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Abstract

Background: The splice site nucleotide substitution IVS1+1G>A in the non-coding part of the GJ/B2 gene is one of the reces-
sive pathogenic mutations causing nonsyndromic sensorineural hearing loss (NSHL). We present here the results of a study
of IVS1+1G>A among Belarusian patients with NSHL as well as among Belarusian controls with normal hearing.

Material and methods: The PCR-RFLP method was used for genotyping. All tested patients were subdivided into three
groups: those who carried only one mutant allele of G/B2 exon 2 (group A, 28 patients), those with no mutation of G/B2 exon
2 (group B, 150 patients), and patients with two mutations previously detected in the second exon of GJB2 or with one mu-
tation and a large GJB6 deletion AD13S1830 (group C, 223 patients). Also 300 Belarusian people with normal hearing were
screened for IVS1+1G>A.

Results: We detected 7 patients with IVS1+1G>A mutation in the A group, which explained hearing loss in 25% of this deaf-
ness cohort. None of the B or C group patients carried the IVS1+1G>A mutation. We also did not find any IVS1+1G>A mu-
tation carriers among the 300 Belarusian control people with normal hearing.

Conclusions: IVS1+1G>A is the third-most frequent mutation (after 35delG and 312del14) among Belarusian patients with
NSHL; its rate is 1.8% for the patient cohort we studied and the population frequency is below 0.33%. We propose to include
the IVS1+1G>A mutation into a laboratory screening protocol for those patients with NSHL that carry one mutant allele of
GJB2 exon 2.
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¢CUANDO SE DEBE REALIZAR LA PRUEBA DE LA PRESENCIA DE LA MUTACION
IVS1+1G>A DEL GEN GJB2 EN LOS PACIENTES CON LA PERDIDA AUDITIVA
AISLADA DE TTIPO NEUROSENSORIAL?

Resumen

Objetivos: La mutaciéon IVS1+1G>A que provoca el trastorno del proceso de la composicién de los exones, localizada en la
zona no codificante del gen GJB2, es una de las variantes recesivas, patégenas que provocan la aparicion de la pérdida auditi-
va aislada de tipo neurosensorial (LHEN). En este estudio se presentan los resultados de los andlisis moleculares para detec-
tar la presencia de la mutacién IVS1+1G>A en los pacientes bielorrusos con LHEN y en el grupo de control de la poblacién.

Materiales y métodos: La deteccién de la mutacion IVS1+1G>A se ha realizado con el método PCR-RFLP. Los pacientes han
sido divididos en tres subgrupos: heterocigotos desde el punto de vista de las mutaciones localizadas en el ex6n 2 del gen GJB2
(grupo A, 28 pacientes), pacientes sin mutacion en el exén 2 del gen GJB2 (grupo B, 150 pacientes), pacientes con dos muta-
ciones recesivas del gen GJB2, o los heterocigotos de dos genes complementarias con la mutacion en la zona codificante del
gen GJB2y con la delecién del gen GJB6 AD13S1830 (grupo C, 223 pacientes). También se ha realizado la evaluacion de la
frecuencia de portadores en el grupo de control que contaba 300 personas de procedencia bielorrusa sin pérdidas auditivas.

Resultados: En el grupo A se han detectado 7 casos de la mutacion IVS1+1G>A, con lo que se ha explicado el motivo de la

pérdida auditiva en el 25% de los pacientes del grupo analizado. En el grupo B y C no se ha detectado ningtin caso de la muta-
cion IVS1+1G>A. En el grupo de control de la poblacién tampoco se ha constatado la aparicién de la mutacion IVS1+1G>A.
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Conclusiones: La mutacion IVS1+1G>A del gen GJB2 es la tercera mutacion mas comun (después de 35 delG y 312del14 res-
pectivamente) mutacion en los pacientes bielorrusos con LHEN; su incidencia en el grupo del estudio se ha definido en un
1,8%. La frecuencia de ser portador de esta mutacién es menor de 0,33%. Se sugiere entonces realizar los analisis para com-
probar la presencia de la mutacién IVS1+1G>A en los pacientes con la pérdida auditiva, y en particular de los heterocigotos
desde el enfoque de la presencia de otras mutaciones del gen GJB2.

