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INTRODUCTION 
Hearing loss is a major cause of morbidity; it increases medical expenses and restricts economic development. Hearing loss is 
closely related to hereditary and environmental factors. Various types of late-presenting hearing loss are caused by gene defects 
or environmental susceptibility. Over 70% of hereditary deafness manifests only as hearing loss, called nonsyndromic hearing im-
pairment (NSHI). According to the reported molecular epidemiology of NSHI, gene mutations causing deafness vary substantially 
across countries, regions, ethnic groups, and ages [1, 2]. A report of the Second National Sample Survey of Disabled People published 
in 2006 has stated that the carrier rate of gene mutations responsible for deafness in the Chinese population is approximately 6%. 
Thus, approximately 762,000 people in Guangzhou are carriers for gene mutations causing deafness because the resident popula-
tion of this city is approximately 12.7 million. These carriers include individuals with hearing disabilities and a high-risk group that 
is yet to present with deafness. To determine the molecular etiology of NSHI in Guangdong, this study was conducted to screen 
and analyze the prevalent variations of patients with hearing impairment using a high-throughput, integrated, microminiaturized, 
automated, sensitive, and specific gene chip technology. Hot-spot mutations leading to deafness were identified to supply a theo-
retical basis for the risk of ototoxicity medicine in the high-risk group, as well as for awareness, education, and preventing hearing 
impairment in the community.
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Variations in the Mutational Spectrum in 
Nonsyndromic Hearing Impairment: A study of the 
Special Schools for the Deaf in Southern China

OBJECTIVES: To explore the characteristics of variations in patients with nonsyndromic hearing impairment (NSHI) in Southern China to supply a 
theoretical basis for screening, intervention, and prevention.

MATERIALS and METHODS: A total of 634 hearing-impaired students from the special schools for the deaf and 220 normal-hearing individuals in 
South China were tested using an allele-specific polymerase chain reaction-based universal array, and the screened SLC26A4 mutation carrier was 
examined using computed tomography. The pathogenesis of deafness was analyzed using pathography and objective hearing tests.

RESULTS: In total, 151 patients with NSHI carried pathogenic mutations in the screening chip, and the carrier rate was 23.82% (151/634) in the 
studied population. Of the 151 screened carriers, 65 (10.25%) patients harbored homozygous or homoplasmy mutated genes associated with 
autosomal recessive hearing loss; 36 (5.68%) patients with mutant alleles were homozygous for the GJB2 c.235delC mutation and 27 (4.26%) were 
heterozygous. Furthermore, 18 (2.84%) patients were homozygous with mutant alleles for the SLC26A4 c.919-2A>G mutation and 43 (6.78%) were 
heterozygous; 7 (1.10%) patients were homoplasmy mutation carriers of MT-RNR1 gene. There was 1 SLC26A4 c.919-2A>G and 1 GJB2 c.235delC 
heterozygous mutant allele in the group of 220 normal-hearing individuals.

CONCLUSION: GJB2 and SLC26A4 were much more prevalent than MT-RNR1 and GJB3 in South China according to this gene chip. Minuscule differ-
ences in the mutation spectrum or prevalence of GJB2 c.235delC and SLC26A4 c.919-2A>G were found in our study; furthermore, a relatively high 
incidence of variations was observed among these individuals with NSHI.
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MATERIALS AND METHODS

Participants
Patients with bilateral severe or profound hearing loss, suggested by 
pure-tone audiometry, whose hearing loss exceeded 70 dB according 
to the internationally used classification proposed by Stephens [3] in 
2001 as well as those without any organic lesions or other genetic dis-
eases were recruited after obtaining informed consent in accordance 
with the Ethics Committee regulations of our hospital. The hearing-im-
paired group comprised 634 students (354 males and 280 females; age, 
7-24 years; median age, 15 years), all of Han ethnicity, of the special 
schools for deaf from Guangzhou, Zhaoqing, Zhongshan, and Zhuhai 
districts, Guangdong province. The onset of hearing loss was between 
0 and 1 year of age. The demographic details as well as hearing impair-
ment, family, and drug histories were provided by patients’ parents.

