among the 1,336 autosomal dominant hearing loss 

families [69]. 

 

2.5.2 POU4F3  

POU4F3 is a member of the family of POU domain 

transcription factors and located on chromosome 

5q31, defines the DFNA15 locus. These protein 

group shares a POU-specific domain and a POU 

homeodomain, which are required for high-affinity 

binding to DNA target sites.  Growth Factor 

Independent 1 (GFI1) gene is the target gene for 

POU4F3 [70]. Mutations in POU4F3 results in 

progressive hearing loss with autosomal dominant 

mode of inheritance, onset is between the ages of 15 

and 30 and impairment becomes moderate to severe 

across all frequencies by age 50 [71]. However, few 

studies have shown a highly variable phenotypic 

profile with respect to onset, progression, and 

affected frequencies [72-74]. Full penetrance has 

been reported for this gene mutation. Yin et al. 

(2017) identified a novel missense variant of 

POU4F3 (c.982A>G, p. Lys328Glu) that co-

segregated with the deafness phenotype in ADNSHL 

[75]. 

 

2.5.3 POU3F4  

POU domain 3 factor 4 (POU3F4) gene is located on 

chromosome Xq21.1 [76], is a transcription factor 

responsible for an X-linked pattern of deafness, also 
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known as DFNX2 deafness [77]. Individuals affected 

with DFNX2 have a characteristic computerized 

tomography (CT) appearance of a dilated internal 

auditory canal along with temporal bone 

abnormalities that can range in severity. Regardless, 

of the sensorineural component advances over time 

and the deafness may present alongside vestibular 

dysfunction [78]. 

 

2.6 Cytokinesis 

2.6.1 DIAPH1  

DIAPH1 gene belongs to the formin family of 

proteins, and the gene locus has been mapped to 5q31 

[79].  DIAPH1 may play a role in cytokinesis and 

establishment of cell polarity, and it is a profilin 

ligand and target of Rho that regulates 

polymerization of actin, the major component of the 

cytoskeleton of hair cells of the cochlea [80], thus 

thought to be essential for the structure and function 

of the stereocilia. Autosomal dominant, progressive, 

post lingual DFNA1 sensorineural hearing loss 

(SNHL) that begins with increased thresholds at low 

frequencies and progresses to involve all frequencies 

is caused due to DIAPH1 mutations [81]. Hearing 

loss starts at the age of 10 and progresses to profound 

deafness by the age of 30. DFNA1 individuals do not 

show any other symptoms or vestibular dysfunction. 

 

2.6.2 ESPN 

The ESPN (ESPN) gene is mapped to chromosome 

1p36.31-36.11, and codes for the Espin protein, 

which is believed to function in the growth and 

maintenance of stereocilia and has a potent actin 

bundling activity in the inner ear [82].  ESPN defines 

the autosomal recessive DFNB36 deafness locus, and 

the affected individuals have a prelingual, profound 

hearing impairment associated with vestibular 

areflexia [83].  Mutations in the ESPN gene could 

cause recessive nonsyndromic deafness without 

vestibular areflexia [84].  ESPNb mutations, even 

reported in individuals with autosomal dominant 

nonsyndromic hearing loss without any vestibular 

involvement [82].  Boulouiz et al. (2008) by using 

genome-wide linkage analysis mapped the disease 

locus in a large consanguineous ARNSHL family 

from Morocco to the DFNB36 locus and a recessive 

ESPN mutation causing congenital hearing loss, but 

without vestibular dysfunction [84]. 

 

2.7 Extracellular Matrix Proteins 

The extracellular matrix (ECM) of the auditory 

system enhances the dissemination and detection of 

sound within the Cochlea, and very important for the 

tectorial and basilar membrane that move physically 

as auditory stimuli are transmitted.  Sensorineural 

hearing loss may result due to changes in the ECM 

membranes. 

 

2.7.1 COL11A2  

Collagen type11alpha2gene (COL11A2) gene is 

located on chromosome 6p21.3 [85], and codes for 

the collagen fibrils that form the structure of the 

tectorial membrane [86]. COL11A2 mutations results 

in autosomal dominant hearing loss at the DFNA13 

locus [86], it is a post lingual mid-frequency hearing 

loss that begins at age of 20-40 years, and does not 

progress beyond presbycusis [51, 86]. Mutation in 

COL11A2 can also cause autosomal recessive non-

syndromic hearing loss at the DFNB53 locus, 

characterized by a prelingual, profound, non-

progressive hearing loss phenotype [87]. While, 

nonsyndromic hearing loss is simply the mildest 

phenotype associated with mutations in COL11A2. 

