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autosomal recessive pattern was 84/78% and autosomal dominant, 5/07
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Introduction

Hearing loss (HL) is a widespread It can be caused by various environmental
sensorineural disorder that affects factors such as drugs, infections, or injury and
approximately 466 million people globally (1). can range from mild to profound, impacting
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one or both ears (2). The disorder can be
congenital or occur later in life and is due
mainly to genetic factors in over 60% of cases
in developed countries (3). Non-syndromic
hearing loss (NSHL) makes up two-thirds of
congenital cases, with the remaining third
being syndromic forms of HL. NSHL can be
inherited in various ways, including autosomal
recessive (75-80%), autosomal dominant (20-
25%), X-linked, or in rare cases, mitochondrial
inheritance (4-6). Over 400 genetic disorders
have been linked to hearing loss, with more
than 120 deafness-specific genes identified.
The most common syndromes include Pain,
Wardenberg, BOR, and Usher (7). In Iran,
hearing loss is the second most common
disorder after mental retardation, affecting 1 in
166 people. Over the past 30 years, several
HL-related genes have been identified in
Iranian families. Next-generation sequencing
has dramatically improved the genetic
screening of disorders with high genetic and
allelic heterogeneity, such as hearing loss, by
allowing for the simultaneous identification of
hundreds of genes in several patients. Exome
sequencing has become the preferred method
for studying families with Mendelian traits and
has led to the discovery of over 32 new NSHL
genes (8). Most cases of congenital hearing
loss (80%) are caused by membrane
abnormalities in the inner ear, while the
remaining 20% are associated with bony
labyrinth  abnormalities  (9).  Cochlear
implantation response in patients is affected by
various factors, including age, duration of
hearing loss, and the degree of residual
hearing. In conclusion, early molecular
diagnosis can help reduce hearing loss's socio-
economic and psychological impact on
affected individuals and their families. Genetic
identification of patients is crucial for
providing helpful information such as disease
type, inheritance mode, and prognosis (9, 10).
Considering the importance of inner ear
abnormalities and genetic characteristics in the
results of cochlear implantation, as well as the

lack of a study to investigate the prevalence of
genes involved in bone abnormalities, in this
study, the children who were candidates for
cochlear implantation at the Cochlear Implant
Center of Loghman Hakim Hospital examine
the genetic profile and also examine the
clinical information of the patients that was
available in the archived files (11).

Methods

Type of study

This study was a descriptive investigation of
patients with hearing loss who were referred to
the Cochlear Implant Center of Loghman
Hakim Hospital until 1400.

A census sampling method was used, and 1299
candidates for cochlear implantation were
examined. The hearing loss patients were
divided into two categories: genetic and non-
genetic, which further included two sub-
categories: syndromic and non-syndromic. To
be included in the study, patients had to meet
specific criteria, such as referral to the
Cochlear Transplantation Center of Loghman
hakim Hospital for cochlear implantation and
no history of meningitis, neonatal jaundice,
labyrinthitis, or exposure to teratogenic
substances. On the other hand, exclusion
criteria included infection, perinatal problems,
or exposure to teratogenic substances. The
study began with genetic counseling for
patients who were candidates for cochlear
implantation. Patients suspected of non-
syndromic genetic hearing loss were then
subjected to genetic sequence examination
with the opinion of a genetic specialist. This
examination was divided into three stages, two
of which were performed in Iran. It involved a
blood serum sample test based on the patient's
history, a file review by a geneticist, and an
examination of all cochlear implant patient
files from the last ten years in the hospital
transplant department archives.

Statistical

After collecting information through a
questionnaire, a geneticist analyzed the exome
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sequencing test results to investigate the
relationship between genetic sequences and
inner ear anomalies. The gene sequence was
first investigated and then confirmed through a
separate experiment. Finally, the geneticist
analyzed the significant relationship between
the genetic changes of the two syndromic and
non-syndromic groups.