The normal-hearing individuals comprised 220 people (110 males and 
110 females; age, 5-32 years; median age, 16 years), all of Han ethnicity, 
their hearing was confirmed to be normal on clinical health examina-
tion comprising normal physical examination and hearing tests to rule 
out organic lesions or any other genetic diseases. Basic information 
and past drug histories were obtained for all the participants. 

Methods
The instruments included an Ultra-violet spectrophotometer (Ther-
mo Co, Germany), polymerase chain reaction (PCR) instrument (ABI 
Co, America), thermostatic water bath (Changan Co, China), air bath 
oscillator (Changan Co, China), Jin Xin BioMixerTMII chip hybridization 
station, Jin Xin SlidWaherTM chip clean-up station, Jin Xin LuxScanT-

M10K-B Microarray Scanner and corresponding software system, and 
Jin Xin Deafness-Related Gene Mutation Detection Kit (Microarray, 
Product No.300065, CapitalBio Co, Beijing, China); these instruments 
were provided by the CapitalBio Corporation. 

The follow-up procedure included drawing of peripheral venous 
blood, DNA extraction (TIANGEN Biotech Co. Ltd., Beijing, China), 

PCR, hybridization, chip clean-up, and finally scanning. A Jin Xin Lux-
ScanTM10K-B Microarray Scanner was used to scan the chip with an 
excitation wavelength of 532 nm, and it automatically interpreted 
the outcome.

In the result interpretation, the genetic locus was determined as wild 
type if, at a genetic locus, the W row (wild) was identified as positive 
and the M row (mutant) was identified as negative; the locus was 
determined as a heterozygous mutant if, at a genetic locus, if both 
the W row and M row were identified as positive; the locus was de-
termined as a homozygous mutant if, at a genetic locus, the W row 
was identified as negative and the M row was identified as positive. 
The result was determined as a multiple-locus compound mutant if 
combinations of the above appeared at different loci.

Statistical Analysis
Statistical analyses were performed using statistical software Statis-
tical Package for the Social Sciences (SPSS) 19.0 (IBM Corp.; Armonk, 
NY, USA). Chi-square test and unconditional logistic regression of 
deafness-related risk factors were used to analyze the data. The dif-
ferences were considered statistically significant at p<0.05.

RESULTS

Family History Analysis Results
Of all, 124 (19.56%) were sporadic cases with a family history of deaf-
ness. Three patients had a definite drug history of large-dose amino-
glycoside antibiotic intake. Although one patient carried the SLC26A4 
(Solute Carrier Family 26 [Anion Exchanger], member 4) c.919-2A>G 
heterozygous mutation, the condition was considered to be ototoxic 
deafness due to a large-dose aminoglycoside injection and no rele-
vant family history.

Hearing Examination Results
Among the 634 students with NSHI at the special schools for the deaf 
in Guangdong, 71 (11.20%) had severe sensorineural hearing loss 
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Table 1. Gene and locus mutation detection result 

                                                      Homozygous mutations                                              Heterozygous mutations

Gene  Locus Total Percent Total Percent

GJB2  c.235delC 36 5.68% 27 4.26%

 c.35delG 0 0 0 0

 c.299_300delAT 2 0.32% 1 0.16%

 c.176del16bp 0 0 0 0

 c.235delC/c.299_300delAT 0 0 5* 0.79%

SLC26A4  c.919-2A>G 18 2.84% 43 6.78%

 c.2168A>G 2 0.32% 7 1.10%

 c.919-2A>G/c.2168A>G 0 0 3* 0.47%

MT-RNR1 m.1555A>G 7 1.10% 0 0

 m.1494C>T 0 0 0 0

GJB3  c.538C>T 0 0 0 0

*compound heterozygous mutations
GJB2: gap junction protein, beta 2; SLC26A4: Solute Carrier Family 26 [Anion Exchanger], member 4); z Mitochondrial DNA; GJB3: gap junction protein, beta 3



and 563 (88.80%) had profound hearing loss based on the pure-tone 
audiometry.

