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Tahmasebi P., M. H. Chaleshtori, F. Abdollahnejad, Z. Alavi, L. Sadeghian, F.Alebi, J.ad 

Mohammadi-Asl, N. Saki, S. R. K. Nezhad, M. A. Tabatabaiefar (2018): Frequency of 

gjb2 mutations in families with autosomal recessive non-syndromic hearing loss in 

Khuzestan province.- Genetika, Vol 50, No.3, 837-846. 

Hearing loss is caused both by genetic and environmental factors. In this sense, more than 

half of the cases are genetic. Hereditary hearing loss is divided into syndromic and non-

syndromic cases. Main pattern of inheritance (80%) in non-syndromic cases is autosomal 

recessive, which is known as autosomal recessive non-syndromic hearing loss 

(ARNSHL). Although the disease is very genetically heterogeneous, the GJB2 gene has 
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highest effect. The aim of the present research is to determine the role of GJB2 mutations 

and DFNB1 locus in a group of families with ARNSHL in Khuzestan province of Iran. 

This study was conducted on 50 large families with ARNSHL (with the priority of 4 

patients) in Khuzestan province, southwest Iran. First, in order to study GJB2 gene 

mutations, direct sequencing was conducted in all families. Besides, in the families with 

negative or heterozygous mutations in GJB2, linkage analysis was done using STR (Short 

Tandem Repeat) markers related to DFNB1 locus. Genotypes, related to each family, 

were determined using PCR-PAGE method. From 50 families with ARNSHL, after direct 

sequencing, six families (12%) showed homozygote mutations in the GJB2 gene. 

Accordingly, it was observed that c.35delG was the most frequent mutation (50%) in the 

population. Moreover, c.358-360delGAG, c.506G>A, c.71G>A mutations were identified 

in 3 different families. In addition, no linkage was observed in DFNB1 locus for the 

remaining families. Low frequency (12%) of GJB2 mutations in our study suggests that 

other loci and genes should be addressed to elucidate the etiology of ARNSHL in this 

province.  

Keywords: RNSHL, GJB2, DFNB1 locus, Iran.  

 

INTRODUCTION 

Hearing loss (HL), which is the most common sensory impairment in humans, affects 

millions of people. More than half of the HL cases are genetic. Hereditary HL is divided into 

syndromic and non-syndromic in which autosomal recessive non-syndromic HL (ARNSHL) is 

the most common form. Autosomal recessive genes with more than 55 different genes 

(http://hereditaryhearingloss.org) have been identified so far and they are responsible for about 

80% of non-syndromic HL cases (CRYNS and VAN CAMP, 2004; MAEDA et al., 2009). However, 

in some populations, mutations in the GJB2 (Gap junction protein, GJB2, 26kDa) gene, which is 

located in DFNB1 locus, are responsible for half of the ARNSHL cases (BIRKENHÄGER et al., 

2014). The GJB2 gene encodes connexin26 (Cx26) protein. This gene, which is 5.5 kb long, is 

located on the long arm of chromosome 13 and is made up of two exons and one intron. It is 

worth mentioning that Exon 2 is the only sequence of the GJB2 gene which codes for the Cx26 

protein (COYLE et al., 1998; TEKIN et al., 2001). In humans, the connexin gene family has 21 

members. Connexins, as the building blocks of gap junctions, form intercellular channels and 

allow for the passage of molecules smaller than 1000 Daltons such as ions and some metabolites 

(ALBERT et al., 2006). The Cx26 protein is found in the cochlea of the inner ear and plays a role 

in potassium homeostasis (AZAIEZ et al., 2007). 