Palabras clave: G/B2 « IVS1+1G>A « pérdida auditiva aislada

KOTA CIEOYET BBIIIONIATHh TECT HA HAJIMYME MYTAIIMU IVS1+1G>A
TEHA GJB2 Y TAIIMEHTOB C HECUHIPOMAJIBHOM HEVIPOCEHCOPHOM
TYTOYXOCTbIO?

W3noxxenue

Ienn: Myranus IVS1+1G>A, Hapyluaromias npouecc CIUIa/iCMHIa JIOKa/IM30BaHHAasA B HEKOJUpYIoLleil 06/1acTu TeHa
GJB2 - 3T0 OfIH U3 PeIleCCUBHBIX, TATOT€HHBIX BAPMAHTOB, KOTOPbIe IPMBOAAT K IOSAB/IEHNIO HECVH/IPOMAaIbHON Hel-
pocencopnoit Tyroyxoctu (NSHL). B paboTe mpefcTaB/IeHbl pe3y/IbTaThl MOJIEKY/SIPHBIX aHA/IN30B HAa Ha/IM4YMe MyTa-
uuu IVS1+1G>A y 6emopycckux nanuentos ¢ NSHL u B nemorpadudeckoit KOHTPOIbHOI IpyTIIe.

Marepuansi u MeToasl: etekiusa mytanuu IVS1+1G>A nposenena metogom PCR-RFLP. ITaunentst 661t paspere-
HBI Ha TPY IOATPYIIIBL: T€TEPO3UTOTHI B OTHOIIEHUM MYTalLMii, IOKa/IM30BaHHBIX BO BTOPOM 39K30He reHa GJB2 (rpyn-
ma A, 28 manyueHToB), alyeHThl 6€3 MyTaluil BO BTOPOM 3k30He reHa GJB2 (rpymnma b, 150 4enoBek), IalyueHTHI C ABY-
MsA pelecCMBHBIMM MyTauuaAmyu reHa GJ/B2, wiy KoMnayHJ, — FeTepO3UTOThI, COYeTaAoLe MyTalMi0 B KOGMPYIOLIei
obnacty rena GJ/B2 u penenyio reda G/B6 AD13S1830 (rpynmna LI, 223 maunenTa). IIponsBefeHa Taxoke OLleHKa 4acTo-
TBI HOCUTEIbCTBA B JeMOrpaduuecKoil KOHTPOIBHOII IPyIIIe, cocTosIelt 13 300 YemoBeK OeTOPYCCKOTO MIPOMCXOXKIe-
Hus 6€3 TYTOyXOCTH.

Pesynprarer: B rpynmne A o6HapyskeHo 7 HocuTeneit mytanuu IVS1+1G>A, 4To 00bACHAST TeHETUYECKYIO IIPUPOY TY-
royXocTu y 25% MauMeHTOB U3 aHa/M3UMPOBaHHOM rpynmnsl. B rpynmne b u 11 He HaliieHO HM OHOTO C/TydYas MyTalUK
IVS1+1G>A. B nemorpadnyeckoit KOHTPO/IBHOII IPyIIIe TaK)Ke He 06Hapy)xeHo MyTaunu [VS1+1G>A.

Mrorm: Myranua IVS1+1G>A rena GJ/B2 - tpeTbs 1o yacrore (mocine 35 delG u 312del14 cooTBeTCTBEHHO) MyTaLa y
6enopycckux manyentos ¢ NSHL, B ncciefoBaHHoOI rpymie oHa BcTpedaercs y 1,8%. YacToTa HOCHTENBCTBA TOI My-
Tauyy B nonynauuy Huoke 0,33%. CnefoBaTebHO, PEKOMEH/YeTCS TECTMPOBATh Ha Hanuune MyTauuu [VS1+1G>A ma-
IIVIEHTOB C TYTOYXOCTbIO, B 0COOEHHOCTM TeTePO3UTOT II0 APYIUM MyTauuam reHa GJB2.

Kniouesbie cnoBa: GJ/B2 « IVS1+1G>A « usonupoBaHHas TYTOyXOCThb

KIEDY NALEZY WYKONAC TEST NA OBECNOSC MUTACJI IVS1+1G>A GENU GJB2
U PACJENTOW Z IZOLOWANYM NIEDOSEUCHEM ZMYSEOWO-NERWOWYM?

