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Abstract: Hearing impairment (HI) is due to genetic (autosomal recessive) having a frequency of one in 

1000 children. Hearing impairment has a widespread gene involvement of various chromosomes. Mutations in the 

GJB2 gene on chromosome 13 were frequent findings for congenital non-syndromic hearing impairment. To make it 

more complicated, it has been observed that these mutations show population variations. Objective: To determine 

the prevalence of the most common mutations in the GJB2 gene among the Indian population. Methods: In this 

study, 38 subjects (22 cases and 16 controls) enrolled, and the degree of hearing loss was assessed. To identify the 

involvement of GJB2 gene mutations p.W24X and c.235delC among the populations, PCR Technique and RFLP 

were adopted. Results: The mutations under investigation were at a higher prevalence rate, i.e., 45.45% for 

c.235delC and a lower prevalence rate of 18.18% for p.W24X, and both the mutations had heterozygous natures.

Conclusion: This paper is the first of this kind that tries to identify a prevalent mutation in the GJB2 gene in the

population of Karnataka state. The results are supported to some extent by previous Indian studies involving other

than the current population. It is also noteworthy that the mutations identified are heterozygous and, therefore, are

not pathogenic. This implies either the existence of potential mutations in the gene’s unexplored region or the

possible co-implication of another connexin gene, i.e., the digenic origin of the hearing loss, which could be related

to the putative formation of heteromeric connexons or heterotypic channels.

Keywords: congenital nonsyndromic hearing loss, p.W24X, c.235delC mutations. 

南印度人群先天性非綜合徵性聽力障礙中高度流行的国杰宝2基因突變 

摘要：聽力障礙是由於遺傳（常染色體隱性遺傳）導致的，頻率為千分之一。聽力障礙

廣泛涉及各種染色體的基因。13號染色體上国杰宝2基因的突變是先天性非綜合徵性聽力障

礙的常見發現。更複雜的是，已經觀察到這些突變顯示出種群變異。目的：確定印度人群中

国杰宝2基因最常見突變的流行程度。方法：在本研究中，納入了38名受試者（22名病例和1

6名對照組），並評估了聽力損失的程度。為了確定国杰宝2基因突變p.W24X和c.235删除C

在人群中的參與，採用聚合酶链反应技術和RFLP。結果：被調查的突變具有較高的流行率，

即c.235delC為45.45%，p.W24X的流行率為18.18%，且兩種突變均具有雜合性。結論：本

文是此類嘗試確定卡納塔克邦人群中国杰宝2基因中普遍存在的突變的首篇論文。這些結果在

一定程度上得到了之前印度研究的支持，這些研究涉及的不是當前人口。還值得注意的是，

鑑定出的突變是雜合的，因此不是致病性的。這意味著該基因的未探索區域存在潛在突變或

另一個連接蛋白基因可能共同暗示，即聽力損失的雙基因起源，這可能與異聚連接子或異型

通道的假定形成有關。 

关键词：先天性非綜合徵性聽力損失，p.W24X，c.235delC突變。 



Venkateshu & Kumaraswamy. Highly Prevalent GJB2 Gene Mutations among Congenital Nonsyndromic Hearing Impairment in a South 

Indian Population, Vol. 49 No. 11 November 2022 

51 

 

1. Introduction 

Hearing impairment (HI) is an autosomal recessive 

sensory disorder. It is estimated that 0.7% of newborns 

are deaf [1, 2]. 50% of childhood deafness is because 

of genetics, which is autosomal dominant (20%), 

autosomal recessive (80%), X-linked (1%), and 

mitochondrial (1%) [3]. Congenital Hearing 

impairment, syndromic forms constitute one-third, and 

non-syndromic constitute two-thirds [4]. There are 

many genes associated with HI. DFNB1 (13q11-q12) 

locus, comprising the GJB2 gene, accounts for up to 

50% of non-syndromic autosomal recessive disorders. 

The GJB2 gene codes the Gap junction connexin 26 

(CX26), which transports potassium ions and certain 

small molecules.  

A wide ethnic diversity exists in the mutation rates 

in the GJB2 gene [5-10] and there are very few reports 

regarding the mutations in Indian population [1, 2, and 

11] and there were differences of opinions within the 

specific populations about the prevalence and causative 

mutations in the GJB2 gene for hearing impairment. 

