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Abstract
 
 
Hearing loss is considered as the most prevalent  
impairment worldwide. It is one of the most  
genetically heterogeneous, which makes molecu-
lar diagnosis challenging in most cases. TECTA is 
a modular, non-collagenous protein of the tectorial 
membrane that plays a more dynamic role in normal 
hearing. Mutation in TECTA cause dominant and re-
cessive forms of non-syndromic hearing loss. The 
clinical findings suggest stable, moderate-to-severe 
forms of hereditary hearing loss may be diagnos-
tic of a mutation in TECTA. In this review, Direc-
tory of Open Access Journals (DOAJ), Pub Med,  
Google Scholar LISTA (EBSCO), Embase, and Web  
of Science were searched using relevant search 
terms to retrieve eligible publications. This paper 
provides an overview of (1) TECTA gene function, 
(2) the prevalence of TECTA related hearing loss, 
disease symptoms, (3) identification pattern and (4) 
animal models. It also summarizes how mutations 
in TECTA induced hearing loss with mid-frequency 
audio profile pattern.
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Introduction

Sensory and neurological diseases are one of the 
largest medical complex problems and (1, 2), hearing 
loss is the most common neural sensory disorder in 
human (3, 4). In developing countries one out of 
500 neonates are born deaf (5). In 50-60 percent of 
patients the cause of the disease is deterioration in 
the function of a single gene (3). 70% of all hereditary 
hearing loss is non-syndromic and 30% is syndromic 
(6). Non-syndromic hearing impairment is extremely 
heterogeneous; 68 autosomal recessive loci (DFNB), 
52 autosomal dominant loci (DFNA), 5 involved loci on 
X chromosome and 2 involved loci on Y chromosome 
has been reported so far (7). Hearing loss caused by 
TECTA mutations are inherited in two forms of autosomal 
dominant (DFNA8/12MIM 601543-MIM601842) and 
autosomal recessive (DFNB21). Mutation in the TECTA 
gene is the cause of 4% of all non-syndromic autosomal 
dominant hearing loss and has been reported in various 
kinds of hearing impairments in different populations 
(8). The most mutations related to DFNB21 have been 
found in Iran (9). Patients ‘audiometric pattern’ is flat 
or U shaped in the mild or mild to severe frequencies 
(10). Patients’ audiograms are considered as the most 
important tools to identify mutations in the TECTA gene 
(10). In this review article, we aimed at investigating 
TECTA gene function; the prevalence of TECTA related 
hearing loss, disease symptoms, identification patterns 
and related animal models.
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Materials and Methods

Scientific databases Directory of Open Access Journals 
(DOAJ), Google Scholar, Pub Med, LISTA (EBSCO), 
Embase, and Web of Science were searched using 
relevant search terms to retrieve eligible publications on 
structure and function, audiometric pattern and inheritance 
pattern of hearing loss and animal modeling related to the 
TECTA gene.

Result and Discussion

TECTA gene structure and function
Human TECTA gene (MIM 602574, Gene ID 7007) has 
been located at 11q22–q24 and mouse TECTA gene is 
on chromosome 9 (8). Studies have revealed that TECTA 
is highly conserved in zebrafish, mice and humans (11). 
Alpha tectorin is encoded by the TECTA gene and is one 
of the most important non-collagen parts of the tectorial 
membrane of the inner ear (12). The TECTA gene contains 
23 exons and renders a protein of 2155 amino acids (13). 
Tectorial membrane is a fiber extended to extracellular 
matrix and is connected to stereocilia clusters of sensory 
hair cells (Figure 1). Sounds cause the movement of 
tectorial membrane related cells (14). Stereocilia motions 
give rise to the transforming of sound waves into neural 
pulse. Tectorial membrane is highly expressed in the 
inner ear and is found in three forms of collagenic (alpha-
tectorin), non-collagenic (beta-tectorin) and glycoprotein 
(otogelin). Alpha-tectorin is a large glycoprotein containing 
several domains including Entactin G1 (ENT) domain, the 
large area of Zonadhesin (ZA) which includes three factors 
of von Willebrand factor type C or D (vWFD V1, V2, V3, 
V4), N-terminal entactin G1-like domain and C-terminal 
Zona Pellucida and also three trypsins inhibiting cysteine-
rich domains (Figure 2) (12, 14). These domains have 
formed a network by disulfide bonds and in association 
with beta-tectorin have established the non-collagenic 
matrix in tectorial membrane (11).