Results

In this study, the records of 1299 patients were
analyzed, and 50 were excluded due to lacking
information. Out of the remaining 1249, 1004
had not any history of hearing loss, 47 had a
positive history, and 198 had an unknown
status. The anomaly index results showed that
1086 patients had negative history, 122 had a
positive history, and 41 had an unknown
status. These patients were then contacted and
asked to undergo a genetic test. Out of 138
participants who consented to the test, seven
were found to have non-syndromic hearing
loss caused by autosomal dominant
inheritance, 117 had non-syndromic hearing
loss resulting from the autosomal recessive
inheritance, 6 had a combination of dominant
and recessive autosomal inheritance leading to
non-syndromic  hearing loss, and one

individual had non-syndromic hearing loss due
to a combination of dominant autosomal,
recessive autosomal, and recessive sex-linked
inheritance patterns. After undergoing genetic
evaluations (GJB2 gene test and WES test), it
was found that 10 had mutations in the GJB2
gene, while 109 had no mutations (86 had the
GJB2 gene test and 20 had the WES test).
Three patients were tested for deletion
mutations in the mitochondrial genome or the
presence of mutations in the NF2 gene and
received negative results. Out of the 91
patients who received negative results for the
GJB2 gene test, 7 underwent the WES test,
and 5 of them had mutations in genes like
MYH14, MYO3A, CEP78, USH2A, GPSM2,
COL4A4, MYOI15A, POU4F3, COL4AG,
PCDH15, CDH23, MYO1A, and TECTA. The
results of the WES test were negative for the
other two patients. Additionally, 34 patients
underwent the WES test directly, and 14 had
pathogenic mutations in genes like SYNE4,
PTPN11, PEX6, TECTA, MYOT, LOXHD1,
MYO1A, MYO7A, CLIC5 MYOI15A,
PCDH15, MYH14 and EPS8L2, CDC14A,
TRIOBP, TJP2, and WFSL1 (Table 1).

Table 1. List of these mutations

Gender Fl:tm Inherltance pattern  Genetic analysis Result

Male 1 AD WES Het (¢.583C>T / N) in PAX6
Female 2 AD WES Het (p.R708R/N) in WFS1
Female 3 AR GJB2 Negative

Male 4 AR GJB2 Negative

Male 5 AR GJB2 Negative

Male 6 AR WES Negative

Male 7 AR GJB2 Het ( p.lys188fs/N)
Male 8 AR WES Negative

Male 9 AR GJB2 Negative

Male 10 AR GJB2 Negative

Male 11 AR GJB2 Negative

Male 12 AR WES Negative

Male 13 AR GJB2 Negative

Male 14 AR GJB2 Negative
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No mutation was found in the GJB2 gene.
Targeted NGS result: the individual is

Male 15 AR GIB2/WES homozygous for ¢.9437A>C mutation in
MYO15A gene.

Male 16 AR GJB2 Het (c.487A>G/N)

Male 17 AR GJB2 Negative

Male 18 AR WES Negative

Male 19 AR GIB? He is hom(r;zaltg(t)itéiﬁc:]ré.JBsgt;I;?.G12>vfs)

Male 20 AR GJB2 Negative

Male 21 AD WES Heterozygotei Q@Begiz Xaé;net(c.11260>T)

Male 22 AR WES Negative

Male 23 AR GJB2 Negative

vae 2 wes PR el CogeTo0s

Male 25 AR WES Negative

Male 26 AR GJB2 Negative

Male 27 AR GJB2 Negative

Male 28 AR GJB2 Negative

Male 29 AR WES SYNE4 gene (c.563_564 ins GA)

Male 30 AR GJB2 Negative

Male 31 AR GJB2 Negative

Male 32 AR GJB2 Negative

Male 33 AR WES PEX6 (c.231 C>A)(p.Ser77Arg)

