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Abstract

Aim: Hearing loss is the most common sensory disorder that affects approximately one per 1000 live births. With this project, we aimed to iden-
tify gene variants that were common causes of hearing loss in Turkey to contribute to the planning of genetic screening programs for hearing
loss, as well as to improve genetic counseling to affected families.

Material and Methods: Twenty-one families with at least two affected individuals and parental consanguinity who presented with
non-syndromic severe-to-profound sensorineural hearing loss were included in this study. We first screened for mutations in GJB2 and
mitochondrial DNA 125 RNA genes. Subsequently, we genotyped the TMIE ¢.250C>T and SNP markers flanking the SLC26A4, MYO7A,
MYO15A, OTOF, CDH23, TMIE, TECTA, PCDH15, TMC1, TMPRSS3, TMHS genes in the remaining twelve families without mutations in
GJB2.

Results: Screening for mutations in GJB2 gene showed c.[35delG];[35delG] mutation in four families, c.[35delG];[507C>A| mutation in two
families, c.[35delG];[-23+1G>A] mutation in one family, and ¢.457G>A heterozygous mutation in one family. Genotyping SNP markers showed
the ¢.[250C>T];[250C>T] mutation in TMIE in one family. A homozygous region with SNP genotypes was detected with the OTOF gene in
one family, the TMPRSS3 gene in another family, and also a homozygous region was detected with TMHS, OTOF, and TMPRSS3 genes in

another family.

Conclusions: Further research will be required to determine the genetic bases of hearing loss in families with non-syndromic hearing loss.
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Introduction

Hearing loss is the most common sensory impair-
ment that affects approximately one per 1000 live
births. Genetic factors are responsible of approxi-
mately half of all cases and environmental factors
are responsible for the other half (1). Environmen-
tal factors include prenatal maternal infections in-
cluding rubella and cytomegalovirus, prematurity,
use of ototoxic drugs, postnatal morbidities includ-
ing meningitis, mastoiditis and chronic middle ear
infection, and history of trauma (2).

Hearing loss originating from genetic factors is
clinically classified in two groups including syn-
dromic and non-syndromic hearing loss. Cas-
es where no other organ system or laboratory
findings accompany hearing loss are defined as
non-syndromic hearing loss, and this group con-
stitutes approximately 70-80% of hearing losses
with a genetic origin (1). Syndromic hearing loss
constitutes the remaining 20-30% (1). More than
400 syndromes that include hearing loss among
the findings have been described until the present
time. The most common syndromes that are ac-
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companied by hearing loss include Pendred, Ush-
er, Branchio-oto-renal (BOR), Waardenburg, and
Alport syndromes (3). These syndomes constitute
15-20% of the population with hearing loss (3).

Autosomal recesive hearing loss constitutes 80% of
non-syndromic hearing losses (4). Up to the pres-
ent time, mutations in more than 60 genes have
been shown to cause non-syndromic autosomal
recessive hearing loss (5). The gene loci specified
for non-syndromic hearing loss are designated
DeaFNess (DFN), the autosomal dominant gene
loci are designated DFNA, the autosomal recessive
gene loci are designated DFNB, and the loci on the
X chromosome are designated DFN. While one
mutation in an autosomal gene may be recessive
and another mutation may be dominant, the same
gene may be responsible for both syndromic and
non-syndromic hearing loss (6-8).

A significant portion of genetic hearing loss in
many populations is explained with GJB2 gene
mutations (9). The m.1555A>G mutation found in
the 12S RNA gene of mitochondrial DNA is one of
the non-syndromic hearing loss mutations, which
is especially common in Spain and Far East coun-
tries. In a study conducted with Turkish patients,
the prevalence of this mutation was reported as
1.8% (10).

Despite many studies, the etiology and molecular
etiopathogenesis of hearing loss is still not clearly
known. Involvement of proteins encoded by many
different genes in the function of hearing is ex-
pected because the inner ear and hearing mecha-
nism have a very complicated structure. When the
intracellular functions of the genes identified were
evaluated, it was observed that they may be adhe-
sion molecules, enzymes, ion channels or carriers,
and integral membrane proteins, and they may be
involved in the cytoskeleton, extracellular matrix,
nexuses, organizition of macromolecules, neurons
or synapses, regulation of translation, and tran-
scription and neurologic development (7). The data
obtained in recent years suggest that at least 1% of
human genes are necessary for hearing (8).

