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Abstract

Background: Racial and regional factors are important for the clinical diagnosis of non-syndromic hearing
impairment. Comprehensive genetic analysis of deaf patients in different regions of China must be performed to
provide effective genetic counseling. To evaluate the mutational spectrum of south Chinese families, we performed
genetic analysis for non-syndromic hearing impairment in this population.

Methods: Complete clinical evaluations were performed on 701 unrelated patients with non-syndromic hearing
impairment from six provinces in south China. Each subject was screened for common mutations, including
SLC26A4 c.IVS7-2A > G, c.2168A > G; mitochondrial DNA m.1555A > G, m.1494C > T, m.7444G > A, m.7445A > G; GJB3
c.538C > T, c.547G > A; and WFS1 c.1901A > C, using pyrosequencing. GJB2 and SLC26A4 coding region mutation
detection were performed using Sanger sequencing.

Results: Genetic analysis revealed that among the etiology of non-syndromic hearing impairment, GJB2, SLC26A4,
and mitochondrial m.1555A > G mutations accounted for 18.0%, 13.1%, and 0.9%, respectively. Common mutations
included GJB2 c.235delC, c.109G > A, SLC26A4 c.IVS7-2A > G, c.1229 T > C, and mitochondrial m.1555A > G. The total
mutation rate was 45.1% in all patients examined in south China. Overall, the clear contribution of GJB2, SLC26A4,
and mitochondrial m.1555A > G to the etiology of the non-syndromic deafness population in south China was
32.0%.

Conclusions: Our study is the first genetic analysis of non-syndromic hearing impairment in south China, and
revealed that a clear genetic etiology accounted for 32.0% of non-syndromic hearing cases in patients from these
regions. The mutational spectrum of non-syndromic hearing impairment in the south Chinese population provides
useful and targeted information to aid in genetic counseling.
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Background
Hereditary deafness is a genetically heterogeneous dis-
ease with an incidence rate of approximately 1/1000 [1].
Non-syndromic hearing impairment (NSHI) accounts
for 60-70% of inherited hearing impairments. Among
the plethora of deafness genes discovered in the past
decade, certain genes are more important than others
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from an epidemiologic perspective. Mutations in GJB2,
SLC26A4, and the mitochondrial 12SrRNA gene have
been shown to have a high prevalence in NSHI [2-4].
China is a multiethnic, large country with a population

of at least 1.6 billion, which encompasses 9.6 million
square kilometers. Moreover, there are 27.80 million
Chinese people with hearing and speech disabilities; of
these, 20.04 million have a simple hearing disability [5].
Although a few genetic studies have been conducted on
Chinese patients with deafness [5-8], the large deafness
population and racial differences demand regional and
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individual genetic analysis; such data cannot be simply
inferred from other groups’ conclusions. For example, in
typical areas of China (Chifeng City in Inner Mongolia
and Nangtong City in JiangSu Province), GJB2 gene mu-
tations account for the etiology of approximately 18.31%
of patients with hearing loss, SLC26A4 mutations ac-
count for approximately 13.73%, and the mitochondrial
m.1555A > G mutation accounts for 1.76% [7]. However,
common molecular etiologies are rare in non-syndromic
Tibetan Chinese patients with hearing impairment [5].
No homozygous or compound heterozygous mutation of
the GJB2 or SLC26A4 gene was found, and the mi-
tochondrial m.1555A > G homogeneous mutation were
responsible for hearing loss in 1.75% of 114 Tibetan
patients.
Genetic counseling for deafness should fully take into

account the differences in regional backgrounds. There-
fore, the establishment of a specific mutational database
for different regional populations is indispensable. Al-
though there are northern [9], central region [7], Xinjiang
[10], Yunnan [11] and Tibet Chinese [5], the mutation
spectrum of NSHI in patients from south China has not
been examined (Figure 1). To extend the epidemiological
data on common gene mutations in the Chinese popu-
lation and to provide appropriate genetic testing and
counseling for patients with NSHI in south China, we
conducted a genetic analysis in this population.
Figure 1 Geographical distribution of patients from six provinces (cir
Methods
A total of 701 unrelated sporadic or familial cases of NSHI
were recruited from six provinces in south China, includ-
ing Guangdong, Guangxi, Hai’nan, Hu’nan, Fujian and
Jiangxi (Figure 1). Each patient underwent a complete
medical history and physical examination to exclude the
possibility of non-genetic causes or any syndromic find-
ings. An age-appropriate audiological examination was
performed, including pure-tone audiometry (PTA) and/or
auditory brainstem response (ABR), auditory steady state
response (ASSR), immittance testing, and distortion prod-
uct otoacoustic emissions (DPOAE). Temporal computed
tomography (CT) examination was conducted in 664 pa-
tients. Among these patients, 134 patients were diagnosed
as enlarged vestibular aqueduct (EVA) and 530 patients
had normal CT appearance. The rest 37 patients or their
guardians refused to receive temporal CT examination.
For control purposes, the study included 180 age-matched
individuals with normal hearing. The study was approved
by the institutional review board of the First Affiliated
Hospital, Sun Yat-sen University. Informed consent was
obtained from all patients or their guardians.
Blood samples were collected from the subjects, and