Streszczenie

Cele: Mutacja IVS1+1G>A zaburzajaca proces skladania eksonéw, zlokalizowana w niekodujacym obszarze genu GJB2 jest
jednym z recesywnych, patogennych wariantéw powodujacych wystapienie izolowanego, zmystowo-nerwowego niedostuchu
(NSHL). W pracy przedstawiono wyniki analiz molekularnych na obecno$¢ mutacji IVS1+1G>A u biatoruskich pacjentéw
z NSHL oraz w populacyjnej grupie kontrolne;.

Material i metody: Detekcje mutacji IVS1+1G>A wykonano metoda PCR-RFLP. Pacjenci zostali podzielenie na trzy podgru-
py: heterozygoty pod wzgledem mutacji zlokalizowanych w 2 eksonie genu GJB2 (grupa A, 28 pacjentéw), pacjenci bez muta-
cji w 2 eksonie genu GJB2 (grupa B, 150 pacjentéw), pacjenci z dwiema recesywnymi mutacjami genu G/B2, lub heterozygo-
ty dwugenowe komplementujace z mutacjg w regionie kodujacym genu GJB2 i delecja genu G/B6 AD13S1830 (grupa C, 223
pacjentéw). Wykonano réwniez oceng czgsto$ci nosicielstwa w populacyjnej grupie kontrolnej liczacej 300 oséb pochodzenia
bialoruskiego bez niedostuchu.

Wyniki: W grupie A wykryto 7 przypadkéw mutacji IVS1+1G>A, wyjasniajac tym samym podioze niedostuchu u 25% pacjen-
tow z analizowanej grupy. W grupie B i C nie wykryto Zadnego przypadku mutacji IVS1+1G>A. W populacyjnej grupie kon-
trolnej rdwniez nie stwierdzono wystapienia mutacji IVS1+1G>A.
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Whioski: Mutacja IVS1+1G>A genu GJB2 jest trzecig pod wzgledem czestosci wystepowania (po 35 delG i 312del14 odpo-
wiednio) mutacjg u bialoruskich pacjentéw z NSHL, jej czesto$¢ w badanej grupie okreslono na 1,8%. Czesto$¢ nosicielstwa
tej mutacji wynosi ponizej 0,33%. Sugeruje si¢ zatem przeprowadzanie analiz na obecno$¢ mutacji IVS1+1G>A u pacjentéw
z niedostuchem, a w szczegdlnosci heterozygot pod wzgledem innych mutacji genu GJB2.

Stowa kluczowe: GJ/B2 « IVS1+1G>A « izolowany niedostuch

Background

Hearing loss (HL) is one of the most common congenital
disorders in industrialised countries: its frequency (1:1000
births) exceeds that of many monogenic diseases [1-3].
Genetically and clinically, hereditary hearing loss or deaf-
ness comprise a heterogeneous group of diseases with dif-
ferent types of inheritance. Congenital HL is divided into
two groups: syndromic and nonsyndromic.

Nonsyndromic hearing loss (NSHL) accounts for 60-70%
of all forms of hereditary deafness [4]. The major portion
of NSHL is related to autosomal-recessive variants, which
commonly are the most severe. Despite the large number
of chromosomal loci (about 120) and 70 genes associat-
ed with this disorder [4], the vast majority of NSHL cas-
es are determined by a single locus (DFNB1) on the 13%
chromosome (Figure 1). There are two genes in this locus:
GJB2 and GJB6, both encoding connexin proteins [5,6].
GJ/B2 mutations are the most frequent cause of NSHL in
the majority of the world population, in some countries
accounting for up to 50% of NSHL cases; two large de-
letions including the GJ/B6 gene region also cause hear-
ing loss, though they occur with far less frequency [1,7].

The GJB2 gene encodes a protein of the intercellular gap
junction, connexin 26 (Cx 26). This connexin is one of the
membrane transport proteins forming connexon (which
consists of six connexin subunits). Connexins are respon-
sible for recycling K* as well as for the exchange of metab-
olites and signaling molecules in the organ of Corti, ma-
jor requirements for mechano-electric transduction [8,9].
GJB2 is located in the DFNBI1 locus on the long arm of
the 13% chromosome and consists of two exons, but only
the second is protein-coding. Over 110 different muta-
tions have been already detected in G/B2, 90 of which de-
termine the development of nonsyndromic deafness [4].
Various ethnic groups are characterised by spectrum spec-
ificity and different frequencies of pathogenic mutations
in GJB2, usually with a predominance of only one of the
pathogenic variants [10].