Male 34 AR GJB2 ¢.35 del G (p.Gly 12 Valfs) hemozygote

Male 35 AR GJB2 Negative

Male 36 AR WES Negative

Male 37 unknown GJB2 Negative

Male 38 AR GJB2 Negative

Male 39 AR GJB2 Negative

Male 40 AR/AD WES MYO?A(AD/AE)\,(I\SIE?ATA(}%D)7CLICS(AR)

Male 41 AR GJB2 Negative

Male 42 AR GJB2 Negative

vie @ wes Peone oo 0 EP FTS

Male 44 AR GJB2 Negative

Male 45 AR GJB2 Negative

Male 46 AR GJB2 Negative

Male 47 AR GJB2 Negative

Male 48 AR GJB2 Negative

Male 49 AR GJB2 Negative

Male 50 AR GJB2 Negative

Male 51 AR GJB2 Negative

Male 52 AR GJB2 Negative

Male 53 AR GJB2 / WES Negative
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Male 54 AR GJB2 Negative
Male 55 AR GJB2 Negative
Male 56 AR WES Negative
Male 57 AR GJB2 Negative
Male 58 unknown GJB2 / WES €.236_239 Dﬁé;gggggz AGATCCG
Male 59 AR GJB2 Negative
Male 60 AR GJB2 Negative
Male 61 AR GJB2 / WES Negative
Mitochondrial Negative
Male 62 AR mutation
detection
Male 63 AR WES Negative
Male 64 AD WES Heterozygote f_clj_k?oléiﬂ Mutation in
Male 65 AR WES Negative
Male 66 AR WES Negative
Male 67 AR GJB2 Negative
Mitochondrial Negative
Female 68 AR mutation
detection
Female 69 AR GJB2 Negative
Female 70 AR GJB2 Negative
Female 71 AR GJB2 Negative
Female 72 AR GJB2 Negative
Female 73 AR GJB2 Negative
Female 74 AR GJB2 Negative
Female 75 AR GJB2 Negative
Female 76 AR GJB2 Negative
Female 77 AR WES Negative

The 35delG mutation was found to be

Female 8 AR GIB2 heterozygous, so it is a carrier
Female 79 AR GJB2 Negative
Female 80 AR WES Negative
Female 81 AR GJB2 Negative
Female 82 unknown GJB2 Negative
Female 83 AR GJB2 Homozygote for ¢.35 del G(P.G12.Vfs)
Female 84 AR WES Negative
Female 85 AR GJB2 Negative
Female 86 unknown WES Negative
Female 87 AR GJB2 Negative
The person is heterozygous for
Female 88 AR GJB2 €.341A>G(p.E114G) and ¢.79G>A(p.V271)
mutations in GJB2 gene.
Female 89 AD WES MYH14(AD),LOXHD1(AR),PCDH15(AR)
Female 90 AR WES TECTA(AR)
Female 91 AR GJB2 Negative
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Female 92 AR/AD GJB2 / WES Negative in GJB2
No mutation was found in the GJB2 gene.
Female 93 AR/AD GJB2 / WES WES result as: (AD)
MYO3A(AD/AR),MYH14
Female 94 AR GJB2 Negative
Female 95 AR WES Negative
Female 96 AR GJB2 Negative
Female 97 AR GJB2 Negative
Female 98 AR GJB2 Negative
Female 99 AR GJB2 Negative
Female 100 AR GJB2 Negative
Female 101 unknown GJB2 Negative
Female 102 AR GJB2 Negative
Female 103 AR GJB2 Negative
Female 104 AR GJB2 Negative
Female 105 AR/AD WES PTPN11(AD)
Female 106 AR WES Negative
Female 107 AR GJB2 Negative
Female 108 AR WES Negative
Female 109 AR GJB2 Negative
Female 110 AR GJB2 Negative
Female 111 AR GJB2 Het (c.79G>A/N)
Female 112 AR GJB2 Negative
Female 113 AR GJB2 Negative
Female 114 AR GJB2 Negative
Female 115 AR GJB2 Negative
Female 116 AR GJB2 Negative
Female 117 AR WES Hom (c.584G>A) in EPS8L2
Female 118 AR GJB2 Negative
Female 119 AR GJB2 Negative
Female 120 AR GJB2 Negative
Male AR GJB2 / WES Negative in GJB2
Male AD GJB2 / WES Het (p.C305C/N) in TECTA
Male 121 AD GJB2 / WES Het (splicing) in MYO1A
Male AD/AR GJB2 / WES Het (p.Y2574Y/N) in CDH23
Male AD/AR GJB2 / WES Het (P.N637S/N) in PCDH15
Female 122 AR/AD WES MYOT(AD),LOXHD1(AR)