DNA isolation was performed using a standard chloro-
form extraction method. Targeted sequences were then
amplified by PCR. The coding exon (Exon 2) and flank-
ing intronic regions of GJB2 gene were PCR amplified
cle in A) and an enlarged partial view (B).
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with forward primer 5′TTGGTGTTTGCTCAGGAAGA
3′ and reverse primer 5′GGCCTACAGGGGTTTCAAAT
3′ [8]. Patients with monoallelic GJB2 coding region mu-
tations were additionally tested for GJB2 c.IVS1 + 1G >
A mutation or defects in GJB2 exon 1 and its basal pro-
moter [11,12].
Pyrosequencing was then utilized to detect SLC26A4 c.

IVS7-2A > G, c.2168A > G; mitochondrial m.1555A > G,
m.1494C >T, m.7444G >A, m.7445A >G; GJB3 c.538C >T,
c.547G >A, and WFS1 c.1901A > C in each subject. The
biotinylated PCR primers were designed according to the
Pyrosequencing Assay Design Software (Qiagen, Hilden,
Germany). Detailed procedures have been provided by the
manufacturer and previous study [13]. Briefly, bound bio-
tinylated single-stranded DNA was generated using PSQ
96 Sample Preparation Kit (Qiagen, Hilden, Germany).
After template preparation for pyrosequencing, an auto-
mated Pyrosequencing instrument, PSQ96 (Qiagen, Hilden,
Germany), was used to perform genotyping. The resulting
sequences were analyzed manually by visual inspection of
each pyrogram, automatically by the SNP evaluation soft-
ware (Qiagen, Hilden, Germany), or by both approaches.
Furthermore, 21 exons and flanking sequences from

the SLC26A4 gene were directly sequenced using an ABI
3730 Genetic Sequencer as previous study [14] of pa-
tients with EVA. Sequences were aligned and compared
with published sequences from the NCBI database
(GJB2: NG_008358.1; SLC26A4: NG_008489.1).

Results
Geographical and clinical characteristics of patients
We enrolled 701 unrelated patients (417 males and 284 fe-
males) diagnosed with NSHI from south China. The
Table 1 GJB2 mutation spectrum in patients with NSHI from s

Allele 1

Nucleotide AA change Nucleo

c.109G > A p.V37I c.109G

c.235delC Frameshift c.235d

c.235delC Frameshift c.109G

c.235delC Frameshift c.299-30

c.235delC Frameshift c.176-19

c.235delC Frameshift c.512ins

c.235delC Frameshift c.35d

c.235delC Frameshift c.257C

c.299-300delAT Frameshift c.299-30

c.512insAACG Frameshift c.257C

c.235delC Frameshift c.427C

c.235delC Frameshift c.605i

c.257C > G p.T86R c.176-19

c.109G > A p.V37I c.299-30
geographical distribution covered six provinces (Figure 1).
Specifically, there were 238 cases from Guangdong, 92
cases from Jiangxi, 98 cases from Guangxi, 96 cases from
Fujian, 98 cases from Hainan, and 79 cases from Hu’nan.
The average patient age was 7.5 years (range: 11 months-
47 years), and 97.3% of the patients were Han Chinese.
Each individual demonstrated congenital hearing loss or
postlingual bilateral deafness that ranged from mild to
anacusis. The average onset age of patients with postlin-
gual NSHI was 8.71 ± 7.24 years. No goiter was discovered.
Prevalent GJB2 mutations in patients with NSHI from
south China
GJB2 coding region sequencing identified ten known
pathogenic mutations (c.11G > A, c.35delG, c.109G > A,
c.176-191del16, c.235delC, c.257C > G, c.299-300delAT,
c.427C > T, c.512insAACG, and c.605ins46), two unclas-
sified variants (c.187G > T, c.368C > A), and five poly-
morphisms (c.79G > A, c.341A > G, c.186C > T, c.558G >
A and c.608 T > C). All GJB2 mutations identified in this
cohort were recessive. Dominant mutation was absent in
this cohort.
In total, 126 patients (18.0%, 126/701) carried a

