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Abstract

Background: Nowadays, molecular genetic tests provide insights 
into the etiologic diagnosis of hearing loss (HL). Specific gene muta-
tions are known to cause sensorineural HL of early onset. Previously 
published studies showed the allelic heterogeneity of GJB2 gene as 
main genetic cause of isolated congenital HL. The aims of the present 
study were to provide an extended and updated spectrum of muta-
tions in GJB2 gene and to identify the most prevalent mutations in the 
Romanian population for testing prevention strategy in people with 
sensorineural HL of early onset.

Methods: To overcome our aims, we used clinical data from 125 un-
related persons with congenital HL and performed ARMS-PCR and 
DNA sequencing techniques for detection of known mutations or 
identification of mutations within GJB2 gene.

Results: The most prevalent mutation was c.35delG found in both 
homozygotic and heterozygotic forms. The second mutant allele was 
c.71G>A (p.W24X) found in homo- or heterozygotic forms as well, 
followed by c.-23+1G>A and c.380G>A (p.R127H) mutations with 
lower frequencies.

Conclusion: The study reveals the c.35delG mutation as having the 
highest prevalence, further highlights the genetic background of con-
genital HL in a local population, and supports improvement of genetic 
testing such as newborn and carrier screening on which to base ge-
netic counseling services.

Keywords: GJB2 gene sequencing; Congenital hearing loss etiology; 
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Introduction

Hearing loss (HL) is one of the most common health problems 
worldwide that affects a large number of people of all age groups 
and both genders (http://www.who.int/mediacentre/factsheets/
fs300/en/, accessed January 21, 2015). In society, deaf or hard 
of hearing persons can function well with the help of new tech-
nology, hearing aids, and cochlear implants [1] if they get prop-
er diagnosis and early intervention based on a comprehensive 
HL evaluation. Non-syndromic HL and deafness is character-
ized by childhood onset, progressive, moderate-to-severe, high-
frequency sensorineural hearing impairment. The audioprofile 
may vary significantly, even among family members. Affected 
individuals have no other associated medical findings [2]. At the 
moment, molecular genetic testing is part of such evaluation de-
tecting specific mutations involved in sensorineural HL of early 
onset. The c.35delG mutation in the GJB2 gene, which encodes 
connexin 26, has been reported to be the most prevalent GJB2 
mutation among Caucasians. Connexin 26 is expressed with 
connexin 30 (encoded by the GJB6 gene) in the inner ear. Two 
deletions in the GJB6 gene, namely del(GJB6-D13S1830) en-
compassing 309 kb [3-5] and del(GJB6-D13S1854) spanning 
232 kb, have been shown to be a common cause of HL as well. 
The findings of our previous work indicated no detection of de-
letions in the GJB6 gene in Romanian population [6] and sug-
gested exclusion of GJB6 gene from the present study.

So, previously published study [7] about the c.35delG car-
rier rate in the Romanian population (estimated to be 3.14%), 
the literature data about ethnic or geographic distribution and 
genetic epidemiology of the GJB2 gene and the incidence of 
congenital HL in Romania (estimated to be 0.93 per 1,000 live 
births) designed our study. It is known that many different mu-
tations of the GJB2 gene are capable of altering structure or 
function of connexin 26 protein. The aims of the present study 
were to provide an extended and updated mutational spectrum 
in GJB2 gene and to identify the most prevalent mutations in 
the Romanian population for first-line genetic screening tests.

Methods

Clinical findings

We tested 125 unrelated children clinically diagnosed with 
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HL, with an unremarkable family history, from all geographic 
regions of Romania. The children were ranging in age from 1 
to 13 years (at the moment of the study) and presented bilateral 
HL from mild to profound forms. Written informed consent 
was obtained from all the parents of minors.

The otolaryngologists working in different medical cent-
ers from all over the country performed medical interviews 
and physical examinations. The subjects were referred to our 
laboratory since genetic testing could be used to determine (or 
attempt to determine) the cause of their sensorineural HL. Ge-
netic counseling was offered (by a genetic professional) to all 
the families and more than half of all parents had a good under-
standing of genetics of HL.

The sample selection was consecutive and all available 
patients were included in order to obtain a better representa-
tion of the entire Romanian population.

Inclusion criteria were: 1) time/age of onset: congeni-
tal - prelingual (before the acquisition of speech); 2) clinical 
presentation: non-syndromic HL/no related medical findings; 
3) type of HL: sensorineural; 4) prognosis: stable/progressive 
HL; 5) both ears affected; 6) sporadic case in his/her family; 
and 7) persons with unaffected parents.

Exclusion criteria were: 1) syndromic HL; and 2) congeni-
tal HL caused by infections.

The period of study took place between June 2012 and 
February 2014.

Genomic DNA was extracted from peripheral blood cells 
with QIAmp DNA Blood Mini Kit (QIAGEN).

ARMS-PCR

To detect c.35delG GJB2 gene mutation, we used ARMS-PCR. 