No mutation was found in the GJB2 gene.
WES result as:

Female 123 AR GIBZ/WES  AR)COL4A4(AD/AR),GPSM2(AR),USH2
A(AR),CEP78

Female 124 AR GJB2 Negative

Female 125 AR GJB2 Negative

Female 126 AR GJB2 Negative

Female 127 AR GJB2 Negative

Female 128 AR GJB2 Negative
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The study involved 138 participants who
underwent genetic testing for Non-Syndromic
Hearing Loss (NSHL). The results indicated
that 5.07% of NSHL cases were due to
autosomal dominant inheritance, 84.78% were
due to autosomal recessive inheritance, and
4.34% were a combination of autosomal
dominant and recessive inheritance. Also,
0.72% of individuals had all three inheritance
patterns (autosomal dominant, autosomal
recessive, and sex-linked recessive), while
5.07% had an uncertain inheritance pattern. It
is similar to previous studies, which have
reported autosomal recessive NSHL at a rate
of 75-80%, autosomal dominant NSHL at a
rate of 20-25%, X-linked NSHL at a rate of 1-
2%, and rare cases of mitochondrial NSHL
(36). The study found that 51.44% of the 138
individuals or families investigated were
women, and 48.56% were men. Following
genetic evaluations, which included the GJB2
gene evaluation test and the whole exome
sequencing (WES) test, it was determined that
ten individuals had mutations in the GJB2
gene. Of the 91 patients who received a
negative result for the GJB2 gene evaluation, 7
underwent the WES test, and 5 of them had
disease-causing mutations in genes such as
MYH14, MYO3A, CEP78, USH2A, GPSM2,
COL4A4, MYOI15A, POU4F3, COL4AG,

Female 129 AR GJB2 Het (c.164-4G>A/ N)

Female 130 unknown GJB2 Negative

Female 131 AR/AD WES Negative

Female 132 unknown WES Negative

Female 133 AR NF2 / WES Negative

Female 134 AR GJB2 Negative

Female 135 AR GJB2 Negative

Female 136 AR GJB2 Negative

Female 137 AR GJB2 Negative

Female 138 AR GJB2 Negative

Male AR GJB2 / WES Negative in GJB2

Male 139 AD GJB2 / WES Het (c.145T>G/N) in POU4F3

Male XLR GJB2 / WES Hemizygote for ¢.1359G>T in COL4A6
. . PCDH15, CDH23, MYO1A, and TECTA. The

