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Abstract 
Background: Hereditary Hearing Loss (HL) is one of the most prevalent sensorineural disorders 

worldwide. Several hundreds of genes have been reported to have associations with this condition. 

Autosomal Recessive Non-Syndromic Hearing Loss (ARNSHL), with the highest frequency of severe to 

profound types of deafness, is responsible for the majority of non-syndromic HL. DFNB1 locus containing 

gap junction beta-2 protein (GJB2) gene is the main reported pathogenic variant in most cases of non-

syndromic deafness globally. In the present study, we investigated the allele frequency of c.35delG 

mutation among families with different ethnicities residing in Golestan province of Iran. 

Methods: Audiological assessments, including pure-tone audiometry (PTA), tympanometry, and 

otoacoustic emission (OAE) tests, have been conducted to include and group subjects. Blood samples have 

been taken from probands and all their family members; and they have undergone allele-specific 

polymerase chain reaction (ASPCR) test. Moreover, direct sequencing has been performed to confirm the 

PCR results. 

Results: In our study, 28 out of 128 families with ARNSHL had c.35delG mutation. We observed that 

15.4% of subjects had c.35delG+/c.35delG+ genotype, 7.4% had c.35delG+/normal genotype and 77.2% 

had no c.35delG mutation. The overall allele frequency of c.35delG is 19.1%. Regarding the 

consanguineous marriage rate, the Sistani ethnic group showed the highest (91%), and Azeris had the 

lowest rates (55%). 

Conclusion: The present work showed that severe forms of ARNSHL are associated with c.35delG 

homozygous mutation in comparison to other genotypes. We also demonstrated that c.35delG mutation is 

more prevalent in Turkmen and Fars ethnic groups in Golestan province of Iran. 
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1- INTRODUCTION 

As the most frequent sensory 

impairment, hearing loss (HL) affects 

millions of individuals around the globe. It 

approximately accounts for 1 in 1000 

newborns (http://hearing.screening.nhs.uk/ 

nationalprog). The rate increases 

significantly to 2.7 and 3.5 when it comes 

to children before the age of five and 

adolescents, respectively (1). Moreover, 

based on NIH data (https://www.nidcd. 

nih.gov/health/age-related -hearing-loss), 

one in every three people over 65 has HL, 

suggesting a gradual age-associated 

increase. Taking global population aging 

(https://www.un.org/en/global-

issues/ageing) into consideration, it would 

be likely for HL to be a major health 

problem in the near future. Although 

environmental factors like physical 

damage, ear infections, and drug exposure 

can cause HL, 60 to 80 percent of cases are 

due to genetic factors (1,2). These with 

small hereditary congenital forms are 

classified into syndromic (part of a 

condition along with other manifestations) 

and non-syndromic HL (NSHL). The latter 

accounts for 70 percent of cases and 

follows all monogenic inheritance patterns 

(3). More than 400 HL-related genes have 

been reported, of which 120 NSHL genes 

have been identified so far 

(https://hereditaryhearingloss.org/). The 

autosomal recessive pattern is responsible 

for 80 percent of NSHL cases, with over 

100 mapped loci, including DFNB1 

(13q11-12) locus hosting GJB2 gene 

(NM_004004.5). Mutations in GJB2 have 

been reported in different populations and 

statistically are the main cause of NSHL 

around the world (4, 5). Nonetheless, the 

frequency and spectrum of GJB2 

mutations are highly variable among 

different ethnicities and populations (4, 6). 

Moreover, the lack of genotype-phenotype 

correlations due to the genetic and clinical 

heterogeneity is an intriguing challenge 

that necessitates further studies. 

1-1. GJB2 Gene Structure and 

Connexin-26 Function 

The DFNB1 locus contains GJB2 (OMIM: 

121011) and GBJ6 (OMIM: 604418) 

genes. GJB2 has two exons, of which only 

exon 2 has a coding region that encodes a 

transmembrane protein named Gap 

Junction Subunit beta2, also known as 

Connexin-26. Connexin proteins are 

named after their molecular weights. Thus, 

Connexin-26 (Cx26) is a 26 KDa protein 

containing 226 amino acids. As shown in 

Fig. 1A, each Cx26 is a 4-pass 

transmembrane protein which along with 

five other Cx26 subunits constructs a 

hemiconnexon in the plasma membrane of 

hair cells - sensory receptors in cochlea 

responsible for auditory signal 

transduction. 