So far, more than 370 different mutations in the GJB2 gene have been reported 

(http://www.hgmd.org). However, prevalence of GJB2 mutations is different in various 

geographical regions or ethnicities. For example, a frame-shift mutation c.35delG mutation is the 

most common one in Caucasians, c.235delC in East Asians, c. 167delT in Ashkenazi Jews and 

c.71G>A  in Indians (AZAIEZ et al., 2007; BIRKENHÄGER et al., 2014; DENOYELLE et al., 1999; 

MANI et al., 2009). In addition, to GJB2 coding region mutations (exon 2), two pathogenic 

mutations in the noncoding first exon (c.-23G>T) and donor splice site )c.IVS1 + 1G > A) have 

been identified (DENOYELLE et al., 1999; MANI et al., 2009). Also, the studies showed that 

common del (GJB6-D13S1830) (LERER et al., 2001) and del (GJB6-D13S1854) (DEL CASTILLO 

F. et al., 2005) gene deletions in the GJB6 gene (Connexin 30, Cx30), which is located in the 

vicinity of GJB2 in DFNB1 locus, would also cause HL. Homozygous deletions of GJB6 along 

http://www.hgmd.org/
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with mutations in the GJB2 gene have been reported as the causes of HL in some European 

countries, United States, Brazil and Australia (DEL CASTILLO, I. et al., 2003; ERBE et al., 2004; 

PANDYA et al., 2003). 

Based on the studies conducted so far, mutations in GJB2 are the primary causes of HL in 

Iran and on the average, 17% of ARNSHL cases are caused by this gene (BAZAZZADEGAN et al., 

2012; DENOYELLE et al., 1999; KURIMA et al., 2002; TABATABAIEFAR et al., 2011). Studies show 

that the frequency of GJB2 mutations are different in various parts of Iran due to racial diversity 

and geographical area, in a way that GJB2-related deafness in the north-western areas of Iran is 

approximately 2 to 4 times more than the south-eastern parts (KURIMA et al., 2002). Given the 

different frequencies of mutations of this gene in various parts of Iran, it is necessary to study 

each of them separately. Primary studies indicate that the rate of consanguineous marriages in 

Khuzestan is higher than the average rate of it in Iran (MANI et al., 2009). Consequently, 

prevalence of autosomal recessive diseases, such as ARNSHL, is high in this province. The aim 

of the present research is to study the role of the DFNB1 locus in causing ARNSHL in 

Khuzestan province located in the south-western part of Iran. 

 

MATERIALS AND METHODS 

Sample collection 

In this study, we analyzed 50 large unrelated consanguineous families with ARNSHL 

from Khuzestan province, southwest Iran. All samples were collected from different cities of 

Khuzestan province and various ethnic groups such as Arab, Bakhtiari, Fars, Lur.  Medical 

histories were taken for all the patients to exclude suspected forms of syndromic and 

environmental causes for HL. 

An informational questionnaire was completed for each family and the pedigrees were 

drawn for all families. Each family had at least 4 affected individuals who had no other 

associated clinical findings. Also, HL was pre-lingual and non-progressive. After obtaining 

informed consent from all individuals in families, blood samples were collected from them. 

Moreover, pure tone audiometry tests were down on all the patients. 

 

DNA Extraction and DNA sequencing of GJB2 

DNA extraction was carried out using a standard phenol-chloroform method (GRIMBERG 

et al., 1989). At least, one affected individual from each pedigree was subjected to DNA 

sequencing. To amplify the coding region (exon 2) of the GJB2 gene: F  5  

G       G    G      3    nd    5             GGG    G 3   primers were used  

P   mixture  25 μl  cont ined: 12 5 μl   q 2X m ster mix  ED   mpliqon, Denm rk , 1 μl  10 

pmol  of e ch primer, 1 μl  50 ng  DN  templ te  P   progr m w s performed in   

thermocycler   pplied Biosystems,US    s follows: 95˚  for 5 min, 95˚  for 40 s, 64˚  for 40 s 

 nd 72˚ 1 min, for 33 cycles with   fin l 5 min extension step  t 72˚   P   products were 

qualified by electrophoresis on 1.5% agarose gel, and, then, were sequenced using the same 

forward and reverse primers. The sequencing results were analyzed by SeqMan
TM

 software 

version 5.00 (DNA Star Inc., USA), and then were compared to the GJB2 reference GenBank 

sequence (NM_004004). 
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Linkage analysis for DFNB1 

Heterozygotes or negative families for GJB2 mutations were tested for the linkage to 

DFNB1 using at least 2 informative markers. Forward and Reverse primers sequences, annealing 

temperature and cycle number for each STR markers are shown in Table 1. After performing 

PCR for each marker, amplified products were separated by electrophoresis on 8% 

polyacrylamide gel and, then, were visualized by silver staining. Notably, linkage analysis was 

conducted as previously described (TABATABAIEFAR et al., 2011, KASHEF et al., 2015).  