homozygous or compound heterozygous GJB2 patho-
genic mutation (Table 1). The mutation c.235delC is
also the most prevalent among south Chinese; but
c.109G > A is most frequent in south Chinese than in
north Chinese. Another prevalent mutation, c.299-
300delAT [4,8] was less common, displaying a dis-
crepant genetic spectrum in south Chinese. As to allele
frequency, the c.235delC mutation was most commonly
observed (46.8%, 118/252), followed by the c.109G > A
outh China

Allele 2 No.
(Proportion)tide AA change

> A p.V37I 44(34.9%)

elC Frameshift 42(33.3%)

> A p.V37I 12(9.52%)

0delAT Frameshift 9(7.1%)

1del16 Frameshift 5(4.0%)

AACG Frameshift 4(3.17%)

elG Frameshift 1(0.8%)

> G p.T86R 1(0.8%)

0delAT Frameshift 1(0.8%)

> G p.T86R 2(1.6%)

> T p.R143W 1(0.8%)

ns46 Frameshift 1(0.8%)

1del16 Frameshift 2(1.6%)

0delAT Frameshift 1(0.8%)
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Table 3 SLC26A4 mutation spectrum in patients with EVA
from south China

Allele 1 Allele 2 No.

Nucleotide AA change Nucleotide AA change

c.IVS7-2A > G Splice site c.IVS7-2A > G Splice site 29

c.IVS7-2A > G Splice site c.2086C > T p.Q696Stop 5

c.IVS7-2A > G Splice site c.2168A > G p.H723R 5

c.IVS7-2A > G Splice site c.1229C > T p.T410M 9

c.IVS7-2A > G Splice site c.2000 T > C p.F667S 1

c.IVS7-2A > G Splice site c.1691insA Frameshift 3

c.IVS7-2A > G Splice site c.1343C > T p.S448L 3
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(40.1%, 101/252) and c.299-300delAT mutations (4.76%,
12/252).
GJB2 mono-allelic mutations are shown in Table 2.

These patients with were additionally tested for GJB2 c.
IVS1 + 1G > A mutation or defects in GJB2 exon 1 and
its basal promoter, however, no pathogenic mutation
was identified. The proportion of c.109G > A heterozy-
gosity was 10.7% in patients with NSHI compared to ap-
proximately 6.1% in 180 normal control samples. GJB3
or GJB6 coding region mutations were further examined
in some of these patients and no pathogenic mutation
was detected [15].
c.IVS7-2A > G Splice site c.754 T > C p.S252P 4

