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Clinical relevance of the TECTA
c.6183G>T variant identified
In a family with autosomal
dominant hearing loss: a case
report

Missense variants in the a-tectorin gene (TECTA) cause au-
tosomal dominant (DFNA8/A12) non-syndromic hearing
loss (ADNSHL) and account for a considerable number of
ADNSHL cases. According to genotype-phenotype corre-
lation studies, missense variants in the zona pellucida (ZP)
domain of a-tectorin predominantly cause mid-frequency
HL. Here, we report on clinical exome sequencing results
in a large family with early-onset, sensorineural, moder-
ate-to-severe mid-frequency HL. We identified one heter-
ozygous c.6183G>T variant near the ZP domain of TECTA
segregating in five family members. This variant was pre-
viously reported as a variant of uncertain significance in a
family with ADNSHL. On the basis of specific segregation in
the currently studied family and the general guidelines of
the American College of Medical Genetics and Genomics,
we argue that the TECTA c.6183G>T variant should be con-
sidered a likely pathogenic cause of ADNSHL. This report
adds to the knowledge on the rare c6183G>T missense
variant, which affects the immediate vicinity of the ZP do-
main in TECTA. Our findings highlight the importance of
clinical evaluation in patients with familial HL and of study-
ing family segregation when assessing the pathogenicity
of a variant.
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CASE REPORT

Autosomal dominant pathogenic variants in the a-tectorin
(TECTA) gene result in characteristic mid- or high-frequency
hearing loss (HL) depending on their position. These vari-
ants also account for a considerable number of cases of au-
tosomal dominant non-syndromic hearing loss (ADNSHL).
According to genotype-phenotype correlation studies,
missense pathogenic variants in the C-terminal zona pellu-
cida (ZP) domain predominantly cause mid-frequency HL,
while pathogenic variants in the zonadhesin-like domain
cause high-frequency HL (1,2). However, the majority of al-
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most 500 missense variants known in TECTA are of uncer-
tain clinical significance and are challenging to decipher.

Here, we report on the results of clinical exome analysis in
a large family with prelingual, mid-frequency moderate-to-
severe HL. The results revealed a c.6183G>T (p.Arg2061Ser)
missense variant near the ZP domain in TECTA in all five af-
fected family members. This variant was previously report-
ed in one family with mid-frequency severe HL as a variant
of uncertain significance (VUS) (3). On the basis of the spe-
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FIGURE 1. (A) The pedigree of a family with autosomal dominant hearing loss (HL) and the TECTA variant: lll-11 is the proband

(the arrow), II-5 is the proband’s father, lI-5 is her brother, and I1l-6 and 11-9 are her sisters. Black filled circles and squares indicate
HL-affected family members. Family members genetically tested in this study were II-5, 1I-6, llI-5, 1lI-6, llI-7, 11I-8, 11I-9, 1110, I1l-11, and
I1I-12. Tonal audiometry for each family member with the TECTA variant (B-F); (B) audiogram of the proband at the age of 9 years
(Il1-11; moderately severe HL); (C) audiogram of the first older sister at the age of 13 years (lll-9; severe HL on right, and moderately
severe on the left ear); (D) audiogram of the older brother at the age of 16.5 years (lll-5; moderately severe HL); (E) audiogram of the
second older sister at the age of 14 years (Ill-6; moderately severe HL); (F) audiogram of the father at the age of 44 years (II-5, severe
HL). Circle: right ear hearing threshold; X-mark: left-ear hearing threshold; [-mark: right ear bone conduction masked; ]-mark: left ear

bone conduction masked.
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cific HL phenotype and the autosomal dominant segrega-
tion of the variant in the studied family (and the applied
PP1_ Strong criterion), we argue that the TECTA c.6183G>T
variant should be reclassified as a likely pathogenic cause
of ADNSHL.

CASE REPORT

In September 2012, a 19-month-old girl was referred to
the Department of Medical and Laboratory Genetics, En-
docrinology, and Diabetology, Children’s Hospital Zagreb,
due to familial congenital moderate bilateral sensorineu-
ral HL. She was one of eight children in her family, four of
whom had HL. HL was also present in the father and six
family members on the father’s side. Five family members
with HL (father and four children) underwent pure tone au-
diometry and speech evaluation at the Polyclinic for the
Rehabilitation of Listening and Speech (SUVAG) in Zagreb.
The phenotype was assessed at the Department of Medi-
cal and Laboratory Genetics, Endocrinology, and Diabe-
tology, Children’s Hospital Zagreb on the basis of physical
examinations and medical and family history, after which
the medical geneticist referred the participants for genetic
testing. A three-generation pedigree comprised 26 indi-
viduals, 10 of whom were genetically tested (siblings and
the parents of the proband) (Figure 1A). Adult participants
gave written informed consent for themselves and their
children.

