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Abstract—Objective: the novel mutations in the LRTOMT gene was reported in a Chinese patient with non-
syndromic, congenital profound sensorineural hearing loss. Methods: one boy with hearing loss was enrolled
from nonconsanguineous family in the study. Targeted genomic enrichment and massively parallel sequenc-
ing of all 415 known hearing loss genes were performed to find possible genetic etiology. Various bioinformat-
ics tools were used to assess the pathogenicity of the variants. Interpretation of variants was performed accord-
ing to the American College of Medical Genetics and Genomics (ACMG) guidelines to identify the genetic
cause of hearing loss. Results: compound heterozygotes with a novel nonsense mutation (c.451C>T,
p.Arg151X) and a novel missense mutation (¢c.358 G>A, p.Gly120Ser) located in splice site were identified in
the LRTOMT gene. The two mutations were segregated in both alleles of LRTOMT, present within the
LRTOMT? protein coding region. Nonsyndromic, congenital profound sensorineural hearing loss without
detectable residual hearing was found in the patient, and autosomal recessive inheritance was indicated. Con-
clusion: a novel missense mutation located in splice site was found in the LRTOMT gene in our study. The
compound heterozygous mutation increases the spectrum of LRTOMT gene mutations associated with hear-

ing loss in the Chinese population.
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INTRODUCTION

The genes related with hearing loss were studied
more than thirty years, and many mutations of the
genes were found. Currently, more than 108 autoso-
mal-recessively inherited forms (ARNSHL) loci have
been reported, and 75 genes for autosomal recessive
nonsyndromic sensorineural HL (SNHL) have been
mapped (http://hereditaryhearingloss.org). Never-
theless, only a few mutations in many autosomal genes
for SNHL were reported, and these genes was
described as rare hearing-loss-related gene. LRTOMT
gene, as one of rare hearing-loss-related gene
accounting for autosomal recessive nonsyndromic
SNHL, was assigned DFNB63 locus on human chro-
mosome 11q13.3-q13.4 in 2007 [1-3]. LRTOMT is a
fusion gene that has alternative reading frames and
only exists in primates [4], encoding Leucine Rich
Transmembrane and O-Methyl-Transferase [5]. It was
revealed that the LRTOMT gene (NM_001145309)
consisted of 9 exons and was transcribed into 5 differ-
ent alternative splicing transcripts, with the positional
cloning of the LRTOMT gene performed from human
liver cDNA [4, 6]. Further research suggests that
LRTOMT gene primarily encodes two different pro-
teins: LRTOMTI1 and LRTOMT?2 [4, 6]. LRTOMT?2

is expressed in sensory hair cells in the inner ear and is
thought to be important for auditory and vestibular
functions [6]. The defects in LRTOMT?2 protein
resulted in degeneration of hair cells and caused
SNHL [7]. Several studies have also reported that the
mutations in the LRTOMT gene resulting in SNHL
located in coding regions of LRTOMT?2, not LRTOMT1
[8—10]. Itisindicated LRTOMT-related SNHL might
be more attributable to the LRTOMT?2 region than to
LRTOMT]I.

Until now, only 17 mutations of LRTOMT gene
were found in autosomal recessive nonsyndromic
SNHL [2, 4, 6, 8—15]. Most of these mutations were
all homozygous mutations due to consanguineous
families from the Middle East and South Asia [4, 6, 8—
11, 14, 16]. The highest mutation frequency in this
gene is reported in Moroccan families and then in
Tunisian Iranian, Turkish and Pakistani families [4, 6,
11, 16]. These mutations lead to severe-to-profound
prelingual SNHL [1]. As targeted next-generation
sequencing (NGS) of the known deafness genes’
exons (“gene panels”) was applied to diagnose the
cause of hearing loss, more mutations will be found,
because NGS of the known deafness genes’ exons is a
powerful tool to reveal the disease-causing mutations
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in patients with hearing loss. Furthermore, more
reports of pathogenic mutations are helpful for clinical
gene diagnosis and genetic counselling.

