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Abstract

Hereditary hearing loss is the most common sensory neural disorder, which has been revealed to have high genetic
heterogeneity. Herein, we aimed to figure out the underlying genetics of the subject from an Iranian deaf family. Next-generation
sequencing (NGS) of all known hearing loss genes was carried out in the proband of the family, followed by a cosegregation analysis
of all members of the family. We recognized a novel homozygous pathogenic nonsense mutation, NM_001145472: ¢.1787G>A;
p-W596X, in the LOXHDI1 gene, and Sanger sequencing verified that this mutation segregated with the ARNSHL in the family.
Our study showed a contribution of LOXHD]1 variants to the NSHL in Iranian patients and provided a better understanding of the
mutation spectrum of deafness in the Iranian population. Also, the present investigation supports the application of genetic testing
in the clinical diagnosis and genetic counseling of deafness.(International Journal of Biomedicine. 2022;12(1):164-166.)
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Abbreviations

AD, autosomal dominant; AR, autosomal recessive; EXAC, exome aggregation consortium; FCD, fuchs corneal dystrophy;
HGMD, human gene mutation database; HHL, hereditary hearing loss; LOXHDI1, lipoxygenase homology domains 1; NGS,
next-generation sequencing; NSHL, non-syndromic hearing loss; PCR, polymerase chain reaction; PTA, pure-tone audiometry;
SHL, syndromic hearing loss; WES, whole exome sequencing.

Introduction

Hearing loss is the most frequent sensory deficit disorder,
accounting for a high prevalence of disability.) Hearing loss is
considered as an etiologically heterogencous sensory disorder
with a prevalence of 1 in 1000 live births around the world.®
Based on hearing loss combined with the presence or absence of

anomalies of the external auditory canal, hereditary hearing loss
(HHL) may be divided into a syndromic hearing loss (SHL) and
non-syndromic hearing loss (NSHL).(3) About 70% of HHL
patients may be attributed to NSHL, and 50% of NSHL patients
have Mendelian disease.” The mode of inheritance of non-
syndromic hereditary hearing loss is classified into autosomal
dominant (AD), autosomal recessive (AR), X-linked, and
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mitochondrial. It is expected that 80% of the inheritance mode
of NSHL is AR (ARNSHL), and the remaining 20% is AD
(ADNSHL).®” Also, in view of the consanguineous marriages’
high rate in the Middle East, ARNSHL is reportedly more
common in some western countries.®

At present, more than 60 genes and more than 145
chromosomal loci have been reported in cases affected with
ARNSHL (https://hereditaryhearingloss.org/). The genes
are most frequently implicated in ARNSHL, including
GJB2, SLC26A4, MYO15A, OTOF, and CDH23.© Genetic
heterogeneity of disease has been admittedly known as the
most critical challenge in molecular diagnosis of NSHL.
Screening for gene variants with traditional Sanger direct
sequencing is time-consuming and costly.

With the advent of newer specific technologies that
rely on massive parallel such as whole-exome sequencing
(WES) based on next-generation sequencing (NGS), genetic
heterogeneous diseases have become accessible for the
detection of the causative genes and diagnosis.”

In the present study, we identified a novel lipoxygenase
homology domain 1 (LOXHDI1) ¢.1787G>A; p.(W596X),
mutation by WES in a consanguineous Iranian pedigree with
HL. To the best of our knowledge, this mutation has not been
observed in any of the mutation databases.

Case Presentation

The present study was performed in a consanguineous
Iranian pedigree presenting as autosomal recessive NSHL.
Informed written consent was obtained from the family
members in accordance with the Helsinki Declaration.

The index patient, a 26-year-old female, showed a
recessively NSHL, which was symmetrical bilateral, and
severe degree (Fig. 1A). The proband was further subjected
to clinical examinations of the inner ear accompanied by pure-
tone audiometry (PTA). The probands’ parents had normal
hearing, and no other additional symptoms were complained
by the family members.

In order to find out the pathogenic variant in an Iranian
family, a standard salting-out method was used to obtain
genomic DNA from the peripheral blood samples. Whole
exome sequencing was used to screen mutations from candidate
genes to hereditary deafness in the genomic DNA of the index
patient by Macrogen, Seoul, South Korea. The novel pathogenic
variations were analyzed by the 1000 Genomes Project (https://
www.internationalgenome.org/) and Exome Aggregation
Consortium (ExAC). Only variants with a frequency below 1%
were selected. Finally, the candidate variant was checked in the
Human Gene Mutation Database (HGMD) and Clinvar.

After preliminary recognition of variant by WES,
polymerase chain reaction (PCR) amplification and direct
Sanger sequencing of the detected variant were used for
confirmation of the co-segregation in the studied family.
Also, the identified variant was checked in the healthy control
database for the same ethnic group (Iranome; http://www.
iranome.ir/).