In our study, it was aimed to determine genet-
ic changes that cause familial hearing loss in our
community, and to contribute to genetic screen-
ing programs that would be established for hearing
loss in the future and genetic counseling for the
next generations. In addition, it will be possible to
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present the opportunity of preimplantation genetic
diagnosis to patients with mutations that will be
specified.

Material and Methods

The study was approved by the Erciyes Universi-
ty Ethics Committee (dated 04.01.2011, decision
number: 2011/53) and supported by the Erciyes
University Scientific Research Projects Unit with
the Project number TSU-11-3483, and by the com-
mon Project of Miami University-Ankara Uni-
versity National Institute of Health (NIH) RO1
DC009645 (AU no: 2011ABH06739003). Informed
consent was obtained from the families who ac-
cepted to participate in the study.

One hundred twenty-two individuals from 21 fam-
ilies who had two or more hearing-impaired chil-
dren and consanguineous marriage, and whose
pedigree suggested autosomal recessive inher-
itance were included in this study. Sixty-two of
these individuals had hearing loss. On detailed
clinical examination, patients with syndromes that
accompanied hearing loss including Pendred, Ush-
er, Branchio-oto-renal (BOR), Waardenburg, and
Alport syndromes were excluded. The individuals
who were affected had sensoryneural hearing loss
that was congenital or had prelingual onset, and the
severity ranged between mild to profound hearing
loss. The diagnosis of sensoryneural hearing loss
was made using standard audiometric tests.

DNA isolation was performed using the classic
phenol chlorophorm method. In all affected in-
dividuals, primarily the encoding and non-en-
coding exons of the GJB2 (NM_004004) gene
were reproduced using polymerase chain reac-
tion (PCR) with appropriate primers under appro-
priate conditions and examined using sequence
analysis (CEQ8800, Beckman Coulter, ABD). The
mitochondrial DNA 12S RNA gene was repro-
duced using appropriate primers under appro-
priate conditions for m.1555A>G mutation, was
cut with BsmAI (5-GTCTCN N-3’) restriction en-
donuclease enzyme (NEB, USA) and band differ-
ences were examined in agarose gel electropho-
resis. Screening for the SLC26A4 (NM_000441.1),
MYO7A (NM_000260.3), MYOI5A (NM_016239.3),
OTOF (NM_194248.2), CDH23 (NM_022124.5),
TMIE (NM_147196.2), TECTA (NM_005422.2),
PCDHI15 (NM_033056.3), TMC1 (NM_138691.2),
TMPRSS3 (NM_024022.2), LHFPL5 (NM_182548.3)
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genes was performed using the open array method
(TagManR OpenArrayR) in 12 families in whom m.
1555A>G mutations were not found in the mito-
chondrial DNA 12S RNA gene and no mutations
were found in the GJB2 gene. These genes were
selected among the genes that most commonly
lead to hearing loss in the Turkish population. The
single nucleotide polymorphisms (SNP) located in
the open array platform were determined from the
web site http://pga.gs.washington.edu/. The SNPs
for each gene were selected primarily from inside
the genes and from the 5’ and 3’ sites up to 15 000
bases considering the gene localization. In this
study, SNPs that had a minor allele frequency of 0.2
and above and did not have linkage disequilibrium
(LD values below 0.8 were included in the study)
were evaluated. Subsequently, the distribution of
SNP genotypes obtained from affected and unaf-
fected family members in the family were pursued
and gene regions that showed autosomal reces-
sive inheritance were determined. The c.250C>T
(p-R48W) mutation was added to the platform in-
stead of polymorphic points for the TMIE gene.

