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ORIGINAL RESEARCH

Cochlear Implants in Deaf Patients with Novel
TMPRSS3 Gene Mutation
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ABSTRACT

Objective « To investigate the effect of cochlear implants
in deaf patients with TMPRSS3 gene pathogenic variations.
Methods « Variations of deafness genes were detected in 2
patients with profound hearing loss. Both received
unilateral cochlear implantation. Hearing and speech
abilities were evaluated and analyzed before and 3 and 6
months after surgery. The analysis included post-surgery
evaluation of auditory behavior (Categories of Performance
[CAP]) and Speech Intelligibility Rating (SIR).
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INTRODUCTION

Deafness is a major public health problem worldwide,
and hearing protection is a major issue for China’s social and
economic development. There are many etiologies for
deafness, but genetics is the major cause. In congenital
deafness with genetic heterogeneity, the key step to reduce
the rate of birth defects is to discover the molecular etiology
of deafness and explain its mechanism of action. Among
patients with hereditary hearingloss, 70% are non-syndromic,
and autosomal recessive non-syndromic deafness (DFNB) is
usually characterized by severe to profound pre-lingual
sensorineural hearing loss.

The TMPRSS3 gene is expressed in the Corti organ, stria
vascularis and spiral ganglia or cochlea,' and encodes a

Results « In the 2 patients, 3 pathogenic single nucleotide
variations (SNVs) of TMPRSS3 gene and a large deletion
in 21q22.3 were detected. The CAP and SIR grades
increased with the recovery time.

Conclusion « Cochlear implants have a good effect in
patients with TMPRSS3 gene mutation deafness.
Preoperative gene testing has a certain reference
significance for the prognosis in patients with the deafness
gene mutation. (Altern Ther Health Med. 2023;29(5):102-
106).

transmembrane serine protease. Pathogenic variations of the
TMPRSS3 gene caused severe to profound sensorineural
deafness with onset at pre- or post-lingual (DFNB8/DFNB10)
age. At present, 76 pathogenic variations have been reported
in TMPRSS3. Cochlear implantation (CI) is an important
and effective treatment for deaf patients with TMPRSS3 gene
variations.? Individual differences exist in the postoperative
effects, which are related to many factors, such as the
duration of deafness, patient age at implantation, residual
hearing, rehabilitation training, inner ear malformation and
posterior cochlear lesions.>* The results of CI in patients with
TMPRSS3 deatness are inconsistent.

In this study, we reported 2 patients with TMPRSS3 gene
mutations during CI presenting with pre- and post-lingual
deafness and identified 3 SN'V's of the TMPRSS3 gene and a large
deletion in 21q22.3, providing reference for the effect of CI in
patients with TMPRSS3-induced deafness, providing diagnosis
and genetic counseling for these families and enriching the
spectrum of pathogenic mutations of the TMPRSS3 gene.

MATERIALS AND METHODS
Clinical Data

In our study, the proband of family 1 was a 4-year-old
girl of Han nationality who had poor response to sound after
age 3 years; proband of family 2 was an 8-month-old boy of
Han nationality who had poor response to sound after birth.
They both received CI from the department of otolaryngology
in First Affiliated Hospital of Nanchang University in China.
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This study was approved by the ethics committee of our
hospital, and the patients’ guardians provided written
informed consent.

The index case ‘s family came from Jiangxi Province,
China. A detailed medical history of the proband was
obtained along with a detailed physical examination,
including an examination by an ear specialist, physical
examination and clinical classification. Peripheral venous
blood was collected from the proband and family members,
and venous blood samples from 50 normal controls were
obtained from our hospital molecular genetic database. All
the index cases received an MRI and auditory brainstem
response testing.