The two PCR assays using either the normal or mutant primer 
along with the common primer proposed by Scott et al (1998) 
for the GJB2 gene detect the presence of the normal or mutant 
allele, with the corresponding amplicon size at 202 pb [8]. We 
introduced β-actin (294 pb) as an internal control to monitor 
efficiency of both reactions (Fig. 1) [6].

DNA sequencing

The entire coding exon 2 of GJB2 gene was amplified using 
the three primer sets and PCR conditions described by Mka-
ouar-Rebai et al (2007) [9]. The expected sizes of the ampli-
fication products were 286, 279 and 279 bp, respectively. The 
PCR was performed in a final volume of 50 µL containing 
200 ng genomic DNA, 10 pmol each primer, 1 × PCR buffer, 
1.5 mM MgCl2, 0.2 mM dNTP and 3 U Taq DNA polymerase 
(Promega).

The non-coding exon 1 was amplified using the primer 
set described by Ferraris et al (2002) [10]: 5’-TCC GTA ACT 
TTC CCA TGTC-3’ and 5’-CTC TGG GTC TCG CGG TC-3’.

The amplicon includes the region of the exon 1 where 
is located the splice sites mutations c.-23+1 G>A originally 
named IVS1+1 G→A. PCR was performed in 50 µL reactions 
containing 200 ng genomic DNA, 10 pmol each primer, 1 × 
PCR buffer, 1.5 mM MgCl2, 0.2 mM each dNTP, and 3 U Taq 
DNA polymerase (Promega). PCR was carried out using the 
following program: initial denaturation at 95 °C for 5 min, five 
touchdown cycles of denaturation at 94 °C for 1 min, anneal-
ing for 50 s at 63 °C for the first cycle and 1 °C reduction per 
cycle, extension 1 min at 72 °C, and then 40 cycles of dena-
turation at 94 °C for 1 min, annealing at 59 °C for 50 s and 
extension at 72 °C for 1 min. Final extension was at 72 °C for 7 

Figure 1. Detection of c.35delG mutation. (A) PCR amplification of DNA using normal and common primers for GJB2 and β-actin 
primers. (B) PCR amplification of DNA using mutant and common primers for GJB2 and β-actin primers. Lane A01: pUC18/
HaeIII marker; lane A02: homozygous 35delG positive control; lane A03: heterozygous c.35delG positive control; lanes A04 to 
A06: wild type DNA samples; lane A07: homozygous c.35delG DNA sample; lane A08: wild type DNA sample; lanes A09 to A10: 
heterozygous c.35delG DNA samples; lane A11: homozygous c.35delG DNA sample; lane A12: negative control (a sample to 
which no DNA was added during the PCR). 
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min. The PCR reactions were performed on a GeneAmp PCR 
System 9700 thermal cycler (Applied Biosystem). After puri-
fication of the PCR product (Wizard SV Gel and PCR Clean-
up System, Promega), bi-directional DNA sequencing with 
the PCR primers on CEQ8800 Genetic Analyzer (Beckman 
Coulter) was performed. The blast homology searches were 
performed using the programs available at the UCSC Genome 
Bioinformatics Website compared with the wild type GJB2 
gene sequence.

Ethical approval

The Research Ethics Committee of the Carol Davila Universi-
ty of Medicine and Pharmacy reviewed and approved the study 
protocol (CERO - CAREER PROFILE: ROMANIAN RE-
SEARCHER, POSDRU/159/1.5/S/135760), which conformed 
to the ethical guidelines of the Declaration of Helsinki, on the 
principles for medical research involving human subjects.

Results

Using ARMS we analyzed all 125 DNA samples and detected 
46 children homozygous for c.35del mutation. Forty-two ho-
mozygous children for c.35delG mutation presented profound 
bilateral HL, two had severe, one moderate and one mild im-
pairment according to clinical data (Table 1). The results show 
the c.35delG mutation to be present in the homozygous state 
(46/125 or 36.8%) and heterozygous state (11/125 or 8.8%) 
as well. GJB2 gene sequencing was used to analyze the re-
maining 79 DNA samples including the 68 children who were 
previously detected negative for the c.35delG mutation and 
the 11 children found heterozygous for the c.35delG mutation. 
Both the coding region of exon 2 and the region of splice site 
of non-coding exon 1 of the GJB2 gene were sequenced (Fig. 
2). After sequencing of the GJB2 gene we found the c.71G>A 
(p.W24X), c.-23+1G>A and c.380G>A (p.R127H) mutations. 
All results are presented in Table 2.

Discussion

GJB2 is the most widely sequenced HL gene and over 100 
mutations of this gene are associated with HL. In addition, our 
data re-confirm presence of p.W24X (c.71G>A) mutation in 
Romanian population. This mutation was also found in North-

Table 1.  Clinical Manifestations of the c.35delG Homozygous 
Individuals With HL

No. of cases 
(N = 46) Age of onset Degree of hearing 

impairment Prognosis

42 Prelingual Profound Stable
2 Prelingual Severe Stable
1 Prelingual Moderate Stable
1 Prelingual Mild Stable

Figure 2. Sequences of GJB2 gene fragments of patients (A-D). Se-
quencing with forward (left) and reverse (right) primers. Mutations are 
highlighted with arrows. 
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West Romania with a frequency rate of 5.3% among the chil-
dren with non-syndromic hearing loss (NSHL) [11]. The mu-
tation was first described in two Pakistani families [12]. Other 
studies show a high frequency of p.W24X mutation in several 
Asian families [13, 14]. This mutation was also found to be a 
common allele in Spanish Romany populations as well [15]. 
The p.W24X mutation was also identified in Slovak Romany 
families [16].

