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ABSTRACT

The 35delG mutation in the gap junction protein, 
b2, 26kDa (GJB2) gene is the most common mutation 
that has been found in children with non syndromic 
hearing loss. Testing for the GJB2 gene mutation is sim-
ple and can directly answer the concerns of the parents 
about cause of the disorder and prognosis for their chil-
dren. Cochlear implantation (CI) is one of the methods 
of hearing rehabilitation in patients with complete hear-
ing loss. The present study was designed for genetic as-
sessment of children who were referred for CI.

Connexin 26 (Cx26) gene analyses were per-
formed on 42 children with non syndromic hearing 
loss who were referred to the Baqiyatallah Hospital, 
Tehran, Iran for genetic consultation and CI. Clinical 
history was obtained and an examination conducted 
on each individual. Genomic DNA was extracted from 
peripheral blood and mutation identification of the 
Cx26 gene was performed by polymerase chain reac-

tion (PCR) amplification and direct sequencing of the 
coding sequence of the gene. Cochlear implantation 
was performed for all patients and treatment response 
was assessed for all of them based on speech intelligi-
bility rating (SIR) before and after CI.

We found six patients (14.3%) with the 35delG 
mutation on the Cx26 gene, two homozygotes and 
four heterozygotes. No other mutation was detected. 
Treatment response in children with the homozygous 
35delG mutation was better than in heterozygous pa-
tients, and treatment response in children with the mu-
tation was better than in children with no mutation.

Mutation screening for finding deafness causing 
mutations in the GJB2 gene is a useful predictor of 
post-implantation speech perception. We suggest mi-
croarray or other advanced mutation detection meth-
ods for assessment of other genes that might be re-
sponsible for non syndromic deafness.
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INTRODUCTION

In genetic assessment of hearing impairment, 46 
genes and 81 genetic loci have now been identified and 
these numbers are increasing [1]. The 35delG mutation 
on the gap junction protein, b2, 26kDa (GJB2) gene 
is the most common mutation to be found in children 
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with non syndromic hearing loss and has been identi-
fied as the predominant cause of inherited sensorineu-
ral deafness [2-7]. The GJB2 gene encodes gap junc-
tion channel protein 26 [connexin 26 (Cx26)] which 
allows direct communication between the cells [8,9]. 
The Cx26 gene is one member of a family of related 
gap-junction channel-forming proteins, each of which 
is commonly named from its molecular weight (Cx26, 
Cx30, etc.). The genes for 20 different connexin pro-
teins are present in the human genome [9]. Since 
1990, genetic assessment of the GJB2 mutation has 
been performed in children with congenital hearing 
loss. Now, the American College of Medical Genetics 
(Bethesda, MD, USA) has presented genetic testing as 
a routine method for the evaluation of children with 
congenital hearing loss [10].

Between 27 to 39% of deaf children show abnor-
malities such as cochlear dysplasia, lateral semicir-
cular canal dysplasia and dilated vestibular aqueduct 
on imaging studies [computed tomography (CT) and 
magnetic resonance imaging (MRI)] [11,12]. Imaging 
studies are expensive and cannot suitably address the 
cause and prognosis of hearing loss in these children 
and thus cannot be accepted as the first method of 
choice. On the other hand, GJB2 testing is simple and 
can give direct answers to the parents’ concern about 
the cause and prognosis in their children.

Cochlear implantation (CI) is one of the meth-
ods of hearing rehabilitation in patients with complete 
hearing loss and nowadays most children with domi-
nant or recessive congenital hearing loss are candi-
dates for this therapeutic method [13]. The present 
study had two main purposes: firstly, genetic assess-
ment of children who were referred for CI, and sec-
ondly, to determine whether the type of mutation is an 
important factor in treatment of the studied children.

PATIENTS AND METHODS

Study Subjects. Connexin 26 gene analysis was 
performed on 42 children (20 males and 22 females, 
age range 4-12 years old, average 6 years old) with 
non syndromic hearing loss and with normal parents 
who were referred to Baqiyatallah Hospital, Tehran, 
Iran, for genetic consultation and CI. Clinical his-
tory was obtained and an examination conducted on 
each individual, with special emphasis on identifying 
potential environmental causes of hearing loss, such 
as infections, trauma, exposure to known or possible 

ototoxic drugs and looking for evidence of syndromic 
forms of deafness. All subjects were otoscopically ex-
amined and pure tone audiometry was performed on 
all subjects. Air conduction thresholds were measured 
at 250Hz, 500Hz, 1kHz, 2kHz, 4kHz, 6kHz and 8kHz. 
All probands had prelingual deafness (early-onset).