c.IVS7-2A > G Splice site c.1369A > T p.N457Y 1

c.IVS7-2A > G Splice site c.1079C > T p.A360V 4

c.IVS7-2A > G Splice site c.1540C > T p.Q514Stop 2

c.IVS7-2A > G Splice site c.1919G > A p.W641Stop 2

c.IVS7-2A > G Splice site c.IVS14-2A > G Splice site 1

c.IVS7-2A > G Splice site c.422 T > C p.F141S 1

c.IVS7-2A > G Splice site c.259G > T p.D87Y 1

c.754 T > C p.S252P c.754 T > C p.S252P 1

c.754 T > C p.S252P c.2168A > G p.H723R 1

c.754 T > C p.S252P c.1229C > T p.T410M 1

c.1229C > T p.T410M c.1229C > T p.T410M 1

c.1229C > T p.T410M c.1547insC Frameshift 3

c.1229C > T p.T410M c.259G > T p.D87Y 3

c.1229C > T p.T410M c.2086C > T p.Q696Stop 2

c.1229C > T p.T410M c.679G > C p.A227P 1

c.589G > A p.G197R c.1547insC Frameshift 1

c.2086C > T p.Q696Stop c.2086C > T p.Q696Stop 1

c.2168A > G p.H723R c.2168A > G p.H723R 3

c.2168A > G p.H723R c.1975G > C p.V659L 1

c.754 T > C p.S252P c.1975G > C p.V659L 1

c.1975G > C p.V659L c.2086C > T p.Q696Stop 1
Hereditary heterogeneity of SLC26A4 mutations
correlated with EVA
We identified 80 patients from 134 patients with EVA car-
rying at least one SLC26A4 c.IVS7-2A >G or c.2168A >G
allele by pyrosequencing. In contrast, five c.IVS7-2A >G
and three c.2168A >G heterozygous alleles were detected
in 530 NSHI patients with normal temporal CT appear-
ance. Another 37 patients without temporal CT exa-
mination were negative for c.IVS7-2A >G or c.2168A >G
mutation. These results were confirmed by Sanger se-
quencing. SLC26A4 exons sequencing further confirmed
that 92 patients carried biallelic mutations and five pa-
tients exhibited mono-allelic mutations in the 134 patients
with EVA. SLC26A4 accounts for approximately 13.1%
(92/701) of the cases of NSHI in this population (Table 3),
secondary to the contribution of GJB2.
SLC26A4 exon sequencing confirmed four polymor-

phisms (c.IVS10 + 27C > A, c.IVS11 + 47 T > C, c.IVS19-
24 T > A, and c.IVS17-74G > A); 20 probable pathogenic
mutations, including 18 known mutations (c.259G > T,
c.413 T >A, c.589G > A, c.679G > C, c.754 T > C, c.IVS7-
2A >G, c.1079C > T, c.1229C > T, c.1343C > T, c.1540C >
T, c.1547insC, c.IVS14-2A >G, c.1691insA, c.1919G > A,
c.1975G >C, c.2000 T > C, c.2086C > T and c.2168A >G)
and two novel mutations (c.422 T > C, c.1369A > T). We
Table 2 Summary of GJB2 mono-allelic mutations in
patients with NSHI from south China

Nucleotide AA change Category No. (Proportion)

c.109G > A p.V37I Pathogenic 75(10.7%)

c.235delC Frameshift Pathogenic 5(0.71%)

c.512insAACG Frameshift Pathogenic 3(0.42%)

c.187G > T p.V63L Unclassified 2(0.29%)

c.186C > T p.N62N Polymorphism 1(0.14%)

c.558G > A p.T186T Polymorphism 2(0.29%)

c.11G > A p.G4D Pathogenic 2(0.29%)

c.368C > A p.T123N Unclassified 2(0.29%)

c.608 T > C p.I203T Polymorphism 6(0.85%)
identified that the c.IVS7-2A >G mutation was most
prevalent (54.5%, 103/189), followed by c.1229C > T
(11.1%, 21/189, Table 3).

Low frequency of mitochondrial DNA 1555A > G mutation
Pyrosequencing identified an m.1555A > G mutation in
the mitochondrial DNA of six patients (Figure 2), and
four homoplasmy and two heteroplasmy mutations (the
mutational threshold was 92% and 96%, respectively). In
addition, a history of aminoglycoside exposure before
the onset of deafness was confirmed in these six cases.
Additional mutations, such as m.1494C > T, tRNAser(UCN)

m.7444G > A, and m.7445A >G, were absent. Therefore,
we failed to locate a common mitochondrial DNA muta-
tion in this cohort (0.9%, 6/701).



Figure 2 Pyrosequencing detection of mitochondrial DNA m.1555A > G homoplasmy (A), heteroplasmy (B), and wild-type (C).

Chen et al. Journal of Translational Medicine 2014, 12:64 Page 5 of 8
http://www.translational-medicine.com/content/12/1/64



Chen et al. Journal of Translational Medicine 2014, 12:64 Page 6 of 8
http://www.translational-medicine.com/content/12/1/64
GJB3 and WFS1 gene mutations are rare
In total, 701 patients lacked GJB3 c.538C > T, c.547G >
A, and WFS1 c.1901A > C mutations, suggesting that
these variants are rare in south Chinese. Moreover, 200
individuals were further examined for GJB3 and GJB6
coding region mutations, including del(GJB6-D13S1830)
and del(GJB6-D13S1854) sequences; however, only two
subjects were heterozygous for c.250G > A or c.580G > A
mutations [15].

Genetic counseling for south Chinese patients with NSHI
The total carrier mutation rate constituted approxi-
mately 45.1% in our patient cohort, with a clear genetic
etiology in 32.0% of the patients with NSHI (Figure 3).

