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Abstract

Background: The COCH gene encoding cochlin is highly expressed in the inner ear but the exact physiological function of the protein still
remains unknown. Pathogenic variants located in COCH cause autosomal dominant hearing loss with possible vestibular involvement.

Material and methods: A five-generation Polish family with autosomal dominant hearing loss and tinnitus was recruited for the study. Au-
diological and vestibular assessments were conducted and clinical exome sequencing was performed in the index patient. Next, co-segrega-
tion of the detected variant with hearing loss in the family was confirmed using Sanger sequencing.

Results: All affected individuals presented postlingual, progressive hearing loss mainly affecting high frequencies. No vestibular dysfunction
was detected. In this study, we have identified a very rare COCH p.Ile374Thr pathogenic variant that segregated with the disease.

Conclusions: Our study provides an independent confirmation of the pathogenic role of COCH ¢.1115T>C in hearing loss. In addition to
hearing loss, individuals with COCH pathogenic variants may also suffer from tinnitus and vertigo.

HIPOACUSIA NEUROSENSORIAL POSTLINGUAL CAUSADA POR UNA VARIANTE
PATOGENICA RARA EN EL GEN COCH

Resumen

Introduccion: El gen COCH que codifica la cochlina es altamente expresado en el oido interno, sin embargo, la funcidn fisioldgica exacta de
la proteina codificada por este gen sigue permaneciendo desconocida. Las variantes patogénicas localizadas en el gen COCH causan hipoa-
cusia heredada segin un patrén autosémico dominante que puede afectar el sistema vestibular.

Materiales y métodos: Para el estudio se recluté una familia polaca de cinco generaciones con una hipoacusia que sigue el patrén autoso-
mico dominante y tinnitus. Se evalud la funcion del sistema vestibular-coclear y a partir de la muestra de ADN se llevd a cabo la secuencia-
cién clinica del exoma. A continuacién, en la familia estudiada se realiz6 un analisis de la segregacion de las variantes genéticas detectadas
con la hipoacusia.

Resultados: Todos los miembros de la familia examinada presentaron hipoacusia de tipo postlingual y progresivo, que sobre todo afectaba las
altas frecuencias. No se detectaron trastornos del funcionamiento del sistema vestibular. En las pruebas genéticas, se identificé una variante
patogénica muy rara p.Ile374Thr en el gen COCH, que segregaba completamente con la enfermedad.

Conclusiones: Nuestro estudio constituye una confirmacion independiente del papel patogénico de la variante p.Ile374Thr en el gen COCH
en el desarrollo de la hipoacusia. Aparte de la hipoacusia, los pacientes con variantes patogénicas en el gen COCH pueden también experi-
mentar tinnitus y trastornos del equilibrio.

Palabras clave: COCH, DFNAJY, hipoacusia autosémica dominante, secuenciacion de segunda generacién
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ITOCT/IMHI'BAJIbHAA ITEPUEIITVIBHAA TYTOYXOCTD, BbI3BBAHHAA O4YEHD
PEJKVM ITATOTEHHBIM BAPMMTAHTOM COCH

WN3noxxenue

Beepenne: I'en COCH, KogupyIoLnii KOX/IVMH, MMeeT BBICOKYIO 9KCIIPECCHIO BO BHYTPEHHEM yXe, HO TouHasg pusnonornyeckas QpyHk-
L5 KOZVMPYEMOTO STUM IeHOM 0e/lKa O-TIpeXKHeMy 0CTaéTcs Heu3BeCTHOI. ITaToreHHble BApMaHTBI, TIOKanu3oBaHHble B rene COCH,
BBI3BIBAIOT TYTOYXOCTDb C @y TOCOMHO-JOMMHAHTHBIM TUIIOM HAC/IeOBaHNUA, C BO3MOXKHBIM IIOPa)KeHMEM BeCTUOYIAPHOI CUCTEMBbI.

Marepuan u MeTofbl: B nccenoBanms Oblla BOBI€YeHa CeMbs 13 ILSITH IIOKOTIEHUIT C Ay TOCOMHO-JOMIHAHTHOI (GOPMOIT TYyroyxo-
CTM ¥ IIyMOM B yiuax. Boira omeHeHa pyHKIMSA CTyXOBOTrO U BeCTUOY/LSIPHOTO allapara, a Tak)Ke IPOBeIeHO KIMHIYEeCKOe CEeKBEeHN-
poBaHMe 5K30Ma y nmanyeHTos. [lanee ¢ cnonb3osaHueM MeTona CaHrepa ObII BBIIIOTHEH aHAIM3 CErperauyy oOHapy>KeHHBIX TeHe-
TUYECKMX BAPMAHTOB C TYTOYXOCTBIO B MICCTIElyeMOIi ceMbe.

