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Letter to the Editor

Detection of the GJB2 gene mutations in two 
children with hearing impairment

DOI: 10.1515/rrlm-2015-0047

To the Editor: 

Hearing loss is the most common sensory 
disorder worldwide. One in 500-650 newborns 
has permanent bilateral deafness (1). Epidemio-
logical studies have shown that 50-60% of deaf-
ness cases have genetic causes and the mutations 
at the nonsyndromic hearing loss and deafness 
locus 1 (DFNB1) account for over half of au-
tosomal recessive nonsyndromic hearing loss 
(ARNSHL) cases (2). DFNB1 locus is mapped 
to chromosome 13q11-q12 and contains two 
genes - Gap Junction Protein, Beta 2, 26kDa 
(GJB2) and Gap Junction Protein, Beta 6, 30kDa 
(GJB6) (3). 

The 35delG mutation in the GJB2 gene, 
which encodes connexin 26, is considered to 
be the most common genetic deficiency in Cau-
casians. This mutation is estimated to be about 
14,000 years old, with a Greek origin (4), age 
that explains the spread of the mutation in Eu-
rope from the Mediterranean coast to Italy and 
Spain, and then to the Danube and Rhine valleys 
to northern Europe (5).

It is estimated that 10-42% of persons with 
GJB2 mutations have one mutant allele, with a 
second mutation in the GJB6 gene, which en-
codes the connexin 30. Two deletions in the 
GJB6 gene, del(GJB6-D13S1830) – encompass-
ing 309 kb and del(GJB6-D13S1854) – spanning 
232 kb have been shown to be a common cause 
of hearing loss. Haplotype analysis showed a 
common founder for the del(GJB6-D13S1854) 
mutation in Spain, Italy, and United Kingdom, 
while for the mutation del(GJB6-D13S1830) it 

indicated a founder effect in Ashkenazy Jews 
(6). Findings in our previous works indicate no 
detection of deletions in the GJB6 gene and sug-
gested that these deletions are not significant for 
Romanian population.

Considering all these aspects and based on 
our previously published study (7), where we 
found a carrier rate for 35delG GJB2 of ~3.14% 
in Romanian population, we investigated two 
children with prelingual nonsyndromic hearing 
loss for GJB2 gene mutations, to elucidate the 
respective causative genetic mechanism.

We investigated two pediatric patients - a 
male aged 3 and a female aged 4 years old - clin-
ically diagnosed with hearing loss, referred to 
our laboratory for genetic testing. Both children 
presented congenital sensorineural prelingual, 
stable, bilateral, and profound nonsyndromic 
deafness. Congenital hearing loss caused by in-
fections was excluded. Their parents had normal 
hearing and no familial history of deafness was 
identified. All parents signed an informed con-
sent. Genetic counseling was offered to the par-
ents. 

Blood specimens were collected on EDTA 
vacutainers. DNA extraction from peripheral 
blood cells was performed using the QIAamp 
DNA Blood Mini Kit (Qiagen).

To detect the c.35delG GJB2 gene mutation, 
we performed Amplification-Refractory Muta-
tion System (ARMS) analysis using the primers 
described by Scott et al (8). β-actin was intro-
duced as an internal control of PCR (Polymerase 
Chain Reaction) reactions. 200 ng genomic DNA 
was amplified following the PCR conditions de-
scribed in our previously study (7).

The coding exon 2 of the GJB2 gene was 
amplified using the three primer sets and PCR 
conditions described by Mkaour et al. (9). The 
expected size of the amplification products were 
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286 bp, 279 bp and respectively 279 bp. The 
PCR reaction was performed in a final volume of 
50 µl, containing 200 ng genomic DNA, 10 pmol 
each primer, 1X PCR buffer, 1.5 mM MgCl2, 
0.2 mM dNTP and 3 U Taq DNA polymerase 
(Promega).

The non-coding exon 1 was amplified us-
ing the primer set described by Ferraris et al. 
(10). The amplicon includes the region where 
the splice site mutation c.-23+1 G>A is located. 
The reaction was performed in 50 µl reactions, 
containing 200 ng genomic DNA, 10 pmol each 
primer, 1X PCR buffer, 1.5 mM MgCl2, 0.2 mM 
dNTP, 3 U Taq DNA polymerase (Promega). 
The PCR program consisted in an initial denatur-
ation at 95°C for 5 min, five touchdown cycles of 
denaturation at 94°C for 1 min, annealing for 50 
sec at 63°C for the first cycle and 1°C reduction 
per cycle, extension 1 min at 72°C, and then 40 
cycles of denaturation at 94°C for 1 min, anneal-
ing at 59°C for 50 sec, and extension at 72°C for 
1 min. Final extension was at 72°C for 7 min. 

