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Abstract Most nonsyndromic hearing losses are caused by mutations in the G/B2
gene, and studies have revealed that the forms and frequencies of these mutations
are largely dependent on ethnic origin. In the present study, we aimed to charac-
terize the mutation profiles of 151 patients with hearing loss in Turkey. The entire
coding region of the GJB2 was directly sequenced in all patients. We found 35
(23.2%) individuals carrying GJB2 mutations. Seven different mutations were
identified, five of which were previously known (35delG, delE120, R184P, M163V,
L90P), the remaining two being novel variants (M34V, L205V). The most common
mutation was 35delG followed by delE120. The 35delG mutation was homozygous
in 22 cases (14.5%) and heterozygous in 4 cases (2.6%). Compound heterozygosity
for 35delG was also observed. The delE120 mutation was found in three patients in
homozygous form. A homozygous L90P and heterozygous mutations M163V and
M34V were found in single cases.
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Introduction

Congenital deafness occurs in approximately 1 in 1,000 live births and 50% of these
cases are hereditary. The majority of them (70%) are nonsyndromic, and the
remaining cases (30%) show syndromic hearing loss. Approximately 80% of
nonsyndromic hereditary hearing loss is inherited in an autosomal recessive manner,
whereas 15-20% of cases show autosomal dominant inheritance, and the remaining
cases show X-linked or mitochondrial inheritance (Schrijver 2004).

In the field of nonsyndromic hearing loss, about 120 loci and 40 genes have been
identified (Van Camp and Smith 2008). One of these genes, GJB2, encodes for a gap
junction protein connexin-26 (Cx26), which is important for intercellular commu-
nication (Lefebvre and Van De Water 2000). In the cochlea, Cx26 proteins form
connexons, and one of the important roles of these complexes is the recirculation of
potassium ions. During the mechanosensory transduction process, they function in
recycling potassium ions from hair cells to strial marginal cells. Thus mutations in
the GJB2 gene eliminate normal protein synthesis and result in hearing loss due to
impaired potassium cycling (Kikuchi et al. 2000).

More than 100 different mutations have been identified in association with
autosomal dominant and recessive hearing loss (Ballana et al. 2008). Some of these
mutations have been detected at a relatively high frequency in patients with
nonsyndromic hearing loss in many populations (Rabionet et al. 2000). Among
these mutations, 35delG is the most frequent in Caucasians, 235delC in Asians (Abe
et al. 2000; Liu et al. 2002; Guo et al. 2008), 167delT in Ashkenazi Jewish (Morell
et al. 1998; Sobe et al. 1999; Lerer et al. 2000), and R143W in Africans (Brobby
et al. 1998).

The aim of this study was to investigate the spectrum of GJ/B2 mutations among
151 patients with profound hearing loss in Turkey.

Materials and Methods
Patients

The study included 151 patients with profound hearing loss (>90 dB), and all
patients had genetic nonsyndromic hearing loss. Diagnostic workup included history
(including perinatal history), physical examination (including otorhinolaryngologic
examination), audiologic assessments (pure tone and speech audiometry, behavioral
audiometry, evoked response auditometry, and otoacoustic emission testing as
indicated), and computed tomography of the temporal bone as indicated. The study
protocol was approved by the local ethical committee.

Molecular Analysis
Genomic DNA was isolated from samples of peripheral blood of the patients using a