Chen et al. (2005) identified a novel locus on 
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chromosome 6p21.3 for ARNSHL and designated 

asvDFNB53. Homozygosity for the P621T mutation 

of COL11A2 was reported in all the deaf   persons of 

a family, which was not seen this in 269 Iranian 

control [87]. 

 

2.7.2 COCH  

Coagulant factor C homolog (COCH) gene is mapped 

to chromosome 14q12-13, and encodes the protein 

cochlin, which is expressed abundantly in the cochlea 

and vestibular labyrinth [88]. In the endoplasmic 

reticulum cochlin is synthesized and secreted into the 

extracellular space where it plays an integral part in 

mediating interactions among proteins. COCH 

mutations may disrupt the protein interactions, 

thereby altering the function of the extracellular 

matrix. COCH is linked with the DFNA9 locus [89], 

and inherited in an autosomal dominant fashion and 

presents as post lingual, progressive hearing loss, 

beginning at high frequencies and progressing 

towards 10-20 years to profound hearing loss at all 

frequencies [90].  DFNA9 may be caused by a gain-

of-function or dominant- negative mutation [91]. 

 

2.7.3 TECTA  

Alpha tectorin (TECTA) gene encodes a major non-

collagenous component of the tectorial membrane 

called alpha tectorin, which bridges the stereocilia 

bundles of the hair cells [92], allowing them to move 

in unison. TECTA gene mutations cause hearing loss 

that is unique because it is a form of autosomal- 

dominant, congenital hearing loss. Characteristically 

autosomal dominant hearing impairment is not 

present at birth but TECTA is the exemption, which 

produce moderate to severe, nonprogressive hearing 

loss affecting predominantly middle frequencies [93]. 

The phenotype is linked to loci DFNA12 at 

chromosome 11q22-24 [94]. The autosomal recessive 

form of deafness has been related to TECTA at the 

DFNB21 locus [95], which presents as prelingual, 

severe hearing loss with a flat or U-shaped 

audiogram [96]. A Japanese study investigated the 

prevalence of hearing loss caused by TECTA 

mutations in families with autosomal dominant 

hearing loss and found mutations in 2.9% (4/139) of 

those families [97]. Thus, at last mutations in TECTA 

disrupt sound transmission to the stereocilia. 

 

2.8 Mitochondrial Deafness 

Mitochondria are the intracellular organelles that 

produce cellular energy in the form of ATP, and also 

contribute to cell-mediated death, or apoptosis, and 

are implicated in preventing cell damage by reactive 

oxygen species. Mitochondrial DNA is inherited 

maternally and encodes proteins necessary for their 

structure and function. Mitochondrial DNA (mtDNA) 

mutations cause a variety of systemic disorders 

including syndromic hearing loss as well as 

nonsyndromic sensorineural hearing loss. MTRNR1 

and MTTS1 gene mutations have been commonly 

found to result in nonsyndromic deafness. 

 

2.8.1 MTRNR1 

MTRNR1 gene encodes for the 12s ribosomal RNA 

(rRNA). MTRNR1 gene mutations result in a 

maternally inherited nonsyndromic hearing loss, 

which worsens by exposure to aminoglycoside 

antibiotics [98]. MTRNR1mutations may cause 

tighter binding to aminoglycosides resulting in 

hypersensitivity to the antibiotic that become toxic to 

hair cells [99]. Due to MTRNR1 mutation, 

aminoglycoside reduce mitochondrial protein 

synthesis precluding normal cellular function [100]. 

A1555G is the most common mutation in MTRNR1, 
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which has been found in many families with 

maternally-inherited hearing loss as well as in 

individuals with aminoglycoside-induced hearing 

loss. The MTRNR1 gene penetrance is variable 

[101], and results in a range of phenotypes from 

normal hearing to profound deafness exist that 

implies the presence of a nuclear modifier [102, 103]. 

Low penetrance has been reported among the 

Chinese population [104]. 

 

2.8.2 MTTS1 

Mitochondrial tRNA for serine (UCN) (tRNASer 

(UCN)) is encoded by MTTS1 gene and numerous 

progressive nonsyndromic hearing loss causing 

mutations have been identified in the MTTS1 gene.  

Penetrance due to MTSS1 mutation varies greatly 

together within and between families. MTTS1 

mutations have also been shown to induce 

aminoglycoside hypersensitivity [105].  

