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Abstract

Mitochondrial 12S rRNA gene mutations account for non-syndromic hearing impairment (NSHI). The A1555G substitution is the
most common mitochondrial DNA mutation and is associated with both aminoglycoside-induced HI and NSHI. Its frequency is
variable among populations of different ethnic background. The purpose of the present survey was to determine the frequency of the
A1555G mutation in the Iranian probands with NSHI. We have screened 152 unrelated Iranian probands with NSHI with childhood
onset and 548 normal hearing controls for the occurrence of the A1555G mutation using PCR-RFLP method. Totally, 2 patients car-
rying the homoplasmic A1555G mutation were identified with a total frequency of 1.3% in Iran. Mutation A1555G had a variable
frequency among subpopulations of different ethnic origins in Iran: Azeri Turkish (4.16%), Lure (0.0%), Fars (0.0%) and Bushehri
(2.86%). The A1555G mutation was not found in any member of the controls. Our study shows that the frequency of the A1555G
mutation in Azeri Turkish and Bushehri hearing impaired patients is compatible with that reported for Caucasian populations.
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1. Introduction

Hearing impairment (HI) is the most heterogeneous human disorder known that occurs 1-3 in 1000 newborns (Morton &
Nance, 2006). Approximately 70% of neonates affected by hereditary HI are non-syndromic (NSHI). Mutations in both nuclear and
mitochondrial genes can lead to NSHI. According to the Hereditary Hearing Loss homepage (http://hereditaryhearingloss.org/) more
than 125 loci and approximately 64 genes for NSHI have been identified in human. Until now, 7 genes have been discovered in mito-
chondrial DNA, mutations of which represent 1% of pre-lingual NSHI cases (Marazita ef al., 1993). In Caucasian population, it has
been shown that at least 5% of post-lingual NSHI cases are caused by pathogenic mtDNA mutations (Jacobs et al., 2005). Mutations
in the mitochondrial genome may be found in around 20% of hereditary post-lingual HI but this might be variable as a consequence
of ethnic differences (Estivill et al., 1998). A majority of mitochondrial HI have been associated predominantly with mutations in
the MT-RNR1 (12S rRNA) and the MT-TSI (tRNAs UM) genes. The A1555G mutation in MT-RNRI is the most prevalent mutation
of mitochondrial genome, associated with both late onset and congenital NSHI. The A1555G mutation has been identified in more
than 120 families throughout the world with different frequencies among different population groups. This mutation mostly occurs
in homoplasmy but heteroplasmic status can also be found. Phenotypic manifestation of the A1555G mutation is extremely variable
ranging from severe congenital NSHI to completely normal hearing phenotype (Li et al., 2004b), deaf individuals harboring the
A1555G mutation show a variable age of onset and severity; while some subjects are congenitally hearing impaired, some others
have adult onset HI, still others may show slowly progressive NSHI. Such variable expressivity may suggest the presence of major
modulators including modifier genes, mitochondrial haplotypes and aminoglycoside antibiotics. We launched the present study to
screen the mitochondrial mutation A1555G for the first time in [ranian probands associated with childhood onset NSHI.

2. Methods

2.1 Subjects

In this study, 152 unrelated families with 2 or more NSHI subjects were recruited from 5 provinces with four different lan-
guages and ethnic backgrounds from Iran including Charmahal va Bakhtiari and Kohgiluyeh va Boirahmad provinces (Lure) in the
southwest (50 cases), Fars province (Fars) in the south (43 cases), Azerbaijan Sharghi province (Azeri Turkish) in the northwest (24
cases) and Bushehr province (Bushehri) in the south (35 cases). 548 normal hearing controls were recruited from Charmahal va Bakh-
tiari province (200 cases), Fars province (100 cases), Azerbaijan Sharghi province (100 cases) and Bushehr province (148 cases).

A well-designed questionnaire filled out for each family together with clinical evaluations helped exclude cases with syn-
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dromic forms, unilateral or mixed HI as well as those with a history of infection during pregnancy and bacterial meningitis. Informed
consent was taken from all the family members. The study was approved by the Institutional Review Boards of Shahrekord Univer-
sity of Medical Sciences and Tarbiat Modares University.

2.2 DNA extraction and Mutation screening

Five ml of whole blood was collected in 0.5 M EDTA containing tubes. Genomic DNA was extracted by a standard phenol
chloroform method (Grimberg et al., 1989). DNA concentration and purity was measured by spectrophotometry (UNICO 2100,
USA). At least, one patient from every pedigree was subjected to DNA sequencing using primers and conditions previously described
(Tabatabaiefar et al., 2011).