DNA extraction kit (Heliosis; Metis Biotechnology, Ankara, Turkey) according to
the manufacturer’s instructions. An 845-bp DNA fragment containing the coding
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exon of the GJB2 gene (exon 2) and its flanking intron sequence was amplified with
PCR using the following primers: forward 5'-GCTTACCCAGACTCAGAGAAG-3'
and reverse 5'-TGAGCACGGGTTGCCTCATC-3’ (Gene Bank NG_008358.1).
PCR was performed using the following steps: after initial denaturation at 94°C for
5 min, 30 cycles of denaturation at 94°C for 30 s, annealing at 66°C for 60 s,
extension at 72°C for 60 s, and 5 min of final extension at 72°C. The total volume
of 50 pl PCR mixture contained 50 ng genomic DNA, 1.5 mM MgCl,, 0.2 mM
dNTP, 0.6 uM each primer, and 1.0 U Tag DNA polymerase (Fermentas, Vilnius,
Lithuania). PCR products were purified with an Invisorb Spin PCRapid Kit (Invitek,
Berlin, Germany). The purified PCR products were sequenced in both directions
using the same primers and BigDye Terminator version 3.1 Cycle Sequencing Kit
(Applied Biosystems, Foster City, CA). Cycle sequencing products were then
further purified using ethanol/sodium acetate precipitation and run on an ABI Prism
310 Genetic Analyzer (Applied Biosystems). All sequence variations were verified
by resequencing.

Sequence variations in GJB2 are described according to the nomenclature
recommendations of den Dunnen and Antonarakis (2001). Numbering of GJB2
nucleotides starts with the A of the ATG start codon in exon 2 as position number
+1.

The evolutionary conservation of the amino acids affected by novel mutations
was evaluated by multiple sequence alignment. The human connexin 26 amino acid
sequence (acc. no. P29033) was aligned with connexin 26 sequences of the Norway
rat (P21994), mouse (Q00977), gibbon (Q7JGL3), lowland gorilla (QSMHWS),
orangutan (Q8MIT9), rhesus monkey (Q8MITS), cow (A2VE67), sheep (P46691),
and human connexins 30 (095452), 30.3 (QINTQ9), 31 (075712), 31.1 (095377),
32 (P08034), and 43 (P17302). Amino acid sequences were compared using an on-
line ClustalW2 program from the European Bioinformatics Institute (http://www.
ebi.ac.uk/Tools/clustalw2/index.html).

Results

Sixty-three mutations were detected in 35 of the 151 (23.2%) patients enrolled in the
study (Table 1). Seven different mutations were identified, five of which were
previously known mutations (35delG, delE120, R184P, M163V, LO90P), the
remaining two being the novel variants M34V and L205V. The most common
mutation was 35delG. A total of 22 homozygous and 4 heterozygous carriers of
35delG were detected. Compound heterozygosity for 35delG was also observed
(35delG/R184P in two patients and 35delG/L205V in one patient). The delE120
mutation was found in three patients in homozygous form. A homozygous L90P
mutation was found in only a single case. Heterozygous mutations M163V and
M34V were also found in single cases.

Two novel GJB2 mutations were found, M34V and L205V (Fig. 1). M34V is the
result of a ¢.100A>G transition, changing an ATG codon for Met to a GTG codon
for Val (M34V). The second novel missense mutation, L205V, is the result of a
¢.613C>G transversion, changing a CTG codon for Leu to a GTG codon for Val
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Table 1 Genotypes of the

GJB2 gene observed in 151 Genotype Patients (% of 151)

Ezgﬁﬁs y ;tsh nonsyndromic 35delG/35delG 22 (14.5%)
35delG/WT 4 (2.6%)
delE120/delE120 3 (2.0%)
35delG/R184P (c¢.551G>C) 2 (1.3%)
35delG/L205V (c.613C>G) 1 (0.7%)
MI163V (c.487A>G)/WT 1 (0.7%)
L90P/LIOP (c.269T>C) 1 (0.7%)
M34V (c.100A>G)/WT 1 (0.7%)

WT/WT 116 (76.8%)
WT wild type
(@) M34V Mutation (b) 205V Mutation
Reerce L F_ R L MLV e LY N L L L C
Sequences ATT TTTCGC ATTATGATCCTCGTT Sequences A AGT CACTGTAAGTCGTCCTACG
A F R LMV oL E T V N v L I ¢
””””“TI‘&“TC“W” AAGTCACTGTAAGTNGTCC TACG
1 TTCAGTGACATTCANCAGGATGE

Fig. 1 Electropherograms of the sequence surrounding the M34V (a) and L205V (b) mutations in the
GJB2 gene and comparison with reference sequences. The M34V mutation is shown in forward strand,
L205V in reverse strand. Arrow indicates mutated nucleotides

