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Abstract. - OBJECTIVE: Gene chip and gene
sequencing techniques were used to detect the
main pathogenic genes in pregnant women with
hereditary hearing loss.

PATIENTS AND METHODS: From May 2015 to
May 2016, 1080 pregnant in Xuzhou Maternal and
Child Health Hospital were enrolled in this study.
Women age range was 18 to 40 years. 4 genes
and 9 mutation sites, including 4 sites (35delG,
176, 235delC and 299) in GJB2 gene, 2 sites
(2168A>G and IVS-7-2A>G) in SLC26A4 (PDS)
gene, 2 sites (1494C>T and 1555A>G) in 12s rR-
NA gene and 1 site (538C>T) in GJB3 gene, were
detected using the GeeDom® 9-item hereditary
hearing loss gene detection kit. Deafness genes
in the husband of the pregnant woman with GJB2
and SLC26A4 positive gene mutations were ver-
ified using Sanger sequencing. Fetuses with the
same deafness genes as their parents were di-
agnosed before delivery using amniocentesis.

RESULTS: 48 patients (4.45 %) were detected
positive for hereditary hearing loss. Most of them
(28 cases) were identified with GJB2 gene muta-
tion (1 case with 176 site mutation, 22 cases with
235delC site mutation and 5 cases with 299 site
mutation). We had 15 cases of the SLC26A4 gene
mutation (3 cases of 2168A>G site mutation and
12 cases of IVS-7-2A>G site mutation), 2 cases of
538C>T site mutation of GJB3 gene and 3 cases
of 1555A>G site mutation of 12s rRNA gene.

CONCLUSIONS: The gene detection technique
has a great health-economic significance in
screening the main pathogenic genes involved
in the hereditary hearing loss.
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Introduction

Deafness is the most common sensorineu-
ral dysfunction, and 80% to 90% of deafness
cases are congenital'. More than 80 genes have
been identified to be associated with the heredi-
tary deafness, including 67 autosomal dominant/
recessive genetic genes, 3 X-linked genes and 7
mitochondrial genes®. The hot-spot mutation in
deafness genes is mainly the single-gene biallel-
ic mutation®’. Currently, DNA sequencing is the
“gold standard” for clinical molecular diagno-
sis*. The epidemiological survey in China found
that the prevalence rate of congenital deafness is
about 2% to 2.5%o with an increasing trend year
by year’. GIB2, SLC26A4 (PDS), 12s rRNA and
GJB3 genes have the highest mutational load®.
GJB2 gene is the most common gene causing the
non-syndromic hereditary hearing loss’. In mito-
chondrial 12s rRNA genes, A1555G site mutation
is the most common maternal deafness gene as-
sociated with the aminoglycoside drug-induced
deafness and non-syndromic hereditary hearing
loss®. In this study, the gene chip and gene se-
quencing technique were used to detect the main
pathogenic genes in 1080 cases of pregnant wom-
en with hereditary hearing loss.

Patients and Methods
From May 2015 to May 2016, 1080 pregnant in

Xuzhou Maternal and Child Health Hospital were
enrolled in this study. Women age range was 18 to
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40 years. This study was authorized by the Hos-
pital Ethics Committee with the informed consent
of patients and their families.

Methods

Gene micro-array chip inspection

Fasting peripheral venous blood samples (2 ml)
were collected and stored at 4°C. 300 pl whole
blood was transferred into 1.5 ml EP tube. DNA
extraction kit (Jiangsu Biyuntian Science and
Technology Co., Ltd) was used to extract DNA.
DNA was dissolved in 50 pl of TB and DNA con-
centration and purity was determined by ultravio-
let spectrophotometry (Europe BV, Venlo, Neth-
erlands). PCR amplification system was prepared
according to the description of hereditary hearing
loss gene detection kits (Beijing Boao Biotech-
nology Co., Ltd). Samples were divided in two
and transferred into two 200 pl centrifuge tubes
(tubes A and B). Primers Al and B1 were natu-
rally thawed at room temperature, and the ampli-
fication reagents A2 and B2 were shaken evenly.
Al (12.5 ul)+A2 (4.5 ul)+DNA (3 pl) was added
into Tube A and B1 (12.5 pul)+B2 (4.5 u)+DNA (3
ul) was added into Tube B1 (total volume=20 pl).
One negative reference group was prepared using
the same method. The reaction condition was as
follows: 37°C for 10 min, 95°C for 15 min, 96°C
for 1 min, 94°C for 30 s, 55°C for 30 s, 70°C for
45 s (32 cycles) and 60°C for 10 min. PCR prod-
ucts were left on ice for 3 min for hybridization.
The hybridization instrument, kit and hybridiza-
tion solution were preheated to 50°C. Samples
were added into 200 pl centrifuge tube and 15 pl
of hybridization solution was added. 10 pl into
the tube and 2.5 pl into the amplification system A
and B. 14.5 pl of solution were transferred to the
chip and sealed. It was placed in the hybridization
instrument for 60 min under 50°C and 5 r/min.
Then, it was washed, dried and scanned. Deaf
Test software was used to set up the QC (quali-
ty control probe), PC (positive probe), BC (blank
control probe), NC (negative control probe) and
W (wild type) and M (mutant type) probes for 9
detection sites. The specification of chip: (76.20
+ 0.50) mm x (25.40 £ 0.25) mm x(1.00 £ 0.10)
mm, scanning area: 22 mm x 72 mm, detection
sensitivity: < 0.1 fluorescent molecules/pum?.