Test Results of Gene Mutations Leading to Deafness
Among the 634 patients with NSHI, 151 were found to carry gene 
mutations leading to deafness, resulting in a mutation carri-
er rate of 23.82% (151/634). The carrier rate of GJB2 was 11.20% 
(71/634), comprising 36 (5.68%) c.235delC homozygous muta-
tions and 27 (4.26%) heterozygous mutations. The carrier rate of 
c.299_300delAT homozygous mutations was 0.32% (2/634), with 
heterozygous mutations comprising 0.16% (1/634). The carrier 
rate of c.235delC/c.299_300delAT compound heterozygous muta-
tions was 0.79% (5/634). The carrier rate of SLC26A4 was 11.51% 
(73/634), of which 18 (2.84%) were c.919-2A>G homozygous mu-
tations and 43 (6.78%) were heterozygous mutations. There were 

two (0.32%) c.2168A>G homozygous, seven (1.10%) heterozy-
gous, and three (0.47%) c.919-2A>G/c.2168A>G compound het-
erozygous mutations. The carrier rate of the MT-RNR1 m.1555A>G 
homogeneous mutation was 1.10% (7/634). No GJB3 (c.538C>T)
s or MT-RNR1 m.1494C>Ts mutations were detected (Table 1, Fig-
ures 1 and 2).

SPSS Analysis Results
Among the 220 normal-hearing individuals, one was found to carry 
the SLC26A4 c.919-2A>G heterozygous mutation and another carried 
a GJB2 c.235delC heterozygous mutation. The carrier rate of genes 
causing deafness in normal-hearing individuals was 0.91% (2/220), 
which is statistically significant (x2=58.28, P<0.05) compared with 
that of the high-risk group (Figure 3).

Deafness was found to be a dependent variable, along with gender, 
age, native place, and gene mutation. The risk of deafness reduced 
by 9% when age increased by 1 year (OR=0.91, 95%CI=0.88-0.94). The 
risk of deafness in individuals with gene mutations was 34.13-fold 
more than no gene mutations (Table 2).

HRCT Results
Among the 73 NSHI patients who carried SLC26A4 gene mutations, 
2 patients with c.919-2A>G heterozygous mutations were found to 
have no enlarged vestibular aqueducts or inner ear malformations 
on imaging. Furthermore, 33 patients (including 12 with c.919-2A>G 
homozygous mutations, 13 with c.919-2A>G heterozygous muta-
tions, 2 with c.2168A>G homozygous mutations, 4 with 2168A>G 
heterozygous mutations, and 2 with c.919-2A>G/c.2168A>G com-
pound heterozygous mutations) were found to have enlarged ves-
tibular aqueducts and Mondini malformations bilaterally. In addition, 
38 patients (including 6 with c.919-2A>G homozygous mutations, 28 
with c.919-2A>G heterozygous mutations, 3 with c.2168A>G hetero-
zygous mutations, and 1 with a c.919-2A>G/c.2168A>G compound 
heterozygous mutation) exhibited only enlarged vestibular aque-
ducts bilaterally (Figures 4 and 5).

One normal-hearing individual with a SLC26A4 c.919-2A>G heterozy-
gous mutation had no inner ear malformation or enlargement of the 
vestibular aqueduct.
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Figure 1. Distribution of gene mutations in patients with NSHI. 

Figure 2. Constitute of the common locus in 151 screened carriers.

Figure 3. Mutation carriers versus no mentioned carriers in the two groups.

Table 2. Logistic regression analysis of deafness-related risk factors in our 
study