This study attempts to determine the prevalence of 

most commonly found mutations like p.W24X and 

c.235delC of GJB2 gene. 

   

2. Materials and Methods 
The deaf, or parents of deaf children, were informed 

about the study and requested to sign consent forms. 24 

subjects and 16 controls were enrolled voluntarily. 

Complete clinical and familial data were collected from 

family members. The Institutional ethical Committee 

certified the study design, material and methods 

adopted in the study.  

 

2.1. Audiological Assessment 

Otoscopic examination, immittance audiometry, 

tympanometry and acoustic reflex measurements were 

carried out to analyze the middle ear functioning. 

Tympanogram type was noted and the acoustic reflexes 

were obtained. Pure-tone audiometric thresholds were 

measured using a Grason Stadler Incorporation, Model 

68, diagnostic audiometer to determine the degree and 

type of hearing loss. The audiometric thresholds were 

estimated according to the modified Hughson-Westlake 

method as proposed in [18]. 

 

2.2. Molecular Analysis 

The isolation of DNA was performed by the salting-

out technique. Quantification of the genomic DNA was 

measured using a Perkin Elmer Lambda 35 UV-VIS 

Spectrophotometer, and quality of the DNA was 

confirmed by running the 0.8% agarose gel 

electrophoresis. 

 

 

2.2.1. GJB2 Mutational Analysis of PCR 

The Polymerase Chain Reaction for GJB2 mutation 

analysis was performed to identify p.W24X and 

c.235delC mutations using the primers shown in the 

Table 1. 

 
Table 1 Primers used 

Mutation Primers 

p.W24X 1F: TCTTTTCCAGAGCAAACCGC 

1R: GACACGAAGATCAGCTGCAG 
c.235delC 1F: TGTGTGCATTCGTCTTTTCCAG 

1R: GGTTGCCTCATCCCTCTCAT 

 

2.2.2. GJB2 Mutational Analysis of RFLP 

For p.W24X mutations Alu1 enzyme and c.235delC 

mutations Apa1 enzyme were used and RFLP analysis 

was performed out by agarose gel electrophoresis of 

the digested products. DNA fragments were observed 

using ultraviolet light and photographs were obtained 

using the Molecular Imager Gel Doc TM Image Lab 

Software. 

 

3. Results 
The RFLP analysis revealed a band at 280 bp in all 

the subjects and controls which were normally 

expected, except in 4 subject samples (1,15,19 and 21) 

there were two more additional bands, one at the level 

of 100 bp and another at 180 bp, indicating  

heterozygous condition for the mutation (Fig. 1).  

 
Fig. 1 Restriction digestion by Alu1 for PCR products for p.W24X 

mutation 

 

The number of each well indicates the identification 

number of samples and control groups, respectively. 

The suffix C and U indicate RFLP and control 

conditions, respectively. L1 and L2 indicate 50 bp and 

100bp ladder, respectively.   

RFLP was performed for the c.235delC mutation as 

detailed in methods (section 2.2.2). In the case of 

subject samples 10 were (subjects nos. 8, 13, 14, 15, 

16, 17, 20, 22 and 23) exhibited the additional band at 

780 bp along with a bands at 300 bp and 500bp 

indicating  heterozygous condition for the mutation 

(Fig. 2). The RFLP for the c.235delC mutation in 
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control group samples showed normal bands at 300 bp 

and 500bp as expected (Fig. 2). 

 
Fig. 2 Subject nos. 8, 13, 14, 15, 16, 17, 20, 21, 22 and 23 showing 

mutations 

 

The suffix C and U indicate RFLP and control 

conditions, respectively. L1 and L2 indicate 50 bp and 

100bp ladder, respectively. 

 

4. Discussion  
Many factors exist to be considered for a missense 

mutation to be described as pathogenic. These include 

the position of the mutation whether at coding or 

noncoding region leading to the formation of abnormal 

or malfunctioning proteins. A change or abnormal 

amino acid at a key position in a complex of protein 

structure can cause the functional efficacy of the 

protein structure.  

As the gap junction proteins are highly complex in 

their protein structure and functions, it is very difficult 

to presume or assume the pathogenicity of some 

missense mutations unless they are proven with 

functional studies.  