Pesynbrarbr: TyroyxocTb y BCeX MIL U3 MCCAEAYEMOI CEMbH VMMea IOCTAMHIBAIbHBIN, IPOrPECCUPYIOLINIT XapaKTep M Kacamach
I7IaBHBIM 06Pa30M BBICOKMX 4acTOT. He 0GHapy>keHbl HapylleHns pHYKLMOHMPOBAHNs BeCTUOY/ISIPHOrO anmapara. B reHeTmaecknx
VICCTIeOBAHUAX UAEHTU(DUIMPOBAH OYeHb pefikuil maToreHHblit BapuaHT p.Ile374Thr B rene COCH, MOTHOCTBIO CerpernpoBaHHBII
c 6071€3HBIO B aHAIM3UPYEMOIT CEMbe.

BeiBogpr: Hamu niccnenoBaHust sIBISIIOTCS HE3aBUCHMBIM IOATBEP)KAEHEM MMaTOreHHO ponyu BapuaHTa p.lle374Thr rena COCH
B BO3HMKHOBEHUM TYroyxoctu. Kpome TyroyxocTu mauyeHTbl ¢ HaToreHHbIMK BapuaHTamyu reHa COCH MOryT Tak>xe CTpajiaTh OT
IIyMa B yIIaX ¥ HapYIIeHNI PaBHOBECHA.

Kmrouesbie cnoa: COCH, DFNA9, ayToCOMHO-JOMMHAaHTHAsA TYTOYXOCTb, CEKBEHMPOBaHIeE CIEYIOUIETr0 MOKOTEHMA.

POSTLINGWALNY NIEDOSLUCH ODBIORCZY SPOWODOWANY BARDZO
RZADKIM PATOGENNYM WARIANTEM COCH

Streszczenie

Wprowadzenie: Gen COCH kodujacy kochling ma wysoka ekspresje¢ w uchu wewnetrznym, ale doktadna funkgja fizjologiczna kodowanego
przez ten gen biatka wcigZz pozostaje nieznana. Patogenne warianty zlokalizowane w genie COCH powoduja niedostuch dziedziczony w spo-
sOb autosomalny dominujacy z mozliwym zajeciem ukladu przedsionkowego.

Material i metody: Do badan wlaczono pieciopokoleniows rodzing z autosomalnym dominujgcym ubytkiem stuchu i szumami usznymi. Oce-

niono funkcje narzadu przedsionkowo-$§limakowego oraz w probce DNA probanda przeprowadzono sekwencjonowanie eksomu klinicznego.
Nastepnie wykonano analize segregacji wykrytych wariantéw genetycznych z niedostuchem w badanej rodzinie.

Wyniki: Niedostuch u wszystkich 0séb z badanej rodziny mial charakter postlingwalny, postepujacy i dotyczyl gléwnie wysokich czestotli-
wosci. Nie wykryto zaburzen funkcjonowania ukladu przedsionkowego. W badaniach genetycznych zidentyfikowano bardzo rzadko wyste-
pujacy wariant patogenny p.Ile374Thr genu COCH, ktéry w pelni segregowat z choroba.

Whioski: Nasze badania stanowig niezalezne potwierdzenie patogennej roli wariantu p.Ile374Thr genu COCH w powstawaniu niedostu-
chu. Oprécz niedostuchu, pacjenci z wariantami patogennymi genu COCH moga réwniez odczuwad szumy uszne i zaburzenia réwnowagi.

Stowa kluczowe: COCH, DFNAJY, niedostuch autosomalny dominujacy, sekwencjonowanie nastepnej generacji