Results

In our study, homozygous c.35delG mutations
were determined in the GJB2 gene in subjects who
had hearing loss in four families, and heterozy-
gous c.457G>A (p.V153I) mutations were found in
subjects who had hearing loss in one family. Com-
bined heterozygosity was shown in subjects who
had hearing loss in three families; two c[35del-
G];[507C>A], and one c.[35delG];[-23+1G>A] (Ta-
ble 1). m.1555A>G mutations were not identified
in the mitochondrial DNA 12S RNA gene in 12
families in whom no mutations were found in the
GJB2 gene as a result of sequence analysis studies.
In the open array studies performed in families, a
¢.250C>T mutation was observed in the TMIE gene
in subjects who had hearing loss in family num-
ber 902 (Table 2a). Homozygosity was seen in the

Table 1. GJB2 gene sequence analysis findings
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OTOF gene in family number 909 (Table 2b), in the
TMPRSS3 gene in family number 910 (Table 2c),
and in the OTOF, TMPRSS3, and TMHS genes in
family number 917 (Table 2d, 2e, 2f). No genetic
change was observed with the methods performed
in the scope of this study in the remaining eight
families.

Discussion

Literature comparison of mutations observed in
the GJB2 gene

It is known that mutations in the GJB2 gene have
a significant role in non-syndromic hearing loss.
Many different studies have been conducted in
many different populations since mutations in the
GJB2 gene were investigated for the first time in
1997 (9). This gene is responsible for almost half
of non-syndromic hearing loss with autosomal
recessive inheritance. One hundred fifty different
mutations have been identified in the GJB2 gene to
date and different mutations are noted in different
populations. Most of the pathologic mutations are
located in exon 2, which is the encoding region of
the gene. Again, the c.35delG mutation observed in
this exon is the most important cause of non-syn-
dromic hearing loss in our country and throughout
the world.

The most common mutations in the GJB2 gene
in Caucasians and Asckenasi Jews is the c.35delG
mutation, followed by the c.167delT mutation. In
populations in East Asia, c.235delC mutations are
also commonly observed in addition to these mu-
tations (11).

In studies conducted in our country, the most com-
mon mutation found in the GJB2 gene among the
other mutations is the c.-23+1G>A mutation (12).
This is followed by c.360_362delGAT (p.delE120),
c.71G>A (p.W24X), c.233delG, c.239A>G (p.Q80R),

Family number

Individuals who underwent GJB2 analysis

901 101-102
903 101-103
905 101-102
913 102-103
914 101-102
916 102-103
918 101-102
919 101-103

Mutation found Zygosity
c.35delG [ c.508 C>A Combined heterozygosity
c.35delG / c.508 C>A Combined heterozygosity

c457G>A | WT Heterozygous
c[35delGJ;[-23+1G>A] Combined heterozygosity

c.35delG [ c.35delG Homozygous
c.35delG / c.35delG Homozygous
c.35delG [ c.35delG Homozygous
c.35delG [/ c.35delG Homozygous
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Table 2a. Genotypes obtained from the open array data

for the TMIE gene rs28942097 (c.250C>T,

p-R84W)

Family Subject

number number rs28942097 Phenotype

902 102 CT Healthy sibling

902 103 TT Sibling with hearing loss

902 104 CT Healthy sibling

902 105 TT Sibling with hearing loss

902 202 CT Healthy mother

902 302 CT Healthy father

902 501 TT First-degree cousin
with hearing loss

902 502 TT First-degree cousin
with hearing loss

902 503 TT First-degree cousin
with hearing loss

904 101 CC Sibling with hearing loss

904 102 CcC Healthy sibling

904 103 CC Sibling with hearing loss

904 104 CcC Sibling with hearing loss

904 201 CC Healthy father

904 301 CC Healthy mother

905 101 CC Sibling with hearing loss

905 102 CcC Sibling with hearing loss

905 201 CC Healthy father

905 301 CC Healthy mother

905 401 CC Sibling with hearing loss

905 501 CC Sibling with hearing loss

907 101 CC Healthy sibling

907 102 CC Healthy sibling

907 103 CC Sibling with hearing loss

907 104 CC Sibling with hearing loss

907 105 CC Sibling with hearing loss

907 201 CC Healthy father

907 301 CcC Healthy mother

908 101 CC Sibling with hearing loss

908 102 CC Sibling with hearing loss

908 103 CC Sibling with hearing loss

908 104 CC Sibling with hearing loss

908 201 CcC Healthy father

908 301 CcC Healthy mother

909 101 CC Healthy sibling

909 103 CC Sibling with hearing loss

909 301 CC Healthy father

910 101 CC Sibling with hearing loss

910 102 CcC Sibling with hearing loss
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910 201 CC Healthy mother