variable OR 95%CI Walds p

Gender    

 Male 1.00 1.00 1.63 0.20

 Female 0.81 0.58-1.12  

Age  0.91 0.88-0.94 31.89 0.000

 Native place    

 Guangdong 1.00 1.00  

Non-Guangdong 0.69 0.41-1.15 2.04 0.15

Gene mutation    

 No 1.00 1.00  

 Yes 34.13 8.35-139.48 24.16 0.000



DISCUSSION
GJB2 (gap junction protein, beta 2) gene exon coding Connexin26 
(Cx26) protein is expressed in the organ of Corti and is part of the 
potassium ion circulation channel [4]. GJB2 mutation decreases Cx26 
expression, leading to the production of abnormal connexins [5]. The 
number of potassium ions that enter into the lymph circulation in the 
cochlea therefore decreases, causing the organ of Corti to retain potas-
sium and become poisoned with it and eventually leading to hearing 
loss. In an epidemiological study on the students of schools for the deaf 
in 18 provinces of China, Dai found that the detection rate of c.235delC 
(the most common mutation locus among the Chinese) homozygous 
mutations was 8.81% and that of the heterozygous mutations was 
9.35% with an overall detection rate of 18.15% [6]. The detection rates 
also varied across regions [7, 8]; in white families, approximately 49% of 
the autosomal recessive hearing losses were induced by GJB2 [9, 10]. The 
most common GJB2 mutation reported in the Caucasian population is 
c.35delG, which presents with a frame shift, leading to an early termi-
nation of Cx26 synthesis and a nonfunctional channel [11] with a carrier 
rate of 1.3%-2.8% [12]. The most common mutation reported in Jews is 
167delT, representing approximately 53% of all NSHI cases [13].

Among the 634 deaf children enrolled in this study, the overall carrier 
rate of GJB2 was 11.20%; among them, 5.68% (n=36) were c.235delC 
homozygous mutations and 4.26% (n=27) were heterozygous mu-
tations. The carrier rate of c.299_300delAT homozygous mutations 
was 0.32% (2/634), with heterozygous mutations comprising 0.16% 
(1/634) and the carrier rate of c.235delC/c.299_300delAT compound 
heterozygous mutations being 0.79% (5/634). No 35delG or c.
176del16bp mutations were detected. Due to the apparent racial dif-
ferences in the GJB2 mutation, the number of people carrying GJB2 
mutations may be lower in Guangdong region. Due to the limited 
hot spots in this kind of gene chip and the polymorphism of genetic 
mutations, another mutation may have been located in the control 
region of the GJB2 gene or other genes may have jointly participated 
in the production of the deafness phenotype.

SLC26A4 Gene Analysis
The SLC26A4 gene encodes the transport protein pendrin of chlo-
ride–iodine ions. It is expressed in the thyroid gland, kidneys, and 
inner ear. SLC26A4 mutations can cause autosomal recessive hearing 
loss,large vestibular aqueduct syndrome(LVAS), and Pendred syn-
drome [14]. In China [15, 16] SLC26A4 apparently has recurrent mutations, 
with a carrier rate of 14.5%. The common loci are c.919-2A>G (with 
a carrier rate of 12.38%) and c.2168A>G. People with Han ethnicity 
have the highest carrier rate (13.88%), and those with Tibetan ethnic-
ity have the lowest (0%). In schools for the deaf in the Chifeng region 
in Inner Mongolia, as many as 14.93% of the patients have been di-
agnosed with enlarged vestibular aqueducts and/or inner ear mal-
formations. This genetic mutation is also observed in other countries 
and regions [17, 18]. T416P, L236P, and lVS8+1G>A are the most com-
mon mutations observed in white patients with Pendred syndrome 
[19]. In Mongolia, L676Q mutation [20] is observed at a relatively high 
frequency.

In this study, the overall carrier rate of SLC26A4 was 11.51% (73/634). 
Because the SLC26A4 mutation is heterogeneous, another muta-
tion may exist outside the coding region. The cause of the disease 
remains to be determined based on the sequencing result. There 
were 18 (2.84%) cases of c.919-2A>G homozygous mutations and 43 
(6.78%) cases of heterozygous mutations; the overall carrier rate of 
this locus was 9.62%. There were two cases of c.2168A>G homozy-
gous mutations, seven of heterozygous mutations, and two of c.919-
2A>G/c.2168A>G compound heterozygous mutations. We believe 
that because the mutational spectrum of the SLC26A4 in deaf people 
varies across races and regions, the carrier rate of this locus in the 
Guangdong region is almost equal to GJB2. That two mutations are 
the primary mutations that leads to NSHI in Guangdong. Taking the 
SNP mutation at this locus into consideration, the morbidity of LVAS 
is relatively high. As confirmed on inner ear computed tomography, 
no enlarged vestibular aqueducts or inner ear malformations were 
present in two deaf children who carried c.919-2A>G heterozygous 
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Figure 5. Bilateral Mondini malformations.Figure 4. Bilateral enlarged vestibular aqueducts. 
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mutations. The remaining 71 deaf children were all found to have bi-
lateral enlarged vestibular aqueducts with or without bilateral Mon-
dini malformations. A correlation between deaf people with normal 
inner ear imaging findings and the SLC26A4 gene cannot be ruled 
out. It is generally held that dialleles or homozygous mutations can 
lead to abnormal phenotypes. For some changes in phenotypes 
caused by single heterozygous mutations, we believe that an unde-
tected mutation locus may exist in promoter regions or in hidden 
splicing sites. Alternatively, there may be other unknown genes play-
ing a joint role. The role of environmental factors cannot be ruled out.