This study is an attempt to emphasize the 

knowledge of the connexin 26 mutations (p.W24x and 

c.235delC) and their prevalence in the Indian 

population. Till date, very few studies have been 

conducted in some regions of India and none from 

Karnataka state, which tries identifying the causative 

genes and its mutations and polymorphisms. More than 

80 different GJB2 mutations have been identified. 

Nevertheless, 35delG, 167delT, 235delC, and V37I 

account for 50% of mutant alleles in Caucasians, 

Ashkenazi Jews and Asians, respectively [12].  

The mutations in the coding region p.W24x, 

described in this study have been reported in few 

studies from the Indian subcontinent, including India, 

Pakistan, Bangladesh, and Sri Lanka [13-15]. GJB2 

gene shows the p.W24X, most common (95%) among 

the mutations found in the Indian population and 

probably a founder effect for causing the HI [16]. 

Another study shows 6.5% homozygous and 0.5% 

heterozygous conditions. The prevalence of the same 

was 13.33% in North India [17], 18.1% in south India 

[16]. Our results, i.e., 18.18% of p.W24X mutation 

show the contrary to the studies as all the mutations 

were heterozygous.   

Another frequent mutation found in GJB2 is 

c.235delC, which is a frame shift mutation, was 

screened with Apa1 restricted enzyme, which identifies 

the restriction site, which is normally present in the 

wild type of gene and cuts it into two fragments of size 

300 bp and 500 bp. In the present study, 10 of 22 

(45.45%) subjects found the presence of one more band 

at 780 bp along with 300 bp and 500bp (Fig. 2). This 

indicates that there is mutation vanishes the restriction 

site due to which the restriction enzyme is not able to 

identify it and cut the gene. 

 

5. Conclusion  
In our study, 22 subjects with nonsyndromic 

congenital hearing loss were selected from the school 

for hearing impairment and were subjected to 

mutational analysis for p.W24X and c.235delC types of 

GJB2 mutation. It was seen that out of 22 subjects, 4 

probands (18.18%) were heterozygous for W24X and 

10 probands (45.45%) were heterozygous for the 

c.235delC type. The control group showed no mutation 

and carrier frequency for both type of mutation. It is 

also noteworthy that the mutations identified are 

heterozygous hence are not pathogenic. This implies 

the possibility of the presence of potential mutations in 

the unexplored region of the gene or due to the other 

mutations at the different gene, which is related to the 

hearing loss. This compound or multiple mutations 

could be involved in the nonfunctional heteromeric or 

heterotypic channels.  

 

References  
[1] MEHL A.L., and THOMSON V. Newborn Hearing 

Screening: The Great Omission. Pediatrics, 1998, 101(1): 

e4.  

[2] MEHL A.L., and THOMSON V. The Colorado 

Newborn Hearing Screening Project, 1992–1999: On the 

Threshold of Effective Population-Based Universal Newborn 

Hearing Screening. Pediatrics, 2002, 109(1): e7.  

[3] MORTON N.E. Genetic epidemiology of hearing 

impairment. Annals of the New York Academy of Sciences, 

1991, 630: 16-31.  

[4] CRYNS K., ORZAN E., MURGIA A., HUYGEN 

P.L.M., MORENO F., DEL CASTILLO I., CHAMBERLIN 

G.P. , AZAIEZ H., PRASAD S., CUCCI R.A., LEONARDI 

E., SNOECKX R.L., GOVAERTS P.J., VAN DE 

HEYNING P.H., VAN DE HEYNING C.M., SMITH R.J.H., 

and VAN CAMP G. A genotype-phenotype correlation for 

GJB2 (connexin 26) deafness. Journal of Medical Genetics, 

2004, 41(3): 147-154.  

[5] ESTIVILL X., FORTINA P., SURREY S., 

RABIONET R., MELCHIONDA S., D’AGRUMA L., 

MANSFIELD E., RAPPAPORT E., GOVEA N., MILÀ M., 

ZELANTE L., and GASPARINI P. Connexin-26 mutations 

in sporadic and inherited sensorineural deafness. Lancet, 



Venkateshu & Kumaraswamy. Highly Prevalent GJB2 Gene Mutations among Congenital Nonsyndromic Hearing Impairment in a South 

Indian Population, Vol. 49 No. 11 November 2022 

53 

 

1998, 351(9100): 394-398.  

