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A Novel Deleterious MYO15A Gene Mutation Causes
Nonsyndromic Hearing Loss
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Abstract
Introduction:
Hearing loss (HL) is the most frequent sensory neurodeficiency, affecting a broad spectrum of

individuals globally. Within this context, the role of genetic factors takes center stage, particularly in
cases of hereditary HL.

Case Report:

Here, we present a nonsyndromic HL (NSHL) case report. The patient is a 21-year-old man with
progressive HL. The whole-exome sequencing (WES) demonstrated a novel homozygous missense
mutation, ¢.9908A>C; p.Lys3303Thr, in the proband's exon 61 of the MY O15A gene. Further analysis
has revealed that the detected mutation is present in a heterozygous state in the parents.

Conclusion:

WES analysis in this study revealed a novel mutation in the MY O15A gene. Our data indicates that the
MY O15A-p.Lys3303Thr mutationis the likely pathogenicvariant associated with NSHL. Additionally,
this finding enhances genetic counseling for individuals with NSHL patients, highlighting the value of
the WES method in detecting rare genetic variants.
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Introduction

Hearing loss (HL) is considered the most
common sensorineural disorder, and according
to the World Health Organization (WHO), it
affects over 5% of the world's population (1).
Genetic factors areresponsible foralmost half of
all recognizedimpairments. Hearing impairment
has two types: syndromic and nonsyndromic HL
(NSHL) classification, the latter being highly
heterogeneous. In the syndromic type, deafness
is conductive HL and is accompanied by further
dysfunctions. In contrast, in NSHL, the clinical
manifestationis justdeafness,andthe disorder is
sensorineural HL type (2—4). NSHL is an
inherited condition primarily involving just the
auditory sensation; it accounts for 70% of all
inherited HL cases. NSHL is inherited as
autosomal recessive (ARNSHL) and autosomal
dominant (ADNSHL) inheritance forms. 80% of
gene deficits of hearing impairments are
expected to be ARNSHL, and the remaining
20% ADNSHL (1,2). ARNSHL is primarily
caused by genes encoding myosin-XVa
(MYO15A), solute carrier family 26 (anion
exchanger) member 4 (SLC26A4), gap junction
protein beta 2 (GJB2), otoferlin (OTOF),
cadherin-related 23 (CDH23), and
transmembrane channel- like 1 (TMC1), all of
which contain over 20 deferent mutations that
have beenidentified in consanguineousmarriage
(5). Itis estimated that more than 150 genes are
involved in hearing impairment, accounting for
the heterogeneity of HL. HL highly influences
the life quality of patients. It was demonstrated
that HL is accompanied by dementia, reduction
in functional abilities, cardiovascular disease
and higher mortality (6—8). HL can be detected
in the early stages of growth or may identified in
the elderly stages. The most frequent pattern of
hereditary HL (HHL) is autosomal recessive
(85%), followed by autosomal dominant (12-
15%) and X-link (1-3%), respectively (9). In
regions where consanguinity marriage hasa high
rate, identifying rare pathogenic mutations is not
far from expected. In lIran, the rate of
consanguinity marriage was reported to be
approximately 40%, and it is estimated that it
will reach 60% in the future (2), which indicates
the importance of reliable gene pattems. In this

Neissi M, et al

study, wereportanewmutationinthe MYO15A
gene, which is involved in the pathogenesis of
NSHL.

Case Report

We geneticallyanalyzedan Iranian family with
a consanguineous marriage with a 21-year-old
boy with HHL. The family pedigree is depicted
in Figure 1. The blood specimens were obtained
from all family members. All available medical
history was collected. The otolaryngologist
evaluated all family members.

Fig 1: Pedigree of the studied family with an
autosomal recessive pattern of inheritance. Circle
symbols represent females, squares denote malks and
rhombus indicate genderunknown. The diagonal line
on the squaresand circles represents a deceased malke
and female. Filled black symbols represent the
patient, and symbols with dots represent mutation
carriers without clinical manifestations. The arrow
indicatesthe probandof this family.

