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INTRODUCTION 

Hearing is one of the five major senses that allow us to 

communicate with our surrounding environment. 

Hearing impairment is the most common sensory defect 

in human; affect one in 1000 children and whose 

prevalence increases with age (Liu et al. 2002). The 

understanding of genetics of hearing impairment 

advanced rapidly during the last decade of the 20th 

century, also several essential genes, involved in the 

hearing mechanism, were cloned and localized to human 

genome (A. A. Mahasneh and R. M. Battah 2006). More 

than 60% of cases of hearing impairment are due to  

 

 

genetic causes (Petit et al. 2001). Over 130 loci for non-

syndromic deafness have been identified in humans 

(Kenneson et al. 2002; Tranebjaerg et al. 2008) and it is 

estimated that more than 100 genes are involved in 

hearing loss (Ballana et al. 2010). Despite this 

heterogeneity, mutations in the GJB2 (Connexin 26; 

Cx26) gene are responsible for approximately 60% of 

prelingual non-syndromic recessive hearing loss, with a 

carrier frequency ranging between 2 and 5% depending 

on the ethnic group (Gasparini et al 2000). The 

Nonsyndromic hearing loss and deafness (DFNB1) 

locus, which is located on chromosome 13q11-12, was 

the first deafness recessive locus to be discovered. 
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ABSTRACT 
Introduction: Hearing impairment is the most frequent sensory deficit in human populations, affecting more than 

250 million people in the world. The incidence of hearing loss in India is found to be 1 to 6 per 1000 newborns 

screened, with over half of these cases predicted to be hereditary in nature. Most hereditary hearing loss is 

inherited in a recessive manner, accounting for approximately 85% of nonsyndromic hearing loss (NSHL). 

Mutations in GJB2 gene are the leading cause of deafness in autosomal recessive inheritance, and the 167delT 

mutation is the most common in many ethnic groups. The present study aims to study the genetic cause of 

deafness by genetic screening of the GJB2 gene in eastern India. Material and methods: Patients with 

sensorineural congenital hearing impairment (HI) were selected after obtaining their consents. Clinical samples 

were tested using PCR/RFLP for 167delT mutations. PCR was used to amplify regions of the exon 2 of connexin 

26 and PCR products were analyzed using Pst I restriction enzyme. Results: Blood samples of 77 NSHL patients 

and age-sex matched 30 unaffected healthy control was analyzed for 167 delT mutation. All samples were 

included for PCR. Twelve (15.58%) of 77 NSHL cases showed homozygous mutation for 167 delT, ten (12.99%) 

of 77 NSHL cases showed heterozygous mutation and fifty five (71.43%) of 77 NSHL cases are wild type. For 

healthy individuals, all cases are wild type. Conclusions: These finding leads to accurate genetic counseling for 

family members and makes it possible to provide early rehabilitation for the children in affected families. 
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DFNB1 was initially identified by linkage analysis in a 

Tunisian family exhibiting recessive hearing loss 

(Guilford et al 1994). 

 

The increase in the number of connexin 26 mutations 

identified was facilitated by the size of this small gene, 

composed of only one coding exon. In some 

geographical regions, as many as 50% of hearing 

impaired individuals harbor mutations in this small gene 

(Denoyelle et al. 1997). The 167delT mutation is the 

most prevalent GJB2 mutation and, so far, has only been 

found in the Ashkenazi Jewish population (Kelley et al. 

1998; Morell et al. 1998; Cohn et al. 1999). High carrier 

frequency of this mutation has also been found in the 

Ashkenazi hearing population (Morell et al. 1998; Sobe 

et al. 1999). Although most connexin 26 mutations are 

recessive, a mutation has been identified in dominantly 

inherited hearing loss as well (Denoyelle et al. 1998). 

Over the past decade, there has been a dramatic increase 

in our understanding of the importance of hereditary 

deafness, which is estimated to be responsible for at least 

50%–60% of childhood hearing loss (Morton and Nance 

2006). Gap junctions of the inner ear are thought to play 

a role in recycling potassium in the cochlea, which is 

important for sensorineural hearing function. Gap 

junctions are composed of integral membrane proteins, 

called connexins that oligomerize to form intercellular 

channels. Mutations in connexin genes can alter the 

function of the encoded protein in the inner ear, resulting 

in inherited SNHL (Smith et al. 2003). In the present 

study, we assessed the GJB2 mutations in patients from 

Eastern India with nonsyndromic hearing loss. 

 

MATERIALS AND METHODS 

Subjects and selection criteria  

The study protocol was reviewed and approved by the 

Ethical Committee of Ramakrishna Mission Seva 

Prathisthan, Kolkata, India. Seventy one families were 

enrolled in this study. The patients were attending the 

ENT Department of Ramakrishna Mission Seva 

Pratishthan Hospital. The age of the patients ranged from 

2 to 15 years. Parents with one or more affected children 

in each family. Written informed consent was obtained 

from all the parents of patients. Careful clinical 

examination was conducted to exclude patients with 

syndromic deafness and other associated anomalies. 