Hemiconnexons of two adjacent hair cells 

get connected together to form a gap 

junction responsible for intercellular 

exchange of small molecules and ions such 

as K+ (7, 8). Cx26 makes it possible for 

hair cells to recycle K+ into cochlear duct. 

Mutations in GJB2 cause K+ recycling 

impairment. Accumulation of K+ leads to 

hair cell degeneration which is one of the 

hypotheses for the NSHL mechanism (9). 

1-2. GJB2 Mutations 

Based on HGMD Professional 2021.4, 

more than 450 mutations have been 

reported in the GJB2 gene. Most of them 

are missense or nonsense mutations; as 

seen in Fig. 1B, GJB2 mutations are 

accompanied by high phenotype variability 

in HL patients, suggesting that epigenetic 

factors such as modifying genes and 

miRNAs may play key roles.  Although 

different mutations are reported among 

different populations and ethnicities, 

c.35delG is the most prevalent pathogenic 

mutation, accounting for 70 percent of the 

GJB2 mutations in NSHL cases in 

Caucasian populations (10, 11). In the 

present study, we aimed to 1) calculate the 

frequency of 35delG mutation in families 

http://hearing.screening.nhs.uk/%20nationalprog
http://hearing.screening.nhs.uk/%20nationalprog
https://www.nidcd.nih.gov/health/age-related-hearing-loss
https://www.nidcd.nih.gov/health/age-related-hearing-loss
https://www.un.org/en/global-issues/ageing
https://www.un.org/en/global-issues/ageing
https://hereditaryhearingloss.org/
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with ARNSHL that reside in Golestan 

province and 2) evaluate the genotype-

phenotype correlation between c.35delG 

mutation and other parameters among the 

subjects. 

2- MATERIAL AND METHODS 

2-1. Study Sample 

The participants included a total of 

272 hearing-impaired individuals (139 

males and 133 females) from 128 families 

of five different ethnicities (Turkmen, 

Sistani, Fars, Iranian Baluch, and Azeri) 

residing in Golestan province of Iran. 

2-1-1. Inclusion criteria 

To include a subject in this study, we have 

set five criteria: 

1) Confirmed hearing loss based on pure-

tone audiometry via air and bone 

conduction. 

2) No history of exposure to HL-causing 

drugs or infections (Exclusion of acquired 

HL). 

3) No observation of other associated signs 

and symptoms (Exclusion of syndromic 

HL). 

4) Confirmed autosomal recessive 

inheritance based on pedigree analysis. 

5) At least two affected members within 

the proband’s family. 

6) Normal hearing in both parents of the 

proband. 

2-2. Audiological Assessment  

The gold standard for evaluating 

thresholds in HL patients is Pure-Tone 

Audiometry (PTA). We performed PTA in 

a sound booth. Tone thresholds by air and 

bone conduction were obtained at 

frequencies 250, 500, 1000, 2000, 4000, 

and 8000 Hz with up to 120 dB of 

intensity.  Tympanometry is a non-

invasive acoustic test for hearing 

healthcare objectives such as 

characterization of tympanic membrane 

and its anomalies, including ventilation 

tubes. It alters air pressure in the ear canal; 

then records the relative changes in 

tympanic membrane’s movement. The 

results are graphically represented on 

tympanograms. According to Jerger 

classification (12), which is based on the 

patterns of curves, tympanograms are 

divided into three types: Types A, B, and 

C, as depicted in Fig. 2; tympanograms 

horizontal and vertical axes are 

represented as the middle ear pressure and 

compliance, respectively. The latter is 

displayed by peak height and correlated 

with external ear volume (ECV). A 

tympanogram type A (normal tracing) is a 

teepee-like curve referring to a normal 

middle ear with the lowest probability of a 

physio-pathological anomaly. The curve 

occurs at zero daPa of air pressure with 

normal ECV. A tympanogram type B 

(flattened or abnormal tracing) also has a 

normal ECV; however, the low 

compliance of the curve is mostly a sign of 

decreased tympanic membrane mobility, 

possibly due to otitis media with effusion 

(OME). Many clinical studies refer to type 

B as certainly abnormal tracing. A type C 

tympanogram (negatively shifted tracing) 