910 301 CC Healthy father

911 101 CC Sibling with hearing loss
911 102 CcC Sibling with hearing loss
911 201 CC Healthy father

911 301 CC Healthy mother

912 101 CC Sibling with hearing loss
912 102 CC Sibling with hearing loss
912 201 CcC Father with hearing loss
912 301 CcC Healthy mother

917 101 CC Sibling with hearing loss
917 102 CC Sibling with hearing loss
917 201 CC Healthy father

917 301 CcC Healthy mother

920 101 CC Sibling with hearing loss
920 102 CC Healthy sibling

920 103 CcC Sibling with hearing loss
920 201 CC Healthy mother

920 301 CC Healthy father

Table 2b. Open array data of the family number 909 who
showed segregation in the OTOF gene

Family
number-
Subject 909-101/ 909-103/ 909-301/
number/ Healthy Hearing Healthy
Phenotype sibling loss father
rs11674089 AG GG AG
rs2280516 GG GG GG
rs2272069  No amplification GG CG
observed
rs869440 No amplification AA AA
observed
rs939817 CT CC CT
rs6746918 AA GG AA
rs1879760 AA AA AA
rs4665874 CC CC CC
rs6547103 GG GG GG
rs13029128 GT GG GT
rs1011108 CT CC CT
rs939815 CC CcC CC

c.310_323dell4, ¢.299-300delAT, c.167delT, c.
551G>C (p.R184P), c.269T>C (p.L90P), c. 517 C>T
(p.P173S), c. 380G>A (p.R127H), c. 238C>A (p.Q80K)
mutations (13, 14). The c.35delG mutation occurs
as a result of deletion of a single guanine nucleo-
tide in the sequence composed of six guanine nu-
cleotides, and this leads to frameshift. Thus, a stop
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Table 2c. Open array data of family number 910 showing
segregation in the TMPRSS3 gene

Turk Pediatri Ars 2017; 52: 122-32

Table 2e. Open array data of family number 917 showing
segregation in the TMPRSS3 gene

Family Family

number- number-

Subject 910-101/  910-102/ 910-201/ 910-301/  Subject 917-101/  917-102/ 917-201/ 917-301/
number/ Hearing Hearing Healthy  Healthy number/ Hearing Hearing Healthy  Healthy
Phenotype loss loss mother father Phenotype loss loss mother father
rs1079380 GG GG GG GG rs1079380 AG AA AG AG
rs424694 TT TT CT TT rs424694 CC CT CT CT
rs2839490 TT TT CT TT rs2839490 CT CT CT TT
rs462149 GG GG GG GG rs462149 AG GG GG AG
rs225310 GG GG GT GG rs225310 TT UND GT GT
rs1078272 TT TT TT TT rs1078272 TT TT AT TT
rs1109352 GG GG GG GG rs1109352 GG GG GG GG
1rs225430 AA AA AA AC 1rs225430 AA AA AC AA
rs10887973 TT TT TT GT rs10887973 TT TT TT TT
rs9981624 GG GG CG GG rs9981624 GG GG GG GG
rs9980448 CC CcC CT CT rs9980448 TT TT TT TT
rs13052676 CC cC cC CT rs13052676 CT TT TT CT

Table 2d. Open array data of family number 917 showing
segregation in the OTOF gene

Table 2f. Open array data of family number 917 showing
segregation in the TMHS gene

