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Efficiency of microarray and SNPscan for the
detection of hearing loss gene in 71 cases with
nonsyndromic hearing loss
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Abstract
We aim to screen the mutations of 3 hearing loss (HL) genes (GJB2, SLC26A4, and 12S rRNA) in 71 cases with nonsyndromic
hearing loss (NSHL) using microarray and SNPscan, and identify the roles of nonhotspot mutation of these genes in the screening of
NSHL. Seventy-one cases with moderate or severe neurosensory deafness confirmed in our department from July 2014 to
December 2015 including 25 Uyghur minorities and 46 Han Chinese were included in this study. The type of mutations in GJB2,
SLC26A4, and 12S rRNA genes were detected using microarray and SNPscan, respectively. Statistical difference was noticed in the
detection rate of the HL genes in 71 cases. Usingmicroassay, deafness genes were identified in 10 subjects (14.08%), while 22 cases
(30.98%) were confirmed with the presence of deafness genes using the SNPscan. Compared with the microarray, remarkable
difference was noticed in the detection rate of SNPscan (P< .05). Nonhotspot mutation in GJB2, SLC26A4, and 12S rRNA genes
played a crucial role in the pathogenesis of NSHL. SNPscan contributed to elevation of detection rate of NSHL in clinical practice.

Abbreviations: HL = hearing loss, NSHL = nonsyndromic hearing loss.
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1. Introduction

Hearing loss (HL) has been reported to be associated with various
factors such as trauma, medication, as well as environmental or
genetical factors.[1,2] In a global survey, the prevalence of HL in
children was 1/1000, and more than half of the HL was triggered
by genetic factors.[3] The majority (70%) of patients with genetic
deafness were classified into nonsyndromic hearing loss (NSHL),
while the others (30%) were syndromic HS with anomalies in the
other organs or functions.[4]

Up to now, 177 genetic loci have been identified to be
responsible for the pathogenesis of NSHL, involving more than
1000mutation sites in 108 genes.[5,6] As toomany genes involved
in the NSLH, it is not possible to screen all the pathogenic
mutations from these genes. Instead, gene locus with a high
mutation frequency among a large population may serve as an
Editor: Maohua xie.

Funding/support: This project was supported by the National Natural Science
Foundation (No. 81360158).

The authors have no conflicts of interest to disclose.
a Prenatal Diagnosis Center, b Department of Otolaryngology, The First Affiliated
Hospital of Xinjiang Medical University, Urumqi, China.
∗
Correspondence: Yu Chen, Department of Otolaryngology, The First Affiliated

Hospital of Xinjiang Medical University, Urumqi 830054, China
(e-mail: chenyu054@sina.com).

Copyright © 2017 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the Creative Commons
Attribution-NoDerivatives License 4.0, which allows for redistribution, commercial
and non-commercial, as long as it is passed along unchanged and in whole, with
credit to the author.

Medicine (2017) 96:25(e7149)

Received: 24 November 2016 / Received in final form: 8 April 2017 / Accepted:
22 May 2017

http://dx.doi.org/10.1097/MD.0000000000007149

1

alternative method to the screening of pathogenic mutations.
Increasing evidence reveals the pathogenesis of NSHL is
extremely associated with few genes such as GJB2, SLC26A4,
and 12S rRNA despite a higher heterogeneity between the gene
and locus of various deafness genes. This aspect contributes to the
gene screening of genetic deafness in clinical practices.[7,8]

Currently, several methods have been developed for the
screening of genes associated with HL, including real-time PCR,
gene microarray, SNPscan, and matrix-assisted laser desorption
ionization-time-of-flight mass spectrometry. However, up to
now, rare studies have been carried out for the screening of HL
genes in the population in China. In this study, gene microarray
and SNP methods were used to analyze the mutation sites in
GJB2, SLC26A4, and 12S rRNA genes in the population.