is highly correlated to tympanic membrane 

retraction. This curve is mostly seen in 

middle-ear infections such as Acute Otitis 

media (AOM). Although the probability of 

hearing impairment related to this curve is 

clinically considered to be low, further 

evaluations are recommended. An 

otoacoustic emission (OAE) is a 

commonly used method in hearing 

screening. The OAE test evaluates the 

cochlea and functional status of hair cells 

located in inner-ear. In this study, we 

performed OAE along with tympanometry 

for every individual. Following PTA, 

tympanometry, and OAE examinations, 

the degree of HL severity among subjects 

was classified into five groups: normal (0–

20 dB), mild (25–40 dB), moderate (45–60 

dB), severe (65–85 dB), and profound 

(>85 dB). 
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Fig. 1: A) Connexin-26 structure. GJB2 gene encodes Connexin-26 (Cx26), a multipass 

protein crucially expressed in hair cells. Two hundred twenty-six amino acids of Cx26 are 

arranged in 4 transmembrane units. Mutations in GJB2 result in harmful aggregation of K+ 

and lead to different kinds of imperfect proteins and possibly different types of HL severity. 

As depicted above, in the case of c.35delG, the truncated protein has none of the 

transmembrane domains. B) Types of Gene Mutations in GJB2. Based on the HGMD 

database, 453 mutations have been identified in the GJB2 gene. These include 334 

Missense/nonsense mutations, 7 splicing mutations, 63 small deletions, 24 small insertions, 8 

small indels, 8 gross deletions, 2 gross insertions, 1 complex, 6 regulatory mutations. 
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Fig. 2: Different types of Tympanometry Curves. Sections A, B, and C showed 

tympanograms types A, B, and C, respectively. 

 

2-3. DNA Mutational Analysis for 

c.35delG 

The most effective technique to analyze 

the c.35delG mutation as a single 

nucleotide polymorphism (SNP) is allele-

specific polymerase chain reaction 

(ASPCR). In this regard, we took a 10 ml 

peripheral blood sample from all family 

members, including parents, all affected 

members, and at least one healthy 

individual. Using Kowsar DNA extraction 

kit (Cat. No. K1135), we extracted 

Genomic DNA and measured the 

concentration of the nucleic acid product 

using a NanoDrop spectrophotometer. In 

the next step, using ASPCR, all DNA 

samples were screened for c.35delG allele 
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variant. We obtained normal, mutant and 

reverse primers for ASPCR and also 

primers for GJB2 exon 2 from a previous 

study conducted by Scott et al.  (13). Two 

common reverse and forward primers were 

also used based on another previous study 

(14). ASPCR procedure was performed 

using 40ng of genomic DNA sample in an 

8.4µL PCR reaction containing 1.25 µL of 

PCR buffer (100 mmol of tris-

hydrochloride, pH 8.8, 500 mmol of 

potassium chloride, 15 mmol of 

magnesium chloride, 0.01% wt/vol 

gelatin); 800 µmol of dNTPs; 25 pmol of 

each normal, mutant and the common 

primer; and 15 pmol of each control 

primer. The products were then loaded on 

1.5% agarose gel containing ethidium 

bromide for electrophoresis. Samples that 

showed c.35delG+/c.35delG+ genotype in 

ASPCR evaluation were selected for 

further molecular confirmation. 

We performed another PCR to amplify the 

exon 2 of GJB2 gene in these samples. The 

amplification was confirmed using 

electrophoresis and visualized with UV 

light. The final amplified products were 

sent for direct sequencing, as the gold 

standard technique, to confirm the 

mutation's existence, location, and type. 

The direct sequencing was performed as a 

quality control for all mutant homozygotes 

and heterozygotes plus a number of 

healthy homozygous individuals. 

Reference sequence (Refseq) was taken 

from the UCSC genome browser in 

FASTA format. 

3- RESULTS 

Out of 128 families with at least two 

members with ARNSHL, c.35delG 

mutation was absent in 100. Among all 

subjects in this study, 15.4 percent (42 

including 23 males and 19 females) had 

homozygous c.35delG mutation, 7.4 

percent (20 including 9 males and 11 

females) had heterozygous c.35delG 

mutation, and in 77.2 percent there were 

no observed c.35delG mutant allele. Fig. 