Family Family
number- number-
Subject  917-101/ 917-102/ 917-201/ 917-301/ Subject  917-101/  917-102/  917-201/ 917-301/
number/  Hearing Hearing Healthy  Healthy number/  Hearing Hearing Healthy  Healthy
Phenotype loss loss mother father Phenotype loss loss mother father
rs11674089 GG GG AG GG rs1343796 AG No amplification AG AA
12280516 GG GG GG GG observed
1s2272069 GG GG GG cG rs10807154 GG GG GG AG
rs869440 AA AA AA AG 152817012 CC CcC CG CC
1s939817 cC cc cC CT 152817013 AC AC AC CC
rs6746918 GG GG AG GG 16921084 TT T T T
rs1879760 GG GG AG GG 151049649 AA AA AC AA
rs4665874 AA AA AC No amplification 152395637 GG GG GG GG
observed rs7752049 AA AA AC AA
rs6547103 GG GG GG CG 152817057 GG GG AA GG
rs13029128 GG GG GT GG 152817064 AG AG AG AG
rs1011108 TT T TT CT 1s9470094 GG GG GG GG
rs939815 CC CC CC CC rs12211728  AG AA  No amplification AG

codon occurs (UGA) in the 13th position. The effect
of the mutation at the protein level is occurence
of a nonfunctional Cx26 protein composed of 12
amino acids instead of a normal protein composed
of 226 amino acids (p.G12V{s*2) (15).

When considered by country, the carrier frequency
of this mutation is 3.4% in Italy, 3.5% in Greece,

observed

2.75% in France, and 2.8% in Malta and Portugal,
whereas it shows a marked decrease in countries
in America and Asia (16). The carrier frequency in
Turkey has been reported to range between 1.17%
and 1.78% in different studies (17, 18). In other
studies conducted in Turkey, the c.35delG mutation
has been found in 5-53% of individuals with hear-
ing impairment (7, 10). Although the frequency of
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Figure 1.a,b. Pedigrees of the families included in the study

this mutation is high in Central Anatolia and South
Western Anatolia, it has been reported as 13.2% in
sporadic cases and 22.1% in familial cases (10).

In parallel to variability of allele frequency in dif-
ferent populations, the frequency of non-syndrom-
ic hearing loss caused by homozygous c.35delG
mutations shows great variance by races and popu-
lations. For example, homozygous c.35delG muta-
tions have not been reported in studies conducted
with individuals with non-syndromic hearing loss
in China, Japan, Ghana, India, Korea, Pakistan, Tai-
wan, and Thailand (19, 20). On the other hand, the
frequency of homozygous c.35delG mutations was
found as 1.8% in a study conducted in Denmark,
and 40% in a study conducted in Slovakia (19).

In Turkey, different studies have been conducted in
this area. The results show variance by geographic
distribution and the number of subjects included.
In a study conducted by Baris et al. (21), homozy-
gous c.35delG mutations were identified in 20.4%
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of the subjects, and heterozygous mutations were
identified in 2.1%. In another study conducted by
Tekin et al. (22), homozygous c.35delG mutations
were reported in 15% of the subjects and hetero-
zygous 35delG mutatione were observed in 7.81%.

Family studies have also been conducted in this
area. In a study by Uyguner et al. (18) in which
60 families with autosomal recessive hearing loss
were evaluated, homozygous c.35delG mutations
were observed in 21.7% of families, and hetero-
zygous c.35delG mutations were determined in
3.3% of families. In another study by Tekin et al.
(12) in which familial cases were evaluated, homo-
zygous c.35delG mutations was identified at a rate
of 17.5% and heterozygous c.35delG was found
with a rate of 1.9% (10). In a study by Kalay et al.
(13) in which individuals with familial hearing loss
were evaluated, homozygous c.35delG mutations
were seen in 21.5% of subjects and heterozygous
c.35delG was observed in 4.3% of subjects.

Hearing loss was present in 2 of 122 inividuals
from 21 families included in our study (Figure 1a,
b). Homozygous c.35delG mutations was identified
in four families and heterozygous c.35delG muta-
tions wers observed in three families. Studies have
so far reported that GJB2 mutations generally cause
severe (81-100 db) and profound (more than 100
db) prelingual sensoryneural hearing loss (23). In
the group included in our study, the level of hear-
ing loss was compatible with the literature and
profound hearing loss was present in all subjects
who were found to have mutations.