We sequenced GJB2 gene in all NSHI probands as described previously (Hashemzadeh Chaleshtori et al., 2007). No muta-
tion in GJB2 gene found in probands. Then, Screening of A1555G mutation was performed by PCR-RFLP strategy. We carried out
PCR amplification of a 566 bp fragment of the mitochondrial M7-RNR I gene harboring the mutation site using the forward primer 5°-
CAC AAA ATA GAC TAC GAA AGT GGC-3’ and Restriction site creator reverse primer 5’- ACT TAC CAT GTT ACG ACT GG-3’
with the purpose of creating a restriction site for Haelll to screen the A1555G mutation. Digestion with the restriction endonuclease
Haelll was followed. The restriction fragment products were visualized on a 12% polyacrylamide gel by silver staining. In the wild
type allele, digestion products revealed two fragments of 455 bp and 111 bp. The mutation creates an additional restriction site for
Haelll generating three fragments in the PCR product (455 bp, 91 bp and 20 bp).

3. Results

The A1555G mutation was detected in two out of the 152 NSHI probands (1.3%) and in none of the 548 control individ-
uals with a normal hearing (Fig.1A.). Both probands harboring the A1555G mutation were in homoplasmic status. This result was
confirmed by direct sequencing of the corresponding PCR product (Fig.1B.). Proband 1, a 20 year old man, was from Azerbaijan
Sharghi province (Azeri Turkish). His HI was congenital, profound, bilateral and sensorineural. The GJB2 gene was sequenced by
direct sequencing method in 152 NSHI probands but no mutation was found. His verbal communication skill was rather poor. After
administration of hearing aid, an improvement in oral communication was shown to occur in the follow-up examination.
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Fig.1. (A): PCR-RFLP analysis of Iranian patients
300bp with HI: a 566 bp PCR fragment is digested with
200bp Haelll. The wild-type mtDNA is cleaved into
two fragments, 455bp, and 111 bp in length
(panels 2- 5, 7 and 8). PCR product containing
the A1555 G mutation is cleaved in to three
111 bp fragments, 455, 91 and 20 bp in length (panel
P o1 bp 6). DNA ladder (SM0241) (panel 1) (B): Se-
quence chromatograms from a normal hearing
individual (top) and affected proband with the
A1555G mutation in the mitochondrial 125
(B) at. 1555 in meDNA rRNA gene (down)
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His mother and two sisters were positive for the A1555G mutation but only the younger sister, 13 years of age, was hearing impaired
at higher frequencies. The expressivity of HI among family members carrying the mutation A1555G was highly variable, ranging
from profound, moderate to completely normal hearing. Incomplete penetrance of the A1555G in this family was quite noticeable.
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Fig.2. Pedigree of the proband 2 family segregating
for the A1555G mutation in the mitochondrial 125
rRNA gene
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Proband 2 (II: 3, Fig.2.), a 54 year old male from Bushehr province (Bushehri), had severe, bilateral and sensorineural
deafness and with no GJB2 mutation. The onset of HI was at 7 years of age at higher frequencies. The hearing impairment phenotype
got worse with age at all frequencies. No information was available regarding a possible exposure to aminoglycoside antibiotics. He
had two male and two female offspring that were normal hearing (Fig.2.). He had four female and three male siblings (Fig.2.). The
A1555G mutation was verified in all of the siblings of the proband. However, the sign of HI was only present in one brother (I11:2) and
one sister (I1:5) aged 71 and 53 years, respectively, who were affected with severe sensorineural HI with childhood onset. His healthy
youngest sister (II: 10) had 7 children one of whom (III:6) was affected with congenital severe HI (Fig.2.). The A1555G mutation was
detected in all of her offspring providing further evidence for the incomplete penetrance.

Overall, two probands carrying homoplasmic A1555G were found in this study. The scrutiny of all family members of
both probands confirmed the presence of the mutation A1555G and its strict inheritance in a maternal pattern. The frequency of the
mutation A1555G in Azeri Turkish, Bushehri, Lure and Fars subpopulations were 4.16% (1/24), 2.86% (1/35), 0.0% (0/50) and 0.0%
(0/43), respectively.