The PCR reactions were performed on the 
GeneAmp PCR System 9700 thermal cycler 
(Applied Biosystem). After the PCR products 
purification (Wizard SV Gel and PCR Clean-
up System, Promega), bi-directional DNA se-
quencing with the PCR primers on CEQ8800 
Genetic Analyzer (Beckman Coulter) was per-
formed. 

The UCSC Genome Bioinformatics Website 
was used for the blast homology searches.

Based on the clinical data and patient history, 
we established that both children were sporadic 
cases and expressed DFNB1 phenotype. There-
fore, we investigated both children for 35delG 
GJB2 mutation.

The ARMS-PCR detected the presence of 
one normal and one mutant allele in the male 
child (heterozygosity for 35delG mutation) and 
two normal alleles in the female child (Figure 
1 - A, B). Since c.35delG mutation is recessive 
and the boy was heterozygous, and since the girl 

did not present this mutation, GJB2 gene was se-
quenced in both children. 

DNA sequencing revealed the presence of 
the c.71G>A (p.W24X) heterozygous mutation 
in the male child (Figure 1C). We concluded that 
the child was compound heterozygous for the 
c.35delG/c.71G>A mutations at DFNB1 locus. 
GJB2 gene sequencing in his parents established 
that his mother was healthy carrier for c.35delG 
mutation and his father was healthy carrier for 
c.71G>A mutation.

GJB2 gene sequencing in the female child 
showed the presence of the recessive mutation 
c.-23+1G>A (originally named IVS1+1G>A) in 
a homozygous form. This mutation is also locat-
ed at DFNB1 locus and consists in a G-to-A tran-
sition (Figure 1D). Her parents were therefore 
healthy carriers for the c.-23+1G>A mutation.

Genetic counseling was offered to their par-
ents regarding the appropriate intervention for 
language development (auditory prosthesis, co-
chlear implant, speech therapy practice), thus 
increasing the chances of recovery of hearing in 
their children. Also, the parents were counseled 
regarding the recurrence risk in future pregnan-
cies.

Our study revealed that the hearing impair-
ment of both children was caused by mutations 
in the GJB2 gene. One of children was com-
pound heterozygous for the c.35delG/c.71G>A 
mutations and the other was homozygous for the 
c.-23+1G>A mutation.

The c.35delG and c.71G>A (p.W24X) GJB2 
recessive mutations mostly lead to profound bi-
lateral hearing loss. c.35delG and c.71G>A are 
known as truncating mutations, with no func-
tional monomers of connexin 26 present in 
cells. In the 35delG mutation, one residue from 
a sequence of six guanines between +30 and 
+35 positions is deleted, resulting in a frame-
shift and premature termination of the connexin 
26 synthesis at the twelfth amino acid (11, 12). 
c.71G>A is a nonsense mutation which consists 
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in a G-to-A transition at position 71, resulting in 
a trp24-to-ter substitution (24 amino acids in-
stead 226 amino acids) (12). c.-23+1G>A (origi-
nally named IVS1+1G>A) recessive mutation is 
located in the intron donor splice site and, is pre-
dicted to disrupt splicing, yielding no detectable 
mRNA (13). These aspects are consistent with 
the phenotypes of our patients.

Mutations in the GJB2 gene cause up to 50% 
of ARNSHL in Caucasian population and over 
90 mutations have been identified. The c.35delG 
mutation is the most frequent pathogenic vari-
ant in Europeans and accounts for about 85% of 
all GJB2 gene mutations. The c.71G>A and c.-
23+1G>A mutations also were found in Cauca-
sian population but at a lower rate (14).

In summary, genetic prenatal and neona-
tal screening of GJB2 gene could lead to better 
chances of early diagnosis, taking into account 
that audiological testing is estimated to show a 
non-penetrance of 3.8% at birth. (15). In most 
cases, parents observe their child’s disability too 
late for appropriate intervention (early manage-
ment with hearing aids or cochlear implants, an 
early start on special education programs and 
use of assistive, adaptive, and rehabilitative de-
vices), thereby reducing substantially the chanc-
es of recovery, including the development of 
language and, ultimately, of social integration. 
Molecular diagnosis could clarify the carrier sta-
tus of the parents. Genetic counseling should be 
offered in case of marriages between individuals 
with GJB2 mutations in their families, as an op-
portunity for the identification of recurrence risk 
in future pregnancies.