Mutation Analysis. Genomic DNA was extracted 
from peripheral blood using the standard phenol-chlo-
roform methods [14]. For mutation identification in the 
Cx26 gene, the coding sequence of the gene was poly-
merase chain reaction (PCR) amplified using primers 
Conn-F (5’-CTC CCT GTT CTG TCC TAG CT-3’) and 
Conn-R (5’-CTC ATC CCT CTC ATG CTG TC-5’). 
The PCR conditions were 95°C for 3 min., then 32 cy-
cles at 94°C, 59°C and 72°C, each for 45 seconds, fol-
lowed by a 7 min. extension at 72°C. The PCR products 
were purified on agarose gel and directly sequenced us-
ing the same forward and reverse primers.

Treatment Response Assessment. Cochlear im-
plantation was performed on all patients. Treatment 
response was assessed in all of them based on their 
speech intelligibility rating (SIR) before, and 3, 6 and 
12 months after CI.

RESULTS

Mutation Detection in Our Subjects and Their 
Response to Cochlear Implantation. In the present 
study we analyzed the coding region of the Cx26 gene 
in 42 children with non syndromic hearing loss and 
found two homozygotes and four heterozygotes for the 
35delG mutation (Figure 1). In other words, six pa-
tients (14.3%) had the 35delG mutation on the Cx26 

Figure 1. A part of the coding sequence of the Cx26 gene in a 
patient without (A) and a patient with the heterozy-
gous 35delG mutation (B).
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gene. No other mutations were identified in our sub-
jects. Mutation frequency in the patients is shown in 
Figure 2.

Treatment response was assessed in all patients. 
According to results of SIR, it seems that treatment re-
sponse in children with the mutation was better than in 
children with no mutation, and also treatment response 
in children homozygous for the 35delG mutation was 
better than in heterozygous patients (Figures 3 and 4). 

Details of SIR scores of included children before and 
3, 6 and 12 months after CI are shown in Table 1.

DISCUSSION

The 35delG mutation accounts for approximately 
70% of GJB2 mutant alleles in Northern and Southern 
European, as well as American Caucasian populations, 
with a carrier frequency of 2-4%. In the Iranian popula-
tion this mutation accounts for approximately 12-21% 
of all involved mutations in autosomal recessive non 
syndromic hearing loss [14-18]. In our study, the Cx26 
genetic defect was seen in 14.3% of the investigated 
children with hearing impairment. Deafness in our 

patients had an autosomal recessive inheritance pat-
tern and according to this pattern, we expected to see 
deafness only in children with homozygous mutations 
but in four patients, the mutations were heterozygous. 
In their study, del Castillo et al. (19) suggested that 
other mutations are present in a gene or genes in the 
same chromosomal region. This phenomenon could 
be explained on the basis of either a monogenic or a 
digenic pattern of inheritance. In the case of a mono-
genic mode of inheritance, there must be a regulatory 
element that is essential for the expression of the GJB2 
gene in the inner ear. This hypothetical element would 
be located far upstream of GJB2, and the deletion of 
this element would suppress the level of expression of 
the GJB2 gene enough to produce a phenotype of hear-
ing impairment. An alternative interpretation would be 
that the deletion inactivates a second gene whose pro-
tein is functionally related to Cx26. 

Inheritance pattern by single or double genes is 
responsible for this phenomenon. In our mutation as-
sessment of the Cx26 gene, the 35delG mutation was 
more frequent, while in Ashkenazi Jewish subjects, the 
167delT mutation was more frequent [20].

Fukushima et al. [21] in their study on seven 
Japanese deaf children reported that better speech per-
formance after CI may be observed in persons with 
GJB2-related deafness compared to children without 
GJB2-related deafness. Some authors such as Jun et al. 
[22] based on the microscopic evaluation of temporal 
histopathology in deaf children with GJB2 mutations 
concluded that a greater number of functional cells in 
the spiral ganglion of these children could explain their 
better speech performance. The GJB2 deafness pheno-
type is considered as typical non syndromic hearing loss 
and differences in their response to CI might be due to 
differences in higher brain function abilities [21].