3A, 3B, and 3C provided statistical data on 

age-gender distribution, ethnic groups, and 

severity of HL among subjects, 

respectively. 

Our results showed that the Sistani ethnic 

group, with 91 percent, and Azeri ethnic 

group, with 55 percent, had the highest and 

lowest consanguineous marriage rates, 

respectively. Consanguineous marriage 

was observed in 17 out of 19 families with 

homozygous c.35delG mutation. 

Interestingly, among 25 Sistani families, 

one showed a homozygous c.35delG 

mutation. Moreover, the incidence of 

c.35delG mutation in Turkmen and Fars 

ethnic groups was significantly more than 

others. Results of all ethnic groups are 

demonstrated in Table 1. 

Audiological evaluations showed that out 

of all 272 individuals who were included 

in this study, 199 had profound HL, out of 

which 42 had homozygous c.35delG 

mutation. No mild and six individuals with 

moderate HL were observed. Table 2 

shows the audiological findings coupled 

with c.35delG mutation status of all 

subjects in our study. We used a direct 

sequencing method to confirm ASPCR 

evaluations. The results of direct 

sequencing were completely matched with 

ASPCR. 

Fig. 4A demonstrates the gel 

electrophoresis bands of three DNA 

samples with homozygous c.35delG, 

normal homozygous and heterozygous 

35delG mutation (1, 2 and 3, respectively), 

which are visualized with UV light. 

Fig. 4B represents three different panels of 

direct sequencing among the patients. Our 

results showed that patients with c.35delG 

homozygous mutation have more severe 

HL in comparison to c.35delG compound 

heterozygotes. It is also demonstrated that 

there is no significant correlation between 

c.35delG mutation and gender, location of 

residence, and education level. 
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Fig. 3: Study Sample Stats. Most of the subjects were in their twenties (A), from Turkmen 

ethnic group (B), and had profound HL (C). 

 

Table-1: Number of families, their genotypes, and consanguineous marriage rates are 

represented for each ethnic group. (-/-= normal/normal, +/+ = c.35delG+/c.35delG+, +/- = 

c.35delG/normal) 

Ethnic Groups Number of family +/+ +/- -/- Con. Marriage (%) 

Turkmen 47 8 5 34 70 

Sistani 25 1 0 24 91 

(Fars) 43 7 4 32 60 

Iranian Balochs 4 1 0 3 60 

Azeris (Tork) 9 2 0 7 55 

Total 128 19 9 100 - 
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Table-2: Severity of Hl among subjects with different genotypes.  

Severity of HL 
c. 35delG 

Total 
N/N M/M M/N 

Mild (26-40 dB) 0 0 0 0 

Moderate (41-55 dB) 6 0 0 6 

Moderately Severe (56-70 dB) 14 0 2 16 

Severe (71-90 dB) 44 2 5 51 

Profound (> 90dB) 146 40 13 199 

Total 210 42 20 272 
 

 

Fig. 4: A) Gel Electrophoresis Results. The 360-bp normal control bands in all samples show 

the proper PCR performance. Samples 1, 2 and 3 represents c.35delG+/ c.35delG+, 

normal/normal and c.35delG+/normal genotypes, respectively. B) Direct Sequencing 

Chromatograms. Panel B1, B2 and B3 demonstrate the sequences of three subjects with 

c.35delG+/c.35delG+ genotype, c.35delG+/- genotype and -/- genotype, respectively. 
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4- DISCUSSION AND CONCLUSION 

From an epidemiological point of 

view, due to different ethnic backgrounds 

in geographical regions, hearing loss can 

occur differently even within a country. 