Audiometric pattern in hearing loss associated with 
TECTA deficiency
A large number of mutations associated with hearing loss 
have been reported so far. Using audiogram pattern is an 
appropriate step to select the presumably mutated genes. 
To reduce costs and save time, surveying audio profile 
of the deafness families is an effective step to screen 
families for linkage analysis. Studies have revealed that 
any mutation in TECTA gene which inactivates the gene 
products is associated with non-syndromic autosomal 
recessive hearing loss. Autosomal recessive mutations 
in TECTA gene lead to a moderate to severe deafness 
and display an audiogram pattern in a flat or U shape at 
all frequencies. Fortunately, this pattern helps to identify 
TECTA gene as the cause of some kinds of hearing loss. 
While all missense mutations in TECTA gene cause 
autosomal dominant type of hearing loss, depending 
on the involved domain harboring the mutation, clinical 
manifestations are different (10). Mutations in the ZP 
domain cause a dominant negative phenotype giving 

rise to a disrupted connection between different tectorin 
polypeptides, so deteriorate tectorial membrane structure. 
Any defect in this membrane results in a reduction in the 
quality of sounds transferred to stereociliary fibers of hair 
cells and eventually cause hearing loss (15). Another 
hypothesis explains that any instability of alpha tectorin 
mRNA or its destruction lead to decreased protein levels 
in tectorial membrane (7). Mutation in ZP domain causes 
non-progressive prelingual deafness at mild frequency, 
while any mutation in ZA domain results in progressive 
hearing loss at the high frequency range in childhood (16). 
Researchers have demonstrated that there is a significant 
relationship between mutations in ZP and mild hearing 
loss and also ZA and Progressive high frequency hearing 
impairment (17). Furthermore, mutation in Entactin-G1-
like domain at the first repeat of vWFD and also at TIL2 
repeats in ZP and ZA domain cause high-frequency hearing 
loss. Even the site of the mutation can affect hearing loss 
stability, so missense mutations occurring at cysteine 
repeats of ZA and ZP domain cause progressive post 
lingual hearing loss (18). These mutations decay disulfide 
bonds and destabilize the cellular matrix structure, while 
the rest of the mutations occurring at the other amino acids 
in this region cause stable hearing loss.

Deafness related to TECTA involved loci
Non syndromic autosomal recessive hearing loss 
associated with DFNB21
The first time in 1999, DFNB21 has been reported in a 
Lebanese family with Severe-to-Profound prelingual 
deafness by Mustapha et al. This mutation has been located 
at the donor splice site in intron 9 and results in a stop 
codon at 972 positions rendering a truncated protein. This 
variant has not been observed in 101 healthy subjects (19). 
In 2003, in two Iranian and Pakistani families with Severe-
to-Profound sensory neural hearing loss, respectively 
an insertion mutation (649insC (602574.0006)) and a 
deletion mutation (6037delG (602574.0007)) have been 
reported (20). In 2007, linkage analysis using D11S1299, 
D11S1998 and D11S4464 markers surveying 45 GJB2 
negative deaf families displayed linkage to the TECTA 
gene. Sequencing of the TECTA gene revealed a frame 
shift mutation (266delT, p.122X), a missense mutation 
(5211C>A, p.Y1737X) and a 9.6kb deletion in exon 10 and 
intron 8 and 9 (10). One year later, a 16bp deletion in exon 
21 in the Iran population was reported (21). In 2012, the 
first compound heterozygote from a Korean population 
was reported using next generation sequencing approach. 
This missense mutation has been located in exon 15 
and insertion has occurred at the donor splice site. The 
father and mother of this family were heterozygotes for a 
missense mutation and a splice site mutation respectively. 
Moreover, these mutations have not been observed in 120 
healthy people (17). In 2016, surveying 50 Iranian families 
with Arab ethnicity, the last identified mutation in the 
TECTA gene was reported (22). This nonsense mutation 
lead to translation of a truncated protein containing 245 
amino acids and was not observed in healthy volunteers 
(22)(Table 1).
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Autosomal dominant non-syndromic hearing loss
A study accomplished in 1998 for the first time reported 
that two Australian and Belgian families displayed linkage 
to DFNB8 and DFNB12 loci at the long arm of chromosome 
9, where the  TECTA gene has been located (7). A 
compound heterozygous missense mutation (c.5725C>T 
and c.5738G>A) in the distance between 12bp located 
at exon 17 in a Belgium pedigree was reported in 18 
patients while 40 healthy controls lacked the mutation. 
c.5876A>G mutation in exon 18 was reported in an 
Australian family while the mutation was not observed in 
100 Australian and Belgian healthy people. These three 