Discussion

WES test was negative for the remaining two
patients. Presently, the WES test was
requested for 34 individuals, and 14 of them
had pathogenic mutations in genes such as
SYNE4, PTPN11, PEX6, TECTA, MYOT,
LOXHD1, MYO1A, MYOT7A, CLIC5,
MYO15A, PCDH15, MYH14, EPS8L2,
CDC14A, TRIOBP, TJP2, and WFS1. It
means that the cause of the disease was
determined in 46.36% of the 41 individuals
who underwent the WES test. However, it is
worth noting that many patients who received
a negative result for the GJB2 mutation were
unwilling to pay for the WES test due to its
high cost, making it challenging to find the
disease-causing mutation in these individuals.
Previous  studies have shown  that
comprehensive genetic testing for deafness
leads to a diagnosis in approximately 50% of
patients globally (12).Despite the
heterogeneous nature of NSHL, screening for
the GJB2 gene has shown an unexpectedly
high diagnostic rate. It may be because the
GJB2 gene has only one coding exon, making
it relatively simple to screen and analyze using
direct sequencing or restriction fragment
length polymorphism (RFLP) testing. The
GJB2 gene variant has been linked to different
clinical outcomes, with more than 100 variants
reported in ARNSHL. Though caused by a few
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variants, Autosomal dominant hearing loss is
frequently related to skin conditions, including
deafhess combined with plantar keratoses,
deafness accompanied by ichthyosis hystrix-
like, and keratitis (13-16). The genetic basis of
hereditary hearing loss (HL) varies across
different populations, with specific variants
identified as the leading cause in different
ethnic groups. In the Caucasian population, the
¢.35delG (p. Glyl2Valfs2) variant is the most
common cause of HL, with a carrier frequency
of 2-4% and an average rate of 1.89% in
Europe (17). On the other hand, the ¢.235delC
(p. Leu79Cysfs3) variant is prevalent in East
Asian patients. Other variants linked to HL
include ¢.167delT  (Leu56Argfs*26) in
Ashkenazi Jews and ¢.427C>T (p. Argl43Trp)
in Ghanaians (18). Studies on the genetic basis
of HL in Iran began in 2002 with the analysis
of the GJB2 gene by Najmabadi et al. They
used SSCP, nested, and ARMS-PCR
techniques for screening and direct sequencing
to detect variants in the gene (17). The
incidence of GJB2-related HL in Iran has
shown significant variation between ethnic
groups, with an overall incidence of 16.5%.
The frequency of ¢.35delG is the highest in the
Gilan province in northern Iran, suggesting a
founder effect in this region (19, 20). New
variants of the GJB2 gene have been reported
in the Iranian population, with most being
associated with ARNSHL and a few being
linked to non-syndromic autosomal dominant
hearing loss (21). Identifying the genetic cause
of hearing loss in families has become
increasingly challenging with the discovery of
more genes associated with this condition.
Babanjad et al. conducted a study on 144
Iranian negative GJB2families and identified
causative variants in 23% of families in ten
genes (MYO15A, SLC26A4, ILDR1, TECTA,
TMCL, PJVK, LRTOMT, OTOF,
MARVELD2, and MYO7A) using linkage
analysis and Sanger sequencing. The study
highlighted Iran's genetic and allelic
heterogeneity, similar to research findings in

other countries (22). In 2016, Bademci et al.
used ES to screen for known ARNSHL gene
variants in 160 families from various
countries, including Iran. They discovered
pathogenic or possibly pathogenic variants in
eight genes in 13 Iranian families (MYO15A,
MYO7A, SLC26A4, CDH23, ILDR1,
PCDH15, USH1C, and TECTA) (23). In 2021,
Mohseni et al. identified eight new candidate
genes for autosomal recessive HL (DBH,
TOP3A, COX18, USP31, SCP2, and
CARMIL1), autosomal dominant AL and X-
linked recessive HL (TCF19 and TENML1) in
76 consanguineous lranian families using ES
(18). In 2022, a similar study was conducted in
a Pakistani cohort, reporting ADAMTSL,
MPDZ, MVD, and SEZ6 as novel candidate
genes for ARNSHL (24). Identifying the genes
associated with hearing loss is still
challenging, particularly for the rare forms of
genetic deafness where the causative gene is
present in only a limited number of families.
Determining these causative variants can be
helpful in genetic counseling, risk assessment,
and in some cases, choosing the best
rehabilitation approach. The recent advent of
NGS technology has resulted in a significant
increase in the number of known deafness
genes and the detection rate of HL in Iran.
Despite using Next Generation Sequencing
(NGS), detecting Non-Syndromic Hearing
Loss (NSHL) is not always accurate due to
various  factors. These may include
technological limitations such as low coverage
or a causative variant in an uncovered region.
Additionally, Iran’'s high incidence of
consanguineous marriages contributes to
internal family heterogeneity. Due to accurate
diagnosis and proper genetic counseling, it is
crucial to evaluate clinical and molecular data
thoroughly (8).