Discussion
Based on a relatively large cohort, the present study ana-
lyzed the mutational spectrum of NSHI in the popu-
lation of south China for the first time. It has been
established that the common deafness mutations for the
Chinese population are GJB2 c.235delC, c.299-300delAT,
c.176-191del16, c.35delG; GJB3 c.538C > T; SLC26A4 c.
IVS7-2A >G, c.2168A >G; and mitochondrial m.1555A >G
and m.1494C > T [8,10], whereas the major mutations
in the south Chinese population consist of GJB2
c.235delC, c.109G > A, c.299-300delAT, c.176-191del16;
SLC26A4 c.IVS7-2A > G and c.1229 T > C; and mito-
chondrial m.1555A >G. GJB2 exon sequencing is recom-
mended for each individual because it is simple, cheap
(25 RMB per sample), and can provide more information
(18%) than gene chips [10]. SLC26A4 exons sequencing is
suggested for patients with EVA. An extended and sys-
tematic study of the complete mitochondrial DNA se-
quence may provide significant further information for
assessment of patients with NSHI.
China consists of 56 ethnic countries that comprise a

population of over 1.6 billion. Given the heterogeneity of
Figure 3 The significance of genetic counseling services for NSHI in t
population of patients with NSHI could be diagnosed with hereditary deafn
the south China population of patients with NSHI.
genetic deafness, ethnic and regional specific factors are
important. Although genetic analysis of patients from
the northern [9], central [7], Xinjiang [10], Yunnan [11],
and Tibet [5] areas of China have been reported, the
mutational spectrum of NSHI in south China - consist-
ing of the Guangdong province and the surrounding
areas - remained unclear. A genetic study of the south
China population may provide regional-specific muta-
tional information to improve the efficacy of clinical
genetic counseling. Therefore, the present results pro-
vide useful information for clinical application of mutant
gene detection in patients with deafness.
GJB2 gene mutations are diverse in different ethnic re-

gions (between 10–48.1%). The hereditary deafness web-
site (http://hereditaryhearingloss.org) lists at least 111
GJB2 mutations. The c.35delG mutation is most preva-
lent in Europe and the United States, compared with
c.235delC in East Asian populations and c.167delT in
Jewish populations [16]. We observed a GJB2 mutation
distribution of approximately 20% that was responsible
for NSHI in south China. The GJB2 mutation rate in
south China was identical to that of central and north-
ern China [4,6-11]. The c.109G > A mutation was very
common, although its pathogenicity remains controver-
sial. A study indicated that the c.109G > A mutation had
an allelic frequency of 6.7% (185/2744) in a Han patient
group (excluding all cases with two clearly pathogenic
mutations); this rate was significantly higher than the
control population (2.8%, 17/602; P =0.0003) [17]. These
results support the conclusion that GJB2 c.109G > A
should be reassigned to a pathogenic mutation. Our cell-
based in vitro functional assays study also indicated
that c.109G > A homozygote could impair connexin26
gap junctional coupling and should be assigned to patho-
genic mutation (unpublished data). In addition, there is a
lack of genetic information for the GJB2 mono-allelic mu-
tation, which makes genetic counseling for these patients
he south Chinese population. (A) In total, 32% of the south China
ess. (B) The carrying frequency of a common mutation was 45.1% in

http://hereditaryhearingloss.org
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more difficult. The frequency of c.109G > A in control
group is relatively high (6.1%) in our cohort. This may
partially be attributed to the small sample sizes and/or
selection bias; However, this frequency might reflect the
prevalence of c.109G > A in this cohort and c.109G > A
might be ascribed to founder effect in south Chinese.
Further population-based and functional studies are
recommended.
SLC26A4 mutations in Western countries and Asian

populations show regional and ethnic diversity in their
frequency and display mutational hot spots. For ex-
ample, SLC26A4 mutations account for approximately
4% of NSHI in the Caucasian population [18]. Evaluation
of previous Chinese domestic studies indicates that the
incidence of the SLC26A4 mutation may be between 12-
14% in patients with NSHI [19,20]. Our finding (13.1%)
is consistent with these results, illuminating the feasi-
bility of the SLC26A4 detection strategy inferred from
north China [7,9]. The c.IVS7-2A > G mutation is com-
mon in Eastern Asia. Several large cohort investigations
have reported a high prevalence of c.IVS7-2A > G in
the Chinese population (22.3-64.63%). In Koreans, the c.
IVS7-2A > G mutation accounts for 20% of mutant
SLC26A4 alleles and is the second most prevalent gen-
etic variant [21]. The c.IVS7-2A > G mutation has a low
incidence of approximately 3% in Japanese individuals
[22]. The distribution of mutant SLC26A4 alleles re-
vealed by our study suggests that mutation screening of
four exons (exons 19, 10, 17 and 15) following c.IVS7-
2A > G identification should be a priority for NSHI
genetic testing in patients with EVA. Besides, previous
studies [7,10,11,14,18] have revealed the close relationship
between SLC26A4 mutations and EVA. The absence of
SLC26A4 mutation in 37 patients without temporal CT in
our cohort could preliminarily exclude the possibility of
EVA in these patients.
Mitochondrial m.1555A > G mutation was detected at