WES was carried out on the genomic DNA from
the proband. A variant rate equal to or less than 0.01 in

CNGMD was utilized as the frequency cut-offs. As shown
in Figure 1B, a novel homozygous mutation c.1787G>A
(TGG>TAG) was detected in exon 15 of the LOXHD1 gene,
which was recognized co-segregated with the phenotype in
a consanguineous Iranian family. This variant has not been
described in 1000 Genome and ExAC databases. Based on the
ACMG guidelines, the ¢.1787G >A mutation is classified as
pathogenic.

To confirm the results, direct Sanger sequencing was
carried out on the DNA of the family members. The results
demonstrated that the affected case was homozygous for this
nonsense mutation, and each of her healthy parents carried a
heterozygous LOXHDI ¢.1787G>A (p.W596X) variant.

The nonsense mutation detected in exon 15 of the
LOXHDI1 gene (c.1787G>A) leads to the tryptophan stop
codon substitution (Trp596Ter), which was located in the
polycystin-1/lipoxygenase/alpha-toxin (PLAT) 5 domain of
the LOXHD]1 protein (Fig. 1C).
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Fig.1. (A) Pedigree of family with ARNSHL. The black-solid circle
(IV:1) represents the affected female patient. The mother and father
(1l1:1 and 11I:2) are first cousins. (B) Sequence electropherograms
showing homozygous change in the proband and parents as
heterozygous carriers. (C) Zoomed-in view of region containing
the variant. The p.W596X stop mutation is located at the 5th PLAT
domain of the LOXHDI protein.
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Its substitution for a stop codon could result in either a
severely truncated protein or the absence of the LOXHDI1
protein secondary to nonsense-mediated decay (NMD).
Multiple orthologous sequence alignment (MSA) around codon
596 showed this, and neighboring amino acids are evolutionarily
highly conserved residues in LOXHDI1. In addition, prediction
tools, including SIFT and MutationTaster software, predicted
that this variant is disease-causing. Thus, it is recommended that
the p.W596X residue is important for proper protein function.

Discussion

In the present research, a mutation in the LOXHDI
gene was recognized by targeted WES in an Iranian family.
Mutations in the LOXHDI1 gene are the pathogenic cause
for both Fuchs corneal dystrophy (FCD) and ARNSHL
(DFNB77).19 Patients with FCD usually carry LOXHDI
heterozygous mutations, whereas individuals with DFNB77
usually have homozygous mutations in any domain.!?
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Until now, about 80 pathogenic mutations of the LOXHD1
have been described in patients with FCD and DFNB77 in
international mutation databases. Ethnic variety of genetic
variance has been described in HL gene LOXHD1."Y Though,
one of these mutations was identified in the Iranian family.

In the present study on a family with severe HL, one
nonsense homozygous mutation (c. 1787G>A (p.W596X)) in
LOXHDI1 was recognized by targeted WES. Subsequently,
Sanger sequencing further confirmed the existence of this
mutation, which revealed co-segregated with HL. The
normal-hearing members in the family were heterozygous for
the detected mutation and no visual problems and vestibular
dysfunction were shown in any of them.

The LOXHDI gene (NM_001145472), which is located
at 18q12-g21, spans about 35-56 Mb of DNA, and consists of
43 exons. This gene encodes a 2,211-amino acid protein, which
is made up of 15 polycystin /lipoxygenase /alpha-toxin (PLAT)
domains."? The LOXHDI1 protein function is unclarified though
PLAT domains are predominantly located along the membrane
of hair cell stereocilia and believed to be involved in protein-
protein and protein-lipid interactions, demonstrating its role in
maintaining normal hearing."? PLAT domains are approximately
120 amino acids long, form a beta-sandwich including 2 sheets
of 4 strands each, and show to function in plasma membrane
targeting.'¥ PLAT domains share structural similarities to
eukaryotic Ca2+-binding C2 domains. Studies recognized
LOXHDI1 orthologs in vertebrates, cephalochordates, and
urochordates, but not in arthropods or nematodes.'¥

Protein structure analyses propose that the first 11 PLAT
domains of the LOXHDI protein are highly conserved from
Danio rerio to humans; mutations in these domains perturb
LOXHDI and might damage the interactions and destabilize
LOXHDI protein structure affecting the proper function of the
protein.'> We, therefore, propose that the W596X mutation,
which damages the 5th PLAT domain, is the cause of the
hearing impairment in our patient.

In conclusion, we successfully recognized a novel and
pathogenic mutation in an Iranian family by the targeted WES.
Our finding shows that this new method is a highly effective
genetic diagnostic technology for this heterogeneous disease.
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