Genetic Analysis

The probands and their parents underwent genetic
analysis. The purified DNA was sent to Boao Laboratory,
Markham, Ontario, Canada for high-throughput DNA
sequencing to detect hearing loss genes. The average
sequencing coverage was above 99% using the illumina
Novaseq (San Diego, California USA) sequencing platform.
The peripheral blood of the proband was extracted for
deafness gene detection by high-throughput sequencing. A
total of 227 deafness genes were included in high-throughput
sequencing. Genome Analysis Tool Kit (GATK) Best Practice
workflow was used to develop variants. Annovar was used for
annotation and then the annotation results were integrated,
and preliminary filtering and normalized modification were
carried out according to the annotation results. The filtering
process included removing loci with a low mutation ratio and
low sequencing depth. The variations were screened and
compared with NCBI dbSNP database, gnomAD exon
database, 1000 Genome database and ExAC database to
exclude the known polymorphicloci with a normal frequency
higher than 5%. Then we used the Genome Variation
Database (DGV) (http://dgv.tcag.ca/dgv/app/home),
Decipher(https://www.deciphergeno mics.org /browser) and
Clinvar (https://www.nCBL.Gov/clINVar clinvar) to search
the reported status and pathogenicity of mutation loci,
exclude the reported benign mutation loci, and bioinformatics
protein function prediction software PROVEAN, SIFT,
Mutationtaster etc were used to predict biological function.
Pathogenicity analysis and diagnosis were performed
according to the guidelines recommended by the American
College of Medical Genetics and Genomics and Association
for Molecular Pathology.

Cochlear Implantation

All patients underwent a standard transmastoid posterior
tympanotomy with electrode array (CI512) inserted through
a round window. The CI was placed into the skull fixation
slot. The electrode was inserted into the round window with
electrode tweezers and slowly inserted along the drum.
Corticosteroids are injected into the round window to reduce
the cochlear inflammatory response. The gap between the
round window and the electrode was filled with muscle

fragments, and no outflow of perilymph was observed after
several minutes. The skin was sutured and bandaged.
Postoperative neural response telemetry (NRT) and
impedance detection were performed; 2 points were detected
by NRT and impedance was notably good.

Efficacy Indicator

The efficacy indicator included the Categories of
Auditory Performance (CAP)*> and Speech Intelligibility
Rating (SIR)° scales. The efficacy indicators in the 2 patients
were measured before surgery, and 3 and 6 months after
surgery. The CAP is divided into 9 grades and is used to
assess the hearing ability of hearing-impaired children at
different times on a regular basis. SIR is divided into 5 grades
to assess the speech intelligibility of hearing-impaired
children at different periods.

RESULTS
Family and Clinical Evaluations

The proband of family 1 had pre-lingual hearing loss. An
auditory brainstem response (ABR) hearing test performed
at 3 years of age showed severe hearing loss. Her older
brother had normal hearing. The family 2 proband has pre-
lingual profound hearing loss; an ABR failed to elicit a
response at 95dB nHL.

Sequencing Results of TMPRSS3

A heterozygous variation ¢.371C>T (p.Ser124Leu ) of
the TMPRSS3 gene was identified in the proband of family 1,
which was inherited from his father, and a large deletion
about 4.67Mb in chromosome 21q22.3(43. 41Mb-48.08Mb)
including TMPRSS3 gene was also detected in this patient.

Compound heterozygous variations c. 551T>C(p.
Leul84Ser) and c. 274T>C(p,Cys94Arg) were identified in
the proband of family 2. Variation ¢.551T>C, which was
previously reported as pathogenic came from his mother and
the novel variation ¢.274T>C was inherited from his father.

These data, together with the clinical presentation of the
affected siblings and consistent autosomal recessive inheritance
and chromosome 21 of the mutations in the affected and
unaffected members, indicated that the TMPRSS3 mutations,
TMPRSS3:c.371C>T, deletion in chromosome 21q22.3
(43.41Mb-48.08Mb), TMPRSS3:c.551T>C and TMPRSS3:
c.274T>C were the cause of hearing impairment in these
families (Figure 1). TMPRSS3:c.371C>T and TMPRSS3:
¢.551T>C were already known, and deletion in chromosome
21q22.3(43.41Mb-48.08Mb) and TMPRSS3:c.274T>C were
reported as novel and classified as likely pathogenic.

Effects After Cochlear Implantation

CI was successful in both patients and there were no
complications. At different postoperative time points, the
postoperative cochlear hearing threshold test score was
improved compared with before surgery, and the CAP and
SIR scale scores were also improved. The scores were both 0
points before surgery and 3 points 3 months after surgery;
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Figure 1. Pedigree of Chinese family with mutation analysis of TMPRSS3. (1A)The proband is indicated by an arrow. Subjects
I1:2, II:1 were tested by NGS. Other family members were tested by Sanger verification. (1B) DNA sequencing profile showing
the ¢.371C>T, ¢.551C>T, and ¢.274T>C mutations in TMPRSS3.
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proband 1 was 6 points and proband 2 was 4 points at 6
months after surgery.