005377, 21Hum_Cx31.1/1.273
QONTQS. f|Hum_Cx30.3/1-266
Q75712 1|Hum_Cx31/1-270
P21994.1|NomwayRal_Cx26/1-226
QOOS7T. f|Mouse_Cx26/1-226
Q7JGL3 1|Gibbon_Cx26/1-226
QEMHWS. f|LowlandGonilla_Cx26/1-226 W
P29033 JHuman_Cx26/1-226
QBMITY. |Orangulen_Cx26/1-226

QEMITS. 1|RhesusMonkey_Cx26/1-226 W

AZVEE7. 1|Caltie_Cx26/1-226
P17302 2Hum_Cx43/1-382
P46E91. 1| Sheep_Cx26/1-226
085452 2Hum_Cx30/1-261
POB034. 1|Hum_Cx32/1-283

Q95377 AHum_Cx31.4/1-273
QONTQS. f]Hum_Ox30.3/1-266
OF5712 fiHum_Cx31/1-270
P21994 f{NomayRal_Cx26/1-226
QO0S7T 1Mouse_Cx26/1-226
Q7JGL3 f\Gibbon_Cx26/1-226 11 AVEG
QAMHWS flLowlandGorilla_Cx26/1-226 M| ANSE
P29033 JHuman_Cx26/1-226 AVEG
QAMITO flOrangulsn_Cx26/1-226  MIAV
QEMITS f|RhesusMonkey Cx261-226 M
A2VEG? f|Callle_Cx26/1.226
PI7302 AHum_Cx43/1-382
P46691 f|Sheep_Cx26/1-226
005452 2AHum_Cx30/1.261
POBO34. f|Hum_Cx321-283

Fig. 2 Alignment of connexin 26 amino acid sequences. Arrow indicates position of the amino acids
affected by novel mutations M34 and L205

(L205V). These two novel variants were analyzed further in terms of multiple
sequence alignment to assess the evolutionary conservation of the amino acids
affected by these mutations. The human Cx26 amino acid sequence was aligned
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Table 2 Frequency and

proportions of all identified Mutation ?;Srg?%rogg alleles ;r::tl; ?ir:rj)sn ((;:)63
GJB2 mutations
35delG 51 (17%) 80.9
delE120 6 (2%) 9.5
R184P 2 (0.7%) 32
L205V 1 (0.3%) 1.6
MI163V 1 (0.3%) 1.6
L90P 1 (0.3%) 1.6
M34V 1 (0.3%) 1.6
Total mutation 63 (20.9%)
WT 239 (79.1%)

WT wild type

with Cx26 proteins from the Norway rat, mouse, gibbon, lowland gorilla, orangutan,
rhesus monkey, cow, sheep, and human Cx30, Cx30.3, Cx31, Cx31.1, Cx32, and
Cx43 protein sequences (Fig. 2). The evolutionary conservation of the amino acid
M34 was observed when comparing the amino acid sequence of the human Cx26
protein with Cx26 from the Norway rat, mouse, gibbon, lowland gorilla, orangutan,
rhesus monkey, cow, sheep, and human Cx30 and Cx32. The amino acid L205 was
also conserved across all aligned connexin 26 proteins and human connexin proteins
(Cx30, 30.3, 31, 31.1, 32, and 43).

No mutations were found in the coding region of the G/B2 gene in 116 out of 151
patients, but the V1531 polymorphism was found in 5 patients. The V271 and G160S
polymorphisms were found in single cases. These polymorphisms were not
encountered in patients with the GJB2 gene mutations.

The total frequency of the GJB2 gene mutations in patients with nonsyndromic
hearing loss was 20.9% among the 302 choromosomes analyzed (Table 2). Of the
seven different mutations detected, the most common was 35delG, with an allele
frequency of 17%, followed by delE120, with an allele frequency of 2%. The R184P
mutation was observed in two alleles (0.7%). The remaining four mutations
(L205V, M163V, L90P, and M34V) had an allele frequency of 0.3%. The total
number of mutations found was 63 in 151 patients with nonsyndromic hearing loss.
The proportion of 35delG among all mutant alleles was 80.9%, followed by delE120
at 9.5%.

