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L E T T E R T O T H E E D I T O R

Novel compound heterozygous variants in the TSPEAR gene
causing autosomal recessive hearing loss in a Chinese family

To the editor:

Hearing loss is the most common sensory disorder.
TSPEAR gene encodes thrombospondin-type laminin
G domain and epilepsy-associated repeats containing
protein.1 While, patients with variants in the TSPEAR
gene may present with different clinical phenotypes,
including autosomal recessive nonsyndromic deafness
(DFNB98, MIM614861); ectodermal dysplasia 14 of the
hair/tooth type with or without hypohidrosis (ECTD14,
MIM618180); or selective tooth agenesis-10 (STHAG10,
MIM 620173).2–5 Here, we report a patient diagnosed with
congenital sensorineural hearing loss, and a total of three
unreported variants were detected.

The proband (IV-1) is a 7-year-old girl. She didn’t pass
the neonatal hearing screening and underwent an auditory
brainstem response (ABR) test 6 months after birth. Her
hearing thresholds at 6 months were 65 dBnHL in both
ears with normal acoustic impedance results, and then she
was diagnosed with congenital sensorineural hearing loss.
An ABR test conducted at the age of 6 years showed that
hearing thresholds of both ears were 80 dBnHL. Distor-
tion product otoacoustic emission was not elicited on both
sides. The proband received bilateral hearing aids when
she was 6 months old. According to her parents, she was
able to respond normally to the minor sounds after wearing
hearing aids. The proband also demonstrated dental caries
(Figure 1A), ankyloglossia (Figure 1B), and heart-shaped
tongue (Figure 1C). After three corrective surgeries, her
tongue was still difficult to stick out and her speech was
still compromised. Her parents showed normal hearing, and
after a strict physical examination, no abnormalities were
found. She has a younger brother (IV-2) who has undergone
an amniocentesis without abnormality and passed neona-
tal hearing screening. There were two other members with
hearing loss in her family (Figure 1D), but unfortunately,
they have not been genetically analyzed.
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The variant detection and analysis method has been
described in detail in our previous studies.6–8 We sampled
peripheral blood from the proband and her parents for
high-throughput sequencing. Genomic DNA was isolated
from the blood samples, and then fragmentation of the
genomic DNA was performed to generate a paired-end
library. The amplified DNA library was sequenced on the
BGISEQ-500 platform. Sequencing data were compared
with the human genome reference (GRCh37/hg19) to
identify mutant genes and loci.

The proband carries heterozygous variant NM_012226.5
(P2RX2): c.339-18C>T inherited from her father
(Figure 1E). P2RX2 encodes the P2X2 receptor, which
assembles as a trimer to form a channel gated by extracellu-
lar ATP. The variant was reported to have a minor allele fre-
quency of 6.862e−7, while the allele frequency in the East
Asian population is 0.00002230 in the gnomAD database.
According to the American College of Medical Genetics
and Genomics (ACMG)/Association for Molecular Pathol-
ogy (AMP) guidelines, the evidence supports PM2 and
BP4, and this variant was classified to have uncertain signif-
icance. Analysis using the RDDC database, MaxEntScan,
and SpliceAI suggests that it may not affect splice.

Besides, the proband also carries compound heterozy-
gous variants NM_144991.3 (TSPEAR): c.539A>T
(p.Asp180Val) (Figure 1F) from her mother and
NM_144991.3 (TSPEAR): c.365G>A, (p.Arg122Gln)
(Figure 1G) from her father. TSPEAR c.539A>T
(rs781821217) is a missense variant that occurs in Exon3,
and there are no reports of pathogenicity at this locus. The
variant was reported to have a filtering allele frequency of
0.00003357, while the allele frequency in the East Asian
population is 0.0001342 in the gnomAD database. Accord-
ing to the ACMG/AMP guidelines (PM2_Supporting),
this variant was classified to be uncertain significance as
the ClinVar database showed. However, other prediction
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FIGURE 1 Clinical and genetic manifestations of the proband. (A) Dental caries. (B) Ankyloglossia. (C) Heart-shaped tongue. (D) Pedigree of the
proband. Black indicates family members with hearing loss. (E) Genetic sequencing result of c.339-18C>T of P2RX2 gene. (F) Genetic sequencing result
of c.539A>T of TSPEAR gene. (G) Genetic sequencing result of c.365G>A of TSPEAR gene. The red arrows indicate the mutated bases. WT means wild
type.

tools give different results. Polyphen-2 suggests it may
be benign, and the RDDC database proves this. While the
PROVEAN score shows that it is deleterious. TSPEAR
c.365G>A (rs141753295) is also a missense variant that
occurs in Exon3 which is still unreported likewise. This
variant was reported to have a filtering allele frequency
of 0.001084 in the gnomAD database. In the ClinVar
database, this variant has conflicting classifications of
pathogenicity. According to the ACMG/AMP guidelines,
the evidence supports BS1_Supporting, and therefore
this variant was classified to be uncertain significance.
PROVEAN score shows this variant is neutral. Polyphen-2
suggests it may be a probably damaging variant.

TSPEAR belongs to a superfamily of proteins character-
ized by the presence of EAR repeats in tandem, which
may form β-propeller in proteins that may act as ligand-
binding structural domains.1,9 Downregulation of TSPEAR
in keratinocytes may affect Notch signaling.10 TSPEAR
is expressed in the base of the stereocilia of inner hair
cells and outer hair cells, ganglion, stria vascularis, and
vestibular in mice,2 which suggests that TSPEAR may
play an important role in cochlear cell differentiation
and hearing maintenance. In our patient, we did not find
other suspicious causes of hearing loss, such as pregnancy
infections, use of ototoxic drugs, and perinatal hypoxic-
ischemic encephalopathy, so we believe that the hearing
loss in our patient is mainly due to compound heterozygous
variants in the TSPEAR gene. Our research hopes to expand
the genetic spectrum of hearing loss and provide further
evidence for the diagnosis and treatment of hearing loss.
Recently, the success of OTOF gene therapy has given

us hope for the treatment of hereditary hearing loss.11,12

In addition, doctors and researchers should also actively
look for other treatments for hearing loss, which may be
promising to promote hair cell regeneration or find suitable
Chinese herbal medicine.13–15
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