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ABSTRACT:   Introduction. GJB2 mutations are the most frequent reason of genetic congenital hearing loss. The aim of the study 
was to assess the prevalence of GJB2 mutations in the deaf and profound hearing loss children.

  Material and methods. The material of the study was a group of 61 patients divided into two groups. Group I – 
35 deaf or with profound sensorineural hearing loss children (the pupils of the deaf and hard of hearing school), 
aged 5–17 years (average 9,2 years), 14 males, 21 females, II – control group comprised 26 normal hearing pa-
tients, aged 5–16 years (average 10,4 years), 14 males, 12 females (patients of Department of Pediatric Otolaryn-
gology, Audiology and Phoniatrics, Medical University of Lodz). In both groups, exon 2 sequencing of GJB2 gene 
was performed. 

  Results. In group I, in 6 patients (17%) 35delG in GJB2 gene was found. The patients were homozygotes, with negative family 
history of hearing loss. No other mutations in GJB2 gene were found. In group II no mutations in GJB2 were observed. 

  Conclusions. The most frequent cause of hearing impairment in the deaf and profound sensorineural hearing loss 
children was 35delG mutation in GJB2 gene. No other mutations in GJB2 gene were detected. 
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INTRODUCTION

Sensorineural hearing loss is the most common deficit of the 
sensory system. It is estimated that deafness or profound hearing 
loss can be observed in 1–3 per 1000 births. Approximately 50% 
of cases of prelingual hearing loss has a genetic background. 

The GJB2 gene, encoding connexin 26, located on chromoso-
me 13q11 was the first identified gene responsible for isolated, 
autosomal recessive hearing loss (DFNB1). Mutations in this 
gene are the most common cause of congenital hearing loss 
with a genetic background. Other cases in this group of deaf-
ness include for example environmental factors such as viral, 
bacterial infections, ototoxic substances and traumas, inclu-
ding acoustic ones. 

The DFNB1 locus was described for the first time in 1994, and 
first mutations in this locus were observed in 1997. [1,2]. This 

locus contains two genes – GJB2 and GJB6, encoding conne-
xin 26 and connexin 30, respectively. Connexins are gap junc-
tion components, they are present in the cell membranes of 
the epithelial cells and connective tissue of the cochlea, and 
are responsible for maintaining an electric potential in the co-
chlea. Gap junctions are used to exchange neurotransmitters, 
metabolites and to transport potassium ions.

In a typical situation, GJB2 mutations are inherited in an au-
tosomal recessive pattern; however, there have been reported 
forms with a dominant pattern of inheritance (DFNA3), non-
-syndromic [3,4] or associated with skin lesions in the course 
of genetic conditions combined with deafness [5,6]. 

Pampanos et al. report pseudodominant inheritance of deafness 
in relation to a high rate of homozygotes for the 35delG muta-
tion [7]. Including polymorphisms, there are known more than 
300 mutations in the GJB2 gene, leading to perceptive hearing 
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loss [8]. Some of them are observed more often in various po-
pulations, for example the 35delG mutation (guanine deletion 
at position 35) in the Caucasian population [9,10], 235delC in 
the Asian population [11], 167delT in the Jewish population 
[12,13], p. Trp24 in the population of India, Bangladesh, Slo-
venia and in the Romani people [14–17].

The paper aimed to assess the incidence of mutations in the 
connexin 26 gene in a group of deaf children or children with 
profound sensorineural hearing loss.

MATERIAL AND METHODS

Tests were performed in 61 patients who were divided into two 
groups: 1 – study group – 35 children with deafness or significant 
perceptive hearing loss (pupils of the Deaf and Hard of Hearing 
School No. 4 in Łódź), aged 5–17 years (mean 9.2 years), including 
14 boys and 21 girls, 2 – control group – 26 patients with normal 
hearing, aged 5–16 years (mean 10.4 years), including 14 boys 
and 12 girls (patients of the Pediatric Department of Otolaryn-
gology, Audiology and Phoniatrics, Medical University of Lodz). 

Prior to the study, children’s legal guardians filled in a qu-
estionnaire with questions regarding hearing loss in a given 
child and in their family, as well as any risk factors for he-
aring loss in the past. When a legal guardian signed an in-
formed consent form regarding participation in the study 
approximately 3 mL of blood were collected into a tube with 
EDTA. DNA was isolated from 200 µL of blood using the 
GeneMATRIX Quick Blood DNA Purification Kit (EurX), 
according to the manufacturer’s guidelines. The levels and 
quality of DNA obtained were assessed spectrophotome-
trically (Picodrop). The exon 2 of the GJB2 gene was sequ-
enced. The analysis was performed in a cycler using a set of 
reagents, BigDye® Terminator v1.1 by Applied Biosystems 
(Life Technologies). Products of a sequencing reaction were 
separated in a capillary sequencer 3130xl Genetic Analyzer. 
Starters used for the reaction of GJB2 sequencing based on 
Denoyelle et al. (1997): 

GJB2F 5’-TCTTTTCCAGAGCAAACCGCC-3’, GJB2R 5’- 
TGAGCACGGGTTGCCTCATC-3’,

GJB2iF: 5’- GACACGAAGATCAGCTGCAG-3’, GJB2iR 
5’-CCAGGCTGCAAGAACGTGTG-3’.

Sequencing conditions according to a protocol by Applied Bio-
systems – GeneAmp PCR System 9700 (initial denaturation 
– 96°C – 1 minute, 25 cycles: 96°C – 10 seconds, 50°C – 5 se-
conds, 60°C – 4 minutes).