A combined heterozygous c.IVS1+1G>A mutation
was found in a family who was found to have a
heterozygous c.35delG mutation in the GJB2
gene. This explains the cause of hearing loss in
the family. The c.-23+1G>A mutation was first re-
ported by Denoyelle (24). The mutation is located
in the first exon of the gene, which is non-encod-
ing (rs80338940) and it was defined as -3170G>A
in the years when it was initially demonstrated. It
is predicted that it acts by impairing clipper func-
tion (24, 25). Although there is a limited number
of studies related with this mutation in the lit-
erature, the frequency of this mutation has been
reported in recent years in some populations, in-
cluding Turkey. The cIVS1+1G>A mutation has
been reported more comonly in the Czech popu-
lation (it has been found with a rate of 4% among
all pathologic GJB2 mutations) (26). In a study
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conducted in Holland, the c.IVS1+1G>A mutation
was observed as the third most common mutation
following, c.35delG and del(GJB6-D13S1830) mu-
tations (27). In all these studies, a heterozygous
mutation was found in the second encoding exon
of the GJB2 gene. Again, this mutation was inves-
tigated in affected individuals who carried het-
erozygous mutation in the GJB2 gene in a study
conducted in China and reported in 1.89% of the
subjects (28). In all these publications, it was rec-
ommended that this mutation should be investi-
gated only in individuals carrying heterozygous
mutations in exon 2. In addition, heterozygous
cIVS1+1G>A mutations were found in eight of
16 patients who had heterozygous mutations in
exon 2 in a study by Tekin et al. (29). In another
study, Padma et al. (30) observed this mutation in
individuals who carried no pathologic homozy-
gous or heterozygous mutations in exon 2 (0.3%
of the study group) and it was emphasized that
this mutation should be studied in all individuals
with non-syndromic hearing loss.

In one family in our study group, p.V153I variabil-
ity, which is also expressed as c.457G>A, was found
heterozygously, again in the GJB2 gene. Controver-
sial data related with this variability are present in
the literature; some studies considered it a poly-
morphism, whereas other studies reported it as
a pathologic mutation that could lead to hearing
loss (31, 32). c.457G>A is reported to be a possible
non-pathogenic SNP (rs111033186) in the National
Center for Biotechnology Information (NCBI) web-
site (33). The fact that it was also found in individ-
uals who had no hearing loss in previous studies
supports the view that is a polymorphism.

In our study, a combined heterozygous c.507C>A
(p.C169X) mutation that has not been defined in
the literature was found in two families that were
found to have heterozygous c.35delG mutations
in the GJB2 gene. “TGC” encodes the amino acid
cysteine and a heterozygous mutation is present in
the third base of the codon. This mutation, which
leads to a stop codon, leads to the production of a
169 amino acid protein instead of a 226 amino acid
protein encoded by the GJB2 gene.

In the present study, it was shown that the cause
of hearing loss was GJB2 mutations in seven of 21
families with non-syndromic autosomal recessive
hearing loss (Table 1). Tekin and Aric1 (12) report-
ed that the rate of GJB2 homozygous mutations as
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34.3% among patients with non-syndromic auto-
somal recessive hearing loss in Middle Anatolia.

Variabilities found in patients who were evaluated
using the Open Array method

The TagMan® OpenArray® technology used in our
study is a platform with a wide area of application,
with which a large number of genotyping proce-
dures can be performed using a limited number of
samples and consumables. It was preferred because
of its high-quality data and resolution. The reason
that this screening method was selected was that
the possibility of mutations inherited from a com-
mon ancestor to be homozygous was high because
the mothers and fathers were relatives in all fami-
lies included in the study, and at least two children
were affected. Thus, information about the loca-
tion of mutation could be obtained by screening
the homozygous regions in affected individuals.
The analysis stage of the method is based on ho-
mozygous block screening in affected individuals
or in individuals in regions where heterozygosity
is present in the mother, father or healthy siblings
and relatives. Interpretation has been made con-
sidering segregation in families. The gene may be
ignored and missed even if there is mutation in
that gene when the relevant homozygous blocks
are small because the genome can be screened
only in certain intervals. In addition, the method
does not give a definite result, and confirmation
with classic sequence analyses is required. How-
ever, it is a fast and inexpensive method that can
be used to exclude known genes in candidate gene
studies.