2. Materials and methods

2.1. Subjects

Seventy-one cases with moderate or severe neurosensory deafness
confirmed in our department from July 2014 to December 2015
including 25 Uyghur minorities and 46 Han Chinese were
included in this study. The medical information of each subject
participated in this study was collected by a questionnaire
including the case history, family history, medication, and
personal history. Besides, the subjects were subject to ENT tests
and pure-tone audiogram. The category of the deafness was
carried out using the noise exposure criterion based on noise
immission level (NIL) as follows: normal, <20dB nIL, mild HL,
21 to 40dB nIL, moderate HL, 41 to 70dB nIL, severe HL, 71 to
95dB nIL, and complete HL, >95dB nIL. The average of the
frequencies was 0.5, 1, 2, and 4kHz. The inclusion criteria were
as follows: patients with no relations, those with moderate or
severe neurosensory deafness. Those with deafness caused by
environmental and/or traumatic factors were excluded from the
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Table 1

Comparison of detection rate of gene mutation in 71 patients with nonsyndromic hearing loss (SNHL) deafness.

Mutation Without mutation Total x2 P

Microarray 10 (14.08%) 61 71 5.809 .016
SNPscan 22 (30.98%) 49 71
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study. All the cases signed the informed consent. The study
protocols were approved by the Ethical Committee of the First
Affiliated Hospital of Xinjiang Medical University.
2.2. Microarray

Genomic DNA was extracted from peripheral blood leukocytes
of each subject using a commercial available DNA isolation kit
(Tiangen Biotech Corporation, Beijing, China). The concentra-
tion and purity of DNA were determined using an ultraviolet
spectrometry (ActGene Inc, Taipei, China). The Tag labeled
specific primers designed based on the sequences of GJB2,
SLC26A4, and 12SrRNA downloaded from the GeneBank were
used for the amplification of genes. Subsequently, general gene
chips containing the corresponding sequences of the Tag were
used for the hybridization. Chip scan was conducted as
recommended by the manufacturer of the microarray kit
(CapitalBio Corporation, Beijing, China) for the simultaneous
detection of 8 hotspot mutations in 3 most prevalent genes
including GJB2, SLC26A4, and mitochondrial 12S rRNA. The
test results were determined based on the fluorescent hybridiza-
tion signal and the distribution of microarray probe by HybSet
system (Packard BioChip Technology, MA).
2.3. SNPscan

Venous blood (3–5mL) was collected from each family member,
followed by DNA extraction using the commercial kit (Qiagen,
Germany). SNPscan method was used to screen against the 115
sites in the common deafness genes (ie, GJB2, 12S rRNA, and
SLC26A4) as previously described.[9] Subsequently, subjects with
SNPscan negativity were subject to Sanger DNA sequencing for
the sequencing of genes known to be responsible for HS.
Table 2

Specific detection sites of the 2 detection methods.

Gene Detection sites of microarray

GJB2 c.35delG,c.176_191del16,
c.235delC,c.299delAT

c.35delG,c.176_191de
c.34_35insG,c.95G>
A,c.167delT,c.187G>
c.358_360delGAG,c
512insAACG,c.571T

12S rRNA 1494 C>T, 1555 A>G 1494 C>T, 1555 A>G
SLC26A4 c.919-2A>G,c.2168A>G c.919-2A>G,c.2168A>

A,c.269C>T,c.279T
G,c.563T>C,c.589G
c.946G>T,c.1001+
c.1225C>T,c.1226G
A,c.1318A>T, c.13
A,c.1489G>A,c.151
C,c.1595G>T,c.161
A,c.IVS15+5G>A(17
A,c.1991C>T,c.201

The mutation in italic represented the different mutations between SNPscan and microarray.