MT-RNR1 Gene Analysis
Mitochondrial DNA (mtDNA) is independent of the chromosomes in 
the cell nucleus and is the only DNA molecule that exists in the cyto-
plasm. The mode of inheritance of mtDNA is maternal. Mechanisms 
of hearing loss include large dose-induced ototoxicity and small 
dose-induced mtDNA mutations [21, 22].

Among the 634 students at these special schools for the deaf in 
Guangdong, the carrier rate of the MT-RNR1 m.1555A>G homoge-
neous mutation was 1.10% (7/634). The authors believe that this 
may be related to the small sample size. There is also a certain de-
gree of sampling error. The preliminary result may also be related 
to the regional characteristics of the hereditary composition in 
Guangdong, Han ethnicity, cultural background, and economic de-
velopment. China has a vast territory and large population, the ed-
ucation and economy development are various. We infer that being 
a coastal city with a relatively prosperous economy, Guangdong is 
experiencing a continuous increase in the per capita income and 
consumption level of its residents. The government is also paying 
increasing attention to the market, and aminoglycoside antibiot-
ics are gradually exiting the drug market. But the aminoglycoside 
antibiotics are also frequently used in some remote villages. Most 
of the participants of this study were Han children born after 1990 
with severe hearing loss. Therefore, the present study investigat-
ed individuals with a reduced range of ethnicity, age of onset, and 
degree of hearing loss compared with similar studies. Among the 
three children who had a definite drug history of large-dose ami-
noglycoside antibiotics, one carried the SLC26A4 c.919-2A>G het-
erozygous mutation. Because this patient came from a rural area of 
our province, which is relatively remote with a small economy and 
incomplete medical services, as well as no relevant family history, 
the authors consider it to be sensorineural hearing loss induced by 
large-dose aminoglycoside antibiotic injection. It cannot be ruled 
out that chondriogenes are not at the mutation locus in the rest of 
the coding region of this test (such as tRNAser), that the SNP of the 
locus has changed, or that there is an unknown gene with functions 
similar to those of this gene. Environmental factors, a background 
of nuclear genes, or the mtDNA haplotype may also be significant 
factors causing hearing loss.

CONCLUSION
The GJB2 and SLC26A4 genes were much more prevalent than MT-
RNR1 and GJB3 in South China according to this gene chip. Minus-
cule differences in the mutation spectrum or prevalence of GJB2 
c.235delC and SLC26A4 c.919-2A>G were found in our study, and 
there was a relatively high incidence of variations among these indi-
viduals with NSHI.

The gene chip technology is a biological technology that was devel-
oped along with the human genome project. It is high-throughput, 
highly integrated, microminiaturized, automated, and highly sensitive 
and specific. It enables rapid diagnosis and precise identification of the 
cause of hearing loss in large-scale screenings and provides a theo-
retical basis for the screening, intervention, and prevention of hear-
ing loss. Screening at the special schools in Guangdong using gene 
chip technology helped infer the hot-spot genes leading to deafness 
in the Guangdong area as a preliminary step. This technology will en-
able early treatment with hearing aids or cochlear implantation. It will 
also facilitate the education of high-risk individuals and their family 
members who are not yet symptomatic as well as facilitate the estab-
lishment of instructions regarding the use of drugs, consultation on 
hereditary hearing loss, marriage counseling, and advice on reproduc-
tion to eventually reduce the occurrence of hearing loss and to lower 
the birth rate of hearing-impaired babies in the Guangdong province. 