Sanger sequencing for clinically relevant variants in the
coding region of the GJB2 gene was performed only in the
proband, while all other family members were tested with
clinical exome sequencing (CES) as the first step in genetic
evaluation. A CES library was generated with enrichment
oligos by using Illumina DNA Prep with Enrichment (Illumi-
na, San Diego, CA, USA) focusing on the exons of the 4813
genes associated with the disease (TruSight One Pane, II-
lumina).

ClinVar, LOVD, HGMD, and Hereditary Hearing Loss Homep-
age databases were searched for known clinically relevant
variants (4-7). Variant annotation and analysis were per-

formed with in silico prediction tools from the VarSome
and Ensembl Variant Effect Predictor. All variants were clas-
sified according to the American College of Medical Ge-
netics and Genomics/Association for Molecular Pathol-
ogy (ACMG/AMP) guidelines as follows: pathogenic, likely
pathogenic, VUS, likely benign, or benign (8).

In the exon 22 of the TECTA gene, a heterozygous missense
variant NM_005422.2: c.6183G>T (p.Arg2061Ser) was iden-
tified in the proband (lll-11) and other four family mem-
bers with mostly stable, moderately severe-severe bilater-
al, sensorineural, mid-frequency prelingual HL: father (II-5),
brother (IlI-5) and two sisters (lll-6; I11-9). This variant was not
detected in the remaining five family members who did
not have HL (Figure 1). All the affected participants wore
bilateral hearing aids from an early age.

The clinical significance of the variant was assessed with
the pathogenicity and conservation scores of c.6183G>T
variant of the TECTA gene from VarSome and Ensembl Vari-
ant Effect Predictor databases. According to ACMG/AMP
classification, this variant is likely pathogenic (PP1_ Strong,
PP4, PM2, and PP3_ Supporting) (8). The substitution re-
placed conserved amino acid residue near the ZP domain
of TECTA (Table 1). As this variant does not have gnomAD
exomes and gnomAD genomes entry, it is classified as
PM2_ supporting. According to the ACMG/AMP standard
classification, PP3_ supporting rule was applied consider-
ing multiple pieces of computational evidence in favor of a
damaging effect on the gene or its product (Table 1). Con-
sidering members of the families (but not the probands)
from this and a previous study (3), segregation in five af-
fected relatives for dominant inheritance was present, and
PP1_Strong rule can be applied (3,9). The timeline of diag-
nostic tests and interventions is shown in Figure 2.

DISCUSSION

Similar to other individuals with missense variants in the
ZP domain, participants with the c.6183G>T variant in this
study also showed mostly stable, mid-frequency prelin-
gual HL. The severity of HL ranged from moderate to se-

TABLE 1.The inssilico prediction pathogenicity and conservation scores for NM_005422.2 (TECTA): c.6183G>T variant*

Nucleotide Amino acid Mutation Mutation

change change SIFT taster  assessor  REVEL

BLOSUM CADD Phred GERP

LRT  PolyPhen FATHMM 62 hg19 RS  way vertebrate

c.6183G>T  p.Arg2061Ser D (0.555) D (0.452) M (0.638) B(0.3019) D (0.843) D (0.966) T (0.488) -1 296 5.16

*Abbreviations: CADD - combined annotation-dependent depletion; BLOSUM62 - BLOcks SUbstitution Matrix; D — probably damaging or deleterious or disease caus-
ing; FATHMM - functional analysis through hidden Markov models; GERP - genomic evolutionary rate profiling, LRT - likelihood ratio test, M - medium; phyloP100-
way vertebrate — a conservation score based on multiple alignments of 100 vertebrate genomes; PolyPhen - polymorphism phenotyping; REVEL - rare exome variant

ensemble learner; SIFT - sorting tolerant from intolerant; T - tolerated.
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vere. The proband'’s father and one sister had severe HL. erate HL deterioration since the observed HL progression
The same variant, classified as a VUS (PM2, PP3, and PP1_ (0.3 dB/year) in patients with TECTA variants was similar to
Supporting), was already described in a subject with se- that in hearing controls, and probably reflected presbycu-
vere mid-frequency HL at the age of 71 (3). The authors (3) sis (3). Therefore, we assume that the severity of HL in the
suggested that TECTA pathogenic variants did not accel- father is also age-related.

A girl with a familial congenital bilateral sensorineural hearing loss (HL)

Otorhir?olaryngologist (Children’s. Hospital Z?greb): 09/2012 Referred to the Polyclinic for the Rehabilitation of
congenital moderate (50-60 Db) bilateral sensorineural Listening and Speech (SUVAG), where hearing aids for
HL. both ears were recommended.