Conclusion

The Iranian population has made significant
contributions towards gaining knowledge
about the genes responsible for proper
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hearing and the various genetic variations
leading to hearing loss. Despite the progress
that has been made in unraveling the genetic
mystery of hearing loss in Iran, further
research is still required.

Acknowledgments
The authors are grateful to the hearing
research centre of Loghman hakim hospital.

Conflicts of Interest
The authors declare no conflicts of interest.

Financial Support
The authors declare there is no funding

support for this study.

Ethics

This study has been approved by the ethical
committee of sbmu with the code of ethics
(IR.SBMU.MSP.REC.1400.172).

Authors' ORCIDs

Ali Eftekharian
https://orcid.org/0000-0001-7384-6400

Sayyed Mohammad Hossein Ghaderian
https://orcid.org/0000-0002-2534-071X

Latif Gachkar
https://orcid.org/0000-0002-5314-5022

Alireza Moradi
https://orcid.org/0000-0002-4692-3463

References

1.0michi R, Shibata SB, Morton CC, Smith RJ. Gene
therapy for hearing loss. Human molecular genetics.
2019;28(R1):R65-R79.

2.Morton CC, Nance WE. Newborn hearing
screening—a silent revolution. New England Journal
of Medicine. 2006;354(20):2151-64.

3.Stelma F, Bhutta M. Non-syndromic hereditary
sensorineural hearing loss: review of the genes
involved. The Journal of Laryngology & Otology.
2014;128(1):13-21.

4.Finsterer J, Fellinger J. Nuclear and mitochondrial
genes mutated in nonsyndromic impaired hearing.
International journal of pediatric otorhinolaryngology.
2005;69(5):621-47.

5.Dror AA, Avraham KB. Hearing loss: mechanisms
revealed by genetics and cell biology. Annual review
of genetics. 2009;43:411-37.

6.Parker M, Bitner-Glindzicz M.  Genetic
investigations in childhood deafness. Archives of
disease in childhood. 2015;100(3):271-8.

7.Fattahi Z, Beheshtian M, Mohseni M, Poustchi H,
Sellars E, Nezhadi SH, et al. Iranome: A catalog of
genomic variations in the Iranian population. Human
mutation. 2019;40(11):1968-84.

8.Moreland ZG, Bird JE. Myosin motors in sensory
hair bundle assembly. Current Opinion in Cell
Biology. 2022;79:102132.

9.Sennaroglu L, Bajin MD. Classification and current
management of inner ear malformations. Balkan
medical journal. 2017;34(5):397-411.

10Ji J, Shen L, Bootwalla M, Quindipan C,
Tatarinova T, Maglinte DT, et al. A semiautomated
whole-exome sequencing workflow leads to increased
diagnostic yield and identification of novel candidate
variants. Molecular Case Studies. 2019;5(2):a003756.

11.Wiley S, Choo D, Meinzen-Derr J, Hilbert L,
Greinwald J. GJB2 mutations and additional
disabilities in a pediatric cochlear implant population.
International Journal of Pediatric
Otorhinolaryngology. 2006;70(3):493-500.

12.Thorpe RK, Smith RJ. Future directions for
screening and treatment in congenital hearing loss.
Precision clinical medicine. 2020;3(3):175-86.

13.Azaiez H, Chamberlin GP, Fischer SM, Welp CL,
Prasad SD, Taggart RT, et al. GIJB2: The spectrum of
deafness-causing allele variants and their phenotype.
Human mutation. 2004;24(4):305-11.