In Europeans, the most frequent mutation causing NSHL
is a deletion of one guanine within the six-guanine se-
quence at the beginning of the second GJB2 exon termed
35delG [1]. This deletion is responsible for 70-90% of all
pathogenic mutations in the GJB2 gene [4]. Despite the

high frequency of 35delG and other mutations in the GJB2
gene, for a substantial proportion of patients with NSHL
(10-15%), only one pathogenic mutated recessive allele
has been found in the course of direct sequencing of the
GJB2 coding region [11-13], so the precise genetic basis
of hearing loss for these patients remains elusive.

Along with the GJB2 coding region, the non-cod-
ing first exon and intron have been analysed in several
studies to establish the second defect in the same gene,
and some pathogenic mutations leading to NSHL have
been identified [14-16]. When the splice site mutation
in GJB2 IVS1+1G>A (also called -3170 G>A mutation)
rs80338940, was originally reported, it was considered to
be rare, with uncertain opinion about its pathogenicity
[14,15]. The lack of transcription or instability of the tran-
script carrying IVS1+1G>A substitution in patients with
IVS1+1G>A/35delG mutations suggested a pathological
role of IVS1+1G>A mutation [17]. Screening of patients
from different European countries (mainly in Eastern Eu-
rope) has revealed that the mutation IVS1+1G>A is com-
mon among patients with only one pathogenic mutated al-
lele in the coding exon 2 of the GJB2 gene, including those
who carry the mutation 35delG [3,13,18-22].

Recently, we have reported that 35delG is the main cause of
hearing defects in 391 Belarusian patients with NSHL [23].
Genotyping of those patients showed that 46% were ho-
mozygous for the single nucleotide deletion 35delG, 13%
had only one mutant allele, whereas for 41% patients no
35delG mutation was identified [23]. To investigate the
cause of hearing loss in the patients with the 35delG het-
erozygous genotype, as well as for those without this mu-
tation, SSCP analysis followed by sequencing was carried
out. As a result, six other mutation variants were found in
the GJB2 second exon. The patient group was also checked
for the presence of a large deletion that includes the G/B6
gene: AD13S1830), and it was detected in three patients
(Table 1). But still for 28 patients with only one mutant
allele, and for 150 patients with no mutations in the GJB2
exon 2, the genetic basis of their NSHL, if any, remained
uncertain.

Here, we present the results of the next step in our studies
of the genetic basis for NSHL in Belarus: 1) we screened all
of our patients (391) for IVS1+1G>A splice mutation in the
DFNBI locus, and 2) we genotyped 300 native Belarusian

Figure 1. Location of the two genes

Centromere B2 Telomere GJB2 and GJB6 on chromo-
< < (—— some 13q11-12 (from [11] with
— — — modifications
A _Bon 1} { Bon2 ) GJB6 W )
) 4 A(GJB6-DI3SI854), 232 kb 4
VSI-+1G>A A(GJB6-DI3SI830), 309 kb
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Table 1. Rates of IVS1+1G>A splice site mutation and
other G/B2and AD13S1830 mutations in Belarus
NSHL cohort of 391 patients™

Number of patients
with mutation
(% of patient group)

GJB2 genotype

— When should one look for IVS1+1G>A splice mutation in patients...

Control population

Our control population was 300 ethnic Belarusians from
six different regions of Belarus (North, East, West, Cen-
tre, South, and Eastern and Western Polessie); they were
genotyped for the presence of the mutation IVS1+1G>A
in the non-coding part of the G/B2 gene. Different regions
of the country were represented proportionally in both pa-
tient and control populations.

Isolation of genomic DNA

Genomic DNA was isolated from capillary blood and buc-
cal epithelium using the standard protocol with Protein-
ase K and phenol-chloroform purification.

Mutation IVS1+1A>G in the GJB2 gene

All 391 patients and 300 controls were analysed for the
presence of the mutation IVS1+1G>A in the non-coding
part of the GJB2 gene. To define the mutation IVS1+1G>A,
PCR-RFLP analysis was carried out. Conditions for geno-
typing IVS1+1G>A are presented in Table 2, where prim-
ers, annealing temperature, and endonuclease (Fermentas,
Lithuania) are indicated. Visualisation of restriction frag-
ments was performed in 7% polyacrylamide gel.