Figure 2. Mutation frequency in the patients.

others
85.7%

Homozygote
35delG
4.8%

Heterozygote
35delG
9.5%

Figure 3. Speech intelligibility rating in patients with the 
homozygous 35delG mutation in Cx26.

1

Before cochlear
implant

3 months after
 cochlear implant

6 months after
 cochlear implant

12 months after
 cochlear implant

1
2

3

5 5 5 5

Figure 4. Speech intelligibility rating in patients with the 
heterozygous 35delG mutation in Cx26.
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CONCLUSIONS

The results of our study showed that CI is a suit-
able choice for treatment of children with non syndro-
mic deafness, especially with mutations in the GJB2 
gene. Mutation screening for deafness-causing muta-
tions in the GJB2 gene is a useful predictor of post-
implantation speech perception and permits better 
pre-implantation counseling. We suggest microarray 
or other advanced mutation detection methods for as-
sessment of other genes which might be responsible 
for non syndromic deafness.

REFERENCES

1. Smith R, Van Camp G. Hereditary hearing loss home page. 
2006 (cited April 2006). (http://webh01.ua.ac. be/hhh/).

2. Bitner-Glindzicz M. Hereditary deafness and phenotyp-
ing in humans. Br Med Bull. 2002; 63(1): 73-94.

3. Denoyelle F, Weil D, Maw MA, Wilcox SA, Lench NJ, 
Allen-Powell DR, Osborn AH, Dahl HH, Middleton A, 
Housman MJ, Dodé C, Marlin S, Boulila-ElGaïed A, 
Grati M, Ayadi H, BenArab S, Bitoun P, Lina-Granade 
G, Godet J, Mustapha M, Loiselet J, El-Zir E, Aubois 
A, Joannard A, Levilliers J, Garabédian E, Mueller RF, 
Gardner RJ, Petit C. Prelingual deafness: high preva-
lence of a 30delG mutation in the connexin 26 gene. 
Hum Mol Genet. 1997; 6(12): 2173-2177.

4. Estivill X, Fortina P, Surrey S, Rabionet R, Melchionda 
S, D’Agruma L, Mansfield E, Rappaport E, Govea N, 
Milà M, Zelante L, Gasparini P. Connexin-26 mutations 
in sporadic and inherited sensorineural deafness. Lan-
cet. 1998; 351(9100): 394-398.

5. Kelsell DP, Dunlop J, Stevens HP, Lench NJ, Liang JN, 
Parry G, Mueller RF, Leigh IM. Connexin 26 mutations 
in hereditary non-syndromic sensorineural deafness. 
Nature. 1997; 387(6628): 80-83.

6. Kelsell DP, Di WL, Houseman MJ. Connexin muta-
tions in skin disease and hearing loss. Am J Hum Genet. 
2001; 68(3): 559-568.

7. Zelante L, Gasparini P, Estivill X, Melchionda S, 
D’Agruma L, Govea N, Milá M, Monica MD, Lutfi J, 
Shohat M, Mansfield E, Delgrosso K, Rappaport E, Sur-
rey S, Fortina P. Connexin26 mutations associated with 
the most common form of non-syndromic neurosensory 
autosomal recessive deafness (DFNB1) in Mediterra-
neans. Hum Mol Genet. 1997; 6(9): 1605-1609.

8. Kumar NM, Gilula NB. The gap junction communica-
tion channel. Cell. 1996; 84(3): 381-388.

9. Willecke K, Eiberger J, Degen J, Eckardt D, Romualdi 
A, Guldenagel M, Deutsch U, Söhl G. Structural and 
functional diversity of connexin genes in the mouse and 
human genome. Biol Chem. 2002; 383(5): 725-737.

10. Genetics Evaluation Guidelines for the Etiologic Diag-
nosis of Congenital Hearing Loss. Genetic Evaluation 
of Congenital Hearing Loss Expert Panel. ACMG state-
ment. Genet Med. 2002; 4(3): 162-171.