 

3. Genes with Unknown Function 

3.1 TMPRSS3  

The transmembrane protease, serine 3 (TMPRSS3) 

gene is located on chromosome 21q22 [106], and 

expressed in the spiral ganglion neurons and play a 

role in the process of aminoglycoside antibiotics 

induced deafness [107]. Lack of Tmprss3 results in 

decreased Kcnma1 potassium channels expression in 

inner hair cells [108]. TMPRSS3 mutations are 

related with DFNB8 and DFNB10 loci, which can be 

distinguished by phenotype. DFNB8 initiates at the 

age of 10 to 12, and advances over 5 year to profound 

deafness across all frequencies [106] While, DFNB10 

is present at birth as severe SNHL, nevertheless 

individuals also present at late as 6 or 7 years of age 

[109].  Ganapathy et al. (2014) reported that the 

contribution of TMPRSS3, TMC1, USH1C, CDH23 

and TMIE mutations for ARNSHL is low in India. 

TMPRSS3 contributes 1.2%, TMC1 1.6%, USH1C 

1.8%, CDH23 1.8% and TMIE 1.6%.   According to 

the study of Ganapathy et al. (2014), the spectra of 

alleles in the TMPRSS3, TMC1, USH1C and CDH23 

genes in Indian populations appear to be relatively 

different from those observed in other population. 

Among the 33 mutations observed in the Indian 

population, 23 were not reported in other population 

[110]. 

 

3.2 WFS1  

Wolfram syndrome 1 (WFS1) gene is located on 

chromosome 4p16 [111], and codes for extracellular 

matrix-integral glycoprotein of endoplasmic 

reticulum, signifying a role in membrane trafficking, 

protein processing and regulation of endoplasmic 

reticulum calcium homeostasis [112]. WFS1 is one of 

the only two genes, that results in a nonsyndromic, 

autosomal dominant low frequency sensorineural 

hearing loss. WFS1 mutations also cause syndromic 

form of hearing loss.  WFS1 mutations have been 

associated to DFNA6, DFNA14 and DFNA38 locus. 

The DFNA6/14 loci can be singled out by S-shaped 

pure tone audiogram [113]. DFNA6/14/38 deafness 

has minimal progression, that is consistent with 

changes of presbycusis. The onset of DFNA14/ 6/38 

is at the age of 5 to 15 years [114].  

 

3.3 PCDH15  

Protocadherin 15 (PCDH15) gene is located on 

chromosome 10q21.1, and interacts with cadherin 23 

to form tip links of stereocilia [46].  DFNB23 a 

typical autosomal recessive hearing loss phenotype is 

caused due to missense mutations in PCDH15, which 

is a prelingual, severe to profound sensorineural 

deafness.  
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3.4 USH1C  

Usher Syndrome 1C (USH1C) gene codes for 

harmonin protein, a PDZ domain protein that forms a 

complex with CDH23 to bundle stereocilia [45], is 

located on chromosome11p14.3, and codes for the 

USH1C gene mutations may result in either 

syndromic or nonsyndromic phenotype depending on 

the severity of the mutation. DFNB18, a non-

syndromic phenotype, is a prelingual profound 

deafness. Both syndromic and non-syndromic 

phenotypes are inherited in an autosomal recessive 

pattern.  

 

3.5 WHRN  

Whirlin (WHRN) gene is located on chromosome 

9q32-q34, and encodes whirlin, which interacts with 

MYO15A for stereocilia morphogenesis [115].  

Mutations in WHRN causes DFNB31, a prelingual 

profound deafness [116]. 

 

4. Conclusion 

Recent studies have been highlighted the prosperity 

of evidence of gene mutations in the aetiology of 

non-syndromic hearing loss (NSHL), which has 

intensely improved the knowledge and treatment 

options of non-syndromic hearing loss. Due to 

clinical and genetic heterogeneity of NSHL the 

complete understanding of the condition is still 

remains challenging.  Despite of advances in the field 

of non-syndromic hearing loss in several populations, 

the exact distribution of these pathogenic genes in 

populations remains uncertain, indicating that the 

molecular epidemiology of NSHL differ among 

populations. The ultimate genetic cause of NSHL 

have been identified in families with consanguineous 

marriage. The present review presents an overview 

and description of the known genes involved in non-

syndromic hearing loss (NSHL). Identifying the 

genes in non-syndromic hearing loss in Indian 

population will help in discovering its cause and 

deciphering the mechanisms underlying the 

condition. The extreme genetic heterogeneity of non-

syndromic hearing loss makes diagnosis also 

difficult.  The advent of Next Generation Sequencing 

(NGS) has revolutionized the genetic testing of 

congenital non-syndromic hearing loss, and more 

genes leading to hearing loss are discovered, whose 

functions will be better understood with the 

upcoming research in the area of deafness. There is a 

necessity to create awareness and precise genetic 

counselling to the families who are at high risk, and 

to establish genetic based diagnosis for NSHL for 

mutations which are prevalent in India.  A 

comprehensive knowledge of genes and their 

function in the causation of non-syndromic hearing 

loss will provide better opportunities to identify the 

hearing loss causing mutations in patients and to 

provide prompt management, pre-natal diagnosis and 

improved genetic counselling. 
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35.  Rodríguez-Ballesteros M, Reynoso R, 