Discussion

Our results confirm that 35delG and delE120 are the most common mutations
causing nonsyndromic hearing loss in Turkey, as reported previously (Uyguner
et al. 2003; Kalay et al. 2005; Hismi et al. 2006; Tekin and Arici 2007; Evirgen
et al. 2008; Baysal et al. 2008).

The 35delG mutation (80.9%) constituted the majority of the GJB2 mutations in
our study group (Table 2). Similar findings have been observed in other populations.
The 35delG mutation accounts for 95.2% of mutations in Greece (Pampanos et al.
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2002), 93.1% in Slovakia (Minarik et al. 2005), 86.7% in Finland (Lopponen et al.
2003), and 82.8% in the Czech Republic (Seeman et al. 2004). Tekin et al. (2005)
reported that delE120 is the second most common mutation in Turkey. Similarly, in
our study the second most common mutation was delE120 (9.5%), and three
patients homozygous for this mutation were identified.

In a previous study from Turkey, Kalay et al. (2005) showed that the GJB2 gene
mutations result in approximately 25% of autosomal recessive nonsyndromic
hearing losses. In addition, Bayazit et al. (2003) revealed that 21.4% of families had
GJB2 mutations in Turkey. Furthermore, it was reported that G/B2 mutations are
responsible for about 22.4% of cases of deafness (Tekin and Arici 2007). Consistent
with these findings, our results showed that G/B2 mutations were present in about
23% of patients with nonsyndromic hearing loss in Turkey.

The two novel sequence changes identified in this study, M34V and L205V, are
located in the first and fourth transmembrane domain, respectively. The M34V
mutation was identified in the heterozygous form in a patient with profound hearing
loss. The M34T mutation was identified at the same position in several other studies.
Although the affected amino acid residue was the same in the M34T and M34V
mutations, the nucleotide changes were different. The M34V mutation is the result
of a ¢.100A>G transition, and the M34T mutation results from a c.101T>C
transition. The role of the M34T mutation in hearing impairment remains
controversial. It was first reported as a pathogenic mutation with a dominant effect
(Kelsell et al. 1997). In other studies, it was suggested that M34T acts in a recessive
mode (Wilcox et al. 2000; Houseman et al. 2001) or is a nonpathogenic
polymorphism (Denoyelle et al. 1998; Kelley et al. 1998; Scott et al. 1998a, b;
Green et al. 1999; Prasad et al. 2000; Feldmann et al. 2004; Roux et al. 2004).
Pollak et al. (2007) showed that the M34T mutation was associated with hearing
impairment and had reduced penetrance compared with other GJB2 mutations.

The other novel mutation, L205V, which was located in the fourth transmem-
brane domain of GJB2 (TM4), was found as a compound heterozygote with the
35delG mutation in a patient with profound hearing loss. A C to G transversion at
nucleotide 613 (c.613C>G) results in a leucine to valine change at amino acid 205
(L205V). L205 is conserved across all species and other human connexin proteins
(Fig. 2). This may reflect the possible pathogenic nature of the L205V mutation.
Moreover, the L205P (614T>C) mutation was also found in homozygous form at
the same position in a Georgian Jewish patient (Leshinsky-Silver et al. 2005).
Although the affected amino acid residue was the same in the L205V and L205P
mutations, the nucleotide changes were different (c.613C>G and c.614T>C,
respectively). Furthermore, hearing-loss-associated mutations have already been
described in the TM4 domains Cys202Phe (Morlé et al. 2000) and Asn206Ser
(Kelsell et al. 1997), but functional assays for these novel mutations are needed to
identify the exact effects on hearing loss.