Introduction

Hearing loss (HL) is the most common birth defect affect-
ing about 1-6/1000 newborns and the most common dis-
ability of human senses in developed countries [1]. It may
be caused by a number of different factors, including genet-
ic as well as environmental factors e.g. severe prematurity,
congenital rubella, mumps or cytomegalovirus infection,
severe neonatal hyperbilirubinaemia, or exposure to oto-
toxic drugs or noise [2]. It has been estimated that genet-
ic factors may account for almost 50% of all HL cases [3].
The genetic background of HL is complex and heteroge-
neous. So far, pathogenic variants in merely 100 different
genes have been identified in patients with HL (www.he-
rediataryhearingloss.org; accessed 10/2017). The majority
of cases with genetically determined HL is represented by
those with an autosomal recessive (AR) mode of inherit-
ance (80%), and this type of HL is usually prelingual and
severe to profound [4].
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Another important type of HL is that inherited in an auto-
somal dominant (AD) manner. AD HL accounts for almost
20% of HL cases, is usually progressive, and manifests itself
later in life [4]. To date, 59 loci have been found to cause
AD HL but only 36 genes have been described (www.he-
rediataryhearingloss.org; accessed 10/2017). A significant
number of these genes have been identified in recent years
with the use of massively parallel sequencing methods [5].
One of the genes commonly tested in patients with the
dominant postlingual form of HL is COCH.

The COCH gene is located at 14q12 and encodes coch-
lin, an extracellular protein highly expressed in the inner
ear, particularly in the habenula perforata, in fibrocytes
of the spiral limbus, spiral ligament, modiolus, and stro-
mal cells of the crista and macula, as well as in vestibu-
lar nerve channels [6, 7]. COCH protein constitutes al-
most 70% of all inner ear proteins and seems to play an
important role in hearing, but its exact function remains
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Figure 1. Family pedigree. The proband is marked with an arrow. Affected individuals are indicated by black symbols, un-
affected individuals are indicated by open symbols; presymptomatic carrier is indicated by an open symbol with vertical

line, diagonal line denotes deceased individuals

unknown [8]. The full-length COCH protein is made
up of 550 amino acids and comprises 3 main domains:
a LCCL domain highly homologous to factor C of Lim-
ulus, and two von Willebrand factor A (vWFA) domains
[9, 10]. Pathogenic variants identified in the COCH gene
are associated with AD HL (DFNA6; OMIM # 601369),
with onset ranging from the 2™ to 6 decade of life [11].
At the beginning high frequencies are affected, with pro-
gression of HL slowing later in life [12]. Based on local-
ization of the pathogenic variants to particular COCH
domains, HL may be the only symptom in patients, or it
may be accompanied by vestibular dysfunction and bal-
ance problems [11, 13].

In this study we have searched for the genetic cause of HL
in a five-generation Polish family. We have applied a high
throughput sequencing method and identified a very rare
COCH pathogenic variant.

Material and Methods

Patients and clinical diagnosis

A five-generation Polish family with a history of HL over
four generations was recruited for the study at the Depart-
ment of Genetics, Institute of Physiology and Pathology of
Hearing. The study included four patients with HL (IIL.2,
II1.4, IV.1, IV.7) and four unaffected individuals (III.3, IV.5,
V.1, V.2) (Figure 1). All tested subjects gave informed con-
sent for participation in the study, in accordance with the
tenets of the Declaration of Helsinki.

Assessment of auditory function in the index patient
(IV.1) was performed with pure-tone audiometry. Hear-
ing thresholds for air and bone conduction were deter-
mined at frequencies of 125-8000 Hz and 500-4000 Hz
with an AC40 clinical audiometer (Interacoustics, Mid-
delfart, Denmark) and a 10/5 dB descending-ascending
threshold estimation procedure [14].

In patient IV.7 neurootological clinical examination was
performed. Objective vestibular function was measured
using cervical and ocular evoked myogenic potentials
(cVEMP, oVEMP) recorded with 500 Hz, 97 dBnHL air-
conducted sound stimulation (EclipsVemp, Interacous-
tics, Assens, Denmark).

Targeted next-generation sequencing

Genomic DNA was isolated from whole blood samples
with a standard salting out procedure. Concentration of
the genomic DNA was determined with a Qubit HS Assay
Kit using a Qubit 2.0 fluorometer (Invitrogen, Carlsbad,
CA, USA). In the index patient (IV.1), clinical exome se-
quencing (TruSightOne, Illumina, Cambridge, UK) was
performed according to the manufacturer’s protocol. The
sample was run on a MiSeq (Illumina) using 2 x 150 bp
paired-end reads. Bioinformatics analysis was performed
as described previously [15]. Selected variants were an-
notated with Annovar and converted to MS Access for-
mat for further analyses. Integrative Genomics Viewer
was used to inspect selected reads and validate candi-
date variants [16].
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Figure 2. (A) NGS results visualized with Integrative Genomic Viewer software. (B) The corresponding chromatogram
showing a heterozygous thymine to cytosine transition (c.1555T>C) detected by Sanger sequencing

Our analysis pipeline included variant population frequen-
cies from the database of the 1000 Genomes Project [17],
the NHLBI GO Exome Sequencing Project (ESP) (https://
esp.gs.washington.edu/drupal), and the Exome Aggrega-
tion Consortium (ExAC) (http://exac.broadinstitute.org)
(accessed 10/2017). Functional pathogenicity predictions
for non-synonymous variants were performed using SIFT
[18], PolyPhen-2 [19], and MutationTaster2 [20] compu-
tational algorithms.