Olarte M, et al. A multicenter study on the 

prevalence and spectrum of mutations in the 

otoferlin gene (OTOF) in subjects with 

nonsyndromic hearing impairment and  

auditory neuropathy. Human Mutation 29 

(2008): 823-831. 

36. Nishtha Pandey, Tabassum Rashid, Rajeev 

Jalvi, et al. Mutations in OTOF, CLDN14 & 

SLC26A4 genes as major causes of hearing 

impairment in Dhadkai village, Jammu & 

Kashmir, India. Indian J Med Res 146 

2017): 489-497.  

37. Delmaghani S, Del Castillo FJ, Michel V, et 

al. Mutations in the gene encoding 

pejvakin,a newly identified protein of the 

afferent auditory pathway, cause DFNB59 

auditory neuropathy. Nat Genet 38 (2006): 

770-778. 

38. Collin RW, Kalay E, Oostrik J, et al. 

Involvement of DFNB59 mutations in 

autosomal recessive nonsyndromic hearing 

impairment.Hum Mutat 7 (2007): 718-723. 

39.  Kurima K, Peters LM, Yang Y, et al. 

Dominant and recessive deafness caused by 

mutations of a novel gene, TMC1, required 

for cochlear hair-cell function. Nature 

Genetics 30 (2002): 277-284. 

40. Pawan Kumar Singh, Shipra Sharma, Manju 

Ghosh, et al. TMC1 may be a common gene 

for nonsyndromic hereditary hearing loss in 

Indian population. Molecular Cytogenetics 7 

(2014): 70. 

41. Chandru Jayasankaran, Nandhini Devi G, 

Paridhy Vanniya S, et al. Absence of an 

Asian founder mutation c.100C>T(p.R34X) 

in TMC1 among a large cohort of prelingual 

non-syndromic hearing loss from South 

India. Global Journal for Research Analysis 

8 (2019): 115-118. 

42. Naz S, Giguere CM, Kohrman DC, et al. 

Mutations in a novel gene, TMIE, are 

associated with hearing loss linked to the 

DFNB6 locus. Am J Hum Genet 71 (2002): 

632-636. 

43. Santos RL, El-Shanti H, Sikandar S, et al. 

Novel sequence variants in the TMIE gene 

in families with autosomal recessive 

nonsyndromic hearing impairment. J Mol 

Med 84 (2006): 226-231.  

44. Siemens J, Kazmierczak P, Reynolds A, et 

al. The Usher syndrome proteins cadherin 

23 and harmonin form a complex by means 

of PDZ-domain interactions. Proc Natl Acad 

Sci U S A 99 (2002): 14946-14951. 

45. Kazmierczak P, Sakaguchi H, Tokita J, et al. 

Cadherin 23 and protocadherin 15 interact to 

form tip-link filaments in sensory hair cells. 

Nature 449 (2007): 87-91. 

46. Chaib H, Place C, Salem N, et al. Mapping 

of DFNB12, a gene for a non-syndromal 

autosomal recessive deafness, to 

chromosome 10q21-22. Hum. Mol. Genet 5 

(1996): 1061-1064. 

47. Astuto LM, Bork JM, Weston MD, et al. 

CDH23 mutation and phenotypic 

heterogeneity: a profile of 107 families with 

Usher syndrome and nonsyndromic 

deafness. Am. J. Hum. Genet 71 (2002): 

262-265. 

48. Verpy E, Masmoudi S, Zwaenepoel I, et al. 

Mutations in a new gene encoding a protein 

of the hair bundle cause non-syndromic 



Arch Clin Biomed Res 2020; 4 (6): 775-793                                       DOI: 10.26502/acbr.50170143 

 

 

Archives of Clinical and Biomedical Research         Vol. 4 No. 6 – December 2020. [ISSN 2572-9292].                                       789 

deafness at the DFNB16 locus. Nature 

Genetics 29 (2001): 345-349. 

