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Prevalence of p.V37I variant of GJB2 among Chinese
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Abstract: GJB2 accounts for more than 80% of recessive forms of hereditary hearing loss (HL); however, the correla-
tion between the p.V37I variant of GJB2 and hearing phenotype is controversial. This study aimed to investigate the
clinical and epidemiological characteristics of the p.V37I variant in sensorineural hearing loss in Chinese infants
(0-3 months). Hearing and gene tests were conducted in 300 infants (aged 0-3 months) with sensorineural hear-
ing impairment and 484 normal infants (aged 0-3 months). Among the 300 hearing-impaired infants, 16 (5.33%)
exhibited homozygous p.V37I variation and 7 (2.34%) showed a compound-heterozygous p.V37I variation, whereas
no homozygous p.V371 (0%) or compound-heterozygous p.V371 (0%) condition was found among the 484 normal in-
fants. The hearing impairment ranged from mild to profound in all patients exhibiting the homozygous p.V371 or the
compound-heterozygous p.V371 condition, although most patients (61.54%) exhibit mild or moderate HL. Our results
indicated that the p.V37I variation of GJB2 mutation is mainly associated with mild or moderate hearing impairment.
Therefore, otolaryngologists should also screen the p.V371 variant of GJB2 in patients with mild or moderate HL.
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Introduction

Hearing loss (HL) is prevalent worldwide, and
nearly 70 million individuals are recently esti-
mated to suffer from HL, which affects their
ability to communicate; moreover, 1-3 individu-
als in every 1,000 newborns exhibit permanent
sensorineural hearing loss (SNHL), and half of
such cases are associated with hereditary fac-
tors [1]. Identifying genes for HL has elucidated
the genetic architecture of hearing function.
Several regulatory transcription factors (e.g.,
POU3F4, EYA1, and PAX3), structural proteins
maintaining the integrity of the hair cell, gap
junction proteins, ion channel genes maintain-
ing solute composition, as well as proteins with
yet-to-be-uncovered functions, have been iden-
tified [2-4]. Despite the large number of genes
implicated in non-syndromic HL, a particular
gap junction protein, GJB2, coding for protein
connexin 26 accounts for nearly 50% of all
autosomal recessive HL and for 15%-18% of
HL in all deaf individuals [5].

To date, more than 150 mutations, polymor-
phism, and unclassified variants have been dis-

covered in the GJB2 gene; moreover, 35delG,
235delC, and 167delT are the most common
GJB2 mutations that cause HL in Caucasian,
Asian, and Ashkenazi populations, respectively
[6]. In addition, the p.V37I variant of GJB2 muta-
tions is commonly reported in HL at a carrier
rate of 11.6% in Taiwan, although the patho-
genic role of p.V37I remains controversial. p.
V37l was previously considered to be a poly-
morphism without pathogenicity; however, re-
search findings increasingly indicate that p.vV37I
is associated with mild to moderate hearing
impairment [7-9]. The present study aimed to
investigate the prevalence of the p.V37I variant
of GJB2 mutation in Chinese SNHL infants
(aged 0-3 months), as well as the clinical fea-
tures of the homozygous p.V37l and the com-
pound-heterozygous p.V37I conditions.

Materials and methods
Patients

A total of 300 infants aged 0-3 months diag-
nosed with SNHL from September 2013 to May
2015 were included in this study. All patients
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Table 1. Distribution of p.V371 mutation in SNHL and control

infants (0-3 months)

whole blood samples and puri-
fied using a commercially avail-

p.vV37l/p. p.V37l/other

Group  p.V37l/- V37l mutation

No p.V37I able extraction kit (Qiagen Inc.,

Total China). The primer sequences

SNHL 3(1.0%) 16(5.33%) 7(2.33%) 274(91.33%) 300
470 (97.11%)* 484

Normal 14 (2.89%) 0 (0%) 0 (0%)

used in mutation analysis of
GJB2 were as follows: forward:
5-TCTTTTCCAGAGCAAACCGC-

*, P<0.05.