Results

IVSI+1G>A / 35delG 6 (1.53%)
IVS1+1G>A / 312del14 1 (0.26%)
35delG / 35delG 178  (45.5%)

35delG / 312del 14 20 (5.1%)

35delG / del(GJB6-D1351830) 3 (0.77%)
312del14 / 312del14 2 (0.51%)
35delG / 235delC 3 (0.77%)
167delT / 235delC 2 (0.51%)
35delG / 182M 2 (0.51%)
35delG / 167delT 2 (0.51%)
35delG/V271+E114G 1 (0.26%)
N/ 35del G 14 (3.6%)

N/ 312del14 4 (1.02%)
N/ 167delT 2 (0.51%)
N/ V271 1 (0.26%)

* The mutations in exon 2 and del(GJB6-D1351830) were
detected by us previously [23].

people with normal hearing to establish the population
rate of this recessive mutation. We were especially inter-
ested in establishing the genetic basis for NSHL in those
patients with one or no mutation in the G/B2 second exon.

Material and methods

Patient population

Our patient group consisted of 391 children and teenag-
ers (aged 2-18 years) with nonsyndromic hearing loss that
came from the following towns located in different regions
of Belarus: Minsk, Grodno, Pinsk, Bobruisk, Vitebsk, and
Gomel. All underwent audiological analysis and the de-
gree of their hearing loss was evaluated as moderate, pro-
found, or severe. Written parental consent to conduct the
study was provided.

We did not detect the IVS1+1G>A mutation in any of 300
samples from the control population with normal hearing,
so we estimate that its carrier rate is less than 0.33%. Simi-
lar results of population frequency have been obtained for
two other European populations [13,22].

Following our previous study, all 391 patients that were

genotyped for IVS1+1G>A were divided into three groups:

A: 28 patients with one mutant allele of GJB2 exon 2;

B: 150 patients that had neither mutations in the G/B2 cod-
ing exon nor deletion of GJ/B6 (del(GJB6-D135S1830));

C: 213 patients with two mutations detected in the sec-
ond exon of GJB2 or with one mutation in that exon
and a large deletion (del(GJB6-D13S1830)). Though
the genetic basis of HL in group C was already de-
termined [23], we checked them for IVS1+1A>G be-
cause there were some cases among our patients when
people with NSHL carried three pathogenic mutations
(unpublished).

There were 7 out of the 391 examined Belarusian patients
(1.8%) who carried the IVS1+1G>A mutation. Out of these
7, 6 were heterozygous for the 35delG mutation (35delG/
IVS1+1G>A) and one was heterozygous for 312del14
(Table 1), so all 7 patients belonged to group A. We did
not find any patients with the IVS1+1G>A mutation in
the B or C groups.

Table 2. Primers, PCR conditions, and endonuclease for genotyping

Polymorphism Primers

PCR product,
bp

Restriction fragments, bp

Endo-nuclease (allele type)

IVS1+1A>G R: cagtccggggecggeggggtea [21]

F: ggtgtggggtgcggttaaaaggeg ¢ oc

199, 22 (wt)

221 bp 221 bp (mut)

Eco911
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The degree of hearing loss varied among the identi-
fied carriers of the IVS1+1G>A mutation. Severe HL
was observed in 4 cases: 3 of them were compound
heterozygotes IVS1+1G>A/35delG and the fourth had
IVS1+1G>A/312del14 genotype. Profound HL was found
in 2 patients, and both of them had IVS1+1 G>A / 35delG
genotype. Only 1 patient (with IVS1+1G>A/35delG ge-
notype) had moderate HL. These data are in accordance
with the results of Santos et al. (2005) and da Silva-Costa
et al. (2009), who found that among patients with the
35delG/IVS1+1G>A genotype, a severe or profound de-
gree of HL predominates [16,24].

Detection of a patient with moderate HL and genotype
IVS1+1G>A/35delG indicates that in rare cases the ef-
fect of IVS1+1G>A mutation on HL is not particularly
damaging [17].

Discussion

Mutations in the GJB2 gene play an important role in the
etiology of hearing impairment. The major cause of path-
ological mutations has been identified in the second (cod-
ing) exon of this gene [22]. It is rare for mutations of the
first non-coding exon and promoter region of the GJB2
gene to cause hearing loss, except for IVS1+1G>A. Only
a few genetic laboratories include them in their standard
protocols for HL screening [13,20,22,25].