In our study, a homozygous p.R84W mutation was
identified in the TMIE gene with TagMan® Ope-
nArray® genotyping in one family. The TMIE gene
encodes a protein named transmembrane inner
ear protein. The gene is composed of 4 exons in the
3p21 chromosomal region (34). The inner ear pa-
thology observed in studies performed with mice
in which the TMIE gene was affected showed that
the gene was essential for maturation of sensory
hair cells in the cochlea and development of ste-
riocilia in the maturation process following a nor-
mal delivery (35). To date, seven mutations have
been found in this gene encoding a 156 amino
acid protein in relation with non-syndromic hear-
ing loss including two in the extracellular region
(4-BP INS, 125CGCC, p.E31G), two in the intronic
region (6-BP DEL/1-BP INS in intron 1, c.212-2A>C
in intron 2), and three in the cytoplasmic region
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(p-R81C, p.R84W, p.R92W) (36). When studies relat-
ed with the TMIE gene were examined, mutations
in the TMIE gene were reported at a rate of 6.6% in
a study conducted in Turkey with 49 families who
were not related to one another and had non-syn-
dromic hearing loss (37). In a large-scale study per-
formed in Pakistan, mutations in the TMIE gene
were identifed at a rate of 1.7%.

If the c.250C>T (p.R84W) mutation is to be eval-
uated alone, it was found in a family from North
India for the first time (38). In a subsequent study
performed with a Turkish population in which 51
families were evaluated primarily, this mutation
was determined in four families and afterwards
254 families were evaluated and the ¢.250C>T mu-
tation was found in four more families. When the
regional distribution was evaluated, the highest
percentage was observed in Southeastern Anatolia
(10.3%). It was thought that this mutation, which
was observed in exon 3, occured more common-
ly as a result of the founder effect in Anatolia and
it was recommended that the mutation should be
added to non-syndromic hearing loss screening
programs in Middle Eastern populations (34). The
fact that this mutation was found in a limited study
group consisting of 21 families supports this rec-
ommendation.

In the group in which we performed screening, seg-
regation was found in the OTOF gene in two fam-
ilies. The OTOF gene, which encodes the otofer-
lin protein, is expressed highly in the internal hair
cells in the organ of Corti, utriculus, and sacculus
and in the brain. It was determined that mutations
in this gene led to non-syndromic recessive audi-
tory neuropathy, which is a special type of hearing
loss. Up to this point, more than 40 pathologic al-
lelic variants have been reported (39).

In a large-scale study that included 557 families in
Pakistan, OTOF mutations were found in 13 fami-
lies and reported to occur with a frequency of 2.3%
(40). In a study by Chiu et al. (41), the OTOF gene
was reported to be one of the most common causes
of this type of hearing loss in Asian populations. In
Spain, the prevalence of OTOF mutations was re-
ported as 5% in all cases of non-syndromic autoso-
mal recessive prelingual hearing loss (42). In a study
by Duman et al. (37), the most common genes ob-
served in the Turkish population in non-syndrom-
ic autosomal recessive hearing loss following the
GJB2 gene were reported and the OTOF gene was
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reported to be the fourth relevant gene with mu-
tations with a frequency of 5%, following MYO15A
(9.9%), TMIE (6.6%), and TMC1 (6.6%).

In our study, segregation was found in the TM-
PRSS3 gene in two families. The TMPRSS3 gene
encodes transmembrane serin protease 3 and is
expressed in the Dieters cells of the organ of Corti
and in the stria vascularis (43). It is thought that the
protein is involved in sodium reuptake from the
endolymph in amiloride-sensitive sodium chan-
nels (44). In a study by Guipponi et al. (45), it was
emphesized that mutations in the TMPRSS3 gene
were important in terms of enlightening the mech-
anism of hearing, though these mutations are not
observed very commonly in populations with hear-
ing loss. In a study by Wattenhofer et al. (46), a total
of 448 families from Spain, Italy, Greece, and Aus-
tralia were examined and mutations were found in
the gene in question with a frequency of 0.45%.
Again, the same study reported the frequency to be
approximately 0.38% in Caucasians. In a study con-
ducted in Pakistan in which 159 families were eval-
uated, mutations were found in the relevant gene
in four families and the frequency in the Pakistani
population was reported as approximately 2.5%.