2

2.4. Statistical analysis

SPSS17.0 software was used for the data analysis. Chi square test
was used for the intergroup comparison. P< .05 was considered
to be statistically significant.
3. Results

Using microassay, deafness genes were identified in 10 subjects
(14.08%). Whereas, 22 cases (30.98%) were confirmed with the
presence of deafness genes using the SNPscan technique.
Compared with the microarray, remarkable difference was
noticed in the detection rate of SNPscan (P< .05, Table 1).
In the microarray, 8 hotspot mutation sites of the GJB2,

SLC26A4, and 12S rRNA, while in the SNPscan, 115 mutation
sites were analyzed including 8 hotspot mutation sites and 107
nonhotspot mutation sites. Compared with the microarray,
another 75 mutation sites were detected using the SNPscan for
the SLC26A4 gene with high mutation variants. Compared with
the microarray, 32 new mutation sites were added forGJB2 gene
using the SNPscan (Table 2).
Among the 22 patients withmutation of deafness gene, 17 aged

less than 14 years, 3 aged 14 to 18 years, and 2 aged >18 years.
Two cases showed a family history of suspicious genetic deafness,
3 showed nonlineal relationship, while 17 cases showed no family
history of deafness. Compared with the microassay, c.34-35insG
was identified in GJB2 gene in H7 sample using the SNPscan
method. As revealed by the SNPscan, several nontypical
pathogenic mutations were identified in the SLC26A4 genes in
many samples including 2027T>A (n=2), 1240-1243GAGA-
>AAAG (n=1), 1991C>T (n=3), 1174A>T (n=2), 916 insG
(n=1), 1226G>A (n=1), and 2167C>G (n=1). For the pure-
tone audiometry, 2 cases were confirmed with moderate HL, 4
with severe HL, and 16 with extremely severe HL (Table 3).
Detection sites of SNPscan

l16,c.235delC,c.299delAT, IVS1+1G>A,c.1A>G,c.9G>A,c.23C>T,
T,c.95G>A,c.109G>A,c.134G>A,c.139G>T,c.157T>A,c.164C>
T,c.230G>A,c.232G>A,c.257C>G,c.283G>A,c.287C>G,c.313_326del14,

.382A>G,c.408C>A,c.416G>A,c.427C>T,c.439G>A,c.493C>T,c.511_
>C,c. 583A>G, c.598G>A,c.605ins46

G, c.109G>T,c.147C>G,c.170C>A,c.227C>T,c.230A>T,c.235C>T,c.249G>
>A,c.281C>T,c.387delC,c.398C>T,c.404A>G,c.414delT,c.421T>C,c.439A>
>A,c.665G>T,c.668T>C,c.754T>C,c.766-2A>G, c.907G>C,c.916_917insG,
1G>A,c.1022delC,c.1079C>T,c.1105A>G,c.1160C>T,c.1173C>A,c.1174A>T,
>A,c.1229C>T,c.1238A>G,c.1240-1243GAGA>AAAG,c.1262A>C,c.1264G>
27G>C,c.1334T>G,c.1336C>T,c.1340delA,c.1343C>A,c.1343C>T,c.1371C>
7T>G,c.1520delT,c.1522A>G,c.1540C>T,c.1547_1548InsC,c.1586T>G,c.1594A>
4+9C>T,c.1615A>G,c.1673A>T,c.1686_1687insA,c.1699A>T,c.1707+1G>
07+5G>A),c.1829C>A,c.1927G>T,c.1949T>A,c.1975G>C,c.1985G>
4G>A,c.2027T>A,c.2054G>T,c.2086C>T,c.2162C>T,c.2167C>G
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Table 3

Details of 22 diagnosed cases.

Patient
ID Gender Age

Age of
onset Gene

Inheritance
mode Zygosity Microarray SNPscan

Pure tone
audiometry dB (L/R)

Hearing loss
classification

C112 Male 16 6 mo GJB2 Sporadic Compound, heterozygou c.235delC, c.299delAT c.235delC, c.299delAT 90/100 Profound hearing loss
L0401 Female 9 Newborn GJB2 Sporadic Homozygous mutation c.235delC, c.235delC c.235delC, c.235delC 90/90 Profound hearing loss
L1401 Female 7 9 mo GJB2 Sporadic Homozygous mutation c.35delG, c.35delG c.35delG, c.35delG 97/97 Profound hearing loss
L2201 Female 6 7 mo GJB2 Sporadic Compound, heterozygou c.235delC, c.299delAT c.235delC, c.299delAT 90/110 Profound hearing loss
H3 Female 22 1 y GJB2 Sporadic Compound, heterozygou c.235delC,

c.176-191del16
c.235delC, c.176-191del16 95/95 Profound hearing loss

H7 Female 27 6 mo GJB2 AR Compound, heterozygou c.176-191del16, c.176-191del16, c.34-35insG 90/115 Profound hearing loss
Y6 Female 7 4 mo SLC26A4 Sporadic Compound, heterozygou c.919-2A>G c.919-2A>G, c.2027T>A 90/90 Profound hearing loss
C110 Female 18 1 y SLC26A4 Sporadic Compound, heterozygou c. 919-2A>G c.919-2A>G, c.1240-