Sanger sequencing

Presence of the candidate pathogenic variant was con-
firmed by Sanger sequencing. The forward primer 5 -
TGAAACATTCAGGATTTTCCAGT and reverse primer
5" - ATGAGATGAGTAGGGCTGCTTTA were used for

amplification of exon 11 of the COCH gene. Next, PCR
products labeled with BigDye Termination cycle sequenc-
ing kit v3.1 (Applied Biosystems, Foster City, CA, USA)
were sequenced with a 3500xL Genetic Analyzer (Applied
Biosystems) and analyzed using Variant Reporter Software
v1.1 (Applied Biosystems).

Results

A five-generation Polish family with postlingual, pro-
gressive HL and tinnitus was recruited for the study.
The pedigree of this family showed a typical autosomal
dominant pattern of inheritance, i.e. there was a male-
to-offspring transition of HL and affected adult indi-
viduals were present in every generation (vertical pat-
tern of inheritance).
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Figure 3. Pure tone audiometry of the index patient (IV.1) showing the progression of HL

Affected individuals had moderate to severe high frequen-
cy HL with a mean age of onset of 28.25 years (range,
15-47 years). In the index patient (IV.1), HL was diag-
nosed at the age of 22 and progressed gradually. Initially,
the high frequency HL was followed by the involvement
of mid frequencies. The latest audiological assessment at
the age of 39 revealed mild to moderate HL at low fre-
quencies, moderate HL at mid frequencies, and severe
to profound HL at high frequencies (Figure 3). The pa-
tient suffered from tinnitus from the age of 15 years. He
was fitted with binaural hearing aids at the age of 22 and
since then he has reported improved speech intelligibili-
ty and reduced tinnitus.

Neither the index patient nor the other affected family mem-
bers reported balance problems. This is consistent with the
results of the vestibular function evaluation. Normal cVEMP
and oVEMP responses were recorded in patient IV.7.

On the DNA sample from the index patient we have per-
formed targeted next-generation sequencing of more than
4800 genes and identified 37,392 different genetic variants.
After exclusion of variants in the non-coding regions (in-
tronic, 3°, and 5"UTR) and synonymous alterations we fo-
cused on variants with an allele frequency lower or equal
to 0.01. Next, we selected variants located in genes in-
volved in the development of HL (Table 1).

A detailed analysis of how the selected variants are inherit-
ed and their corresponding phenotype resulted in the pre-
diction of one candidate disease-causing variant — a het-
erozygous transition ¢.1115T>C (NM_004086.2) located
in the COCH gene (Figure 2 A, B). This change results in
a substitution of isoleucine to threonine at position 372
(NP_004077.1:p.1le372Thr) of the COCH protein. Segre-
gation analysis confirmed that p.Ile374Thr was present in
all affected subjects but also in the normal hearing son of
the proband (8 y.0.). The genetic alteration was not pre-
sent in other unaffected relatives.

The p.Ile372Thr pathogenic variant was not found in the
analyzed population databases. To date, the p.Ile372Thr
variant has been described in only two Japanese famiel-
ies with AD HL [13] and has been reported in the Human
Gene Mutation Database (www.hgmd.cf.ac.uk/ac/index.
php) with the accession number CM152070. In silico anal-
ysis predicted a deleterious effect of the detected variant
with the following scores: PolyPhen-2 (score 0.978), SIFT
(score 0.01), and MutationTaster2 (score 0.998).

Discussion

In this study we have identified the first pathogenic var-
iant in the COCH gene in a Polish family. We have ap-
plied targeted next-generation sequencing to more than
4800 genes and detected a very rare COCH genetic var-
iant that was not present in any of the analyzed popula-
tion databases. These results, together with the data from
computational approaches, showed that the genetic alter-
ation has a deleterious effect on COCH protein structure
and function. This strongly indicates that the identified
variant represents a HL-causing change. This assumption
is further confirmed by a segregation analysis of the ge-
netic alteration with HL in the examined family. Testing
a large number of genes in the index patient also resulted
in the identification of five potentially pathogenic variants
in genes, other than COCH, that were previously associ-
ated with HL. Based on the phenotype reported for these
variants and their mode of inheritance, they have been ex-
cluded as causative for the nonsyndromic postlingual AD
HL observed in the studied family.