In a study by Duman et al. (37) in the Turkish popu-
lation, families with consanguineous marriage and
with at least three children with hearing loss were
screened and mutations in the TMPRSS3 gene
were found with a frequency of 1.7%. Although
segregation was found in two families in our study
group, the TMPRSS3 gene is not one of the genes
that commonly leads to hearing loss in light of
the data obtained from the literature. It has been
recommended that it should be studied in cases
where variability is absent in genes in which muta-
tions are commonly found, or screened with classic
methods by adding array platforms in families who
are found to have seggregation.

In our study, segreggation was found in the TMHS
gene in one family. The TMHS gene encodes the
tetraspan membrane protein in the hair cell stero-
cillia. It is thought that it is involved in morpho-
genesis of hair cells, and mutations in this gene
may lead to vestibular dysfunction, corti injury, and
anomalies in hair coils of the inner ear (47). The ef-
fect of mutations in this gene on hearing loss was
defined in mice for the first time and later by Shab-
bir et al. (48) in subsequent studies in two families
including one from Pakistan and one from India.
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Subsequently, two different mutations (c.649delG,
p.Glu216Argfs*26 and c.494C>T, p.Thrl65Met)
were found in the TMHS gene in a study conduct-
ed with two large Turkish families by Kalay et al.
(13). In the same study, a c.649delG carrier state
was found in control screenings. It is notable that
only four mutations have been found in the TMHS
gene in the literature, and two of these were ob-
served in the Turkish population. There is a limited
number of studies related with this gene. There-
fore, it was added to the open array platform and
included in our study.

Hearing loss was present in 62 of 122 individuals
from 21 families included in our study. Homozy-
gous c.35delG mutations were found in four fam-
ilies, heterozygous c.35delG mutations were found
in three families and a c.457G>A polymorphism
was found in one family in our study group. In one
family, which was found to have a heterozygous
35delG mutation in the GJB2 gene, a heterozygous
c.-23+1G>A mutation was also present. Heterozy-
gous p.C169* (c.507C>A) mutations, which have not
been described previously, were found in the oth-
er two families that were found to have heterozy-
gous 35delG mutation in our study. Twelve families
that were not found to have mutations in the GJB2
gene were examined in terms of 11 genes, which are
known to lead to hearing loss, using the open array
method. The mutation in question was investigat-
ed by adding one mutation (c.250C>T) to the plat-
form instead of SNP, only for the TMIE gene. The
¢.250C>T mutation was found in the TMIE gene in
one family. Informative homozygosity was found
for the OTOF gene in one family, for the TMPRSS3
gene in one family, and for all three genes including
the TMHS, OTOF, and TMPRSS3 genes in one fam-
ily. We plan to perform sequence analysis in further
studies in families that were determined to have
informative homozygosity in our study. No genetic
variability was found in eight of 21 families evaluat-
ed in this study and it we plan to investigate the ge-
netic variabilities leading to hearing loss in further
studies using more advanced and comprehensive
techniques in these families and in the family that
was found to have a c.457G>A polymorphism.

There are still unknown aspects of the etiology
and development of hearing loss despite the high
number of studies. It is to be expected that many
different genes are involved because the inner ear
and the mechanism of hearing have an extreme-
ly complex structure. As supported by our study,
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it is recommended that the GJB2 gene should be
screened primarily using sequence analysis in can-
didate gene studies directed at hearing loss, and
the known genes should subsequently be excluded
using panels that have been used in recent years.
Preparation of panels should be made according to
populations, and the genes and mutations that are
observed more commonly in different populations
should have priority. The fact that the c.250C>T
mutation in the TMIE gene, which is observed
rarely, was found in our study group of just 21 fam-
ilies supports this recommendation.
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