Cristina Dragomir1*, Adriana Ionescu  
Ionescu1, Lorand Savu1, Emilia Severin2

1. Genetic Lab, Bucharest, Romania
2. Carol Davila University of Medicine and 
Pharmacy, Bucharest, Romania 
* Corresponding author: Cristina Dragomir, 
email: c_drag@yahoo.com

Acknowledgements

This work received financial support through 
the project entitled “CERO – Career profile: 
Romanian Researcher”, grant number POS-
DRU/159/1.5/S/135760, cofinanced by the Eu-
ropean Social Fund for Sectoral Operational 
Programme Human Resources Development 
2007-2013.

The authors wish to thank Dr. Andreea Cris-
tina Tutulan-Cunita for critically revising the 
manuscript.

Abbreviations

ARMS - Amplification-Refractory Mutation 
System
ARNSHL - Autosomal Recessive Nonsyndrom-
ic Hearing Loss 
DFNB1 - Nonsyndromic Hearing Loss and 
Deafness 
GJB 2 - Gap Junction Protein, Beta 2, 26kDa 
GJB 6 - Gap Junction Protein, Beta 6, 30kDa
PCR - Polymerase Chain Reaction

Received: 15th March 2015; Accepted: 1st De-
cember 2015; Published: 14th December 2015

References
1.	 Hilgert N, Huentelman MJ, Thorburn AQ, Fransen E, 

Dieltjens N, Mueller-Malesinska M, et al. Forty-six 
genes causing nonsyndromic hearing impairment: 
which ones should be analyzed in DNA diagnostics? 
Mutat Res. 2009 Mar-Jun;681(2-3):189-96. DOI: 
10.1016/j.mrrev.2008.08.002

2.	 Mahdieh N, Rabbani B, Wiley S, Akbari MT, Zeinali S. 
Genetic causes of nonsyndromic hearing loss in Iran in 
comparison with other populations. J Hum Genet. 2010 
Oct;55(10):639-48 DOI: 10.1038/jhg.2010.96

3.	 Guilford P, Ben Arab S, Blanchard S, Levilliers J, Weis-
senbach J, Belkahia A, et al. A non-syndrome form of 
neurosensory, recessive deafness maps to the pericen-
tromeric region of chromosome 13q. Nat Genet. 1994 
Jan;6(1):24-8. DOI: 10.1038/ng0194-24

http://dx.doi.org/10.1016/j.mrrev.2008.08.002
http://dx.doi.org/10.1016/j.mrrev.2008.08.002
http://dx.doi.org/10.1038/jhg.2010.96
http://dx.doi.org/10.1038/ng0194-24


Revista Română de Medicină de Laborator Vol. 23, Nr. 4, Decembrie, 2015 499

4.	 Kokotas H, Grigoriadou M, Villamar M, Giannou-
lia-Karantana A, del Castillo I, Petersen MB. Hypoth-
esizing an ancient Greek origin of the GJB2 35delG 
mutation: can science meet history? Genet Test Mol 
Biomarkers. 2010 Apr; 14(2):183-7. DOI: 10.1089/
gtmb.2009.0146

5.	 Van Laer L, Coucke P, Mueller RF, Caethoven G, 
Flothmann K, Prasad SD, et al. A common founder for 
the 35delG GJB2 gene mutation in connexin 26 hearing 
impairment. J Med Genet. 2001 Aug;38(8):515-8. DOI: 
10.1136/jmg.38.8.515

6.	 Del Castillo FJ, Rodrigues-Ballesteros M, Alvarez A, 
Hutchin T, Leonardi E, de Oliveira CA, et al. A nov-
el deletion involving the connexin-30 gene, del(G-
JB6-d13s1854), found in trans with mutations in the 
GJB2 gene (connexin-26) in subjects with DFNB1 
non-syndromic hearing impairment. J Med Genet. 2005 
Jul;42(7):588-94. DOI: 10.1136/jmg.2004.028324

7.	 Dragomir C, Stan A, Stefanescu DT, Savu L, Sev-
erin E. Prenatal screening for the 35delG GJB2, del 
(GJB6-D13S1830), and del (GJB6-D13S1854) mu-
tations in the Romanian population. Genet Test Mol 
Biomarkers. 2011 Nov;15(11):749-53. DOI: 10.1089/
gtmb.2011.0048

8.	 Scott DA, Kraft ML, Carmi R, Ramesh A, Elbedour K, 
Yairi Y, et al. Identification of mutations in the connexin 
26 gene that cause autosomal recessive non-syndrom-
ic hearing loss. Hum Mutat. 1998;11(5):487-94. DOI: 
10.1002/(SICI)1098-1004(1998)11:5<387::AID-HU-
MU6>3.0.CO;2-8 DOI: 10.1002/(SICI)1098-1004(199
8)11:5<387::AID-HUMU6>3.3.CO;2-#