 

Table1. STR markers used in this study for linkage analysis to DFNB1. 

 

RESULTS 

In this study, we analyzed the DFNB1 locus in 50 large families from different cities of 

Khuzestan province with at least four patients. All families in the survey showed ARNSHL, pre-

lingual and non-progressive HL. Totally, 33 families (66%) were of Arab ethnicity, 6 were 

Bakhtiari (12%), 6 were Lur (12%), 1 family (2%) from Fars and 4 families (8%) were from 

other ethnic groups.  

From the 50 families studied, six families (12%) showed GJB2- related HL (homozygous 

mutations). In addition, no linkage was observed in DFNB1 locus for families with negative or 

heterozygous mutations in GJB2. Among the mutations identified in the GJB2 gene, c.35delG 

was the most commonly observed mutation (3 families, 50%). Also, c.358-360delGAG, 

c.506G>A, c.71G>A mutations were observed in 3 other families. The c.358-360delGAG 

mutation leads to the removal of Glu amino acid at position 120. The c.506G>A substitution 

mutation changes Cys amino acid to Tyr at position 169, the c.71G>A mutation changes Trp 

amino acid to the termination codon at position 24. 

Also, in two families, heterozygous mutations in GJB2 were observed. These pathogenic 

mutations included c.71G>A and c.194A>G. In addition, in several families, polymorphisms in 

GJB2 were observed as presented in Table 2. 

 

Table2. GJB2 gene polymorphisms observed in the studied families. 

Polymorphism  Number of family   

p.Val27Ile(c.79G>A)  3 

c.*84T>C 13 

p.Phe31Lue (c.93T>G)  3 

p.Glu114Gly(c.341A>G)  1 

p.Arg127His(c.380G>A)     1 

D
F

N
B

1
(G

J
B

2
, G

J
B

6
) 

Marker UniSTS ID Forward  and Reverse primer (5'→3') 

PCR 

product 

range(bp) 

annealing 

temperature 

 cycles 

number 

D13S1236 UniSTS:47290 
F:GCACTTGGCCTGGGTAA                       

R: AAGGGGCTGGCTCTTCA 
108-132   61° C  26 

D13S1275 UniSTS:18239 
F:ATCACTTGAATAAGAAGCCATTTG   

R:CCAGCATGACCTTTACCAG    
180-214 63° C 26 

D13S175 UniSTS:63643 
F:TATTGGATACTTGAATCTGCTG   

R:TGCATCACCTCACATAGGTTA 
101-113 61° C 30 
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DISCUSSION 

In the present research, out of 50 families with ARNSHL, 6 families (12%) had 

homozygous mutations in the GJB2 gene. This rate is lower than the average rate in the country 

(17%) (DENOYELLE et al., 1999; KURIMA et al., 2002; TABATABAIEFAR et al., 2011) for GJB2 

gene mutations in causing ARNSHL in Iran. Frequency of mutations in the GJB2 gene is 

different in various parts of Iran and a downward slope is observed regarding the involvement of 

GJB2 mutations from the north-western to the south-eastern parts of the country. These 

mutations show the highest rate in the north-western parts of Iran, that is 22-38%, and reach 

approximately 9% in the south-eastern part of the country, near Pakistan (KURIMA et al., 2002). 

In many populations, mutations in this gene are the main cause of nonsyndromic and pre-lingual 

HL, and even in some populations (North America, Mediterranean region and most of Europe), 

50% of ARNSHL cases and more likely in Spain and Italy, 79% of ARNSHL cases are related to 

mutations in this gene (CRYNS and VAN CAMP, 2004; DENOYELLE et al., 1997; FREI et al., 2005; 

MARLIN et al., 2001; SABAG et al., 2005; ZELANTE et al., 1997). However, studies in Pakistan, 

Turkey, India, Palestine,  Sudan and Kenya have shown that involvement of this gene in HL is 

less as compared to American and European populations (NAJMABADI and KAHRIZI, 2014). 

So far, two separate studies have been conducted on the contribution of GJB2 mutations 

in causing ARNSHL in Khuzestan province. In a study conducted by HOSSEINIPOUR et al. 