Sanger Sequencing
The deafness gene sequencing was conducted
on husbands with pregnant women with GJB2 and

SLC26A4 gene positive mutant. PCR amplifica-
tion was conducted on hot-spot mutant gene loca-
tions, and the one-generation sequencer 3130X1
and Sanger sequencing were used for analysis.

Antenatal Diagnosis of Amniocentesis

Pregnant women’s amniotic fluid samples were
extracted, and the cast-off cells from fetus were
collected and cultured under specified conditions.
DNA in the amniotic cell was directly extracted
for the gene diagnosis of hereditary hearing loss.
Fetuses with parents with the same genotypes
were diagnosed using amniocentesis.

Statistical Analysis

We used SPSS19.0 software (SPSS Inc., Chica-
go, IL, USA) for our statistical analysis. The mea-
surement data was presented as mean + standard
deviation, and the enumeration data was present-
ed as the case number (%).

Results

48 patients (4.45%) were detected positive for he-
reditary hearing loss. Most of them (28 cases) were
identified with GJB2 gene mutation (1 case with
176 site mutation, 22 cases with 235delC site mu-
tation and 5 cases with 299 site mutation). We had
15 cases of the SLC26A4 gene mutation (3 cases
of 2168A>G site mutation and 12 cases of IVS-7-
2A>G site mutation), 2 cases of 538C>T site muta-
tion of GJB3 gene and 3 cases of 1555A>G site mu-
tation of 12s TRNA gene. There were three couples
who were diagnosed with the positive mutation in
the same gene, including 2 pairs of GJB2 gene (mu-
tation site in 235delC) and 1 pair of SLC26A4 gene
(mutation site in IVS-7-2A>G). Amniocentesis re-
sults revealed that in 1 case GJB2 gene homozygous
was mutated, in 1 case GJB2 gene heterozygous was
mutated and in 1 case SLC26A4 gene heterozygous
was mutated (Figure 1).

Discussion

The sensitivity and accuracy of the postna-
tal hearing test are low, and the late-onset, pro-
gressive and drug-sensitivity deafness cannot be
screened early. But the gene detection technique
can sequence and screen the deafness genes, and
the single nucleotide polymorphism and monoclo-
nal amplification method can be used to define the
mutation sites. This can explain the mechanism
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Figure 1. Gene chip scan.

of hereditary hearing loss from the perspective of
genes and molecules, screen the high-risk preg-
nant women and fetuses before the delivery, and
avoid the birth of children with congenital deaf-
ness’. In this study we used a large sample pop-
ulation-based screening and discovered that the
positive mutation rate of hereditary hearing loss
was about 4.45%. Our findings were consistent
with the results obtained from previous reports.
GJB2 and SLC26A4 (PDS) genes had higher mu-
tation rates (58.33% and 31.25 % respectively),
and they were two kinds of mutant genes with the
higher genetic load. Aminoglycoside drug should
be avoided for the pregnant women and fetuses
carrying 12s rRNA for tertiary prevention.
Sanger sequencing is characterized by the low
sequencing efficiency and high cost'’. The con-
ventional digestion, hybridization and TagMan
probe only analyze the mutation hot spots, but
the detection throughput does not increase!!. Mi-
cro-array chips can detect 9 genes associated with
the deafness simultaneously, characterized by the
simple method, high accuracy and good repeat-
ability'>. Boao deafness gene detection chip ap-
proved by CFDA plays an important role in the
gene screening of hereditary hearing loss". In
addition, APEX, Invader and other chip technolo-
gies can detect hundreds of mutation sites simul-
taneously with high throughput', but these meth-
ods have a long cycle and a high cost with limited
detection ability for other types of mutations ex-
cept the point mutation'®. We discovered that the
mutation type of deafness gene includes the point
mutation, copy number variation, small segment
insertion deletion, and structure variation'®. The
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single detection technique has a large limitation,
and the pathogenesis of a great number of deaf-
ness genetic variation is still unclear'”.

The latest high-throughput sequencing tech-
nique can sequence millions of DNA molecules
in parallel simultaneously, looking for mutation
sites and identifying the pathogenic genes. This
has become the most effective method for mono-
genic disease study'®. Rehman et al' used Nim-
bleGen chip trapping technique, combined with
454 sequencing platforms, and discovered that
TPRN homozygous nonsense mutation in 2.9 Mb
of DFNB79 site was the new pathogenic gene
of deafness. Sirmaci et al*® showed that MASP1
gene was another pathogenic mutation.

Conclusions

The gene detection technique has a great
health-economic significance in screening the
main pathogenic genes involved in the hereditary
hearing loss.
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