[6] LÖFFLER J., NEKAHM D., HIRST-STADLMANN 

A., GÜNTHER B., MENZEL H.J., UTERMANN G., and 

JANECKE A.R. Sensorineural hearing loss and the 

incidence of Cx26 mutations in Austria. Lancet, 1998, 

351(9100): 394-398. DOI: 10.1016/S0140-6736(97)11124-2. 

[7] KUDO T, IKEDA K, KURE S, MATSUBARA Y, 

OSHIMA T, WATANABE K.I., KAWASE T., 

NARISAWA K., and TAKASAKA T. Novel mutations in 

the connexin 26 gene (GJB2) responsible for childhood 

deafness in the Japanese population. American Journal of 

Medical Genetics, 2000, 90(2): 141-145.  

[8] GÜNTHER B., STEINER A., NEKAHM-HEIS D., 

ALBEGGER K., ZOROWKA P., UTERMANN G., and 

JANECKE A. The 342-kb deletion in GJB6 is not present in 

patients with non-syndromic hearing loss from Austria. 

Human Mutation, 2003, 22(2): 180. DOI: 

10.1002/humu.9167. 

[9] DEL CASTILLO F.J., RODRÍGUEZ-BALLESTEROS 

M., ALVAREZ A., HUTCHIN T., LEONARDI E., DE 

OLIVEIRA C.A., AZAIEZ H., BROWNSTEIN, Z. 

AVENARIUS M.R., MARLIN S., PANDYA A., SHAHIN 

H., SIEMERING K.R., WEIL D., WUYTS W., AGUIRRE 

L.A., MARTÍN Y., MORENO-PELAYO M.A., 

VILLAMAR M., AVRAHAM K.B., DAHL H.-H.M., 

KANAAN M., NANCE W.E., PETIT C., SMITH R.J.H., 

VAN CAMP G., SARTORATO E.L., MURGIA A., 

MORENO F., and DEL CASTILLO I. A novel deletion 

involving the connexin-30 gene, del(GJB6-d13s1854), found 

in trans with mutations in the GJB2 gene (connexin-26) in 

subjects with DFNB1 non-syndromic hearing impairment. 

Journal of Medical Genetics, 2005, 42(7): 588-594.  

[10] YAO J., LU Y., WEI Q., CAO X., and XING G. A 

systematic review and meta-analysis of 235delC mutation of 

GJB2 gene. Journal of Translational Medicine, 2012, 10: 

136. DOI: 10.1186/1479-5876-10-136. 

[11] FROLENKOV G.I., ATZORI M., KALINEC F., 

MAMMANO F., and KACHAR B. The membrane-based 

mechanism of cell motility in cochlear outer hair cells. 

Molecular Biology of the Cell, 1998, 9(8): 1961-1968. DOI: 

10.1091/mbc.9.8.1961. 

[12] DAHL H.-H.M., TOBIN S.E., POULAKIS Z., 

RICKARDS F.W., XU X., GILLAM L., WILLIAMS J., 

SAUNDERS K., CONE-WESSON B., and WAKE M. The 

contribution of GJB2 mutations to slight or mild hearing loss 

in Australian elementary school children. Journal of Medical 

Genetics, 2006, 43(11): 850-855. DOI: 

10.1136/jmg.2006.042051. 

[13] KELSELL D.P., DI W.L., and HOUSEMAN M.J. 

Connexin mutations in skin disease and hearing loss. 

American Journal of Human Genetics, 2001, 68(3): 559-568. 

DOI: 10.1086/318803. 

[14] SCOTT D.A., KRAFT M.L., CARMI R., RAMESH 

A., ELBEDOUR K., YAIRI Y., SRISAILAPATHY C.R., 

ROSENGREN S.S., MARKHAM A.F., MUELLER R.F., 

LENCH N.J., VAN CAMP G., SMITH R.J., and 

SHEFFIELD V.C. Identification of mutations in the 

connexin 26 gene that cause autosomal recessive 

nonsyndromic hearing loss. Human Mutation, 1998, 11(5): 

387-394.  