a lower rate in southern China compared with previous
reports. The m.1555A > G mutation is observed in ap-
proximately 0.6-2.5% of Caucasian patients with NSHI
[23], but more frequently in the Asian population, in-
cluding China 2.9%, Japan 3% [24], and Indonesia 5.3%
[25]. The tRNAser(UCN) m.7445A > G and m.7444G > A
mitochondrial mutations may be involved in clinical
phenotype modifications. However, we failed to detect
tRNAser(UCN) m.7445A >G and m.7444G > A mutations;
therefore, they may be rare in the south China population.
Previous studies have found that digenic inheritance of

NSHI is caused by mutations in the GJB2 and GJB3 genes
[26]. However, we observed that both GJB3 and GJB6 ex-
hibited a low mutation rate [27,28]. In the present study,
701 cases lacked the c.538C > T or c.547G >A mutations
in GJB3. Additional screening of 200 subjects for muta-
tions in the GJB3 and GJB6 coding regions did not identify
any pathogenic mutations [15]. Meanwhile, lack of WFS1
c.1901A > C, a rare low-frequency mutation [29], excludes
the necessity of routine screening for this allele. Therefore,
our preliminary results indicate that the GJB3, GJB6,
and WFS1 c.1901A > C common gene mutations may be
minor in NSHI and are not recommended as alleles for
first-line screening.
Individualized genetic screening in south China may

improve the NSHI diagnostic efficiency and positivity
rate, to avoid unnecessary waste of economic and hu-
man resources. Therefore, larger epidemiological studies
of the genetic etiology of NSHI are recommended due
to the sample size limitations of the present study. New
genetic technology, such as targeted exon sequencing,
may shed further light on the genetic components of
NSHI in patients that lack common gene mutations.

Conclusions
We have conducted the first genetic analysis of NSHI in
south China, and revealed that a clear genetic etiology
accounted for 32.0% of cases. The NSHI mutational
spectrum of the south Chinese population provides use-
ful and important information for genetic counseling.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
KC designed the study, collected clinical data, carried out genetic studies,
participated in the sequence alignment and drafted the manuscript. LZ, ML,
XW, WZ collected clinical data, carried out genetic studies, participated in
the sequence alignment and revised the manuscript. YZ, HC, CD and
HT collected clinical data, performed statistical analysis and wrote the
manuscript. HJ conceived of the study, and participated in its design and
coordination and manuscript revising. All authors read and approved the
final manuscript.

Acknowledgements
The authors thank all participants in this study for their cooperation. The
study was supported by grants from the National Basic Research Program
of China (No.2011CB504502), the National Natural Science fund of China
(No.81271076 and No.81200748) and the Minster of Health of China
(No.201202005).

Received: 20 November 2013 Accepted: 3 March 2014
Published: 11 March 2014

References
1. Morton CC, Nance WE: Newborn hearing screening–a silent revolution.

N Engl J Med 2006, 354:2151–2164.
2. Rabionet R, Zelante L, López-Bigas N, D’Agruma L, Melchionda S, Restagno

G, Arbonés ML, Gasparini P, Estivill X: Molecular basis of childhood
deafness resulting from mutations in the GJB2 (connexin 26) gene.
Hum Genet 2000, 106:40–44.

3. Gabriel H, Kupsch P, Sudendey J, Winterhager E, Jahnke K, Lautermann J:
Mutations in the connexin26/GJB2 gene are the most common event in
non-syndromic hearing loss among the German population. Hum Mutat
2001, 17:521–522.

4. Dai P, Yu F, Han B, Wu H, Yuan YY, Li Q, Wang GJ, Liu X, He J, Huang DL,
Kang DY, Zhang X, Yuan HJ, Leejun CW, Han DY: Features of nationwide
distribution and frequency of a common gap junction beta-2 gene
mutation in China. Zhonghua Er Bi Yan Hou Tou Jing Wai Ke Za Zhi 2007,
42:804–808. in Chinese.



Chen et al. Journal of Translational Medicine 2014, 12:64 Page 8 of 8
http://www.translational-medicine.com/content/12/1/64
5. Yuan Y, Zhang X, Huang S, Zuo L, Zhang G, Song Y, Wang G, Wang H,
Huang D, Han D, Dai P: Common molecular etiologies are rare in
nonsyndromic Tibetan Chinese patients with hearing impairment.
PLoS One 2012, 7:e30720.