Ethics Committee Approval: Ethics committee approval was received for this 
study from the Ethics Committee of Guangzhou Otorhinolaryngology Head 
and Neck Surgery Hospital.

Informed Consent: Written informed consent was obtained from patients who 
participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – Y.L., F.Y., Y.J., F.Z.; Design – Y.L., F.Y., Y.J., F.Z.; 
Supervision – Y.L., F.Y.; Resource – Y.L., F.Y.; Materials – Y.L., F.Y.; Data Collection 
and/or Processing – Y.L., F.Y.; Analysis and/or Interpretation – Y.L., F.Y.; Literature 
Search – Y.L., F.Y.; Writing – Y.L., F.Y.; Critical Reviews – Y.L., F.Y.

Acknowledgements: We thank all the deaf students and healthy volunteers for 
participating in this study, as well as the staff and sign language interpreters at 
all special schools for their help.

Conflict of Interest: The authors have no conflict of interest to declare.

Financial Disclosure: The authors declared that this study has received no fi-
nancial support. 

REFERENCES
1. Dai P, Yu F, Han B, Wu H, Yuan YY, Li Q, et al. [Features of nationwide distri-

bution 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: 804-8.

2. Wang GJ, Yuan YY, Han B, Huang SS, Kang DY, Zhang X, et al. Prevalence 
of common genetic mutations in 839 patients with severe and profound 
hearing loss. Chinese Journal of Otology 2010; 4: 392-6.

3. Stephens D, Gianopoulos I, Kerr P. Determination and classification of the 
problems experienced by hearing-impaired elderly people. Audiology 
2001; 40: 294-300. [CrossRef]

4. Todt I, Hennies HC, Basta D, Ernst A. Vestibular dysfunction of patients with 
mutations of Connexin 26. Neuroreport 2005; 16: 1179-81. [CrossRef]

5. Popova DP, Kaneva R, Varbanova S, Popov TM. Prevalence of GBJ2 mu-
tations in patients with severe to profound congenital nonsyndromic 
sensorineural hearing loss in Bulgarian population. Eur Arch Otorhino-
laryngol 2012; 269: 1589-92. [CrossRef]

6. Dai P, Liu X, Fei YU, Zhu QW, Yuan YY, Yang SZ, et al. Molecular etiology of 
patients with nonsyndromic hearing loss from deaf-mute schools in 18 
provinces of China. Chinese Journal of Otology 2006; 1: 1-5.

7. Hayashi C, Funayama M, Li Y, Kamiya K, Kawano A, Suzuki M, et al. Preva-
lence of GJB2 causing recessive profound non-syndromic deafness in Jap-
anese children. Int J Pediatr Otorhinolaryngol 2011; 75: 211-4. [CrossRef]

251

Lin et al. Nonsyndromic Hearing Impairment

https://doi.org/10.3109/00206090109073125
https://doi.org/10.1097/00001756-200508010-00009
https://doi.org/10.1007/s00405-011-1817-2
https://doi.org/10.1016/j.ijporl.2010.11.001


8. Kenna MA, Rehm HL, Frangulov A, Feldman HA, Robson CD. Temporal 
bone abnormalities in children with GJB2 mutations. Laryngoscope 
2011; 121: 630-5. [CrossRef]

9. Denoyelle F, Weil D, Maw MA, Wilcox SA, Lench NJ, Allen-Powell DR, et al. 
Prelingual deafness: high prevalence of a 30delG mutation in the con-
nexin 26 gene. Hum Mol Genet 1997; 6: 2173-7. [CrossRef]

10. Estivill X, Fortina P, Surrey S, Rabionet R, Melchionda S, D’Agruma L, et 
al. Connexin-26 mutations in sporadic and inherited sensorineural deaf-
ness. Lancet 1998; 351: 394-8. [CrossRef]

11. Hochman JB, Stockley TL, Shipp D, Lin VY, Chen JM, Nedzelski JM. Prev-
alence of Connexin 26 (GJB2) and Pendred (SLC26A4) mutations in a 
population of adult cochlear implant candidates. Otol Neurotol 2010; 31: 
919-22. [CrossRef]

12. Green GE, Scott DA, McDonald JM, Woodworth GG, Sheffield VC, Smith 
RJ. Carrier rates in the midwestern United States for GJB2 mutations 
causing inherited deafness. JAMA 1999; 281: 2211-6. [CrossRef]