[15] RICKARD S., KELSELL D.P., SIRIMANA T., 

RAJPUT K., MACARDLE B., and BITNER-GLINDZICZ 

M. Recurrent mutations in the deafness gene GJB2 

(connexin 26) in British Asian families. Journal of Medical 

Genetics, 2001, 38(8): 530-533. DOI: 10.1136/jmg.38.8.530. 

[16] RAMSHANKAR M., GIRIRAJAN S., DAGAN O., 

RAVI SHANKAR H.M., JALVI R., RANGASAYEE R., 

AVRAHAM K.B., and ANAND A. Contribution of 

connexin26 (GJB2) mutations and founder effect to non-

syndromic hearing loss in India. Journal of Medical 

Genetics, 2003, 40(5): e68.  

[17] MAHESHWARI M., VIJAYA R., GHOSH M., 

SHASTRI S., KABRA M., and MENON P.S.N. Screening 

of families with autosomal recessive non-syndromic hearing 

impairment (ARNSHI) for mutations in GJB2 gene: Indian 

scenario. American Journal of Medical Genetics - Part A, 

2003, 120A(2): 180-184.  

[18] CARHART R., and JERGER J. Preferred method for 

clinical determination of pure-tone thresholds. Journal of 

Speech & Hearing Disorders, 1959, 24: 330-345. 

https://doi.org/10.1044/jshd.2404.330 
 

 

参考文: 

[1] MEHL A.L. 和 THOMSON V. 

新生兒聽力篩查：重大遺漏。 兒科, 1998, 101(1): e4. 

[2] MEHL A.L. 和 THOMSON V. 

科羅拉多新生兒聽力篩查項目，1992-

1999：有效的基於人群的普遍新生兒聽力篩查的門檻。

兒科, 2002, 109(1): e7. 

[3] MORTON N.E. 

聽力障礙的遺傳流行病學。紐約科學院年鑑，1991，630

：16-31。 

[4] CRYNS K.、ORZAN E.、MURGIA A.、HUYGEN 

P.L.M.、MORENO F.、DEL CASTILLO 

I.、CHAMBERLIN G.P. , AZAIEZ H., PRASAD S., 

CUCCI R.A., LEONARDI E., SNOECKX R.L., 

GOVAERTS P.J., VAN DE HEYNING P.H., VAN DE 

HEYNING C.M., SMITH R.J.H. 和 VAN CAMP G. 

国杰宝2（連接蛋白26）的基因型-表型相關性 

）耳聾。醫學遺傳學雜誌，2004，41（3）：147-154。 

[5] ESTIVILL X.、FORTINA P.、SURREY 

S.、RABIONET R.、MELCHIONDA S.、D'AGRUMA 

L.、MANSFIELD E.、RAPPAPORT E.、GOVEA 

N.、MILÀ M.、ZELANTE L. 和 GASPARINI P. 

連接蛋白26突變在散發性和遺傳性感音神經性耳聾中的

作用。柳葉刀，1998，351(9100)：394-398。 

[6] LÖFFLER J.、NEKAHM D.、HIRST-STADLMANN 

A.、GÜNTHER B.、MENZEL H.J.、UTERMANN G. 和 

JANECKE A.R. 

感覺神經性聽力損失和奧地利Cx26突變的發生率。柳葉

刀，1998，351(9100)：394-398。DOI：10.1016/S0140-

6736(97)11124-2。 

[7] KUDO T、IKEDA K、KURE S、MATSUBARA 

Y、OSHIMA T、WATANABE K.I.、KAWASE 

T.、NARISAWA K. 和 TAKASAKA T. 

導致日本兒童耳聾的連接蛋白26基因(国杰宝2)的新突變 

人口。美國醫學遺傳學雜誌，2000，90(2)：141-145。 

[8] GÜNTHER B.、STEINER A.、NEKAHM-HEIS 

D.、ALBEGGER K.、ZOROWKA P.、UTERMANN G. 

和 JANECKE A. 国杰宝6中的342-



54 

 

知识库缺失不存在於非綜合徵性聽力患者中來自奧地利

的損失。人類突變，2003，22(2)：180。DOI：10.1002/h

umu.9167。 

[9] DEL CASTILLO F.J.、RODRÍGUEZ-BALLESTEROS 

M.、ALVAREZ A.、HUTCHIN T.、LEONARDI E.、DE 

OLIVEIRA C.A.、AZAIEZ H.、BROWNSTEIN、Z. 