Neuropediatrician: no perinatal risk factors, normal 11/2013

N Referred to a clinical geneticist.
psychomotor development, normal current neurological

examination, except bilateral hearing impairment.

Geneticist: Family history - Hearing impairment is
present in two sisters and a brother of the proband, their
father, and in three generations (six family members) on
the father's side. Personal history — normal pregnancy
and delivery, otoacoustic emissions in the maternity
hospital were bilaterally negative, and later bilateral
moderate sensorineural hearing loss was diagnosed by an
otorhinolaryngologist. Developmental milestones -
normal; Clinical status - 19-month-old female child,
without dysmorphic features, physical examination
unremarkable.

Referred to MLPA analysis of the DFNB1 locus and
Sanger sequencing of the GJB2 gene.

04/2014 Negative results of MLPA analysis and Sanger
sequencing of the GJB2 gene in the proband.

The proband included in the CERRM project: CES analysis 03/2019
was performed.

10/2019 The missense variant ¢.6183G>T in the TECTA gene
associated with HL, categorized as VUS, and one
incidental finding (not discussed in this case report),
were found using a CES analysis.

Geneticist: Considering the VUS in the TECTA gene and an
incidental finding observed during a CES analysis, the 03/2021
parents underwent genetic counselling, and their blood
sample was taken for a CES analysis.

A CES analysis was performed in the parents. The same
variant in the TECTA gene was found in the father.

Otorhinolaryngologist (SUVAG): congenital moderate-to-
severe bilateral sensorineural hearing loss. Tonal
audiometry: 20-70 Db right, 15-65 dB left ear.
Recommended to continue using hearing aids.

Geneticist: Considering that the variant in the TECTA gene
was found in the proband and her father, further 05/2021 A CES analysis was done in all eight siblings. The CES
phenotype and genotype analysis of the other family result in the proband was revised — a variant in the
members was recommended. TECTA gene previously classified as VUS was
01/2022 recategorized as likely pathogenic considering
segregation of HL in the family.

04/2022

Geneticist: the family was counseled regarding the mode of inheritance; further
audiological follow-up was advised.

FIGURE 2. The timeline of relevant physical examinations, medical and family history, interventions and laboratory diagnostic assess-
ment of the proband and her family. Abbreviations: CES - clinical exome sequencing; VUS - variant of uncertain significance; MLPA
- multiplex-ligation dependent probe amplification; CERRM - Center of Excellence for Reproductive and Regenerative Medicine.
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Four affected family members in this pedigree and one af-
fected family member from a previous study (3) (without
probands) give a total of five affected members from two
families, which indicates the status of PP1 strong evidence
for the variant, ie, cosegregation with a disease in multiple
affected family members in a gene definitively known to
cause the disease (9).

The C-terminal ZP domain (residue T1805-N2059) is two
amino acids away from the mutated R2061 residue detected
in our study. A change from large-size and basic/positively
charged arginine to small-size and polar/uncharged serine
may affect the mechanical and electrical properties of the
tectorial membrane. Although TECTA-mutant mice exhibit
structural defects of the tectorial membrane, the molecular
mechanism by which the pathogenic missense variants in
the ZP domain cause mid-frequency HL is still unclear (10).

TECTA-associated ADNSHL is one of the most common
ADNSHL subtypes (2). Considering 80% of TECTA variants
of uncertain significance submitted to ClinVar database, it
is difficult to prioritize missense TECTA variants causing AD-
isolated HL. In the absence of functional studies that would
elucidate the molecular mechanisms of TECTA-induced
HL, when categorizing variants, one should take into ac-
count not only the results of in silico prediction tools, but
also patients’ phenotypes and the study of family segrega-
tion. Yasukawa et al classified c.6183G>T TECTA variant as a
VUS since the ACMG/AMP PP1 strong criterion could not
be applied (3). Based on the specific HL phenotype and
the autosomal dominant segregation of the variant in the
studied family (and the applied PP1_ Strong criterion), we
argue that the TECTA c.6183G>T variant should be reclassi-
fied as a likely pathogenic cause of ADNSHL.

In order to improve diagnostics and genetic information
for the affected patients, it is necessary to resolve the mo-
lecular basis of the pathogenic missense variants, which
are challenging to decipher. This study highlights the im-
portance of clinical evaluation in patients with familial HL
when assessing the pathogenicity of missense TECTA vari-
ants causing AD-isolated HL. This could contribute to a
better genotype-phenotype correlation of rare missense
variants in proximity to the ZP domain of the TECTA gene.
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