Founder effect also casts a heavy shadow 

on this diversity. The majority of reported 

GJB2 mutations are focused on exon 2 

coding regions, although some studies 

have found other HL-related mutations in 

noncoding regions. For instance, 

Denoyelle et al. discovered c.-23+1G>A 

mutation in exon 1 (15).  Further 

investigations by Angeli et al. revealed 

that c.-23+1G>A affects splicing process 

of GJB2 transcript (16). Another study 

also discovered new variants in noncoding 

regions associated with HL (17). These 

findings require further evaluations to fill 

the gaps in our understanding of GJB2 role 

in HL. Besides c.35delG, other frequent 

variants are more population specific. 

c.167delT in Ashkenazi Jews (18), 

c.235delC in Japanese (19) , c.71G>A in 

Indians and Pakistanis (20), and 

IVS1+1G>A in Mongolians (21) have 

been reported in different populations 

worldwide. The high incidence of 

c.35delG mutation in European, North 

American, Middle Eastern, and African 

populations is likely to result from a 

founder effect instead of a mutational 

hotspot at the locus (22, 23). Moreover, 

c.35delG mutation hasn't been observed in 

South and East Asian populations, 

suggesting that didn’t exist in the common 

ancestor of all modern humans. Instead, it 

might have appeared around 12000 years 

ago in central Asia (24). Najmabadi et al. 

also reported that GJB2 mutations, 

including c.35delG variant, went through 

migration from Iran to European 

populations and then to North America 

(25). A cohort study by Amorini et al. 

showed that eastern Sicily population in 

Italy might be the founder of c.35delG. 

They also suggested that the high 

frequency of this mutation could be a 

possible heterozygosity advantage (26). 

Iran hosts many different ethnicities, each 

having a unique genetic background. 

Therefore, population-based genetic 

studies in the country should consider 

ethnic groups as a strong directional factor 

(27). Autosomal recessive conditions, like 

ARNSHL, are significantly more probable 

to appear in families with consanguineous 

marriage. Saadat et al.’s study has shown 

that 38.6 percent of Iranian families prefer 

consanguineous marriages, with 27.9 

percent of the first cousin marriage rate 

(28). With different types of reported HL, 

Golestan province acts as a small-scale 

Iran itself, since many migration flows 

have been destined for the region (29). The 

region also has approximately 65 percent 

consanguineous marriage rate (30). 

Reviewing recent works on GJB2 

mutations in Iran (31), graphically 

depicted in Fig. 5, has revealed that the 

incidence of GJB2-related HL has 

gradually decreased from northwest to the 

southeast of the country. 

The gradient could be the footsteps of the 

founders. Moreover, previous studies on 

GJB2-related HL in Iran’s northern 

populations have shown that c.35delG has 

the most frequency among all GJB2 

mutations (58.4 percent) (32). The 

frequency is much lower in southern 

regions of the country. The frequency of 

c.35delG mutation decreases from north to 

south and west to east of Iran, following 

the aforementioned pattern of other GJB2 

mutations (10). In our study, allele 

frequency of c.35delG mutation has been 

investigated in 272 ARNSHL patients 

from Golestan province. Our results 

showed that the mutation frequency is 

19.1%. Two other studies have been 

conducted, so far, on GJB2 mutations in 

this province. A 12-year study conducted 

by Bazazzadegan et al. on a total number 

of 2322 individuals from all 31 provinces 

of Iran has discovered c.35delG mutation 

responsible for 65 percent of GJB2 

mutations. They studied 30 non-syndromic 

hearing impaired subjects from Golestan 
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province, out of which 17 had c.35delG 

variant (33). In another study, 

Hosseinipour et al. investigated 179 

ARNSHL families in three provinces of 

Iran, out of which 55 resided in Golestan 

province. They found ten c.35delG 

variants in Golestan province, which is 

about 9 percent of all variants in the study 

(34). Compared to previous studies in this 

province, our sample is significantly more 

diverse and contains more subjects, 

making our results more statistically 

reliable. 

 

 

 

Fig. 5: Prevalence of GJB2 mutations throughout the country. The percentage decreases from 

northwestern regions to southeastern regions, maybe as a result of founders’ migration. 

 

4-1. Limitations of the Study 

There are tens of reported mutations in 

GJB2. Other deafness-related genes also 

play significant roles. Therefore, it is likely 

that there are other families in our cohort 

whose hearing loss is not a result of 

c.35delG or even GJB2. Since the 

c.35delG represents the most common 

genetic HL variant, evaluating this 

mutation was the most cost- and time-

effective approach to screen the cohort and 

perform genetic counseling for the 

families. However, it made our data 

limited.  
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