It was determined that the subject had
sensorineural HL (SNHL) based on pure tone
audiometry (PTA). There were no clinical
manifestations in favor of the syndromic
phenotype. DNA extraction was conducted
using the salting out method. We solely
performed whole-exome sequencing (WES) for
the proband. DNA sequencing was carried out
by SureSelect Human All Exon Kit V6 (Agilent
Technologies Inc., USA) and Illumina HiSeq
4000 machine (San Diego, USA) in accordance
with the manufacturer's instructions. Genetic
sequence analysis detected a novel, homozygous
substitution at ¢.9908A>C (NM_016239.4) in
exon 61 of the MYO15A gene. Bioinformatic
tools, including SIFT, PolyPhen-2, and
MutationTaster, predicted that this mutation is
probably pathogenic (Table 1).

Table 1: Results of in silico prediction tools for the functionaleffect of the novel missense mutation.

Gene/variant

Polyphen-2 HDIV score

SIFT score MutationTaster

ENST00000647165.2, K3303T

1.000 (probably damaging)

0.007 (damaging) Disease-causing

356 Iranian Journal of Otorhinolaryngology, Vol.36(1), Serial No. /32, Jan-2024



Novel MYO15A Mutation Hearing Loss

The detected mutation in the proband was
verified using Sanger direct sequencing (ABI
3130 Genetic Analyzer, California, USA). The
sequences of used primers were as follows
(forward primer: AAGCTGTGTCCCAGAAC
AGG and the reverse primer ACAGGGCCT
GAATCATGA AC). Figure 2 shows that the
patient and his parents had the MYO15A
mutation in the homozygous and heterozygous

states, respectively. This missense mutation
substitutes Lysine with Threonine (AAG>ACG)
at the 3303-position of the MYO15A protein
(Figure 2D). These observations suggest that
NM_0162394 (MYO15A): c.9908A>C; p.
Lys3303Thr mutation could be the cause of the
progress of NSHL. The detected mutation
information is shown in Table 2 based on the
Human Gene Mutation Database (10).
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Fig 2: Sanger sequencing chromatograms of chromosome 17 at position 18166481 for the patient (A) and his
parents (B,C) are shown. The nucleotide changes A to C at chrl7:18166481 which results in MYO15A
p.Lys3303Thrare highlighted by boxes. The DNA sequence chromatogram of the patient shows homozygous C/C
atchrl7:18166481 while the chromatogram of his parentsshows heterozygous A/C. (D) Zoomed -in view of the
region containing the K3303T variant, including the amino acid sequences of protein-coding isoform and the
mutated sequence caused by the variant.

Table 2: Reported mutationsin MYO15A gene.

Pathogenic variant Protein effect Exon Type of mutation
€.742C>G p.Arg248Gly 2 Missense
€.867C>G p.Tyr289Ter 2 Nonsense

€.1047C>G p.Tyr349Ter 2 Nonsense
c.1210G>T p.Glu404Ter 2 Nonsense
€.1223C>T p.Ala408Val 2 Missense
c.1387A>C p.Met463Val 2 Missense
€.3026C>A p.Pro1009His 2 Missense
¢.3313G>T p.Glul105Ter 2 Nonsense
€.3385C>T p.Argl129Ter 2 Nonsense
c.4351G>A (p-Asp1451Asn) 12 Missense
c.4652C>A p.Alal551Asp 14 Missense
c.4898T>C p.1le1633Thr 17 Missense
€.5189T>C p.Leul730Pro 19 Missense
¢.5336T>C p.Leul779Pro 20 Missense
c.5417T>C p.Leul806Pro 22 Missense
€.9620G>A p.Arg3207His 59 Missense
€.10263C>G p.lle3421Met 64 Missense
€.10474C>T p.GIn3492Ter 65 Missense
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Discussion

In the present study, we analyzed an affected
person with HL using the WES method. Our
results indicated a novel variant of the
MYO15A gene in patients with ARNSH. This
gene deficit was a new homozygous mutation,
€.9908A>C in exon 61, that cause converting
the Lysine at position 3303 to Threonine
(p.K3303T) in the ferm domain and tail region
of the Myosin protein. This alteration is
accompanied by the production of a polar
uncharged amino acid instead of a polar
charged amino acid. Based on in silico
predictions, this change will negatively affect
myosin-XVa protein function. Up to now, the
Human Gene Mutation Database has presented
241 missense/nonsense mutations in the
MYO15A gene (10); the data of our study has
added anew missense MY O15A gene mutation
to the current knowledge.