1243GAGA>AAAG
100/100 Profound hearing loss

M90 Male 5 5 mo SLC26A4 Sporadic Compound, heterozygou c.919-2A>G c.919-2A>G, c.1991C>T 100/100 Profound hearing loss
Y24 Male 4 Newborn SLC26A4 Sporadic Compound, heterozygou c.919-2A>G c.919-2A>G, c.1991C>T 90/100 Profound hearing loss
Y5 Male 6 10 mo SLC26A4 AD Compound, heterozygou c.919-2A>G c.919-2A>G, c.1174A>T 80/75 Severe hearing loss
4942 Female 14 6 mo SLC26A4 AR Homozygous mutation not found c.2027T>A, c.2027T>A 100/95 Profound hearing loss
M59 Female 12 1 y SLC26A4 Sporadic Compound, heterozygou c.2168A>G, c.2168A>G, c.916 insG 70/80 Severe hearing loss
L0101 Female 17 3 y SLC26A4 AR Homozygous mutation c.919-2A>G,

c.919-2A>G
c.919-2A>G, c.919-2A>G 60/70 Moderate hearing loss

L0501 Female 2 5 mo SLC26A4 Sporadic Compound, heterozygou c.919-2A>G c.919-2A>G, c.1991C>T 100/100 Profound hearing loss
L1501 Female 4 3 mo SLC26A4 Sporadic Compound, heterozygou not found c.919-2A>G, c.2168A>G 90/90 Profound hearing loss
L1601 Male 14 1.5 y SLC26A4 Sporadic Homozygous mutation c.919-2A>G,

c.919-2A>G
c.919-2A>G, c.919-2A>G 97/97 Profound hearing loss

L2101 Female 1 Newborn SLC26A4 Sporadic Homozygous mutation c.919-2A>G,
c.919-2A>G

c.919-2A>G, c.919-2A>G 92/97 Profound hearing loss

L2301 Female 4 Newborn SLC26A4 Sporadic Compound, heterozygou c.919-2A>G c.919-2A>G, c.1174A>T 85/90 Severe hearing loss
H5 Male 4 8 mo SLC26A4 Sporadic Compound, heterozygou not found c.1226G>A, c.2167C>G 70/80 Severe hearing loss
H6 Male 7 2 y SLC26A4 Sporadic Homozygous mutation c.919-2A>G,

c.919-2A>G
c.919-2A>G, c.919-2A>G 90/90 Profound hearing loss

H2 Female 3.5 6 mo 12S rRNA AD Homozygous mutation 1555A>G 1555A>G 65/70 Moderate hearing loss
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4. Discussion

The genetic etiology of HS may vary in different countries or
races. Nowadays, rare studies have been carried out to investigate
the genetic etiology of the genes associated with HS in Xinjiang
Uyghur Autonomous region. In this study, gene microarray and
SNP methods were used to analyze the mutation sites in GJB2,
SLC26A4, and 12S rRNA genes in the population in the Xinjiang
Uygur Autonomous region and the Han Chinese. Our study
contributed to the understanding on the identification of
pathogenic genes for the HL in China.
Genetic deafness shows higher genetic heterogeneity.[10] Up to