The COCH c.1115T>C variant identified here is predicat-
ed to result in a p.Ile372Thr amino acid change. It local-
izes in the VWFA domain of the COCH protein and leads
to substitution of highly conserved leucine to threonine.
Pathogenic variants affecting this domain cause postlin-
gual progressive HL without dysfunction of the vestibu-
lar system [21].
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Table 1. Potentially pathogenic sequence variants detected by next-generation sequencing in the index patient

SNP ID Gene name Variant Transcript name  Zygosity Phenotype Inggzltt;rrllce
Alport syndrome, autosomal AD
dominant
€.3325CT
rs55816283 COL4A3 p.Pro1109Ser NM_000091.4 Het Alport synrirccér:;\,/:utosomal AR
Hematuria, benign familial AD
Alport syndrome, autosomal AD
dominant
C.4484A5G
rs77964815 COL4A3 p.Gln1495Arg NM_000091.4 Het Alport synrirc%r;?\,/eautosomal AR
Hematuria, benign familial AD
Treacher Collins syndrome 3 AR
15201320592 POLRIC o CirtazAgp NM_203290.2  Het Leukodystrophy,
hypomyelinating, 11 -
?Deafness, autosomal recessive AR
97
Hepatocellular carcinoma, na
C406GSA childhood type, somatic <
rs199701987 MET V 113611 NM_001127500.1 Het -
p-va e Renal cell carcinoma, papillary, na
1, familial and somatic -
Osteofibrous dysplasia, AD
susceptibility to
c.1115T>C Deafness, autosomal dominant
n.a. COCH p.le372Thr NM_004086.2 Het 9 AD
Central hypoventilation AD
syndrome, congenital
¢.560_561insA Waardenburg syndrome, type
rs11570344 EDN3 p.Glu187 Lys188fs NM_207034.2 Het 4B AR, AD
Hirschsprung disease, AD

susceptibility to, 4

SNP ID, single nucleotide polymorphism identification number, AD, autosomal dominant; AR, autosomal recessive; Het heterozygous;
n.a., no data available. Underlined are Human Gene Mutation Database phenotypes attributed to particular variants

This COCH ¢.1115T>C genetic alteration was first identi-
fied in Japanese families that also had progressive HL with-
out vertigo [13]. In contrast to our family, the Japanese pa-
tients had a higher age of HL onset (third vs fourth/fifth
decade of life, respectively). In all families there was in-
terfamilial variability in the age of HL onset (15-47 y.o.
in the Polish vs 33-42 y.o. in the Japanese patients). One
of the unaffected offspring of the index patient was also
found to carry the COCH ¢.1115T>C variant. Currently,
he is 8 y.0. and we presume he will most probably devel-
op HL with age.

In the Polish index patient there was a strong association
of exposure to noise with the occurrence and progression
of his HL, although other affected family members did
not report acoustic trauma. While this is an interesting
observation, currently there are no data on the trigger-
ing role of noise in the development and/or progression
of HL due to COCH pathogenic variants. Noise may be
an independent factor causing HL and one may speculate
that the earlier age of HL onset observed in our family
may have been a consequence of exposure to noise. No
information on the occurrence of tinnitus in the Japa-
nese family was provided.
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The index patient is currently using hearing aids, but
considering the progressive nature of his HL in the next
few years he may require a cochlear implant. Based on
the partial deafness treatment strategy proposed by
H. Skarzynski et al., the optimal treatment for this pa-
tient seems to be electric-acoustic stimulation (EAS) of
the auditory system using a hearing aid combined with a
cochlear implant. In EAS, low frequency hearing is ampli-
fied by hearing aids and combined in the same ear with
electric stimulation from the cochlear implant [22, 23].

Our study provides an independent confirmation of the
pathogenic role of COCH ¢.1115T>C in HL. It is impor-
tant to underline that in addition to HL individuals with
COCH HL-causing variants may also suffer from tinnitus
and vertigo. On the other hand, information on the pres-
ence of tinnitus and/or vertigo may be beneficial for prop-
er targeting of molecular genetic testing.
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