In the present study, we reported a novel com-
pound heterozygous mutation composing of a hetero-
zygous nonsense mutation and a heterozygous mis-
sense mutation located in splice site in the LRTOMT
gene identified in an eleven-month-old boy with
SNHL.

MATERIALS AND METHODS
Subject and Clinical Evaluations

An eleven-month-old boy with congenital SNHL
from a nonconsanguineous family with no history of
HL was ascertained (pedigree is shown in Fig. 1a).
Comprehensive family history, physical examination
and audiological testing such as play audiometry, tym-
panometry, acoustic stapedial reflex, transient/distor-
tion product otoacoustic emission (TE/DPOAEs),
auditory brainstem response (ABR), auditory steady
state response (ASSR) were performed. Sensorineural
hearing loss diagnosis was performed in a sound-
proofed room according to the clinical standards.

Clinical examinations did not reveal any other
symptoms except for HL. The boy received cochlear
implant at the age of 11 months. Auditory and speech
performance in this case were evaluated using the cat-
egories of auditory performance (CAP) scale and
speech intelligibility rating (SIR) scale. These scales
are reliable for measuring the outcome of cochlear
implantation. CAP consists of 8 categories, ranging
from “no awareness of environment” (CAP score 0) to
“use of telephone with known users” (CAP score 7)
and SIR consist of 5 categories, ranging from “unin-
telligible speech” (SIR score 1) to “speech intelligible
to all listeners” (SIR score 5).

Genomic DNA Sample Collection

Blood samples were collected from the boy and his
parents in this pedigree, as well as 76 patients with spo-
radic hearing loss and 145 normal individuals as con-
trols at the Department of Otolaryngology and Head-
Neck Surgery, Peking University First Hospital.
Genomic DNA was extracted using the Qiagen blood
DNA extraction kit (Qiagen, Hilden, Germany).

Whole Exome Capture and Library Construction

Human exome capture was performed following
the protocol from Illumina’s TruSeq™ Exome
Enrichment Guide (Illumina, San Diego, CA, USA).
Illumina’s TruSeq 62 Mb Exome Enrichment kit was
used as exome enrichment probe sets, and 5 pg of
genomic DNA in 80 uL of Buffer EB (Qiagen) was
fragmented in a Biorupter UCD-200 (Diagenode,
Belgium) to sizes of 100—500 bp. DNA concentration
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was estimated by OD260 measurement and quantita-
tive real-time polymerase chain reaction (PCR) anal-
ysis. Captured DNA libraries were sequenced with the
I1lumina HiSeq 2000, yielding 200 (2 % 100) base pairs
from the final library fragments using V2 reagent. After
performing WES, the released raw data were converted
to the FASTQ file. Bioinformatic analysis included
GATK (Genome Analysis Toolkit) (https://gatk.broa-
dinstitute.org/) for variant calling, BWA (Burrows-
Wheeler Aligner) (http://bio-bwa.sourceforge.net/)
for genome alignments and variant detection (hgl9,
NCBI Build 38) and Picard to mark duplicate reads
were used. Variant filtering was performed based on
homozygous missense, start codon change, splice site,
nonsense, stop loss, and indel variants with MAF <1%
in databases such as: dbSNP version 147, 1000
genomes project phase 3 database (https://www.inter-
nationalgenome.org/), NHLBI GO exome sequenc-
ing project (ESP) (https://evs.gs.washington.edu/),
and exome aggregation consortium (ExAC)
(http://exac.broadinstitute.org).

After the filtration, the candidate variants were
confirmed using bidirectional Sanger sequencing.
PCR amplification and sequencing of the variants
were performed using the forward primer: 5'-TATGG-
GATTCCCTCCCTACC-3' and the reverse primer:
5'-AGCAGCAACAGATCCCAAAT-3' for exon 7 of
LRTOMT, the forward primer: 5'-TGTCTTCTG-
CAACAGCCATC-3" and the reverse primer: 5'-
CTCACACACCATCCAGCATC-3' for exon 8 of
LRTOMT. Chromatograms were compared with ref-
erence sequence (NM_001145308), encoding a 291-
residue protein (NP_001138780.1), using SeqMan
software version 5.00© (DNASTAR, Madison, WI,
USA). Next, the variants were investigated in the
Human Gene Mutation Database (HGMD)
(http://www.hgmd.cf.ac.uk/) and the literature to
seek the novelty of the variant or its association with
HL. Variant nomenclature was based on Human
Genome Variation Society (HGVS) [17].