11. Mafong DD, Shin EJ, Lalwani AK. Use of laboratory 
evaluation and radiologic imaging in the diagnostic 
evaluation of children with sensorineural hearing loss. 
Laryngoscope. 2002; 112(1): 1-7.

12. Cross NC, Stephens SD, Francis M, Hourihan MD, 
Reardon W. Computed tomography evaluation of the 
inner ear as a diagnostic, counselling and management 
strategy in patients with congenital sensorineural hear-
ing impairment. Clin Otolaryngol Allied Sci. 1999; 
24(3): 235-238.

13. Kunst D, Kremer H, Cremers Cp. In: Kunst D, Kremer 
H, Cremers C, Eds. Genetics for ENT Specialists, 1st 
ed. London: Remedica. 2005: 1-13.

14. Antoniadi T, Rabionet R, Kroupis C, Aperis G, Econo-
mides J, Petmezakis J, Economou-Petersen E, Estivill 
X, Petersen MB. High prevalence in the Greek popula-
tion of the 35delG mutation in the connexin 26 gene 
causing prelingual deafness. Clin Genet. 1999; 55(5): 
381-382.

15. Storm K, Willocx S, Flothmann K, Van Camp G. Deter-
mination of the carrier frequency of the common GJB2 
(connexin-26) 35delG mutation in the Belgian popula-
tion using an easy and reliable screening method. Hum 
Mutat. 1999; 14(3): 263-266.

Table 1.  Average speech intelligibility rating before and after cochlear implementation in the children according to their 
mutation situation.

Patients Average Speech Intelligibility Rating

Before CI 3 months later 6 months later 12 months later

36 children without mutations 1.06 1.44 2.26 3.11

2 homozygous children 1.00 2.50 5.00 5.00

4 heterozygous children 1.25 2.25 3.50 4.00



23

BALKAN JOURNAL OF MEDICAL GENETICS
Peyvandi AA, Morovvati S, Rabiee HR, Ranjbar R, Ajalloueyan M, Hassanalifard M

16. Green GE, Scott DA, McDonald JM, Woodworth GG, 
Sheffield VC, Smith RJ. Carrier rates in the midwest-
ern United States for GJB2 mutations causing inherited 
deafness. JAMA. 1999; 281(23): 2211-2216.

17. Propst EJ, Stockley TL, Gordon KA, Harrison RV, 
Papsin BC. Ethnicity and mutations in GJB2 (connexin 
26) and GJB6 (connexin 30) in a multi-cultural Cana-
dian pediatric Cochlear Implant Program. Int J Pediatr 
Otorhinolaryngol. 2006; 70(3): 435-444.

18. Najmabadi H, Nishimura C, Kahrizi K, Riazalhosseini 
Y, Malekpour M, Daneshi A, Farhadi M, Mohseni M, 
Mahdieh N, Ebrahimi A, Bazazzadegan N, Naghavi 
A, Avenrius M, Arzhangi S, Smith RJ. GJB2 muta-
tions: passage through Iran. Am J Med Genet A. 2005; 
133A(2): 132-137.

19. del Castillo I, Villamar M, Moreno-Pelayo MA, del 
Castillo FJ, Alvarez A, Telleria D, Menéndex I, Moreno 

F. A deletion involving the connexin 30 gene in non-
syndromic hearing impairment. N Engl J Med. 2002; 
346(4): 243-249.

20. Simsek M, Al-Wardy N, Al-Khabory M. A seminested 
PCR test for simultaneous detection of two common 
mutations (35delG and 167delT) in the connexin-26 
gene. Mol Diagn. 2001; 6(1): 63-67.

21. Fukushima K, Sugata K, Kasai N, Fukuda S, Nagayasu 
R, Toida N, Kimura N, Takishita T, Gunduz M, Nishiza-
ki K. Better speech performance in cochlear implant pa-
tients with GJB2-related deafness. Int J Pediatr Otorhi-
nolaryngol. 2002; 62(2): 151-157.

22. Jun AI, McGuirt WT, Hinojosa R, Green GE, Fischel-
Ghodsian N, Smith RJ. Temporal bone histopathology 
in connexin 26-related hearing loss. Laryngoscope. 
2000; 110(2, Part 1): 269-275.