Most patients found homozygous for the c.35delG or 
p.W24X mutations and compound heterozygous for c.35delG/
W24X mutations presented profound forms of HL (Table 1, 
2). The c.35delG and p.W24X are known as truncating mu-
tations. The c.35delG mutation, also known as 30delG, is 
predicted to inactivate connexin 26. The single base deletion 
within a stretch of six Gs between position +30 and +35 re-
sults in a frameshift leading to a UGA stop codon, two resi-
dues downstream (codon 13) and premature termination of 
the connexin 26 synthesis at the 12th amino acid [17]. The 
c.71G>A (p.W24X) mutation is a nonsense mutation consist-
ing of a G-to-A transition at position 71, resulting in a trp24-
to-ter substitution (24 amino acids instead of 226 amino acid). 
In a homozygous state, no functional monomers are present in 
the cells [12]. However, within the group of patients with a ho-
mozygous c.35delG genotype variations were observed with 
the HL ranging from mild or moderate (least often) to severe 
and profound (most frequent). This phenotypic variation was 
explained by the influence of modifier genes and/or environ-
mental factors that lead to incomplete penetrance and variable 
expression [18, 19]. Other studies consider that the phenotypic 
variation may be caused by a smaller effect of different inter-
acting genes [20].

One relevant finding is the existence of c.-23+1G>A (a 
splice-site mutation in the non-coding exon 1 of Cx26 at posi-
tion -3172) among hearing impaired Romanian children. The 
allele frequency was found between 1% and 9.4% for GJB2 
mutations among the Asian and Brazilian populations [21-23] 
and much higher in the Hungarian and Czech populations, 
around 23.4% and 45%, respectively [24, 25]. This mutation 
is predicted to disrupt splicing, yielding no detectable mRNA 
[26] and is consistent with our data given that both patients 
presented profound bilateral hearing impairment.

We also identified a heterozygous p.R127H (c.380G>A) 
mutation in two children with mild HL without any additional 
mutations in GJB2. This mutation consisting of a G to A sub-
stitution at position 380, codon 127, leads to the replacement 

of an arginine with a histidine. The mutation was previously 
described in hearing impaired patients as the sole mutation in 
GJB2 gene, affecting a residue that is not highly conserved 
suggesting nonpathogenic nature of this mutation [27, 28]. 
This mutation is considered as a polymorphism in some stud-
ies [29-33], while in other studies is considered to affect func-
tion of gap junction channels at different levels of protein ex-
pression [27, 34, 35].

Analysis of the GJB2 gene in a total of 125 HL cases re-
vealed that 46.4% of hearing impaired children did not have 
any mutation in the GJB2 gene. At this time, genetic tests for 
most common mutations associated with HL are available. We 
should analyze additional genes responsible for recessive HL 
other than DFNB1 (GJB2 and GJB6) in the negative patients 
in the future.

Conclusions

In summary, variants of the GJB2 gene of known clinical sig-
nificance were found in Romanians with congenital NSHL. 
The most prevalent mutation is c.35delG, similarly to other 
European populations. The patterns of associated alleles have 
different frequencies compared with neighboring countries and 
characterize the genetic background of Romanian population.

The results have also biomedical implications. The genetic 
testing and counseling integrated into clinical care reduce the 
need to perform further clinical tests for congenital HL. Allelic 
heterogeneity of GJB2 gene is important for medical genetics 
services because it applies to NSHL as a Mendelian disorder 
and defines new guidelines for clinical practice as well. Due to 
the allelic heterogeneity [36], there are a large number of nor-
mal hearing heterozygotes (carrier screening) but identification 
of prevalent mutations allows for prenatal and family-specific 
carrier screening. Genetic counseling should be offered in case 
of marriages between individuals with GJB2 mutations in their 
families as an opportunity for prevention.
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Table 2.  List of Identified Mutations After the Sequencing of the GJB2 Identified in the Hearing Impaired Romanian Children

Genotype State No. of cases (N = 21) Mode of inheritance Deafness degree
W24X/W24X Homozygote 3 SP; AR Profound
W24X /? Heterozygote 2 SP; AR Severe
-23+1G>A/- 23+1G>A Homozygote 3 SP; AR Profound
R127H/? Heterozygote 2 SP; AR Mild
35delG/W24X Compound heterozygote 6 SP; AR Profound
35delG/? Heterozygote 5 SP; AR Profound

?: unidentified responsible gene for recessive HL other than DFNB1 (GJB2 and GJB6); SP: sporadic case; AR: autosomal recessive.
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