4. Discussion

Mutations in the mitochondrial DNA, especially 12S rRNA and tRNA*" VN ysually cause progressive non-syndromic
hearing impairment (NSHI) (Kokotas ef al., 2007). NSHI-linked mutations often exist in homoplasmy or at high levels of hetero-
plasmy implying high threshold levels for pathogenicity of the mtDNA mutations (Finsterer & Fellinger, 2005). The mitochondrial
DNA mutations have highly variable phenotypic expression indicating the contribution of three major modulators involving nuclear
modifier genes, environmental factors and mitochondrial haplotypes (Guan, 2004).

The mutation A1555G is the most common 12S rRNA mutation associated with various phenotypes from profound HI to
completely normal hearing. This mutation was first illustrated in a large Arab-Israeli family (Prezant et al., 1993). So far, no report
exists regarding the involvement of the mtDNA mutations in pathogenesis of deafness in Iran. Our study shows that the average
frequency of the A1555G mutation was 1.3% in the Iranian deaf population. Iran is strategically located in the tri-continental cor-
ridor uniting 3 continents including Asia, Africa and Europe. This variable frequency could be due to ascertainment bias or as a
true different prevalence in subpopulations of different ethnic origin in Iran. Different ethnic groups belonging to distinct religions
and speaking in different languages, such as Fars, Azeri Turk, Gilaki, Kurd, Arab, Turkaman, Mazandarani, Lur, Baluchi, Zaboli,
Bushehri and Mashhadi, live in Iran generating a potentially diverse genetic reservoir. The role and mutation frequency in the known
genes linked to HI are highly variable in various ethnic groups of Iran (Chalehtori ef al., 2007; Mahdieh et al., 2010; Tabatabaiefar et
al., 2011). Comprehensive studies in different ethnic groups residing in discrete regions of the Iran showed high frequency rates of
GJB2 mutations in autosomal recessive NSHI families in Gilan (34%) in the north and Azarbaijan sharghi (27.5%) in the northwest
and of the country. However, very lower frequencies were found in Hormozgan (4.3%) in the south and Sistan va Baluchistan (3.6%)
in the southeast of Iran (Hashemzadeh et al., 2007; Najmbadi et al., 2005). This situation can be inferred, more or less precisely, for
other genes causing NSHI as well as other diseases. In agreement with the hypothesis, mutation A1555G was present with variable
frequencies among various ethnic groups ranging from 4.16% in Azeri Turkish, 2.86% in Bushehri, to 0.0% in Lur and Fars popula-
tions.

In families of both probands harboring the A1555G mutation, 6 of 19 carriers were affected with pre-lingual or progressive
sensorineural HI. Severity and onset of age in carriers were variable from completely normal hearing to profound deafness with con-
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genital or late onset indicating the phenotypic heterogeneity caused by the A1555G mutation. As no mutation was found in the GJ/B2
gene, further research is needed to identify the modifier genes or factors. Higher prevalence of this mutation among Azeri Turkish
and Bushehri populations might also be due to a founder effect. The frequency of A1555G mutation has been determined in various

populations of different ethnic origin (Table 1).

Table 1. Frequency of A1555G mutation in different populations worldwide

Continent Population Frce:|1u5e 5" 5c é of Reference

Europe Belgium 0.3% Konings et al., 2008
Greece 0.42% Kokotas et al., 2009
Germany 0.7% Kupka et al., 2002
Hungary 1.8% Kupka et al., 2002
Turkey 1.8% Tekin et al., 2003
Poland 2.4% Kupka et al., 2002
Italian 15.57% Jacobs et al., 2005
Spanish 27.14% Estivill et al., 1998

America USA 0.6% Lietal., 2004a
USA 0.0% Samanich et al., 2007
Brazilian 2% Abreu et al., 2006

Africa Tunisian 1% Mkaouar et al., 2008
Morocco 3.6% Nahili et al., 2010

Asia Korea 0.9% Bac et al., 2008
Chinese 2.9% Lietal., 2005
Japanese 3.45% Abe et al., 1998
Japanese 7.7% Usami et al., 2000
Indonesia 5.3% Malik et al., 2003
Iranian 1.3% This study

By and large, mutation frequency of A1555G in different ethnic groups of Iran is in the range reported for most of other
populations. Furthermore, the findings of the present study confirm those of several other studies on the genetic bases of HI in Iran
suggesting highly variable mutation frequencies among different ethnic groups. Ethnicity of the proband could be a significant factor
in genetic counseling programs in such countries as Iran with the heterogeneous population. In general, it might be worth screening
for mitochondrial DNA mutations, especially A1555G, in people from certain populations with higher frequencies of the mutation
before starting treatment by aminoglycoside antibiotics as to prevent from HI.
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