(2005), 4.1% of the studied population had homozygous mutations in this gene (HOSSEINIPOUR et 

al., 2005). On the other hand, in a study conducted by GALEHDARI et al. (2009) on 61 deaf 

individuals of Arab ethnicity in Khuzestan province, complete lack of mutations in GJB2 was 

reported (GALEHDARI et al., 2009). However, in our study a higher percentage (12%) was 

obtained. On the other hand, in this study 66% (4 families out of 6 families) of the families found 

to be positive for GJB2 mutations were from Arab ethnicity. The difference between our study 

and the previous mentioned studies may be due to our selection and proper distribution of the 

samples across Khuzestan province. The obtained frequency (12%) confirms the downward 

slope of the percentage GJB2 involvement in the southern areas as compared to the northern and 

north-western areas of Iran, such as Gilan (27.6%)(CHALESHTORI et al., 2004) and Azerbaijan 

(31%) (BONYADI et al., 2014). In Khuzestan’s neighboring provinces such  s Il m, Lorest n, 

Chaharmahal and Bakhtiari, studies on the contribution of GJB2 to causing HL have also been 

conducted. In a study conducted by MAHDIEH et al.(2016), 11.29% of the cause of HL in 62 deaf 

individuals in Ilam province was associated with homozygous mutations in this gene. In another 

study conducted by SEPAHVAND et al. (2006) on 53 nonsyndromic HL individuals in Lorestan 

province, 17% of the patients had mutations in GJB2. In a study conducted by HASHEMZADEH et 

al. (2005) on GJB2-related HL in 79 families with deaf members in Chaharmahal and Bakhtiari 

province, the frequency of mutations in GJB2 was obtained to be 7.8% (CHALESHTORI et al., 

2006). Also, in a study conducted by NAJMABADI et al. (2005) the frequency of GJB2-related HL 

in the south-western part of the country (several provinces in the south-western part of the 

country) was reported to be 15.2% (KURIMA et al., 2002). These investigations as well as the 

results of our study suggest that in this province and the neighboring areas, other loci may have 

higher frequencies and even due to the large number of genes involved in HL, new loci may be 

responsible for this disease. 

In a study conducted by BAZAZZADEGAN et al. (2012) on the population of several 

provinces, the level of involvement of GJB2 mutations in nonsyndromic HL in Khuzestan 



842                                                                                                             GENETIKA, Vol. 50, No3, 837-846, 2018 

province was reported to be 10%, which is close to the percentage obtained in the present study 

(12%). 

In the neighboring Persian Gulf countries, the contribution of GJB2 mutations is also 

lower than European countries. In two separate studies in Saudi Arabia, the level of involvement 

was reported to be 10.09% and 3% (AL-QAHTANI et al., 2010; IMTIAZ et al., 2011), respectively. 

Therefore, in this country, like our country and the results of the present study, a high level of 

heterogeneity is observed and the low frequency of mutations in GJB2 is probably due to the fact 

that other genes play a role in causing HL. 

In the present research, c.35delG mutation had the highest frequency and each of the 

c.358-360delGAG, c.506G>A, c.71G>A mutations had equal roles in causing the disease. c.358-

360delGAG, c.506G>A, c.71G> mutations are of high frequencies among Iranian ARNSHL 

population. Besides, c.35delG is the most prevalent mutation in this population (BAZAZZADEGAN 

et al., 2012; MAHDIEH et al., 2010). In the present study, similar to other studies conducted on the 

population of this province, c.35delG mutation was reported to be the most frequent mutation 

(HOSSEINIPOUR et al., 2005). The c.506G>A mutation changes Cys to Tyr at position169. This 

change was first considered as polymorphism, but further studies confirmed its pathogenic 

effect. The presence of this amino acid is essential for the formation of disulfide bonds within the 

three-dimensional structure of the extracellular domain of Cx26 and, therefore, for the 

interaction between the two Connexons. The presence of this cysteine, in addition to creating 

proper folding, is essential for proper performance of the ionic channel. Mutation in one of the 

three Cys residues in the extracellular domain of the Cx26 protein disturbs the flow of K
+
 ions, 

hence ionic homeostasis, in the inner ear (BIRKENHÄGER et al., 2014; MAEDA et al., 2009). 