Table 2. Distribution and hearing levels of p.V371 mutation in

SNHL infants

3’, reverse: 5-CTGGGCAATGCG-
TTAAACTGG-3'. The PCR proto-
col was set as follows: pre-
denaturation at 94°C for 2 min,
denaturation at 94°C for 30 s,

Cases Allele 1 Allele 2 Hearing level (two ears) annealing at 58°C for 30 s,
3 p.v37I p.v37I mild/moderate and extension at 72°C for 45 s
1 p.vV371 p.v37I moderate/profound for a total of 35 cycles followed
2 p.v371 p.vV37I mild/normal by a post-PCR extension step
4 p.V37I p.V37I moderate/moderate at 72°C for 1 min. The PCR
3 p.V37I p.V37I profound,/profound products with 725 bp covering
3 p.V37I p.V37I mild/mild ?JGBQG”""G coding dregilon tr?f

) ) was sequenced usin e
2 p-v3Tl C.79G>A mild/mild ABI PRISM IgigDye Terminator
2 p.v37I c.235delC severe/profound Cycle Sequencing Kit and ABI
1 p.vV37I ¢.235delC mild/moderate 3730 DNA Automatic Sequen-
1 p.V371 €.299-300delAT moderate/severe cer (USA).
1 p.V37I1 79G>A+341A>G moderate/moderate

Statistical analysis

were from the Otolaryngology Department of
the Children’s Hospital of Fudan University.
Infants were excluded from the study if their
onset age was not within 0-3 months or when
their auditory brainstem response (ABR) results
could not be obtained. A total of 484 normal
infants aged 0-3 months served as the control
group. This study was approved by the Ethics
Committee of the Children’s Hospital of Fudan
University and was conducted in accordance
with the ICH Guidelines for Good Clinical
Practice and with the Declaration of Helsinki.
All of the subjects of the study signed informed
consent forms.

Audiological evaluation

ABR was performed on all SNHL infants under
general anesthesia, with the patient lying on a
bed in an acoustically and electrically shielded
room. The severity of SNHL and asymmetry
were documented. Severity levels were classi-
fied as mild (35-55 dB HL), moderate (56-70 dB
HL), severe (71-90 dB HL), or profound (>91 dB
HL).

Gene testing

Gene testing of the exon 2 of GJB2 were per-
formed on all infants. DNA was extracted from
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The differences in gene phenotypes between
the SNHL and normal infants were evaluated
using fisher’'s exact test. Values with P<0.05
were considered statistically significant.

Results

Among the 300 SNHL infants, 26 (8.67%)
exhibited more than one p.V37I of the GJB2
mutations, including 16 homozygous (5.33%),
3 heterozygous (1.0%), and 7 compound-het-
erozygous (2.33%). Among 484 normal infants,
14 (2.89%) heterozygous p.V37l were found
and no patient exhibited the homozygous or
compound-heterozygous p.V37I condition. The
distribution of homozygous and compound-het-
erozygous p.V37l mutations was significantly
higher in the patient group than in the control
group (7.66% vs. 0%, P<0.05), indicating that
the homozygous and compound-heterozygous
p.V371 mutations are more frequently related
to infant SNHL (Table 1).

Table 2 shows the severity of HL caused by
p.V37l. The mean threshold of the ears was
76.07 + 32.59, and the severity of HL ranged
from mild to profound. A total of 16 (69.6%)
infants exhibited mild to moderate HL. Two
infants showed unilateral HL, whereas the rest
exhibited bilateral HL. Moreover, 75.0% (12/16)
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exhibited the homozygous p.V371 condition,
whereas 57.14% (4/7) showed compound-het-
erozygous p.V37I condition and a mild to mod-
erate hearing level. No difference in the severi-
ty of hearing level was observed between the
two groups (P=0.71).

Discussion

The p.V37l mutation, which was first reported
by Kelly in 1998, can cause a valine to isoleu-
cine replacement. The carrier frequency of this
mutation is very high among Chinese (6.2%)
[7], Thai (4.3%) [10], Japanese (1.0%) [11], and
Koreans (0.6%) [12]. The pathogenicity of p.
V37l is controversial; p.vV371 was initially consid-
ered a polymorphism but was recently found in
a multicenter study to be related to mild and
moderate HL [8]. Pu Dai found that the carr-
ier frequency of p.V37] among Chinese Han
patients is 6.7%, which is significantly higher
than in the control population, demonstrating
that p.V37l is a pathogenic mutation and not an
allele variant [6]. Kim also reported that 18.2%
of Koreans with mild HL are carriers of p.V37I;
this fraction is significantly higher than the
number of carriers with severe-profound HL
(1.2%) and with normal hearing (1.0%), indicat-
ing that p.V37l is associated with mild deafness
[13]. However, Chai found that the p.V37] muta-
tion is related to a variety of hearing pheno-
types ranging from profound HL to normal hear-
ing and from congenital onset to delayed onset
[14].