mutations have been located in the ZP domain and cause 
prelingual hearing loss (7). In 1999 investigating a French 
pedigree of mild, moderate and progressive hearing loss 
showed linkage disequilibrium to DFNA12. TECTA gene 
sequencing revealed a missense mutation (c.4857G>C) 
changing cysteine 1916 into serine (C1916S) giving rise 
to the removing of cysteine in CGLC motif of D4vWfin 
zonadhesin/vonWillebrand domain (23).  CGLC motifs 
in D1 and D2 repeats catalyzes the polymerization of 
disolphide bonds in VWF and are involved in the formation 
of non-collagenic tectorial membrane matrix. This mutation 
changes the properties of sound mechanical transfer in 
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Figure 1: Organ of Corti structure and TECTA. The structure of the organ of corti Schematic picture in the basal area 
of the cochlea in the human ear. TM is connected to the outer hair-cells Stereocilia via Kimura membrane, hair-cell 
Stereociliavia Hensen fibers and also spiral limbus (11).

          
Figure 2: The structures of TECTA domains and the position of missense mutations causing hearing loss. Mutation 
in Entactin-G1 domain, vWFD, vWFD2 and TIL2 repeats of ZA and ZP cause to mild-frequency hearing loss, while 
mutation in other parts of ZA domain results in high-frequency hearing impairment.
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Table 1: Reported mutations in TECTA gene (DFNB21) and their audiogram pattern
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 Table 2: reported mutations in TECTA gene (DFNA8/12) and their audiogram pattern



MIDDLE EAST JOURNAL OF FAMILY MEDICINE  •  VOLUME 7 , ISSUE 10130

tectorial membrane via disturbing the proper polypeptide 
cross-linking, resulting in hearing loss in patients (23).

Parallel to this study, C1057S mutation in one domain of 
zonadhesin/Von Willebrand was reported in a population of 
Sweden. C1057S mutation attenuates sound transmission 
by changing polypeptide cross linking, resulting in deafness 
(8). In 2001 and 2002 two missense mutations in exon 17 
and 20 were reported in the Spanish (24) and Japanese 
(8) pedigrees respectively and from 2004-2013 in the USA 
(10), Turkey (18), Germany (25), Korea (26) and China, 
some mutations were reported which have been described 
in detail in Table 2.

The biggest cohort study focusing on DFNA8/12 was 
accomplished in 2011. In this study 835 American deaf 
families (autosomal dominant non-syndromic hearing 
loss) were investigated. According to audiometric data, 73 
pedigrees that had deafness at low and high frequency 
were selected. Their audiograms were screened by Audio 
Gene software (http://audiogene.eng.uiowa.edu/) which 
contains a databank including 1926 audiograms from 17 
known loci involved in ADNSHL. Based on the audiogram 
pattern, the software predicts which locus is involved 
in hearing loss (26, 27). In the next phase of the study, 
372 Spanish deaf were surveyed. Audio gene prediction 
introduced 64 families with possibility of DFNA8/12 
involvement that TECTA gene sequencing indicated that 
only 9 families carried the mutation, also 14 mutations 
were reported in the Spanish population (26). In 2014, in 
China a 9bp deletion was reported (28). In Table 2, all of 
the autosomal dominant mutations have been represented 
in detail.