Heterozygous carriers of the 35delG, M163V, D50Y, and M34V mutations had
no other mutations detected in the coding region of GJB2 (exon 2). A second
mutation may be located in the promoter, untranscribed regions, or exon 1. It is also
possible that another gene causing hearing loss is involved in these patients. Further
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analysis is needed to solve the problem of patients with monoallelic mutations in the
coding region of GJB2.

In summary, these data support and extend previous findings concerning the
contributions of GJB2 to hearing loss. Identification of all genes involved in genetic
hearing loss will help in our understanding of the fundamental mechanisms
underlying normal hearing, both in early diagnosis and therapy.

Acknowledgments This study was supported by the Gazi University Research Found, with the project
code number 01/2005-82.

References

Abe S, Usami S, Shinkawa H, Kelley PM, Kimberling WJ (2000) Prevalent connexin 26 gene (GJB2)
mutations in Japanese. J Med Genet 37:41-43

Ballana E, Ventayol M, Rabionet R, Gasparini P, Estivill X (2008) Connexins and deafness homepage.
http://www.crg.es/deafness. Accessed Nov 2008

Bayazit YA, Cable BB, Cataloluk O, Kara C, Chamberlin P, Smith RJ, Kanlikama M, Ozer E, Cakmak
EA, Mumbuc S, Arslan A (2003) GJB2 gene mutations causing familial hereditary deafness in
Turkey. Int J Pediatr Otorhinolaryngol 67:1331-1335

Baysal E, Bayazit YA, Ceylaner S, Alatas N, Donmez B, Ceylaner G, San I, Korkmaz B, Yilmaz A,
Menevse A, Altunyay S, Gunduz B, Goksu N, Arslan A, Ekmekci A (2008) GJB2 and mitochondrial
A1555G gene mutations in nonsyndromic profound hearing loss and carrier frequencies in healthy
individuals. J Genet 87:53-57

Brobby GW, Miiller-Myhsok B, Horstmann RD (1998) Connexin 26 R143W mutation associated with
recessive nonsyndromic sensorineural deafness in Africa. N Engl J Med 338:548-550

den Dunnen JT, Antonarakis SE (2001) Nomenclature for the description of human sequence variations.
Hum Genet 109:121-124

Denoyelle F, Lina-Granade G, Plauchu H, Bruzzone R, Chaib H, Lévi-Acobas F, Weil D, Petit C (1998)
Connexin 26 gene linked to a dominant deafness. Nature 393:319-320

Evirgen N, Solak M, Derekdy S, Erdogan M, Yildiz H, Eser B, Arikan S, Erko¢ A (2008) Genotyping for
Cx26 and Cx30 mutations in cases with congenital hearing loss. Genet Test 12:253-256

Feldmann D, Denoyelle F, Loundon N, Weil D, Garabedian EN, Couderc R, Joannard A, Schmerber S,
Delobel B, Leman J, Journel H, Catros H, Ferrec C, Drouin-Garraud V, Obstoy MF, Moati L, Petit
C, Marlin S (2004) Clinical evidence of the nonpathogenic nature of the M34T variant in the
connexin 26 gene. Eur J] Hum Genet 12:279-284

Green GE, Scott DA, McDonald JM, Woodworth GG, Sheffield VC, Smith RJ (1999) Carrier rates in the
midwestern United States for G/B2 mutations causing inherited deafness. JAMA 281:2211-2216

Guo YF, Liu XW, Guan J, Han MK, Wang DY, Zhao YL, Rao SQ, Wang QJ (2008) GJB2, SLC26A4 and
mitochondrial DNA A1555G mutations in prelingual deafness in northern Chinese subjects. Acta
Otolaryngol 128:297-303

Hismi BO, Yilmaz ST, Incesulu A, Tekin M (2006) Effects of GJB2 genotypes on the audiological
phenotype: variability is present for all genotypes. Int J Pediatr Otorhinolaryngol 70:1687-1694