AVENARIUS M.R.、MARLIN S.、PANDYA 

A.、SHAHIN H., SIEMERING K.R., WEIL D., WUYTS 

W., AGUIRRE L.A., MARTÍN Y., MORENO-PELAYO 

M.A., VILLAMAR M., AVRAHAM K.B., DAHL H.-H.M., 

KANAAN M., NANCE W.E., PETIT C., SMITH 

R.J.H.、VAN CAMP G.、SARTORATO E.L.、MURGIA 

A.、MORENO F. 和 DEL CASTILLO I. 

涉及連接蛋白30基因的新型缺失，删除(国杰宝6-

d13秒1854)，在国杰宝2基因中發現反式突變在具有DFN

B1非綜合徵性聽力障礙的受試者中。醫學遺傳學雜誌, 

2005, 42(7): 588-594。 

[10] YAO J., LU Y., WEI Q., CAO X. 和 XING G. 

国杰宝2基因235删除C突變的系統評價和薈萃分析。轉

化醫學雜誌, 2012, 10: 136. DOI: 10.1186/1479-5876-10-

136。 

[11] FROLENKOV G.I.、ATZORI M.、KALINEC 

F.、MAMMANO F. 和 KACHAR B. 

耳蝸外毛細胞中基於膜的細胞運動機制。細胞分子生物

學, 1998, 9(8): 1961-1968。DOI：10.1091/mbc.9.8.1961。 

[12] DAHL H.-H.M.、TOBIN S.E.、POULAKIS 

Z.、RICKARDS F.W.、XU X.、GILLAM 

L.、WILLIAMS J.、SAUNDERS K.、CONE-WESSON B. 

和 WAKE M. 国杰宝2突變的貢獻 

澳大利亞小學生的輕微或輕度聽力損失。醫學遺傳學雜

誌, 2006, 43(11): 850-

855。DOI：10.1136/jmg.2006.042051。 

[13] KELSELL D.P.、DI W.L. 和 HOUSEMAN M.J. 

皮膚病和聽力損失中的連接蛋白突變。美國人類遺傳學

雜誌，2001，68(3)：559-568。 DOI：10.1086/318803。 

[14] SCOTT D.A.、KRAFT M.L.、CARMI R.、RAMESH 

A.、ELBEDOUR K.、YAIRI Y.、SRISAILAPATHY 

C.R.、ROSENGREN S.S.、MARKHAM 

A.F.、MUELLER R.F.、LENCH N.J.、VAN CAMP 

G.、SMITH R.J. 和 SHEFFIELD V.C. 

鑑定導致常染色體隱性非綜合徵性聽力損失的連接蛋白 

26 基因突變。人類突變, 1998, 11(5): 387-394。 

[15] RICKARD S.、KELSELL D.P.、SIRIMANA 

T.、RAJPUT K.、MACARDLE B. 和 BITNER-

GLINDZICZ M. 

英國亞洲家庭耳聾基因国杰宝2（連接蛋白26）的反复突

變。醫學遺傳學雜誌，2001，38(8)：530-

533。DOI：10.1136/jmg.38.8.530。 

[16] RAMSHANKAR M.、GIRIRAJAN S.、DAGAN 

O.、RAVI SHANKAR H.M.、JALVI R.、RANGASAYEE 

R.、AVRAHAM K.B. 和 ANAND A. 連接蛋白26 

(国杰宝2)突變和創始人效應對非綜合徵性聽力損失的貢

獻在印度。醫學遺傳學雜誌, 2003, 40(5): e68。 

[17] MAHESHWARI M.、VIJAYA R.、GHOSH 

M.、SHASTRI S.、KABRA M. 和 MENON P.S.N. 

篩查常染色體隱性非綜合徵性聽力障礙家族的国杰宝2基

因突變：印度情景。美國醫學遺傳學雜誌-

一种部分，2003，120一种(2)：180-184。 

[18] CARHART R. 和 JERGER J. 

臨床確定純音閾值的首選方法。言語和聽力障礙雜誌，1

959，24：330-345。https://doi.org/10.1044/jshd.2404.330 