Only patients with a bilateral hearing disorder and 

congenital onset were included in the study.  

 

Total number of 2758 (from September 2013 to March 

2016) cases came to the ENT Department of 

Ramakrishna Mission Seva Pratishthan with their 

different hearing problem. Out of 2758 cases 77 cases 

were diagnosed as nonsyndromic hearing-loss (NSHL) 

patients. 

 

Pure-tone audiometry and speech audiometry were 

performed to determine the degree of hearing in both 

ears. This included air and bone conduction. All 

probands exhibited bilateral, severe to profound 

sensorineural hearing loss. Brainstem evoked response 

audiometry (BERA) testing was carried using clicks 

presented through Oticon BC vibrator. BERA was 

evaluated to confirm the hearing threshold and 

otoacoustic emission (OAE) was used to exclude patients 

with central auditory system injury, cochlear status, 

specifically hair cell function. Careful clinical 

examination was conducted to exclude patients with 

syndromic deafness and other associated anomalies. 

Only patients with a bilateral hearing disorder and 

congenital onset were included in the study. 

 

A detailed medical history and pedigree structure were 

obtained through personal interviews with the affected 

individuals families. The medical history included 

obstetric and perinatal data (whether the mother 

experienced H/O infection, diabetes or other infections, 

or was exposed to medication, drugs or any vaccinations 

during pregnancy) and information on area of origin, 

consanguinity, onset, course and duration of hearing loss, 

symmetry of the hearing impairment, history of chronic 

diseases such as middle ear infections, medical 

treatment, noise damage, trauma, cardiovascular, 

jaundice in early age, ototoxic agents, head trauma, fever 

and ear operations. 

 

Molecular analysis  
DNA extraction: Parents of the patient signed a free 

informed consent form. 3ml of venous blood was taken 

from the patients and controls in EDTA vials. DNA was 

extracted using the QIAamp DNA Blood Mini kit 

(Qiagen, Germany) according to the manufacturer's 

instructions. Purified DNA was run on 1% agarose gel. 

The quality and quantity of the DNA was determined 

spectrophotometrically. 

 

Polymerase chain reaction: Primer sets were designed to 

amplify the fragment containing the mutation (Table I) 

(Perea et al. 2007). Polymerase chain reaction (PCR) was 

performed in a final volume of 25μl, containing 2μl 

(30ng) of genomic DNA, 20μl PCR Master Mix 

(Applied Biosystems, USA), 1μl Taq polymerase, 1μl 

(10 pmol) of each primer. Amplification was carried out 

in a thermocycler (Applied Biosystems® 2720, United 

States). The amplification procedure for the 167delT 

mutation was: initial denaturation at 94˚C for 5 min, 

followed by 35 cycles at 94˚C for 1 min, 62˚C for 1 min 

and 72˚C for 1 min, and a final extension at 72˚C for 5 

min. The amplification products were loaded on a 2% 

agarose gel with 1X TBE running buffer and visualized 

using ethidium bromide fluorescence under ultraviolet 

light. The band size was determined using a 50-bp DNA 

ladder (Thermo Fisher Scientific, United States). 

 

Restriction fragment length polymorphism technique: 

Mutation was detected using PCR-restriction fragment 

length polymorphism (RFLP) (Sambrook et al. 1989). 

PCR products were digested using the restriction 

enzymes pst I. The total reaction volume contained 4 μl 

of the PCR product, 2μl of 10X buffer, 1μl of a pst I 
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enzyme, 0.2μl of BSA and 12.8 μl of nuclease-free 

water. The reaction mixture was incubated at 37˚C for 4 

hours. Digested PCR products (20μl) were added to 4 μl 

6X loading dye and loaded on a 2% agarose gel 

(Eurobio, France) and run at 100 V for 1 h. The product 

size was determined using a 50-bp DNA ladder (Thermo 

Fisher Scientific, United States). 

 

 

 

Table I: Details of PCR-RFLP of 167delT point mutations. 

 Primer sequencing 
Amplified 

fragment size (bp) 

Restriction 

enzyme 

Allele size (bp) 

Wild type Homozygous Heterozygous 

F1 5’GCTCACCGTCCTCTTCATTT3’ 
237 PstI 97+72+68 165+72 165+97+72+68 

R1 5'CTTCTTCTCATGTCTCCGGTA3' 

 

RESULTS 

This study investigated gene mutations associated with 

prelingual non-syndromic hearing loss in 77 cases and 30 

controls. Among the deaf patients, 48 were male and 29 

female. All had profound hearing loss. Screening for 

mutations in Cx26 was performed in 167delT in the deaf 

patients using restriction enzyme analysis of the PCR 

products. Detailed history of the patients and controls are 

presented in Table II. All samples were included for 

PCR. Twelve (15.58%) of 77 NSHL cases showed 

homozygous mutation for 167 delT, ten (12.99%) of 77 

NSHL cases showed heterozygous mutation and fifty 

five (71.43%) of 77 cases are wild type. For healthy 

individuals, all cases are wild type. Data for the patients 

and controls are presented in Table III. 