49. Villamar M, del Castillo I, Valle N, et al. 

Deafness locus DFNB16 is located on 

chromosome 15q13-q21 within a 5-cM 

interval flanked by markers D15S994 and 

D15S132. (Letter) Am. J. Hum. Genet 64 

(1999): 1238-1241. 

50. Francey LJ, Conlin LK, Kadesch HE, et al. 

Genome-wide SNP genotyping identifies the 

Stereocilin (STRC) gene as a major 

contributor to pediatric bilateral 

sensorineural hearing impairment. Am J 

Med Genet A 158A (2012): 298-308. 

51. Yoh Yokota, Hideaki Moteki, Shin-ya 

Nishio, et al. Frequency and clinical features 

of hearing loss caused by STRC deletions.o. 

Scientific Reports 9 (2019): 4408.  

52. Schneider ME, Dosé A, Salles FT, et al. A 

new compartment at stereocilia tips defined 

by special and temporal patterns of myosin 

IIIa expression, J. Neurosci 26 (2006): 

10243-10252. 

53. Vitor GL Dantas, Manmeet H Raval, Angela 

Ballesteros, et al. Characterization of a novel 

MYO3A missense mutation associated with 

a dominant form of late onset hearing loss. 

Scientific Reports 8 (2018): 8706. 

54. Wells AL, Lin AW, Chen LQ, et al. Myosin 

VI is an actin- based motor that moves 

backwards. Nature 401 (1999): 505-508. 

55. Rock RS, Rice SE, Wells AL, et al. Myosin 

VI is a processive motor with a large step 

size. Proc. Nat. Acad. Sci 98 (2001): 13655-

13659. 

56. Hasson T, Mooseker MS. Porcine myosin-

VI: characterization of a new mammalian 

unconventional myosin. J. Cell. Biol 127 

(1994): 425-440. 

57. Bitner-Glindzicz M. Hereditary deafness 

and phenotyping in humans. Br Med Bull 63 

(2002): 73-94. 

58. Boëda B, El-Amraoui A, Bahloul A, 

Goodyear R, et al. Myosin VIIa, harmonin 

and cadherin 23, three Usher I gene products 

that cooperate to shape the sensory hair cell 

bundle. EMBO J 21 (2002): 6689-6699. 

59. Riazuddin S, Nazli S, Ahmed ZM, et al. 

Mutation spectrum of MYO7A and 

evaluation of a novel nonsyndromic 

deafness DFNB2 allele with residual 

function. Hum Mutat 29 (2008): 502-511. 

60. Arun Kumar, Mohan Babu, William J. 

Kimberling, Conjeevaram P. Venkatesh. 

Genetic analysis of a four generation Indian 

family with Usher syndrome: a novel 

insertion mutation in MYO7A. Molecular 

Vision 10 (2004): 910-916. 

61. Fattahi Z, Shearer AE, Babanejad M, et al. 

Screening for MYO15A gene mutations in 

autosomal recessive nonsyndromic, GJB2 

negative Iranian deaf population. Am J Med 

Genet A 158A (2012): 1857-1864. 

62. Bashir R, Fatima A, Naz S. Prioritized 

sequencing of the second exon of MYO15A 

reveals a new mutation segregating in a 

Pakistani family with moderate to severe 

hearing loss. Eur J Med Genet 55 (2012): 

99-102. 

63. Masoudi M, Ahangari N, Zonouzi AAP, et 

al. Genetic linkage analysis of DFNB3, 

DFNB9 and DFNB21 loci in GJB2 negative 

families with autosomal recessive non-

syndromic hearing loss. Iran J Public Health 



Arch Clin Biomed Res 2020; 4 (6): 775-793                                       DOI: 10.26502/acbr.50170143 

 

 

Archives of Clinical and Biomedical Research         Vol. 4 No. 6 – December 2020. [ISSN 2572-9292].                                       790 

45 (2016): 680-687. 

64. Elinaz Akbariazar, Ali Vahabi and Isa Abdi 

Rad. Report of a Novel Splicing Mutation in 

the MYO15A Gene in a Patient with 

Sensorineural Hearing Loss and Spectrum of 

the MYO15A Mutations. Clinical Medicine 

Insights: Case Reports 12 (2019): 1-6.  

65. Ali A, Babar ME, Kalsoom S, et al. Linkage 

study of DFNB3 responsible for hearing loss 

in human. Indian J Hum Genet 19 (2013): 

325-330. 

66. Borsani G, DeGrandi A, Ballabio A, et al. 

EYA4, a novel vertebrate gene related to 

Drosophila eyes absent. Hum. Molec. Genet 

8 (1999): 11-23. 