14.Cryns K, Orzan E, Murgia A, Huygen P, Moreno
F, Del Castillo I, et al. A genotype-phenotype
correlation for GJB2 (connexin 26) deafness. Journal
of medical genetics. 2004;41(3):147-54.

15.Azaiez H, Booth KT, Ephraim SS, Crone B, Black-
Ziegelbein EA, Marini RJ, et al. Genomic landscape
and mutational signatures of deafness-associated
genes. The American Journal of Human Genetics.
2018;103(4):484-97.

16.Neagu A, Mocanu A-I, Bonciu A, Coadd G,
Mocanu H. Prevalence of GJB2 gene mutations
correlated to presence of clinical and environmental
risk factors in the etiology of congenital sensorineural
hearing loss of the Romanian population.
Experimental and Therapeutic Medicine.
2021;21(6):1-7.

17.Resmerita 1, Cozma RS, Popescu R, Radulescu
LM, Panzaru MC, Butnariu LI, et al. Genetics of
Hearing Impairment in North-Eastern Romania—A
Cost-Effective Improved Diagnosis and Literature
Review. Genes. 2020;11(12):1506.

18.Yan D, Kannan-Sundhari A, Vishwanath S, Qing
J, Mittal R, Kameswaran M, et al. The genetic basis of

This work is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 License
(CCBY-NC 4.0).

9


https://orcid.org/0000-0001-7384-6400
https://orcid.org/0000-0002-2534-071X
https://orcid.org/0000-0002-5314-5022

ORIGINAL ARTICLE
: ) ) OPEN ACCESS
Journal of Otorhinolaryngology and Facial Plastic Surgery 2022;8(1):1-10.

https://doi.org/10.22037/orlfps.v8i1.41603

nonsyndromic hearing loss in Indian and Pakistani
populations.  Genetic  Testing and Molecular
Biomarkers. 2015;19(9):512-27.

19.Falah M, Houshmand M, Balali M, Asghari A,
Bagher Z, Alizadeh R, et al. Role of GJB2 and GJB6
in Iranian nonsyndromic hearing impairment: from
molecular analysis to literature reviews. Fetal and
Pediatric Pathology. 2020;39(1):1-12.

20.Beheshtian M, Babanejad M, Azaiez H,
Bazazzadegan N, Kolbe D, Sloan-Heggen C, et al.
Heterogeneity of hereditary hearing loss in Iran: a
comprehensive review. Archives of Iranian medicine.
2016;19(10):720.

21.Norouzi V, Azizi H, Fattahi Z, Esteghamat F,
Bazazzadegan N, Nishimura C, et al. Did the GJB2
35delG mutation originate in Iran? American journal
of medical genetics Part A. 2011;155(10):2453-8.

22.Babanejad M, Fattahi Z, Bazazzadegan N,
Nishimura C, Meyer N, Nikzat N, et al. A
comprehensive study to determine heterogeneity of
autosomal recessive nonsyndromic hearing loss in
Iran. American journal of medical genetics Part A.
2012;158(10):2485-92.

23.Bademci G, Foster J, Mahdieh N, Bonyadi M,
Duman D, Cengiz FB, et al. Comprehensive analysis
via exome sequencing uncovers genetic etiology in
autosomal recessive nonsyndromic deafness in a large
multiethnic ~ cohort.  Genetics in  Medicine.
2016;18(4):364-71.

24.Bharadwaj T, Schrauwen I, Rehman S, Liagat K,
Acharya A, Giese AP, et al. ADAMTS1, MPDZ,
MVD, and SEZ6: candidate genes for autosomal
recessive  nonsyndromic  hearing  impairment.
European Journal of Human Genetics. 2022;30(1):22-
33.

This work is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 License
(CCBY-NC 4.0).
10