now, 110 pathogenic genes of genetic deafness have been cloned
including34DFNA-relatedgenes, 69DFNB-relatedgenes, 5DFN-
related genes, and 2 mitochondrion-related genes, involving up to
2000 mutation types.[11] Identification of genetic deafness is
helpful to the analysis of molecular pathways and functional
structure of the internal ear. In addition to the genetic
heterogeneity, the expression of a certain gene may be different
due to the difference ofmutation sites and genetic background. For
instance, some genes may present in a form of dominant
inheritance and/or recessive inheritance. All these lead to a
challenge in the diagnosis of genetic deafness. In clinical practice, 3
major genes includingGJB2, SLC26A4, and 12S rRNA have been
commonly considered to play crucial roles in the pathogenesis of
genetic deafness, and are preferentially used for the diagnosis of
deafness. According to the previous description, GJB2 gene
mutation was responsible for the half of the cases with moderate
and even extremely severe HL.[12–14]SLC26A4 mutation was
reported to involve in the 4.6% to 12.4% of the severe congenital
deafness.[15] In studies performed in Asian regions, SLC26A4
mutation was observed in the majority of cases (80%) with
enlargement of vestibular aqueduct andMondini deformity in the
3

cochlea. Moreover, mutation of 12S rRNA was responsible
for the deafness induced by aminoglycoside antibiotics.[19]

Therefore, it is reasonable to improve the detection rate of
mutations associated with deafness in these genes. In this study,
SNPscan was used to screen the mutation sites in these genes, to
increase the detection rate of NSRN.
In this study,microarrayandSNPscanwereused for thedetection

ofmutationofdeafnessgenes in71caseswithbilateralneurosensory
deafness. Statistical difference was noticed in the detection rates of
these 2methods (14.08% vs 30.98%, P< .05). Compared with the
microarray method, 75 mutation sites of SLC26A4 with high
mutation heterogeneity were added and analyzed, while 32 sites of
GJB2wereaddedandanalyzed,whichcontributed to the increaseof
detection rate of pathogenic mutations.
Among the 22 patients, 2 were confirmed with homozygous

mutation of GJB2, 4 with heterozygous mutation of GJB2, 5 with
homozygous mutation of SLC26A4, 10 with heterozygous
mutation of SLC26A4, and 1 with homozygous mutation of
12S rRNA. In total, 15 cases showed SLC26A4 mutation, among
which SLC26A4c.919-2A>G(IVS7-2)was themost common type
ofpathogenicmutation in this study,whichwas in consistencewith
the previous report.[20] In addition,multiple nontypical pathogenic
mutations were identified including 2027T>A (n=2), 1240-
1243GAGA>AAAG (n=1), 1991C>T (n=3), 1174A>T (n=2),
916 insG (n=1), 1226G>A (n=1), and 2167C>G (n=1). These
types of mutation such as missense mutation, frame-shifting
mutation, or mutations in the slicing position of the exon and the
proximal sites may hamper the normal function of the protein
through modulating the translational process, which may trigger
enlargement in the vestibular aqueduct and neurosensory
deafness.[21] Meanwhile, as these mutations are not distributed
in each exon in a regular manner, it is hard to identify whether
enlargement of vestibular aqueduct is responsible for the deafness

http://www.md-journal.com
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in these patients. Thismay lead tomissed diagnosis of enlargement
of vestibular aqueduct causedbySLC26A4mutation. In this study,
no pathogenicmutationswere identified in 49patients (49/71), but
we cannot exclude the presence of deafness caused by other
mutations. On this basis, for the patients with enlargement of
vestibular aqueduct, upon identification of single heterozygous
mutations after typical mutation screening, it is necessary to search
for newmutation sites through sequencing of the SLC26A4 exons.
In conclusion, remarkable differences were noticed in the

screening of mutations in the GJB2, SLC26A4, and 12S rRNA
genes using microarray and SNP methods in the 71 NSHL
patients. Screening of 8 hotspot mutations in 3 genes could be
achieved using microarray technique, while screening of 8
hotspot mutation sites and 107 non-hotspot mutation sites could
be achieved using the SNPscan, which may increase the detection
rate of pathogenetic mutations of HS. This indicated that analysis
of nonhotspot mutation is necessary. Thus, SNPscan contributed
to elevation of detection rate of NSHL in clinical practice, which
may provide helpful information for the clinical screening of HS
gene mutations.
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