67. Wayne S, Robertson NG, DeClau F, et al. 

Mutations in the transcriptional activator 

EYA4 cause late-onset deafness at the 

DFNA10 locus. Hum Mol Genet J10 (2001): 

195-200. 

68. Jun Shinagawa, Hideaki Moteki, Shin-ya 

Nishio, et al. Prevalence and clinical 

features of hearing loss caused by EYA4 

variants. Scientific Reports 10 (2020): 3662. 

69. Hertzano R, Montcouquiol M, Rashi-Elkeles 

S, et al. Transcription profiling of inner ears 

from Pou4f3(ddl/ddl) identifies Gfi1 as a 

target of the Pou4f3 deafness gene. Hum. 

Molec. Genet 13 (2004): 2143-2153. 

70. Vahava O, Morell R, Lynch ED, et al. 

Mutation in transcription factor POU4F3 

associated with inherited progressive 

hearing loss in humans. Science 279 (1998): 

1950-1954. 

71. Collin RWJ, Chellappa R, Pauw R-J, et al. 

Missense mutations in POU4F3 cause 

autosomal dominant hearing impairment 

DFNA15 and affect subcellular localization 

and DNA binding. Hum. Mutat 29 (2008): 

545-554. 

72. Frydman M, Vreugde S, Nageris BI, et al. 

Clinical characterization of genetic hearing 

loss caused by a mutation in the POU4F3 

transcription factor.Arch Otolaryngol Head 

Neck Surg 126 (2000): 633-637. 

73. Pauw RJ, van Drunen FJ, Collin RW, et al. 

Audiometric characteristics of a Dutch 

family linked to DFNA15 with a novel 

mutation (p.L289F) in POU4F3. Arch 

Otolaryngol Head Neck Surg 134 (2008): 

294-300. 

74. Yin-Hung Lin, Yi-Hsin Lin, Ying-Chang 

Lu, et al. A novel missense variant in the 

nuclear localization signal of POU4F3 

causes autosomal dominant non-syndromic 

hearing loss. Scientific Reports 7 (2017): 

7551. 

75. Douville PJ, Atanasoski S, Tobler A, et al. 

The brain-specific POU-box gene Brn4 is a 

sex-linked transcription factor located on the 

human and mouse X chromosomes. 

Mammalian Genome 5 (1994): 180-182. 

76. Erkman L, McEvilly RJ, Luo L, et al. Role 

of transcription factors Brn-3.1 and Brn-3.2 

in auditory and visual system development. 

Nature 381 (1996): 603-606. 

77. Vore AP, Chang EH, Hoppe JE, et al. 

Deletion of and novel missense mutation in 

POU3F4 in 2 families segregating X-linked 

nonsyndromic deafness. Arch Otolaryngol 

Head Neck Surg 131 (2005): 1057-1063. 

78. Leon PE, Raventos H, Lynch E, et al. The 

gene for an inherited form of deafness maps 

to chromosome 5q31. Proc. Nat. Acad. Sci 



Arch Clin Biomed Res 2020; 4 (6): 775-793                                       DOI: 10.26502/acbr.50170143 

 

 

Archives of Clinical and Biomedical Research         Vol. 4 No. 6 – December 2020. [ISSN 2572-9292].                                       791 

89 (1992): 5181-5184. 

79. Lynch ED, Lee MK, Morrow JE, et al. 

Nonsyndromic deafness DFNA1 associated 

with mutation of the human homolog of the 

Drosophila gene diaphanous. Science 278 

(1997): 1315-1318. 

80. Anil K. Lalwani, Robert K. Jackler, Robert 

W Sweetow, et al. Further Characterization 

of the DFNA1 Audiovestibular Phenotype. 

Archives of Otolaryngology-Head and Neck 

Surgery 12 (1998): 699-702. 

81. Donaudy F, Zheng L, Ficarella R, et al. 

Espin gene (ESPN) mutations associated 

with autosomal dominant hearing loss cause 

defects in microvillar elongation or 

organisation. (Letter) J. Med. Genet 43 

(2006): 157-161. 

82. Naz S, Griffith AJ, Riazuddin S, et al. 

Mutations of ESPN cause autosomal 

recessive deafness and vestibular 

dysfunction. J Med Genet 41 (2004): 591. 

83.  Boulouiz R, Li Y, Soualhine H, et al. A 

novel mutation in the Espin gene causes 

autosomal recessive nonsyndromic hearing 

loss but no apparent vestibular dysfunction 

in a Moroccan family. Am J Med Genet A 

146A (2008): 3086-3089. 