 In some cases, mutations in GJB6 (homozygous mutations along with heterozygous 

mutations in GJB2) (DEL CASTILLO, I. et al., 2003; ERBE et al., 2004; PANDYA et al., 2003) or 

homozygous mutations in the first exon of GJB2 can cause HL (DENOYELLE et al., 1999; KASHEF 

et al., 2015; MANI et al., 2009). Therefore, in the remaining studied families (44 families) with or 

without heterozygous mutations in GJB2, the DFNB1 locus linkage analysis was conducted for 

the related markers and no linkage was observed. Therefore, the possibility of mutations in this 

locus was ruled out. Notably, so far, none of the GJB6 mutations has ever been reported in Iran 

and it appears that these mutations do not play a role in causing HL in Iran  (BEHESHTIAN and 

DANESHI , 2016; KHURSHEED and RAJ, 2016) . 

Since the families participating in the present research were part of extensive kinships, the 

results obtained for GJB2- positive families can be used in genetic counseling for all the people 

in these pedigrees. The presence of various ethnic groups in Khuzestan province and high rate of 

consanguineous marriages and HL cases make this province a rich source for studying autosomal 

recessive HL. This further shows the necessity of studying the main loci contributing to HL and 

determining the contribution of each of them in causing this disease in Khuzestan province. It 

should be noted that most of the studies in Iran have been conducted on the combination of the 

population of several provinces (BABANEJAD et al., 2012; BAZAZZADEGAN et al., 2012; KASHEF 

et al., 2015; TABATABAIEFAR et al., 2011). 

In conclusion, in this study, the cause of HL was identified in 12% of the studied 

population. Further studies are warranted to determine the cause of HL in the remaining families 

to determine the role of other genes in causing HL. Undoubtedly, the results of such studies can 

significantly contribute to proper genetic counseling as well as Preimplantation Genetic 

Diagnosis (PGD) and future therapeutic intervention to prevent HL in this population. 
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Izvod 

Gubitak sluha je uzrokovan i genetskim i faktorim  spolj šnje sredine  U tom smislu, više od 

polovine sluč jev  je genetski uzrokov no  N sledni gubit k sluh  se deli n  sindromske i ne-

sindromske sluč jeve  Gl vni n čin n sleđiv nj   80%  u ne-sindromskim sluč jevim  je 

 utozomni recesiv n, što je pozn to k o  utozomni recesivni ne-sindromski gubit k sluh  

   NSHL   I ko je bolest veom  genetski heterogen , gen GJB2 im  n jveći efek t   ilj ovog 

istr živ nj  je d  se utvrdi ulog  GJB2 mut cij  i DFNB1 lokus  u grupi porodic  s  

ARNSHLom u provinciji Huzestan u Iranu. Ova studija je sprovedena u 50 velikih porodica sa 

ARNSHLom (sa prioritetom od 4 pacijenta) u provinciji Huzestan, u jugozapadnom Iranu. Prvo, 

u cilju prouč v nj  GJB2 genskih mut cij , izvršeno je direktno sekvencir nje u svim 

porodicama. Osim toga, u porodicama sa negativnim ili heterozigotnim mutacijama u GJB2, 

linkage  n liz  ob vljen  je pomoću S    Short Tandem Repeat) koji se odnose na DFNB1 

lokus  Genotipovi, vez ni z  sv ku porodicu, određeni su metodom P  -PAGE. Od 50 porodica 

sa   NSHL-om, n kon direktnog sekvencir nj , šest porodic   12%  je pok z lo homozigotne 

mut cije u GJB2 genu  Shodno tome, primećeno je d  je c 35delG n jčešć  mut cij   50%  u 

popul ciji  Št više, c 358-360delGAG, c.506G> A, c.71G> mutacije su identifikovane u 3 

r zličite porodice  Pored tog , kod DFNB1 lokus  nije bilo poveziv nj  z  preost le porodice  

Nisk  frekvencij   12%  mut cij  GJB2 u n šoj studiji uk zuje n  to d  se drugi lokusi i geni 

treb ju prouč v ti u cilju r zj šnj v nj  etiologije   NSHL-a u ovoj provinciji 
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