The frequency of IVS1+1G>A mutation varies to a great ex-
tent among patients with HL from different ethnic groups.
According to Tekin et al. (2010), IVS1+1G>A is the most
common pathogenic GJB2 allele among Mongolian patients
with HL [10]. The highest carrier frequency of IVS1+1G>A
among six investigated Eastern Siberian populations had
been found in the Yakut population [11]; surprisingly, mu-
tation of IVS1+1G>A accounts there for approximately
95% of all pathological mutations in the G/B2 gene [11].
Most of the identified Yakut patients were homozygotes
(IVS1+1G>A/IVS1+1G>A), which is extremely rare in
other ethnic groups studied up to now. According to these
data, Eastern Siberia is the region with the most extensive
accumulation of IVS1+1G>A mutation in the world [11].

Among Western Europeans, the rate of IVS1+1G>A mu-
tation has not been thoroughly studied. In a group of 264
Dutch patients suffering from HL it was found to have very
low frequency (2 out of 264) [21]. On the contrary, prev-
alence of IVS1+1G>A is typical for some patients from
Eastern Europe — who are already carriers of one mutant
GJB2 allele. Thus, among Czech and Hungarian patients
with one pathogenic allele in the GJB2 coding exon, mu-
tation of IVS1+1G>A accounts for 45% and 23.4% of cas-
es, respectively. Our research detected a relatively high
incidence of IVS1+1G>A mutation: 7 cases out of 28 pa-
tients bore one pathogenic allele in the GJB2 coding exon
(group A), which makes 25% for this cohort and is com-
parable with the rates published for the Czech and Hun-
garian patients [13,22]. Among Slovak patients the fre-
quency of IVS1+1G>A mutation is about 1.85%, which
is significantly lower than in neighboring countries [19].

The question remains about the genetic basis of HL in the
rest of the 21 patients who bear only one G/B2 mutation in

28

exon 2 (last 4 rows in Table 1): 14 of them were 35delG/N

heterozygotes, 4 were 312del14/N, 2 were 167delT/N, and

1 patient was a V27I/N genotype. Various reasons of hear-

ing loss in such patients have been discussed [26]:

— the second mutation exists in GJB2 but has not been de-
tected (in the promoter or the first exon that were not
sequenced);

- the cause of hearing impairment is a mutation in anoth-
er, not “connexin” gene whose product reacts with con-
nexin 26;

- several patients with a single mutation (recessive) are
simply carriers, and their hearing impairment may re-
sult from other, nongenetic causes.

The background carrier rate of the 35delG mutation in
Belarus has been previously determined in our study of
757 individuals with normal hearing to be 43/757=0.057
(5.7%), which is the highest rate in European countries
published until now [23]. So we consider that the 14 pa-
tients who were 35delG/N heterozygotes were probably
mutation carriers whose hearing loss was caused other
than by GJB2 mutation, as the rate, 14/391=0.036, is even
less than the 0.057 revealed for the general Belarus popu-
lation. Concerning the 7 patients heterozygous for other
pathogenic mutations (Table 1), further mutation search
is needed to either confirm or exclude GJ/B2 involvement
in hearing loss. For the rest of the 150 patients, mutations
were not found either in the coding or non-coding parts of
GJB2, so the genetic basis of their HL remains unproven.

In summary, we detected 7 cases of IVS1+1G>A mutation
in our group A and have not identified this mutation in
groups B or C. This result suggests that IVS1+1G>A is the
third-most frequent mutation, after 35delG and 312del14,
among Belarusian patients with HL - its rate is 1.8% for
the whole cohort of 391 studied patients with HL.

Conclusions

The background carrier rate of IVS1+1G>A mutation in
Belarus was determined to be less than 0.33%.

Screening of IVS1+1G>A mutation in a cohort of Belaru-
sian patients with NSHL was conducted for the first time,
and the rate of mutation carriers was estimated as 1.8%.

Mutation of IVS1+1G>A in the non-coding part of the
GJB2 gene is the third-most common pathogenic muta-
tion, after 35delG and 312del14, in the spectrum of GJB2
mutations among Belarusian patients with NSHL.

According to our results, IVS1+1G>A is far more common
in the compound heterozygous state, with other G/B2 mu-
tations causing hearing impairment. Thus, it is probably
not necessary to test all patients (in Eastern Europe) for
this mutation; however, we recommend including tests for
IVS1+1G>A mutation in laboratory screening protocols
for people with nonsyndromic hearing loss who are hete-
rozygous for only one pathogenic exon 2 GJB2 mutation.
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