 

Table: II. Detailed history of NSHL patients 

II.1. Socioeconomic status  

 
*Poor- Upto Rs5000/- per month. 

 Average- Above Rs5000/- to below Rs20000/- per month. 

Good- Above Rs20000/- per month 

 

II. 2. Education of Mother (Literacy) 

 
*Primary- Upto Class IV. 
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 Secondary- Class V to Class X. 

 Higher Secondary- Class XI to Class XII 

 

II.3. Age of mothers and father of the NSHL patients 

  
 

II. 4. Origin of the families 

 
 

Table: III. Frequency of GJB2 gene mutations of NSHL patients and healthy control 

Age group 
No. of 

cases 

Homozygous 

mutation 

Heterozygous 

mutation 
Wild Type 

Male Female Male Female Male Female 

< 2 years 7 - 1 - - 4 2 

2 years – 4 years 38 5 3 4 2 16 8 

4 years – 6 years 12 1 1 1 - 5 4 

6 years – 8 years 6 - - - 1 3 2 

> 8 years 14 1 - 1 1 7 4 

Total 77 
7 

(09.09%) 

5 

(06.49%) 

6 

(07.79%) 

4 

(05.20%) 

35 

(45.46%) 

20 

(25.97%) 

 

 

Total number of Patients - 77 

o Bangladesh - 2 

o Bankura - 1 

o Bihar - 2 

o Bardhaman - 2 

o Hooghly - 4 

o Howrah - 6 

o Jalpaiguri - 1 

o Jharkhand - 1 

o Kolkata - 24 

o Malda - 1 

o Purba Medinipur - 3 

o Paschim Medinipur - 2 

o Murshidabad - 3 

o Nadia - 4 

o North 24 Parganas - 3 

o South 24 parganas - 17 

o Orissa - 1 
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DISCUSSION 

GJB2 gene encoding the protein connexin 26 has been 

revealed to underlie distinct forms of hearing impair-

ment, in particular autosomal recessive non-syndromic 

hearing impairment (ARNSHI) (Lerer I. et al. 2001). 

Mutations in connexin 26 are the most common cause of 

moderate-to-profound congenital inherited hearing 

impairment in various populations (Scott DA. et al. 

1998). Among the genotypic variants identified was 

167delT, which causes a frameshift mutation generating 

a premature stop codon and is reported to be more 

prevalent among Ashkenazi Jews, deletion of a thymine 

residue at position 167 (167delT) (Zadro C. et al. 2009), 

(Nance WE. et al. 2006). In this study, we investigated 

the association between 167delT mutation and non-

syndromic recessive hearing loss in Indian families. Our 

results revealed the frequency of the 167delT mutation 

among deaf patients. 167delT was homozygous in 12/77 

families (15.58%). This result was higher than that of 

previous studies in Jordanian (Dong J. et. al. 2001). This 

mutation was predominantly identified in Ashkenazi 

Jews and was attributed to a founder effect based on 

haplotype analysis. The carrier rate of this mutation in a 

control group of Ashkenazi Jews was 4.03%. The 

frequency of carriers of the 30delG and the 167delT 

mutation (totaling 4.76%) predicted a prevalence of 1 

deaf person among 1,765 persons, which may account 

for most cases of nonsyndromic recessive deafness in the 

Ashkenazi Jewish population (Morell et al. 1998).  

In Israel 75 hearing-impaired children and adults age at 

onset in the screened population was both prelingual and 

postlingual, with hearing loss ranging from moderate to 

profound. Almost 39% of all persons tested harbored 

GJB2 mutations, most of which were 35delG and 

167delT (121011.0010) mutation found Sobe et al. 

(2000). In our study, most of the families of NSHL cases 

who attended in this Hospital came from very poor 

socioeconomic status. This study reveals that literacy of 

the mothers having hearing loss patients had maximum 

of secondary education. Our study reveals that maximum 

numbers of patients were born to mother of age group of 

25-30 years. It is a referral hospital in West Bengal so 

maximum patients came from different areas of West 

Bengal.   

 

CONCLUSIONS 

Investigation of the cause of deafness is mandatory not 

only from the management point of view but also 

because parents want to know about the risk to 

subsequent children and also to future generation. 

Families of hearing-impaired children live closer to the 

poverty level and utilize some medical services with less 

frequency. Further identification of causal relationships 

between familial socioeconomic status and childhood 

hearing loss may help direct policy initiatives. 

 

The molecular diagnosis leads to accurate genetic 

counseling for family members and makes it possible to 

provide early rehabilitation for the children in affected 

families. These findings underline the importance of a 

genetic diagnosis that may clarify the etiology and 

provide early treatment for children and genetic 

counseling for their family members. 
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