6. Yu F, Han DY, Dai P, Kang DY, Zhang X, Liu X, Zhu QW, Yuan YY, Sun Q,
Xue DD, Li M, Liu J, Yuan HJ, Yang WY: Mutation of GJB2 gene in Chinese
nonsyndromic hearing impairment patients: analysis of 1190 cases.
Nat Med J Chin 2007, 87:2814–2819. in Chinese.

7. Yuan Y, You Y, Huang D, Cui J, Wang Y, Wang Q, Yu F, Kang D, Yuan H, Han
D, Dai P: Comprehensive molecular etiology analysis of nonsyndromic
hearing impairment from typical areas in China. J Transl Med 2009, 7:79.

8. Dai P, Yu F, Han B, Liu X, Wang G, Li Q, Yuan Y, Liu X, Huang D, Kang D,
Zhang X, Yuan H, Yao K, Hao J, He J, He Y, Wang Y, Ye Q, Yu Y, Lin H, Liu L,
Deng W, Zhu X, You Y, Cui J, Hou N, Xu X, Zhang J, Tang L, Song R, et al:
GJB2 mutation spectrum in 2063 Chinese patients with nonsyndromic
hearing impairment. J Transl Med 2009, 7:1–12.

9. Guo YF, Liu XW, Guan J, Han MK, Wang DY, Zhao YL, Rao SQ, Wang QJ:
GJB2, SLC26A4 and mitochondrial DNA A1555G mutations in prelingual
deafness in Northern Chinese subjects. Acta Otolaryngol 2008, 128:297–303.

10. Chen Y, Tudi M, Sun J, He C, Lu HL, Shang Q, Jiang D, Kuyaxi P, Hu B, Zhang
H: Genetic mutations in non-syndromic deafness patients of Uyghur and
Han Chinese ethnicities in Xinjiang, China: a comparative study.
J Transl Med 2011, 9:154.

11. Xin F, Yuan Y, Deng X, Han M, Wang G, Zhao J, Gao X, Liu J, Yu F, Han D,
Dai P: Genetic mutations in nonsyndromic deafness patients of Chinese
minority and Han ethnicities in Yunnan, China. J Transl Med 2013, 11:312.

12. Yuan Y, Yu F, Wang G, Huang S, Yu R, Zhang X, Huang D, Han D, Dai P:
Prevalence of the GJB2 IVS1 + 1G > A mutation in Chinese hearing loss
patients with monoallelic pathogenic mutation in the coding region of
GJB2. J Transl Med 2010, 8:127.

13. Ferraris A, Rappaport E, Santacroce R, Pollak E, Krantz I, Toth S, Lysholm F,
Margaglione M, Restagno G, Dallapiccola B, Surrey S, Fortina P:
Pyrosequencing for detection of mutations in the connexin 26 (GJB2)
and mitochondrial 12S RNA (MTRNR1) genes associated with hereditary
hearing loss. Hum Mutat 2002, 4:312–320.

14. Chen K, Wang X, Sun L, Jiang H: Screening of SLC26A4, FOXI1, KCNJ10,
and GJB2 in bilateral deafness patients with inner ear malformation.
Otolaryngol Head Neck Surg 2012, 146(6):972–978.

15. Kenneson A, Van Naarden BK, Boyle C: GJB2 (connexin 26) variants and
nonsyndromic sensorineural hearing loss: a HuGE review. Genet Med
2002, 4(4):258–274.

16. Chen K, Zong L, Zhou W, Liu M, Jiang H: GJB3 and GJB6 genes screening
in 200 non-syndromic hearing impairment patients. J Audiology Speech
Pathol 2012, 20(3):198–200. in Chinese.

17. Wu BL, Lindeman N, Lip V, Adams A, Amato RS, Cox G, Irons M, Kenna M,
Korf B, Raisen J, Platt O: Effectiveness of sequencing connexin 26 (GJB2)
in cases of familial or sporadic childhood deafness referred for
molecular diagnostic testing. Genet Med 2002, 4(4):279–288.

18. Albert S, Blons H, Jonard L, Feldmann D, Chauvin P, Loundon N, Sergent-
Allaoui A, Houang M, Joannard A, Schmerber S, Delobel B, Leman J, Journel
H, Catros H, Dollfus H, Eliot MM, David A, Calais C, Drouin-Garraud V, Obstoy
MF, Tran Ba Huy P, Lacombe D, Duriez F, Francannet C, Bitoun P, Petit C,
Garabédian EN, Couderc R, Marlin S, Denoyelle F: SLC26A4 gene is
frequently involved in nonsyndromic hearing impairment with enlarged
vestibular aqueduct in Caucasian populations. Eur J Hum Genet 2006,
6:773–779.