Prediction of Pathogenicity of Mutation

For missense mutation, SIFT, MutationTaster, and
PolyPhen?2 software programs were applied to predict
the influence on the protein function by amino acid
substitution [18]. The splice variant was evaluated by
different in silico software tools such as FSPLICE
(http://www.softberry.com/),  NetGene2  Server
(www.cbs.dtu.dk/), PANTHER (http://www.pant-
herdb.org/), MutationTaster (http://www.mutation-
taster.org/), SIFT (https://sift.bii.a-star.edu.sg/) and
CADD (https://cadd.gs.washington.edu/) to predict
its deleterious effect on protein in terms of function.
The American College of Medical Genetics and
Genomics (ACMG) guidelines were also used to clas-
sify the variants [19].
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Fig. 1. (a) Pedigree of the family. The proband is marked by an arrow. (b) Pure tone audiogram of patient. Audiogram indicate
profound hearing loss in both ears. Frequency in hertz (Hz) and the hearing threshold in decibels (dB) are shown.

RESULTS
Clinical Evaluations

The proband was an eleven-month-old boy who
showed bilateral congenital profound NSHL, accord-
ing to the audiological evaluations (Fig. 1b). No symp-
tom of syndromic HL was found in the patient. The
proband was born to a nonconsanguineous couple
after a full-term natural delivery. No genetic disease
other than HL was evident in the pedigree. The CT
scan results of temporal bone were normal in the
patient.

Two years after cochlear implantation, auditory
and speech performance were evaluated and good out-
come of cochlear implantation with CAP score of 6
(understanding conversation without lip reading) and
SIR score of 5 (speech is intelligible to the listener) was
found.

Whole-exome sequencing (WES) was applied and
two variants in LRTOMT gene met the criteria for fur-
ther analyses. As a result of WES, a heterozygous non-
sense mutation of ¢.451C>T (p.Argl51X) and a het-
erozygous missense mutation of c.358G>A
(p.Gly120Ser) located in splice site in the LRTOMT
gene were found (Figs. 2a, 2b). The ¢.451C>T muta-
tion leads to an early stop codon, resulting in a trun-
cated protein with 150 residues (versus 291 residues in
the intact protein). Argl51 and truncated part are
modified in the mutated protein are located in a highly
conserved residue of LRTOMT?2 in multiple-species
alignment. The ¢.358G>A mutation we discovered
leads to Gly120Ser amino acid substitution in LRTO-
MT?2, meanwhile, the mutation located in splice site of
exon 7, resulted in the essential different protein, elim-
inating the catechol-O-methyltransferase domain and
the part of the transmembrane domain. This
¢.358 G>A mutation was assessed as being deleterious
by Mutation Taster as well as several other prediction
tools such as SIFT, PROVEAN, PANTHER,
FSPLICE, NetGene2 Server and CADD. The vari-
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ants were absent from dbSNP version 147, 1000
genomes project phase 3, NHLBI GO ESP, ExAC,
Iranome, HGMD and Clinvar databases. It has been
conserved among several species including Rhesus,
Mouse, Dog, Elephant, Chicken, X tropicalis
Zebrafish and Lamprey (Fig. 2c¢). The two mutations
were not found in the literature.

The variant co-segregated with the disease in the
family: heterozygous in parents, but compound het-
erozygous in the patient who was the only child of the
family (Fig. 1a). None of the two variants were identi-
fied in the 76 patients with sporadic hearing loss and
145 Chinese normal hearing controls. According to
the ACMG guideline, the two variants’ evidences are
described below, and the two variants are classified as
pathogenic variants (1 very strong, 2 moderate and
1 supporting criteria): ¢.451C>T (p.Argl51X) variant
and ¢.358G>A (p.Gly120Ser) located in splice site.

—It is a nonsense variant or a splice variant
(PVSI1).

—It is located in a mutational hot spot and/or crit-
ical and well-established functional domain (PM1).

—The variant is absent from controls (or at
extremely low frequency if recessive) in Exome
Sequencing Project, 1000 Genomes Project and
Exome Aggregation Consortium (PM2).

—Multiple lines of computational evidence sup-
ported the deleterious effect of the variant on the gene
or gene product (conservation, splicing impact, etc.)
(PP3).

DISCUSSION

The most mutations of LRTOMT gene resulting in
hearing loss were homozygous due to consanguineous
marriage, only two patients with compound heterozy-
gous mutation were reported, one is Chinese (see
Table 1). It is indicated that the carried rate of the
LRTOMT gene mutation was extremely low in Chi-
Vol. 57
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Fig. 2. (a) One of two isoforms encoded by the LRTOMT gene: LRTOMT?2. In this transcript of LRTOMT (NM_001145308),
LRTOMT?2, starts from exon 5 and ends in exon 9. A compound heterozygous mutation includes ¢.358 G>A mutation located in
exon 7 and ¢.451C>T mutation located in exon 8. (b) The electropherogram of the mutations in the patient, c.358 G>A hetero-
zygously from his father (b1) and ¢.451C>T heterozygously from his mother (b2). (c) The modified region (p.G120S amino acid
substitution showm in the red box) is located in a highly conserved region among species.

nese population. In the present study, we identified a
novel compound heterozygous mutation in the
LRTOMT gene in a boy with congenital profound
hearing loss that was presumably autosomal recessive
inherited. This is the second case reported to be
affected by the compound heterozygous mutation in
Chinese patients. One nonsense mutation ¢.451C>T
(p.R151X) was identified in exon 8 of LRTOMT
(NM_001145309). The premature stop codon is pre-
dicted to result in a truncated protein with impaired
function or no protein at all, due to nonsense mediated
mRNA decay, according to Alamut 2.3 software. The
other mutation of the compound heterozygous muta-
tion was ¢.358 G>A variation which located in the end
of exon 7 and resulted in both missense mutation
(p.G120S) and splice mutation. The mutations are
believed to be pathogenic because of nonsense muta-
tion or splice mutation, and because neither change
has been observed in a series of normal controls.

The p.G120S and p.R151 substitutions in LRTOMT?2
are predicted to alter the COMT domain of LRTOMT?2,
leading to the enzymatic defect associated to the
¢.358G>A and c.451C>T mutation, but the role of
LRTOMT isoforms in the hearing process remains
elusive, rendering the cause of deafness unclear. An
animal model of LRTOMT would be a valuable tool to
evaluating the pathophysiology of these mutations.
Indeed in mouse, Tomt (residues 34—291) shows 91%
amino acid identity and 92% similarity to human
LRTOMT2. Tomt was detected in the cytoplasm of
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inner and outer hair cells and their supporting cells in
the cochlea, as well as in vestibular hair cells and their
supporting cells in adult mouse [6].

Loss of function in LRTOMT?2 protein resulted in
profound sensorineural hearing loss in the present
case. The most of the previous studies reported audio-
logic profiles for each individual showing congenital
severe to profound hearing loss regardless of missense,
nonsense, frameshift, or splice mutation [4, 6, 8, 9, 11,
15]. Nevertheless, Ichinose et al. reported a case with
frameshift mutation, c.565 566delT in LRTOMT
gene had moderate progressive hearing loss [12]. The
authors supposed ¢.565_566delT located in the region
near the 3'-end and C-terminus of the LRTOMT?2
region might cause the partial translation of the
mutated allele and an incomplete LRTOMT?2 protein
with residual activity [12]. So, the genotype of
LRTOMT gene modulated the phenotype of hearing
loss from moderate to profound. In the experiment,
mice carrying a mutation of the orthologous gene
(COMT?2) suffer from vestibular dysfunction, pro-
found deafness and progressive degeneration of the
organ of Corti [6]. However, no vestibular dysfunction
was found in the patients with LRTOMT mutation.