The Bioethics Committee at the Medical University of Lodz 
approved the study (RNN/292/15/KE).

STUDY RESULTS

As a result of sequencing of exon 2 of the GJB2 gene, a muta-
tion 35delG was observed in 6 cases in group 1 (17%). Cases 
included homozygous patients from families with normal he-
aring. In this group no other mutations were detected. 

Sequencing excluded mutations of exon 2 of the GJB2 gene in 
group 2 (control group). 

In group 1, a risk factor for hearing loss was observed in 6 sub-
jects (17%). In 4 cases (11%) these factors included treatment 
with aminoglycosides (it coexisted, as a risk factor for hearing 
loss, with the 35delG mutation in 2 cases), in 1 case (3%) – low 
birth weight below 1500 mg, and in 1 case (3%) – head trauma. 

In group 2 (control group) there were 2 cases where a risk factor 
for hearing loss was identified – in 1 case (4%) a child had had a 
head trauma with loss of consciousness, and in one case (4%) a 
mother had had cytomegalovirus infection during pregnancy. 

DISCUSSION

A group of patients with hearing loss with a genetic backgro-
und is extremely heterogeneous. More than 150 loci and more 
than 100 genes are known that are responsible for such types 
of hearing loss. Genetically conditioned prelingual deafness 
is usually associated with a mutation in the connexin 26 gene. 
The majority of such hearing loss cases are detected during 
hearing screening tests in newborns; however, there are rare 
cases of delayed or progressive sensorineural hearing loss [18]. 

Norris et al. [19] reported cases of delayed deafness in children 
with normal results of hearing screening tests in newborns in 
whom a mutation in the GJB2 gene was later found. 

The incidence of mutations in the connexin 26 gene in Euro-
pe varies. According to the literature, it is the highest in the 
south, in the Mediterranean countries, and the lowest in the 
north [20,21]. Polish studies report that the reason for conge-
nital deafness is genetically conditioned deafness (associated 
with the GJB2 mutation) in 40% of cases [22,23]. 

In the study group the result was lower (17%), and it may be 
associated with a low study sample or imprecise genetic te-
sting. Due to a relatively high incidence of mutations in the 
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GJB2 and GJB6 genes in the European population and in the 
USA (a few percent of the whole population) some countries 
even perform screening tests for this abnormality [9, 19, 24]. 

The European Molecular Genetics Quality Network pre-
sents their recommendations on the diagnostic tests for ge-
netically conditioned hearing loss [25]. However, this report 
does not recommend tests for single point mutations, such 
as 35delG. The authors indicate that screening tests for the 
most common genetic abnormalities are necessary, and in 
case of negative results they recommend sequencing of exon 
2, analysis of 5’ and 3’ ends of intron 1 and search for dele-
tions in GJB6. Additionally, if at least one point mutation in 
the GJB2 gene has been diagnosed it is recommended to se-
arch for deletions in GJB6. 

The 35delG mutation results in the reading frame shift, na-
mely early completion of protein translation. Consequently, 
patients homozygous for this mutation demonstrate hearing 
loss (mild to profound) whereas heterozygotes may have nor-
mal hearing [26, 27]. 

Burke et al. and Kim et al. demonstrated an increased rate of 
heterozygotes (monoallelic mutations) in a group with senso-
rineural hearing loss compared to a control group with nor-
mal hearing [28,29].

In mice, reduced expression of connexin 26 18 days after birth 
resulted in an increased susceptibility of the normal organ 
of Corti to acoustic traumas and degenerative lesions [30]. 
Studies by Van Eyken et al. in human patients indicate a lack 
of a correlation between the GJB2 mutations and increased 
susceptibility to acoustic traumas or ageing of the auditory 
system [31]. However, A1555G mutations of the 12s rRNA 
mitochondrial subunit demonstrate such a correlation as 
they increase the susceptibility to ototoxic injuries caused 
by aminoglycosides [32]. 

Within recent years the availability and popularity of genetic 
screening tests for congenital hearing loss have increased. Scre-
ening tests for the most common mutations in the GJB2, GJB6, 
SLC26A4, and OTOF genes are performed [33]. Consequences 
of detailed diagnostic genetic tests include more extensive ge-
netic counselling in order to predict future hearing loss in the 
offspring. This, on the other hand, results in the use of various 
therapeutic options (early use of hearing aids, cochlear implants) 
to create conditions for normal development of speech. Dia-
gnostic genetic tests for hearing loss associated with the GJB2 
mutation are also used in prenatal tests and in preimplantation 
tests performed prior to in vitro fertilisation [34, 35]. 

Thanks to genetic engineering it is possible to start genetic 
therapy in cases of genetically conditioned hearing loss (for 
example, viral vectors replacing copies of a damaged gene in 
the inner ear). In animal studies improved hearing was obse-
rved after administration of adenovirus with the SLC17A8 gene 
into the cochlea in mice. In other studies the administration of 
the ATOH1 gene (a gene encoding one of transcription factors) 
in mice made it possible for the auditory cells in the cochlea to 
develop and regenerate [36, 37].

Despite great opportunities made available by genetic therapy, 
Cooke-Hubley and Middelton draw attention to negative atti-
tudes of the population of the deaf to diagnostic genetic tests 
for hearing loss and genetic counselling [38]. 

CONCLUSIONS

The 35delG mutation of the GJB2 gene was the most common cau-
se of genetically conditioned hearing loss in the population of deaf 
children and children with profound sensorineural hearing loss. 

In the study population no other mutations in the GJB2 gene 
were detected. 
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