DISCUSSION

Congenital hearing loss is the most common sensory
impairment in humans, with an incidence of approximately 1
in 1000 live births. Genetic factors account for approximately
50%,” while non-syndromic deafness accounts for
approximately 80% of inherited deafness, and is inherited by
autosomal recessive (DFNB), autosomal dominant (DFNA)
and X-linked inheritance (DFN).%

A TMPRSS3 gene defect can lead to DFNB? (post-lingual
deafness) and DFNB10 (pre-lingual deafness),”’® which is
autosomal recessive. It is also the first deafness gene
discovered so far, but the exact biological function of this
protease is not clear at present. This gene is located in the
q22.3 region of chromosome 21, is 24KB in length, contains
13 exons, coding from exon 2 and has 4 alternative splicing
transcripts in humans. Encoding approximately 454, 327, 327
and 344 amino acids,' respectively, TMPRSS3 encodes a
transmembrane serine protease (TTSP) type II, which
contains an n-terminal transmembrane domain. The low-
density lipoprotein receptor A (LDLRA) domain, cysteine-
rich scavenger receptor domain and carboxy-terminal
protease domain'? are expressed in a variety of tissues,
including inner ear hair cells, stria vascularis and spiral
ganglion. It can activate sodium channel EnaC, promote
protein lysis and participate in the maintenance of low
sodium ion (Na+) concentration levels in endolymphatic
tissues.”**> It has also been suggested that TMPRSS3 protein
dysfunction reduces the expression of potassium channels,
which play a critical role in maintaining sound editing and

resting potential stabilization of inner hair cells.'® According
to a literature review, in the GJB2 negative autosomal
recessive deaf population, the percentage of the occurrence
of theTMPRSS3 gene in the Turkish, Slovenian, European
and Korean population is 12%, 13.1%, 0.45% and 5.9%,
respectively,”** while in the chromosomal recessive deaf
population, the occurrence of the TMPRSS3 gene in the
population of Pakistan, Tunisia, South Korea and China was
1.8%, 5%, 2.5% and 4.6%,'** respectively.

The data shows that the TMPRSS3 gene is still an
important pathogenic factor in hereditary deafness that
cannot be ignored. Especially when the common GJB2,
SLC26A4, mtDNA gene mutations are excluded, this gene
should be considered. More than half of congenital deafness
is related to genetic factors, and most hereditary deafness is
severe or extremely severe sensorineural deafness. CI is the
most effective treatment and rehabilitation method for
deafness; however, the efficacy of CI varies with different
pathogenic genes. Before CI surgery, the molecular
pathogenesis of the deafness can be identified through
genetic testing, and the efficacy of CI can be preliminarily
predicted by selecting targeted treatment programs.

Up until April 2021, the Human Gene Mutation Database
(HGMD®)database (http://www.hgmd.cf.ac.uk/ac/index.
php) included a total of 84 kinds of TMPRSS3 gene mutations,
including 65 species of missense mutation, 5 kinds of splice
mutations, 4 small deletion mutations, small fragments into
4 and 6 other types of mutations. It has been suggested that
TMPRSS3 gene mutations can be classified as mild or severe,
and hearing phenotype depends on the binding type of
mutation site. A combination of mild and severe heterozygous
mutations can lead to post-lingual hearing loss (DFNBS),
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while 2 severe mutations can lead to pre-lingual hearing loss
(DFNB10).>

In family 1, the proband had post-lingual hearing loss,
which was a compound heterozygous mutation and ¢.371C>T
in TMPRSS3 was a missense mutation, which resulted in the
transformation of serine 124 into leucine [p.Ser124Leu]. This
variation has been reported previously.*® Further copy
number variation (CNV) analysis revealed that heterozygous
deletion of4.67 Mb fragment size was suspected at q22.3(43.41
Mb-48.08Mb) on chromosome 21 of the autosomal
chromosome. Regional deletions in 21Q22.3 have not been
reported in the general population genomic polymorphism
database (Database of Genomic Variations [DGV]). The
DECIPHER and ClinVar databases included several cases of
pathogenicity or potential pathogenicity variants with
deletion of relevant regions. According to CNV evaluation
criteria, the loss of copy number in the q22.3 region of
chromosome 21 was identified as possibly pathogenic.