In the present study, the patient received cochlear
implantation, and documented good cochlear
implantation outcome. Because the LRTOMT?2
expressed in sensory hair cells in the inner ear, the
effects of LRTOMT mutations are considered to be on
the inner ear and the function of the auditory nerve is
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Table 1. Known mutations in the LRTOMT gene and associated phenotypes

. L. Amino-acid Phenptype Population
Variation . (congenital non- Reference
alteration . (Hom or Het)
syndromic HL)
c.47T>C p.Leul6Pro Severe-profound Iranian (Hom) Du (2008) [6]
c.358+4G>A p.Ala29Serfs*54 Severe-profound Turkish (Hom) Ahmed (2008) [4]
c.102G>A p.Met341lu Profound Iranian (Hom) Babanejad (2012) [8]
¢.107delC (c.104delC) p.Ser35Serfs*13 Profound Iranian (Hom) Vanwesemael (2011) [9]
c.120G>T p-Glu40Asp Profound Iranian (Hom) Babanejad (2012) [8]
c.121C>T p.Argdl Trp Profound Iranian (Hom) Babanejad (2012) [8]
c.154C>T p.Arg52Trp Profound Pakistani (Hom), Wang (2017) [11],
Chinese (Com Het) | Wu (2015) [15],
Khan (2019) [2]

c.161G>A p.Arg54Gln Moderate Japanese (Com Het) | Ichinose (2015) [12]
c.208C>T p.Arg70X Profound Iranian (Hom) Riahi (2014) [10]
c.213C>G p. Tyr71X Severe-to-profound | Iranian (Hom) Du (2008) [6]

p-Glu80Asp Profound Iranian (Hom) Babanejad (2012) [8]
c.242G>A p-Arg81GlIn Severe-profound Tunisian (Hom), Ahmed (2008) [4],

Moroccan (Hom) Charif (2012) [16]

c.249C>G p.Phe83Lue Czech (Het)# Markovd (2016) [13]
c.313T>C p- Trpl05Arg Severe-profound Tunisian (Hom) Ahmed (2008) [4]
c.328G>A p-Glull0Lys Severe-profound Pakistani (Hom) Ahmed (2008) [4]
¢.509_524del p.Alal70Alafs*20 Profound Iranian (Hom) Sarmadi(2020) [14]
(CAGTGGCTGAAAAACT)
¢.565_566delT p.1lu188Thrfs*7 Moderate Japanese (Com Het) | Ichinose (2015) [12]
c.655C>T p.Arg219X Profound Chinese (Com Het) [ Wu(2015) [15]
c.358G>A p-Gly120Ser located | Profound Chinese (Com Het) |In the present study

in splice site
c.451C>T p-Argl51X Profound Chinese (Com Het) |In the present study

#: a heterozygous mutation was found in a Czech. Hom: homozygous, Het: heterozygous, Com Het: compound heterozygous.

spared, it indicated the patients with hearing loss
resulting from LRTOMT gene mutation would be
good outcomes. The similar outcomes were reported
yet in patients with LRTOMT gene mutations in other
studies [14, 15].

So far, the reported mutations in the LRTOMT
gene were rare and sporadic except for one mutation
c.242G>A (p.R81Q) which has been found in deaf
patients from Morocco at a frequency of 8.75%, which
makes this gene the second most frequently involved
deafness gene in Morocco, after GJB2 [16]. The inci-
dence of the mutation in the LRTOMT gene in Asian
and other Africa countries is unknown.

In summary, we describe a unique variation which
is both missense mutation (¢.358 G>A, p.G120S) and
splice mutation in one allele of LRTOMT. This results
in elimination of the catalytic domain of LRTOMT?2,
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which is most likely disease causing. In conclusion,
our results and other studies suggest that mutations in
the LRTOMT gene result in alterations in the LRTOMT2
(COMT?2) protein and might be involved in moderate-
to-profound NSHL. The LRTOMT gene should be
studied in a larger population of families in Asian for a
more thorough understanding of its role in causing HL.
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