Houseman M]J, Ellis LA, Pagnamenta A, Di WL, Rickard S, Osborn AH, Dahl HH, Taylor GR, Bitner-
Glindzicz M, Reardon W, Mueller RF, Kelsell DP (2001) Genetic analysis of the connexin-26 M34T
variant: identification of genotype M34T/M34T segregating with mild-moderate nonsyndromic
sensorineural hearing loss. J Med Genet 38:20-25

Kalay E, Caylan R, Kremer H, de Brouwer AP, Karaguzel A (2005) GJ/B2 mutations in Turkish patients
with ARNSHL: prevalence and two novel mutations. Hear Res 203:88-93

Kelley PM, Harris DJ, Comer BC, Askew JW, Fowler T, Smith SD, Kimberling WJ (1998) Novel
mutations in the connexin 26 gene (GJB2) that cause autosomal recessive (DFNB1) hearing loss.
Am J Hum Genet 62:792-799

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

@ Springer


http://www.crg.es/deafness

Biochem Genet (2010) 48:248-256 255

Kikuchi T, Kimura RS, Paul DL, Takasaka T, Adams JC (2000) Gap junction systems in the mammalian
cochlea. Brain Res Brain Res Rev 32:163-166

Lefebvre PP, Van De Water TR (2000) Connexins, hearing and deafness: clinical aspects of mutations in
the connexin 26 gene. Brain Res Brain Res Rev 32:159-162

Lerer I, Sagi M, Malamud E, Levi H, Raas-Rothschild A, Abeliovich D (2000) Contribution of connexin
26 mutations to nonsyndromic deafness in Ashkenazi patients and the variable phenotypic effect of
the mutation 167delT. Am J Med Genet 95:53-56

Leshinsky-Silver E, Berman Z, Vinkler C, Yannov-Sharav M, Lev D (2005) A novel missense mutation
in the connexin 26 gene associated with autosomal recessive sensorineural deafness. Hear Res
202:258-261

Liu XZ, Xia XJ, Ke XM, Ouyang XM, Du LL, Liu YH, Angeli S, Telischi FF, Nance WE, Balkany T, Xu
LR (2002) The prevalence of connexin 26 (GJB2) mutations in the Chinese population. Hum Genet
111:394-397

Lopponen T, Viisdnen ML, Luotonen M, Allinen M, Uusimaa J, Lindholm P, Méki-Torkko E, Vdyrynen
M, Lopponen H, Leisti J (2003) Connexin 26 mutations and nonsyndromic hearing impairment in
northern Finland. Laryngoscope 113:1758-1763

Minarik G, Ferakova E, Ficek A, Polakova H, Kadasi L (2005) GJB2 gene mutations in Slovak hearing-
impaired patients of Caucasian origin: spectrum, frequencies and SNP analysis. Clin Genet 68:554—
557

Morell RJ, Kim HJ, Hood LJ, Goforth L, Friderici K, Fisher R, Van Camp G, Berlin CI, Oddoux C, Ostrer
H, Keats B, Friedman TB (1998) Mutations in the connexin 26 gene (GJB2) among Ashkenazi Jews
with nonsyndromic recessive deafness. N Engl J Med 339:1500-1505

Morlé L, Bozon M, Alloisio N, Latour P, Vandenberghe A, Plauchu H, Collet L, Edery P, Godet J, Lina-
Granade G (2000) A novel C202F mutation in the connexin 26 gene (GJB2) associated with
autosomal dominant isolated hearing loss. J Med Genet 37:368-370

Pampanos A, Economides J, Iliadou V, Neou P, Leotsakos P, Voyiatzis N, Eleftheriades N, Tsakanikos
M, Antoniadi T, Hatzaki A, Konstantopoulou I, Yannoukakos D, Gronskov K, Brondum-Nielsen K,
Grigoriadou M, Gyftodimou J, Iliades T, Skevas A, Petersen MB (2002) Prevalence of GJB2
mutations in prelingual deafness in the Greek population. Int J Pediatr Otorhinolaryngol 65:101-108