9.	 Mkaouar-Rebai E, Tlili A, Masmoudi S, Belguith N, 
Charfeddine I, Mnif M, et al. Mutational analysis of 
the mitochondrial tRNALeu(UUR) gene in Tunisian 
patients with mitochondrial diseases. Biochem Bio-

phys Res Commun. 2007 May;355(4):1031-7. DOI: 
10.1016/j.bbrc.2007.02.083

10.	Ferraris A, Rappaport E, Santacroce R, Pollak E, 
Krantz I, Toth S, et al. Pyrosequencing for detection of 
mutations in the connexin 26 (GJB2) and mitochondrial 
12S RNA (MTRNR1) genes associated with hereditary 
hearing loss. Hum Mutat. 2002 Oct;20(4):312-20. DOI: 
10.1002/humu.10127

11.	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 connexin 26 
gene. Hum Mol Genet. 1997 Nov;6(12):2173-7. DOI: 
10.1093/hmg/6.12.2173

12.	Kelsell DP, Dunlop J, Stevens HP, Lench NJ, Liang 
JN, Parry G, et al. Connexin 26 mutations in hereditary 
non-syndromic sensorineural deafness. Nature 1997 
May; 387(6628):80-3. DOI: 10.1038/387080a0

13.	Shahin H, Walsh T, Sobe T, Lynch E, King MC, Avra-
ham KB, et al. Genetics of congenital deafness in the 
Palestinian population: multiple connexin 26 alleles 
with shared origins in the Middle East. Hum Genet. 
2002 Mar;110(3):284-9. DOI: 10.1007/s00439-001-
0674-2

14.	Minarik G, Tretiarova D, Szemes T. Prevalence 
of DFNB1 mutations in Slovak population with 
non-syndromic hearing loss. Int J Pediatr Otorhino-
laryngol. 2012 Mar;76(3):400-3. DOI: 10.1016/j.
ijporl.2011.12.020

15.	Norris VW, Arnos KS, Hanks WD, Xia X, Nance 
WE, Pandya A. Does universal newborn hearing 
screening identify all children with GJB2 (Connex-
in 26) deafness? Penetrance of GJB2 deafness. Ear 
Hear. 2006 Dec;27(6):732-41. DOI: 10.1097/01.
aud.0000240492.78561.d3

http://dx.doi.org/10.1089/gtmb.2009.0146
http://dx.doi.org/10.1089/gtmb.2009.0146
http://dx.doi.org/10.1136/jmg.38.8.515
http://dx.doi.org/10.1136/jmg.38.8.515
http://dx.doi.org/10.1136/jmg.2004.028324
http://dx.doi.org/10.1089/gtmb.2011.0048
http://dx.doi.org/10.1089/gtmb.2011.0048
http://dx.doi.org/10.1002/%28SICI%291098-1004%281998%2911:5%3C387::AID-HUMU6%3E3.0.CO;2-8
http://dx.doi.org/10.1002/%28SICI%291098-1004%281998%2911:5%3C387::AID-HUMU6%3E3.0.CO;2-8
http://dx.doi.org/10.1002/%28SICI%291098-1004%281998%2911:5%3C387::AID-HUMU6%3E3.0.CO;2-8
http://dx.doi.org/10.1002/%28SICI%291098-1004%281998%2911:5%3C387::AID-HUMU6%3E3.3.CO;2-
http://dx.doi.org/10.1002/%28SICI%291098-1004%281998%2911:5%3C387::AID-HUMU6%3E3.3.CO;2-
http://dx.doi.org/10.1016/j.bbrc.2007.02.083
http://dx.doi.org/10.1016/j.bbrc.2007.02.083
http://dx.doi.org/10.1002/humu.10127
http://dx.doi.org/10.1002/humu.10127
http://dx.doi.org/10.1093/hmg/6.12.2173
http://dx.doi.org/10.1093/hmg/6.12.2173
http://dx.doi.org/10.1038/387080a0
http://dx.doi.org/10.1007/s00439-001-0674-2
http://dx.doi.org/10.1007/s00439-001-0674-2
http://dx.doi.org/10.1016/j.ijporl.2011.12.020
http://dx.doi.org/10.1016/j.ijporl.2011.12.020
http://dx.doi.org/10.1097/01.aud.0000240492.78561.d3
http://dx.doi.org/10.1097/01.aud.0000240492.78561.d3