Mouse Models for Human Hearing Impairment

TectaΔENT/ΔENT mouse models have been developed by 
Exon Skipping, so 96 amino acids were removed from 
N-terminal of entactin G1 in alpha-tectorine. During the 
first days of the embryonic period, examining the mouse 
model demonstrated that the greater epithelial ridge of 
TECTA was very little growth and also was not detectable 
by western blot analysis. Even three weeks after the 
birth TECTA expression was negligible, while tectorial 
membrane in Tecta+/+ and Tecta+/DENT mice was normal 
and TM had been connected to Spiral limbus fully. But 
in the mouse model, TM had been separated from spiral 
limbus and the organ of corti and also had no beta tectorial 
membrane and otogelin as the collagenic part of tectorial 
membrane (29). Otoconia membrane has been reduced 
in the models compared to heterozygotes or normal 
group. The mouse model was not able to do rotational 
movements and also there were explicit defects in their 
movements and behavior. In these mice, there were not 
any appropriate matrix filaments and sheets, but outer 
and inner hair cells were normal and had positioned at 
the right place. The results indicated that mutated alpha 
tectorin protein is produced and secreted in these mice 
but is not able to organize the matrix and is ruined rapidly 
(29). The next mouse model was the mice with mutation 
in TectaY1870C.

In ZP domain, this mutation was reported in 1998 in 
an Australian family with prelingual hair impairment at 
moderate to severe frequency. In these transgenic mice, 
TM matrix structure was disturbed and ZA domain thickness 
was decreased, although these changes had no major 
effect on the main role of tectorial membrane according 
to the data obtained from the evaluating of sensitivity and 
frequency of cochlea mechanical response to sounds. 
The nervous threshold was evaluated; nervous regulation 
was extended resulting in a major decrease in the peak 
of nervous regulation curve (30). TectaC1509G/+ mouse 
model harbored a missense mutation in the ZA domain 
which had caused a progressive mild to moderate hearing 
impairment in a Turkish family. Structural phenotype is 
more subtle, hearing response threshold of brain stem at 
-40 frequencies was 25dB throughout the hearing range 
and hearing loss occurs mostly at mild level (10-35 KHz) 
(31). In a study published in 2014, a three mouse model 
including TectaL1820F, G1824D/+ in ZP domain which had caused 
deafness at mild frequency in a Belgium family, TectaC1837G/+ 
in ZA domain and which had caused progressive hearing 
loss at mild frequency in a Spanish family and TectaC1619S/+ 
in ZA domain which had caused progressive hearing loss 
at high frequency in a French family, were investigated. 
Mutations in ZA and ZP domain give rise to distinct and 
different changes in TM structure (28). Changes in TM is 
similar to the changes  when  TectaY1870C  mutation occurs 
and includes reduction in limbus region, the lack of striated 
sheet matrix, disturbance in the organization of collagenic 
fiber in the Sulcal region and finally the lamination of Kimura 
membrane. Defects in tectorial membrane in TectaC1619S/+ 
mouse model is completely different from models harboring 
mutations in ZP domain and is similar to TectaC1509G/+ mouse 
model. These defects include destroying marginal band; a 
major reduction in Covernet (upper layer of TM is covered 
by this fiber canal) and finally changes in fiber network 
profile give rise to the reduction in hair cells connection 
(11). In the case of mutations in ZP domain, the threshold 
of brain stem hearing response (in the range of 8-40 KHz) 
increased by 30-40 dB, while mice carrying mutations in 
ZA domain displayed a 20-30 dB increase, although TM 
phenotype is stable and there is no evidence implying 
gradual deterioration of hearing structure or function (11). 
Regarding the data obtained from these five DFNA8/12 
related mouse models, genotype-phenotype correlation 
related to ZP and ZA domain can be clearly observed, 
so this clue can be used in the prediction of the involved 
domains in hearing impairment according to the hearing 
phenotype.
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