Pollak A, Skérka A, Mueller-Malesiniska M, Kostrzewa G, Kisiel B, Waligora J, Krajewski P, Otdak M,
Korniszewski L, Skarzynski H, Ploski R (2007) M34T and V371 mutations in GJB2 associated
hearing impairment: evidence for pathogenicity and reduced penetrance. Am J Med Genet A
143:2534-2543

Prasad S, Cucci RA, Green GE, Smith RJ (2000) Genetic testing for hereditary hearing loss: connexin 26
(GJB2) allele variants and two novel deafness-causing mutations (R32C and 645-648delTAGA).
Hum Mutat 16:502-508

Rabionet R, Gasparini P, Estivill X (2000) Molecular genetics of hearing impairment due to mutations in
gap junction genes encoding beta connexins. Hum Mutat 16:190-202

Roux AF, Pallares-Ruiz N, Vielle A, Faugere V, Templin C, Leprevost D, Artiéres F, Lina G, Molinari N,
Blanchet P, Mondain M, Claustres M (2004) Molecular epidemiology of DFNB1 deafness in France.
BMC Med Genet 5(Mar 6):5

Schrijver I (2004) Hereditary nonsyndromic sensorineural hearing loss: transforming silence to sound.
J Mol Diagn 6:275-284

Scott DA, Kraft ML, Carmi R, Ramesh A, Elbedour K, Yairi Y, Srisailapathy CR, Rosengren SS,
Markham AF, Mueller RF, Lench NJ, Van Camp G, Smith RJ, Sheffield VC (1998a) Identification
of mutations in the connexin 26 gene that cause autosomal recessive nonsyndromic hearing loss.
Hum Mutat 11:387-394

Scott DA, Kraft ML, Stone EM, Sheffield VC, Smith RJ (1998b) Connexin mutations and hearing loss.
Nature 391:32

Seeman P, Malikova M, Raskova D, Bendova O, Groh D, Kubalkova M, Sakmaryova I, Seemanova E,
Kabelka Z (2004) Spectrum and frequencies of mutations in the GJ/B2 (Cx26) gene among 156
Czech patients with pre-lingual deafness. Clin Genet 66:152-157

Sobe T, Erlich P, Berry A, Korostichevsky M, Vreugde S, Avraham KB, Bonné-Tamir B, Shohat M
(1999) High frequency of the deafness-associated 167delT mutation in the connexin 26 (GJB2) gene
in Israeli Ashkenazim. Am J Med Genet 86:499-500

Tekin M, Arici ZS (2007) Genetic epidemiological studies of congenital/prelingual deafness in Turkey:
population structure and mating type are major determinants of mutation identification. Am J Med
Genet A 143A:1583-1591

@ Springer



256 Biochem Genet (2010) 48:248-256

Tekin M, Bogoclu G, Arican ST, Orman MN, Tastan H, Elsobky E, Elsayed S, Akar N (2005) Evidence
for single origins of 35delG and delE120 mutations in the GJ/B2 gene in Anatolia. Clin Genet 67:31—
37

Uyguner O, Emiroglu M, Uzumcu A, Hafiz G, Ghanbari A, Baserer N, Yuksel-Apak M, Wollnik B
(2003) Frequencies of gap- and tight-junction mutations in Turkish families with autosomal-
recessive nonsyndromic hearing loss. Clin Genet 64:65-69

Van Camp G, Smith RJH (2008) Hereditary hearing loss homepage. http://webhol.ua.ac.be/hhh/.
Accessed Nov 2008

Wilcox SA, Saunders K, Osborn AH, Arnold A, Wunderlich J, Kelly T, Collins V, Wilcox LJ, McKinlay
Gardner RJ, Kamarinos M, Cone-Wesson B, Williamson R, Dahl HH (2000) High frequency
hearing loss correlated with mutations in the GJB2 gene. Hum Genet 106:399-405

@ Springer


http://webho1.ua.ac.be/hhh/

	Two Novel Missense Mutations in the Connexin 26 Gene in Turkish Patients with Nonsyndromic  Hearing Loss
	Abstract
	Introduction
	Materials and Methods
	Patients
	Molecular Analysis

	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