In pedigree 2, the proband had pre-lingual hearing loss,
which was a heterozygous mutation. There were 2
heterozygous mutations in the TMPRSS3 gene (c.551T>C,
¢.274T> C). TMPRSS3: ¢.551T>C mutation was a missense
mutation, which resulted in the transformation of leucine
184 into serine [p.Leul84Ser], which was reported in patients
with Hodgkins lymphoma as a pathogenic variation.”*
TMPRSS3: ¢.274T>Clead to the encoding peptide 92 cysteine
to arginine [p.Cys92Arg], which has not yet been reported.
This variation was not included in gnomAD, Thousand
People database or the Exome Aggregation Consortium
(ExAC) database. Computer-aided analysis predicted that
the mutation was likely to affect protein structure/function.
Based on the above evidence, we recommend that the
mutation be classified as likely pathogenic in accordance with
the American College of Medical Genetics and Genomics
(ACMG) guidelines [PM2, PM3, PP1, PP3].

A Cl is the most effective biomedical engineering device
for severe sensorineural hearing loss, but there are still some
patients with unsatisfactory results after CI. In addition to
patient age at implantation being the main variable, different
damage sites ranging from the cochlea to the auditory nerve
caused by different gene mutations may be another key
factor. With the continuous progress of genetic detection
technology for deafness, genetic diagnosis has become an
important tool for preoperative evaluation and postoperative
effect prediction in patients receiving a CI. Based on the
genetic information of patients with hereditary deafness,
accurate classification and diagnosis of deafness can be
designed for patients with individualized prevention and
treatment programs, and accurate medical treatment of
hereditary deafness can be realized.

An important factor in the effectiveness of CI is the
presence of retrocochlear lesions. CI electrodes can help
patients regain hearing by stimulating the neurons of the
spiral ganglion in the inner ear, and the lesions of the spiral
ganglion, auditory nerve and its posterior conduction
pathway have a great influence on the effect of a CI. The

TMPRSS3 gene is expressed in inner hair cells, outer hair
cells, Sertoli cells, spiral ganglion and stria vascularis in the
cochlea. The effect of an TMPRSS3 gene mutation on spiral
ganglion may be one of the pathogenic mechanisms, and a CI
in patients with the TMPRSS3 gene mutation may be affected
by it. The results of CI implantation in patients with TMPRSS3
deafness are mixed. Weegerink, et al. evaluated the effects of
CI in 7 patients with different phenotypes (DFNB8 and
DFNB10) and genotypes, and the scores of syllables and
words were higher than those of the 2 controls, resulting in
good speech recognition ability after CI.* Xue, et al. reported
a case of CI in a patient age 6 years whose hearing and
language abilities were significantly improved after surgery,
and her residual hearing was well maintained.*

Battelino, et al. reported 5 cases of extremely severe
deafness with an average patient age of 3 years who received
CIL.* Except for 1 patient with a mental disability, the other 4
patients had an average postoperative hearing threshold of
35dB, and one of them enrolled in regular school. Miyagawa,
et al. reported that 2 patients who received sonoelectric
stimulation had good speech recognition and perception
after CI.*** Elbracht, et al. reported that 4 siblings with post-
lingual deafness in a family had good results following CI.**
However, among the 10 cases reported by Eppsteiner, et al.
and Eliot Shearer, et al, 9 cases had poor effect, and 10 cases
all had post-speech deafness. The average age at CI was 50.4
years.”>?’

The probands in both families showed no structural
abnormalities in the cochlea. The CAP and SIR scores of the
2 probands improved well in half a year after surgery, with
CAP score reaching 6 points and SIR score reaching 4 points.

In this study, we reported the specific type of mutation
in 2 deaf patients with a novel TMPRSS3 mutation, and both
patients experienced significant hearing improvement after
CI, which provided clinical experience for the treatment of
those deaf patients with TMPRSS3 genetic defects.

Study Limitations

The most notable limitation of this study is the small
number of persons with an identifiable genetic cause of
hearing loss.

CONCLUSION

Our study data support the fact that patients with the
TMPRSS3 gene mutation had good effects after CIL
Preoperative gene testing may be helpful in the prognosis of
patients who have a deafness gene mutation.
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