84. Brown MR. Tomek MS, Van Laer L, et al. 

A novel locus for autosomal dominant 

nonsyndroimic hearing loss DFNA13, maps 

to chromosome 6p. Am J Hum Genet 61 

(1997): 924-927. 

85.  McGuirt WT, Prasad SD, Griffith AJ, et al. 

Mutations in COL11A2 cause non-

syndromic hearing loss (DFNA13). Nature 

Genetics 23 (1999): 413-419. 

86. Chen W, Kahrizi K, Meyer NC, et al. 

Mutation of COL11A2 causes autosomal 

recessive non-syndromic hearing loss at the 

DFNB53 locus. J. Med. Genet 42 (2005): 

e61. 

87. Robertson NG, Resendes BL, Lin JS, et al. 

Inner ear localization of mRNA and protein 

products of COOH, mutated in the 

sensorineural deafness and vestibular 

disorder, DFA9. Hum. Mol. Genet 22 

(2001): 2493-2500. 

88. Manolis EN, Yandavi N, Nadol JB Jr, et al. 

A gene for non-syndromic autosomal 

dominant progressive postlingual 

sensorineural hearing loss map to 

chromosome 14q12-13. Hum. Mol. Genet 5 

(1996): 1047-1050. 

89. Yuan HJ, Han DY, Sun Q, et al. Novel 

mutations in the vWFA2 domain of COCH 

in two Chinese DFNA9 families. (Letter) 

Clin. Genet 73 (2008): 391-394. 

90. Makishima T, Rodriguez CI, Robertson NG, 

et al. Targeted disruption of mouse Coch 

provides functional evidence that DFNA9 

hearing loss is not aCOCH 

haploinsufficiency disorder. Hum. Genet 

118 (2005): 29-34. 

91. Legan PK, Lukashkina VA, Goodyear RJ, et 

al. A targeted deletion in alpha-tectorin 

reveals that the tectorial membrane is 

required for the gain and timing of cochlear 

feedback. Neuron 28 (2000): 273-285. 

92. Kirschhofer K, Kenyon JB, Hoover DM, et 

al. Autosomal- dominant, prelingual, non-

progressive sensorineural hearing loss: 

localization of the gene (DFNA8) to 

chromosome 11q by linkage in an Austrian 

family. Cytogenet Cell Genet 82 (1998): 



Arch Clin Biomed Res 2020; 4 (6): 775-793                                       DOI: 10.26502/acbr.50170143 

 

 

Archives of Clinical and Biomedical Research         Vol. 4 No. 6 – December 2020. [ISSN 2572-9292].                                       792 

126-130. 

93. Verhoeven K, Van Laer L, Kirschhofer K, et 

al. Mutations in the human alpha-tectorin 

gene cause autosomal dominant non-

syndromic hearing impairment. Nature 

Genetics 19 (1998): 60-62. 

94. Mustapha M, Weil D, Chardenoux S, et al. 

An alpha-tectorin gene defect causes a 

newly identified autosomal recessive form 

of sensorineural pre-lingual non-syndromic 

deafness, DFNB21. Hum Mol Genet 8 

(1999): 409-412. 

95. Naz S, Alasti F, Mowjoodi A, et al. 

Distinctive Audiometric Profile Associated 

with DFNB21 Alleles of TECTA. J. Med. 

Genet 40 (2003): 360-363. 

96. Moteki H, Nishio SY, Hashimoto S, et al. 

TECTA mutations in Japanese with mid-

frequency hearing loss affected by zona 

pellucida domain protein secretion. J Hum 

Genet 57 (2012): 587-592. 

97. Prezant TR, Agapian JV, Bohlman MC, et 

al. Mitochondrial ribosomal RNA mutation 

associated with both antibiotic-induced and 

non-syndromic deafness. Nature Genet 4 

(1993): 289-294. 

98. Hutchin TP, Stoneking M, Qiu WQ, et al. 

Association of a particular point mutation of 

the mitochondrial DNA with 

aminoglycoside-induced deafness. 

(Abstract) Am. J. Hum. Genet 53 (1993): 

20. 

99. Guan M-X, Fischel-Ghodsian N, Attardi G. 

A biochemical basis for the inherited 

susceptibility to aminoglycoside ototoxicity. 

Hum. Molec. Genet 9 (2000): 1787-1793. 

100. Bu X, Xing G, Yan M. Audiological and 

molecular findings in a large family with 

maternally inherited sensorineural hearing 

loss. J. Audiol. Med 9 (2000): 61-69. 