13. Morell RJ, Kim HJ, Hood LJ, Goforth L, Friderici K, Fisher R, et al. Mutations 
in the connexin 26 gene (GJB2) among Ashkenazi Jews with nonsyn-
dromic recessive deafness. N Engl J Med 1998; 339: 1500-5. [CrossRef]

14. Coucke PJ, Van Hauwe P, Everett LA, Demirhan O, Kabakkaya Y, Dietrich 
NL, et al. Identification of two different mutations in the PDS gene in an 
inbred family with Pendred syndrome. J Med Genet 1999; 36: 475-7.

15. Li Q, Dai P, Huang DL, Yuan YY, Zhu QW, Han B, et al. [Frequency of 
SLC26A4 IVS7-2A > G mutation in patients with severe to profound hear-
ing loss from different area and ethnic group in China]. Zhonghua Er Bi 
Yan Hou Tou Jing Wai Ke Za Zhi 2007; 42: 893-7.

16. Yuan YY, Dai P, Huang DL, Zhu XH, Zhu QW, Kang DY, et al. Genotypic and 
phenotypic analysis of SLC26A4 gene in deaf patients of Chifeng area by 
whole gene sequencing strategy. Zhonghua Er Bi Yan Hou Tou Jing Wai 
Ke Za Zhi 2007; 5: 251-6.

17. Choi BY, Madeo AC, King KA, Zalewski CK, Pryor SP, Muskett JA, et al. Seg-
regation of enlarged vestibular aqueducts in families with non-diagnos-
tic SLC26A4 genotypes. J Med Genet 2009; 46: 856-61. [CrossRef]

18. Yang T, Vidarsson H, Rodrigo-Blomqvist S, Rosengren SS, Enerback S, 
Smith RJ. Transcriptional control of SLC26A4 is involved in Pendred syn-
drome and nonsyndromic enlargement of vestibular aqueduct (DFNB4). 
Am J Hum Genet 2007; 80: 1055-63. [CrossRef]

19. Campbell C, Cucci RA, Prasad S, Green GE, Edeal JB, Galer CE, et al. Pen-
dred syndrome, DFNB4, and PDS/SLC26A4 identification of eight novel 
mutations and possible genotype-phenotype correlations. Hum Mutat 
2001; 17: 403-11. [CrossRef]

20. Park HJ, Shaukat S, Liu XZ, Hahn SH, Naz S, Ghosh M, et al. Origins and frequen-
cies of SLC26A4 (PDS) mutations in east and south Asians: global implications 
for the epidemiology of deafness. J Med Genet 2003; 40: 242-8. [CrossRef]

21. Morales Angulo C, Gallo-Teran J, Senaris B, Fontalva A, Gonzalez-Aguado 
R, Fernandez-Luna JL. [Prevalence of the A1555G MTDNA mutation in 
sporadic hearing-impaired patients without known history of aminogly-
coside treatment]. Acta Otorrinolaringol Esp 2011; 62: 83-6. [CrossRef]

22. Nahili H, Charif M, Boulouiz R, Bounaceur S, Benrahma H, Abidi O, et al. 
Prevalence of the mitochondrial A 1555G mutation in Moroccan patients 
with non-syndromic hearing loss. Int J Pediatr Otorhinolaryngol 2010; 
74: 1071-4. [CrossRef]

252

J Int Adv Otol 2019; 15(2): 247-52

https://doi.org/10.1002/lary.21414
https://doi.org/10.1093/hmg/6.12.2173
https://doi.org/10.1016/S0140-6736(97)11124-2
https://doi.org/10.1097/MAO.0b013e3181e3d324
https://doi.org/10.1001/jama.281.23.2211
https://doi.org/10.1056/NEJM199811193392103
https://doi.org/10.1136/jmg.2009.067892
https://doi.org/10.1086/518314
https://doi.org/10.1002/humu.1116
https://doi.org/10.1136/jmg.40.4.242
https://doi.org/10.1016/S2173-5735(11)70016-3
https://doi.org/10.1016/j.ijporl.2010.06.008