Myosin-XVa, the coding protein of
MYO15A, plays a critical role in forming
stereocilia in the hair cells of the cochlea (11).
As an actin-activated ATPase that uses ATP
hydrolysis to move on actin filaments, myosin
XVa is completely localized at the tips of
stereocilia in the organ of Corti. It is believed
that mechano-electric transduction occurs at the
tip of a stereociliumand the site of stereocilia
growth (12). It is crucial for the formation and
proper function of the mechanotransduction
machinery to have myosin-XVa. As myosin
tails bind with membranous compartments,
they move relative to actin filaments (13). Also,
our work suggests that the autosomal recessive
form of NSHL could be a consequence of
MYO15A gene mutations and c.9908A>C
MYO15A mutation encodes a dysfunction of
MYO15A protein that causes function or
stability, and finally deafness. Wang L etal. in
their publication, showed causative MYO15A
mutations in a Chinese family with NSHL (14).
Furthermore, previous studies have evaluated
pathogenic genomic defect families with
NSHL, introduced forty-three mutations in the
MYO15A gene, and concluded that
modifications accounted for ARNSHL (14—
16). Subsequently, Zhang F. et al. reported
three MYO15A pathogenic mutations
(c.3971C>A; p.A1324D, €.4011insA;
p.Q1337Qfsx22, and ¢.9690+1G>A) in one
Chinese family with ARNSHL (17). In line
with these findings, Asgharzade S. et al.
evaluated the involved mutations of NSHL in
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the Arab population in Southwest Iran using
WES and presented a novel homozygous
€.1047C>A (p.Y349x) mutation in one of the
twenty-five families that produce a premature
stop codon (18). European epidemiological data
revealed that RNSHL, DFNA22, DFNAS8/12,
and ADNSHL, DFNBL1 are more prevalent (19).
Additionally, they indicated that maternally
inherited X-linked HL NSHL have the lowest
frequency of hereditary patterns (19). Despite
recognizing various gene mutations, they
account for approximately 50% of HL in Europe
(20). These findings indicated a challenge in HL
gene mutation diagnosis. In a meta-analysis
conducted by Farjami M et al. investigated the
prevalence of MYO15A gene mutations around
the world, it was found that the MY O15A gene
is one of the most causative gene deficits in
NSHL and it is highly dependent on the ethnic
background (21). In this line, it was
demonstrated that in the United Arab Emirates
(UAE), missense mutations are more frequent in
NSHL pathogenesis, in which the most involved
genes were GJB2 and CDC14A (22). It agrees
with Adadey SM et al.'s findings that connexin
gene variants are prevalent in NSHL, although
they have indicated biallelic GJB2 likely
pathogenic were more common (23). This is the
first report of ¢.9908A>C mutation in the
MYO15A gene in NSHL patients. Since only
this mutation was detected by WES and
confirmed by Sanger sequencing, it can be
concluded that it can cause NSHL. It is
postulated that variant chr17:18166481:A>C (in
exon 61 of MYO15A gene) in the ferm domain
and tail region of the Myosin protein can create
a substitution in the amino acid sequence and
produce a new codon at position 3303. This
alteration would be expected to affect the
MYO15A protein's function. This mutation in
the MYO15A gene is likely pathogenic in our
patient affected with NSHL.

Conclusion

The present study reported a novel missense
mutation (c.9908A>C; p.Lys3303Thr) in the
MYO15A gene. This information holds
considerable significance within the realm of
genetic counseling, particularly for individuals
diagnosed with NSHL. Furthermore, we
demonstrate the effectiveness of the WES
method as a valuable tool for identifying rare
causative genetic variants in patients with
NSHL.
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