The present study found that 29 (8.67%) SNHL
infants (0-3 months) are carriers of the p.V37I
mutations, and the carrier frequency was simi-
lar to that reported by Shasha Huang (7.83%)
[15], although the mean age of the patients in
that study was 19.6 years old. Our study found
16 patients (5.33%) carrying homozygous p.
V37l and 7 patients (2.33%) carrying com-
pound-heterozygous p.V37l; these frequencies
were significantly higher than those in the con-
trol group (0%). Moreover, no frequency differ-
ence in single heterozygous p.V37I condition
was found between the SNHL and normal
groups (1.0% vs. 2.89%, P=0.07). The result
revealed that the homozygous and compound-
heterozygous p.V37I conditions are pathogenic
mutation in infants whose onset age was 0-3
months. Most genotype-phenotype correlation
studies have indicated that GJB2 mutations
are associated with non-progressive, bilateral,
severe, or profound HL [16]. By contrast, this
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study revealed that some hearing impairments
caused by GJB2 mutations could be mild or
moderate, especially for non-truncating muta-
tions, such as p.vV37I.

All hearing phenotypes were found in our study,
although most patients (69.6%) carrying the
homozygous or compound-heterozygous p.V37I
mutation exhibited a mild or moderate HL.
Compared with the homozygous p.V37! condi-
tion, the compound-heterozygous p.V37| muta-
tion did not cause more serious hearing impair-
ment. Our study found seven patients with
compound-heterozygous p.V37| mutation. The
severity of HL depends on which types of
the other mutations were compounded. The
€.79G>A or ¢.79G>A+341A>G in GJB2 are con-
sidered as polymorphism [11], and we found
that a patient with heterozygous p.V37l plus
€.79G>A condition and another patient with
heterozygous p.V37l plus c.79G>A+341A>G
condition exhibited mild to moderate hearing
levels. The most common pathogenic mutation
of GJB2 is the ¢.235delC mutation, whereas
€.299-300delAT is less common [11], although
both contribute to SNHL. Our study found four
patients with p.V37I plus ¢.235delC or ¢.299-
300delAT, and three of them showed worse
hearing levels than those with homozygous
p.V371 condition, suggesting that p.V37I plus
c.235delC or ¢.299-300delAT produces worse
phenotype.

Other studies have found homozygous p.V37I
or compound-heterozygous p.V37I condition in
a certain proportion of the normal hearing pop-
ulation; moreover, p.V37l has been reported to
delay the onset of HL [14]. However, our study
did not show any normal infant (0-3 months)
carrying the homozygous p.V37! or compound-
heterozygous p.V37I condition; thus, these con-
ditions may not be associated with delayed
HL, if any, among the 484 normal infants. Our
results were highly similar to those of Shasha
Huang [15], who did not find these mutations
among the Chinese Han whose age ranged
from 7 months old to 54 years old. Huang spec-
ulated that the absence of the pathogenic p.
V371 among the normal hearing group in their
study is caused by the strict inclusion criteria
for the normal controls and their higher average
age. The average age of the 600 control indi-
viduals was 32 years old, and the hearing level
of the normal young people who carry the p.
V371 mutation may decline with age. Hao Wu
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[7] screened 1516 control newborns and found
homozygous p.V37l and one compound-hetero-
zygous p.V37l (0.4%), which is a very low fre-
quency. This finding may explain the absence
of any homozygous p.V37l or compound-hetero-
zygous p.V37] among the 484 infants in our
control group.

Some studies have reported that SNHL may be
caused by mutations in two alleles of different
genes, such as GJB2 plus SLC26A4 or mito-
chondrial gene; one patient with enlarged ves-
tibular aqueduct syndrome was reported to
carry both the SLC26A4 and GJB2 mutations
[47, 18]. Chai found that the p.V37] mutation
is related to a variety of hearing phenotypes,
ranging from profound HL to normal hearing
[14]. Our study found all hearing phenotypes,
except the epigenetic factors, another reason
might be p.V37I plus yet-to-be discovered genes
simultaneously. We detected another two com-
mon genes associated with HL (SLC26A4 and
12rRNA) among seven infants with compound-
heterozygous p.V37| mutation, and no other
mutations of the SLC26A4 and 12rRNA genes
were found. Further studies are still needed,
including those with a larger number of sub-
jects and those focused on detecting other
genes.

In summary, the results of our study demon-
strate the significant potential for clinical appli-
cation of genetic testing for HL. The p.vV37I
mutation of GJB2 is also strongly correlated
with SNHL in infants, whose hearing pheno-
types ranged from mild to profound. In addition,
69.6% of p.V37I carriers exhibit mild to moder-
ate HL, indicating that even patients with mild
or moderate HL must be tested for GJB2.
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