101. Li R, Xing G, Yan M, et al. Cosegregation 

of C-insertion at position 961 with the 

A1555G mutation of the mitochondrial 12S 

rRNA gene in a large Chinese family with 

maternally inherited hearing loss. Am. J. 

Med. Genet 124A (2004): 113-117. 

102. Liu XZ, Angeli S, Ouyang XM, et al. 

Audiological and genetic features of the 

mtDNA mutations. Acta Otolaryngol 128 

(2008): 732-738. 

103. Dai P, Liu X, Han D, et al. Extremely low 

penetrance of deafness associated with the 

mitochondrial 12S rRNA mutation in 16 

Chinese families: implication for early 

detection and prevention of deafness. 

Biochem. Biophys. Res. Commun 340 

(2006): 194-199. 

104. Jin L, Yang A, Zhu Y, et al. Mitochondrial 

tRNA-Ser(UCN) gene is the hot spot for 

mutations associated with aminoglycoside-

induced and non-syndromic hearing loss. 

Biochem. Biophys. Res. Commun 361 

(2007): 133-139. 

105. Scott HS, Kudoh J, Wattenhofer M, et al. 

Insertion of beta-satellite repeats identifies a 

transmembrane protease causing both 

congenital and childhood onset autosomal 

recessive deafness. Nature Genetics 27 

(2001): 59-63. 

106. Peng A, Ge S, Wang Q, et al. Expression of 

TMPRSS3 in the rat cochlea following 

kanamycin ototoxicity. Zhong Nan Da Xue 

Xue Bao Yi Xue Ban 36 (2011): 987-991. 

107. Molina L, Fasquelle L, Nouvian R, et al. 



Arch Clin Biomed Res 2020; 4 (6): 775-793                                       DOI: 10.26502/acbr.50170143 

 

 

Archives of Clinical and Biomedical Research         Vol. 4 No. 6 – December 2020. [ISSN 2572-9292].                                       793 

Tmprss3 loss of function impairs cochlear 

inner hair cell Kcnma1 channel membrane 

expression. Hum Mol Genet 22 (2013): 

1289-1299. 

108. Masmoudi S, Antonarakis SE, Schwede T, 

et al. Novel missense mutations of 

TMPRSS3 in two consanguineous Tunisian 

families with nonsyndromic autosomal 

recessive deafness. Hum. Mutat 18 (2001): 

101-108. 

109. Ganapathy A, Pandey N, Srisailapathy CRS, 

et al. Non-Syndromic Hearing Impairment 

in India: High Allelic Heterogeneity among 

Mutations in TMPRSS3, TMC1, USHIC, 

CDH23 and TMIE. PLoS ONE 9 (2014): 

e84773.  

110. Strom TM, Hortnagel K, Hofmann S, et al. 

Diabetes insipidus, diabetes mellitus, optic 

atrophy and deafness (DIDMOAD) caused 

by mutations in a novel gene (wolframin) 

coding for a predicted transmembrane 

protein. Hum. Molec. Genet 7 (1998): 2021-

2028. 

111. Takeda K, Inoue K, Tanizawa Y, et al. 

WFS1 (Wolfram syndrome 1) gene product: 

predominant subcellular localization to 

endoplasmic reticulum in cultured cells and 

neuronal expression in rat brain. Hum. 

Molec. Genet 10 (2001): 477-484. 

112. Young T-L, Ives E, Lynch E, et al. Non-

syndromic progressive hearing loss 

DFNA38 is caused by heterozygous 

missense mutation in the Wolfram syndrome 

gene WFS1. Hum. Molec. Genet 10 (2001): 

2509-2514. 

113. Bespalova IN, Van Camp G, Bom SJ, et al. 

Mutations in the Wolfram syndrome 1 gene 

(WFS1) are a common cause of low 

frequency sensorineural hearing loss. Hum 

Mol Genet 10 (2001): 2501-2508. 

114. Belyantseva IA, Boger ET, Naz S, et al. 

Myosin-XVa is required for tip localization 

of whirlin and differential elongation of 

hair-cell stereocilia. Nature Cell Biol 7 

(2005): 148-156. 

115. Mustapha M, Beyer LA, Izumikawa M, et 

al. Whirler mutant hair cells have less severe 

pathology than shaker 2 or double mutants. 

JAssoc Res Otolaryngol 8 (2007): 329-337. 

 

 

 

 

 

 

 

 

 

 

This article is an open access article distributed under the terms and conditions of the

 Creative Commons Attribution (CC-BY) license 4.0 

http://creativecommons.org/licenses/by/4.0/