19. Yuan YY, Dai P, Zhu QW, Kang DY, Huang DL: Sequencing analysis of
whole SLC26A4 gene related to IVS7-2A > G mutation in 1552 moderate
to profound sensorineural hearing loss patients in China. Zhonghua Er Bi
Yan Hou Tou Jing Wai Ke Za Zhi 2009, 44(6):449–454. in Chinese.

20. Zhu Q, Dai P, Han D, Lin H, Yuan Y, Yu F, Liu X, Kang D, Zhang X, Jin Z, Liu
L: Analysis of SLC26A4 mutation in the deafness patients from the city
of Anyang. J Audiology Speech Pathol 2007, 3:181–183. in Chinese.

21. Park HJ, Lee SJ, Jin HS, Lee JO, Go SH, Jang HS, Moon SK, Lee SC, Chun YM,
Lee HK, Choi JY, Jung SC, Griffith AJ, Koo SK: Genetic basis of hearing loss
associated with enlarged vestibular aqueducts in Koreans. Clin Genet
2005, 67(2):160–165.

22. Tsukamoto K, Suzuki H, Harada D, Namba A, Abe S, Usami S: Distribution
and frequencies of PDS (SLC26A4) mutations in Pendred syndrome and
nonsyndromic hearing loss associated with enlarged vestibular
aqueduct: a unique spectrum of mutations in Japanese. Eur J Hum Genet
2003, 12:916–922.

23. Guan MX: Prevalence of mitochondrial 12S rRNA mutations associated
with aminoglycoside ototoxicity. Volta Rev 2005, 105:211–227.

24. Usami S, Abe S, Akita J, Namba A, Shinkawa H, Ishii M, Iwasaki S, Hoshino T,
Ito J, Doi K, Kubo T, Nakagawa T, Komiyama S, Tono T, Komune S:
Prevalence of mitochondrial gene mutations among hearing impaired
patients. J Med Genet 2000, 37:38–40.

25. Malik SG, Pieter N, Sudoyo H, Kadir A, Marzuki S: Prevalence of the
mitochondrial DNA A1555G mutation in sensorineural deafness patients
in island Southeast Asia. J Hum Genet 2003, 48:480–483.

26. Liu XZ, Yuan Y, Yan D, Ding EH, Ouyang XM, Fei Y, Tang W, Yuan H, Chang
Q, Du LL, Zhang X, Wang G, Ahmad S, Kang DY, Lin X, Dai P: Digenic
inheritance of non-syndromic deafness caused by mutations at the gap
junction proteins Cx26 and Cx31. Hum Genet 2009, 125:53–62.

27. Li Q, Wang Q, Zhao L, Yuan H, Li L, Liu Q, Han D: Mutation analysis of
GJB3 in Chinese population with non-syndromic hearing impairment.
J Audiology Speech Pathol 2005, 13(3):145–148. in Chinese.

28. Yuan Y, Huang D, Dai P, Zhu Q, Liu X, Wang G, Li Q, Wu B: GJB6 gene
mutation analysis in Chinese nonsyndromic deaf population.
Lin Chung Er Bi Yan Hou Tou Jing Wai Ke Za Zhi 2007, 21:3–6. in Chinese.

29. Komatsu K, Nakamura N, Ghadami M, Matsumoto N, Kishino T, Ohta T,
Niikawa N, Yoshiura K: Confirmation of genetic homogeneity of
nonsyndromic low-frequency sensorineural hearing loss by linkage
analysis and a DFNA6/14 mutation in a Japanese family. J Hum Genet
2002, 47:395–399.

doi:10.1186/1479-5876-12-64
Cite this article as: Chen et al.: Developing regional genetic counseling
for southern Chinese with nonsyndromic hearing impairment: a unique
mutational spectrum. Journal of Translational Medicine 2014 12:64.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Geographical and clinical characteristics of patients
	Prevalent GJB2 mutations in patients with NSHI from south China
	Hereditary heterogeneity of SLC26A4 mutations correlated with EVA
	Low frequency of mitochondrial DNA 1555A > G mutation
	GJB3 and WFS1 gene mutations are rare
	Genetic counseling for south Chinese patients with NSHI

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice




