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F—TJ— R :G/B2ER, axRF /26, EITHERE, B T8, EREHEE

T RETLHELEDNTED, EEDO> LEETE
- : R G0 B84, D WBETIO%D, S0
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FEHTIC T G/B2 & £ (R143W, 235delC O
HEeE~NTHoEEEK) RO/, S ravEYT
43BELRD N - T2,

BESFTR  HEIL 64/ C62.5dB, L£EHIiL6

FEfE]C47.5 dB DEEREOET HRD/ (K 2),
TORIFICE AT FH# DA &4 % i 4T &
T, BERRIFTH 5,

E 3

1. A L5 G/B2EREDERTH
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G45E/299-300delAT/Y136X
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x1 BECBT5EERTH %2 FEETFEOEE
BERRDOEE BETE () EBETH B
B V37I/F191L 1 235delC 102
hZE | 235delC/235delC 3 G45E/Y136X 29
235delC/299-300delAT 2 R14377 24
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TG 1 2 FER 3 TP 4
Fs (5) 70 12 49 31
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Characteristics and genotype of GJB2 mutation with
progressive hearing loss
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GJB2 gene mutations are the most common cause of congenital hearing loss. These mutations
generally cause non-progressive hearing loss. In the present study, we examined the relationship
between genotypes and progressive hearing loss in 97 patients diagnosed with GJB2 mutations.
The genotype 235 delC, common among Asians, was the most frequent, while no 35 delG, common
among Westerners, was observed. Of 41 patients, excluding those presenting with severe hearing
loss from the beginning, hearing was measured twice or more at 1-year or longer intervals in 32.
One apparent case and three suspected cases of advanced hearing loss were identified. No specific
trend in genotypes was observed. Progressive hearing loss is rarely seen in patients with G/B2 mu-
tations. No specific genotype causing progressive hearing loss was identified. However, severe
hearing loss significantly affects language development in infants. Hearing loss should be carefully
followed up, given that it progresses in some cases with G/B2 gene mutations.

Key words: GJ/B2 mutation, connexin 26, progressive hearing loss, genotype, congenital hearing
loss
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Objectives: To determine the long term effect of cochlear implant (CI) in children with G]BZ—rélatéd

Methods: Genetic testing was performed on 29 children with CL. The speech perception in 9 children with
GJB2 gene-related deafness fitted with CI was compared with those in matched 10 children who were
diagnosed as having no genetic loci. The average follow-up period after CI'was 55.9 months and 54.6
months, respectively.

Results: A definitive inherited hearing impairment could be confirmed in 12 (41.4%) of the 29 Cl children,
including 10 with G/B2-related hearing impairment and 2 with SLC26A4-related hearing impairment. The
results of IT-MAIS, word or speech perception testing under the noise, and development of speech
perception and production testing using the Enjoji scale were slightly better for the GJB2 group after Cl
than for the control group without statistical significant difference.

Conclusion: The long-term results of this study show that Clis also effective in the development of speech
performance after Cl in Japanese children with GJB2-related hearing impairments as HL due to other
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etiologies.
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1. Introduction

Recent progress in the research on hereditary hearing loss is
rtemarkable. Since 1992, more than 125 genetic loci have been
reported to be involved in nonsyndromic hearing loss (HL) [1], and
over 67 of those loci are involved in autosomal recessive
nonsyndromic HL [2]. Among these, the GJB2 gene encoding the
connexin (Cx) 26 protein (chromosomal 13q11-12) is the most
common, of which about 100 different G/B2 mutations have been
reported globally [3]. It is reported to account for between 20 and
50% of all recessive nonsyndromic cases [4].

On the other hand, the benefits of cochlear implantation (CI) for
spoken language, reading skills, and cognitive development have
been clearly demonstrated [5,6]. Recently, the outcomes of Cls in
patients with ‘G/B2 mutations have also been reported. Several
studies have shown that patients with GJB2 mutations (OMIM
121011) usually exhibit excellent speech perception and language

* Corresponding author at: Department of Otolaryngology-Head and Neck
Surgery, Nagasaki University Graduate School of Biomedical Sciences, 1-7-1
Sakamoto, Nagasaki 852-8501, Japan. Tel.: +81 95 849 7349; fax: +81 95 849 7352.
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performance after CI, when compared with those without
identifiable GJB2 mutations [7-11]. However, other studies have
demonstrated that when the control group is appropriately
matched with regard to age at implantation and length of post
Cl, there is no significant difference when comparing those with
G/B2-related deafness to' those without it [12-15]. Results
analyzing post-Cl speech performance in patients with GJB2
mutations are still controversial.

In this study, in order to know whether the long term effect of CI
is better in children with GJB2-related deafness or not, we have
studied the speech perception outcome of Cl in children with G/B2
gene mutations, and compared them to those in matched children
without inherited hearing loss. )

2. Materials and methods
2.1. Subjects

We have performed CI in 301 cases in our clinic since 1997.
Genetic testing was performed in 29 children with CI, and

definitive GJ/B2- and SLC26A4-related hearing impairment was
confirmed in 10 (34.5%) and 2 (6.9%) children with CI, respectively.
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Table 1

Clinjcal information of cases in the 2 groups.
Group Control GJB2 P value
Number of cases 10 9
Sex (male:female) 3:7 2:7
Age at CI (months) 36.7 374 0.5996
Post Ci (months) 54.6 55.9 0.6736

Pre-Cl education Auditory-verbal/oral

Auditory-verbal/foral

Cl: cochlear implantation.

Finally, 19 children whose selection criteria were as follows were
enrolled for this study.

1. Their age at CI was 6 years or less

2. Their guardian accepted gene mutation analysis

3. There was no any other apparent cause of deafness such as inner
ear anomaly, central disorders/learning difficulties, or cytomeg-
alovirus (CMV) infection

We divided them into two groups: the first, a control group
consisting of 10 children who were diagnosed as having no genetic
toci, while the second was the actual GJB2 study group consisting of
9 children with GJB2 gene-related deafness. Detail of their clinical
information is shown in Table 1. HL was diagnosed at a different
age in each child, but showed 90 dB or more severe HL before the
age of 6 on auditory brainstem response (ABR) test. Preoperative
imaging studies (CT and MR) showed no abnormal findings in any
of the children in each group. None of the children showed any
cognitive delay. The average age at CI in the two groups was 36.7
months (ranging from 21 to 67 months old; 3 male and 7 female)
and 37.4 months (ranging from 22 to 63 months old; 2 male and 7
female), respectively. Thus, there is no significant difference
between the two groups (Student's ¢-test, £ = —0.5339, P = 0.5996).
Their average follow-up period after CI was 54.6 months (ranging
from 24 to 110 months) and 55.9 months (ranging from 47 to 62
months), respectively (Student's t-test, t = —0.4278, P= 0.6736). All
the cases in this study had an intensive auditory-verbal education
without visual information since childhood. Both the CI operation
and the (re)habilitation after CI took place in the same clinic.

All patients were fitted with a CI system from either nucleus
muttichannel cochlear implant system (Cochlear Corporation,
Englewood, CO, US.A.) or Combi40+ cochlear implant system
(MED-EL, Innsbruck, Austria). All electrode arrays were inserted in
all patients. There were no perioperative complications in any of
the patients. ,

o We examined the hearing level {(both with CI and with hearing

‘aids), the Infant-Toddler Meaningful Auditory Integration Scale
(IT-MAIS), speech perception skills, and development of articula-
tion in the two groups before and after Cl several times in the post-
operative period ranging from 6 months to 4 years. The best results
from this period were used in evaluating the hearing level and the
speech perception skills in the two groups. The speech perception
skills were evaluated using C1 2004, SDS-67S, and Japanese CD SDS
system (TY-89) tested at 70 dB SPL (sound pressure level) using an

open-set questionnaire. We also examined the development of .

speech perception and production by using the Enjoji Scale of
Infant Analytical Development (Enjoji Scale), which was developed
in Japan and is now established as one of the standard
developmental examinations for evaluating the development of
children from birth to about the age of 6 [16]. In this examination,
the development of a child can be assessed by checking his or her
performance on the chart, in which standard developmental items
at each month are described in the three fields including motor,
social and language skills. The results allow us to clearly assess to

what extent a child is successfully developing in each of the three
fields and the six subdivided categories. These tests were
conducted up to 2 years after Cl.

2.2. Mutation detection

15 ml peripheral venous blood using standard procedure was
sent to the Institute of Otorhinolaryngology, Shinshu University
School of Medicine, Matsumoto, Japan for Genomic DNA extrac-
tion. All subjects underwent mutation screening for 47 common
mutations of 10 hearing loss related genes in Japan by using
invader assay {17,18].

Written informed consent was obtained from the guardians of
all the subjects and the study was approved by the ethical

" committee of our institute (approval number: 07122106). The

differences between in the two groups were analyzed statistically
using the paired t-test and the unpaired Student's t-test. All the
acceptance criterion for a significant addition to the explained
variance was set at P values under 0.05.

3. Results

- A definitive GJB2-related hearing impairment was confirmed in
9 (32.2%) of the 29 children with CI. Table 2 shows the details of
detected GJB2 gene-mutations. GJB2 c.235delC was observed in 3
cases, while six children each had one distinct mutation as listed in
the table.

Fig. 1 shows the preoperative aided hearing thresholds. The
preoperative hearing level was over 90 dB in all the cases, and the
average level of preoperative aided hearing thresholds was nearly
60 dB in the two groups presenting no significant difference
between the two groups.

Fig. 2 shows the postoperative hearing thresholds with CI. After
CI, the hearing level improved to 25-30dB in both groups, thus
there was no significant difference between the groups.

Fig. 3 shows the results of the IT-MAIS for the two groups.
Preoperative scores were worse in the GJ/B2 group than in the
control group, however, these improved from 1 year to 3 years
after Cl. The averaged IT-MAIS score in the GJB2 group was
9.8 &+ 12.9 (range, 0-31) preoperatively. The averaged IT-MAIS score
at 2 years after Cl increased up to 33.6 & 7.8 (range, 20-39), and this
improvement was statistically significant (paired t-test, P=0.017).
The averaged IT-MAIS score in the control group at 2 years after Cl

Table 2
Mutations with GJB2 gene in 9 cases.

Mutation Number of cases

GJB2 c.[235delC];[235delC]

GJB2 ¢.[511insAACG];p.[T86R]

GJB2 c.[235delC];[299-300delAT]

GJB2 p.[G45E;Y136X];[R143W]

GJB2 C.[l76-191dell6};[299~300dEIAT]
GJB2 c.[235delC];p.[G45E; Y136X]

GJB2 c.{235delC};p.[R143W]

e ek ed el 0
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Fig. 1. Results of the average level of preoperative aided hearing thresholds at each
frequency. Diamond dots and solid line: control group; square dots and solid line:
GJB2 group; bars: indicate two standard deviations.
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Fig. 2. Results of the average level of postoperative hearing thresholds with CI at
each frequency. Diamond dots and solid line: control group; square dots and solid
line: GJB2 group; bars: indicate two standard deviations.

was 30.4 & 7.6 (range, 19-38). There was no significant difference in
the scores between the two groups at 4 years after CL.’

Fig. 4 shows the results of speech perception skills in the two
groups after CL. Longitudinal axis indicates the results (%) when
tested at 70 dB SPL using CI 2004, SDS-67S, and Japanese CD SDS
system (TY-89) in the two groups. There was no significant
difference between the two groups, but the percentage of correct
answers (%) examined under the noise tended to be better in the
GJB2 group.

(Score)

3 4 5
(Years)

Fig. 3. Results of the difference of IT-MAIS scores from 0 years (=preoperative) to 4
years after CI. Diamond dots: scores in the control group; square dots: scores in the
GJB2 group; dotted line: trend line in the control group; solid line: trend line in the
GJBZ group.
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Fig. 4. Results of speech perception skills examined by using CI 2004, SDS-67S, and
Japanese CD SDS system (TY-89). Longitudinal axis indicates the correct answer rate
(%). Gray bars: control group; dotted bars: G/B2 group.
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Fig. 5. Results of the development of articulation from 0.5 to 4 years after ClL
Diamend dots: accuracy rates in the control group; square dots: accuracy rates in
the GJB2 group.

Fig. 5 shows the results of development of articulation in the
two groups after Cl. There was no significant difference in the
scores between the two groups.

Fig. 6 shows the results in the development of speech
perception (Fig. 6a) and production (Fig. 6b) in the two groups
after Cl. Values of month in the ordinate were calculated by
subtracting the developmental months assessed by the Enjoji
Scale from the actual age at each period, thus, smaller values
indicate better development of speech perception and production.
Postoperative language perception and production in the GJB2
group tended to be slightly better, especially at one and halfyears
after surgery, but there was no significant difference in these
scores.

4. Discussion

The incidence of HL is approximately 0.1% among newborns,
and hereditary HL is identified in at least 60% of patients with
congenital HL, for whom the proportion of syndromic and non-
syndromic is 30% and 70%, respectively [19]. The most common
trait of nonsyndromic HL is autosomal recessive, which accounts
for about 80% of cases [20], and GJB2 is the gene most frequently
associated with hereditary HL. The incidence of GJB2 mutations in
the Japanese population with HL is 14.2% overall and 25.2% in
patients with congenital hearing loss [21], and 35 of the 119 cases
(29.4%) with non-syndromicdeafness {22]. In children with Cl, 135
hearing-impaired patients (270 alleles) were tested, and GJB2
mutations for the c.235delC were found in 39 alleles of 270 alleles
(14%). Especially the homozygous of ¢.235delC was detected in 26
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Fig. 6. Results of the developmental course of language perception (a) and
production (b) in the control and GJB2 groups examined by Enjoji Scale of Infant
Analytical Development test. Diamond dots: scores in the control group; square
dots: scores in the GJB2 group; dotted line: trend line in the control group; solid
line: trend line in the GJB2 group.

alleles (9.6%), single heterozygous of ¢.235delC was detected in 1
allele (0.4%) and compound heterozygous of c.235delC was found
in 12 alleles (4.4%) [23].

In this study, a definitive inherited hearing impairment could be
confirmed in 11 (37.9%) of the 29 CI children, including 9 with
GJB2-related hearing impairment, 2 with SLC26A4-related hearing
impairment. These percentages are quite high and remind us of the
importance of performing the mutation detection for CI patients.

The GJB2 group underwent the IT-MAIS, word or speech
perception testing under the noise, and development of speech
perception and production testing using the Enjoji scale. The finally
achieved performances in the two groups were not significantly
different, but the averaged IT-MAIS score at 2 years after CI was
significantly better in the GJB2 group than in the control group.
This result may indicate that the necessary period to achieve the
actual age development was shorter in the GJB2 group than in the
control group, and the difference may become smaller as they
acquire language through CI in tonger term. Matsushiro evaluated
4 (I children with GJB2 gene mutation and reported that the
postoperative IT-MAIS score at 6 months was significantly higher
in comparison with that of other prelingual CI patients [24]. In this
study, children such as those having inner ear anomaly or
cytomegalovirus infection, whose postoperative performance after
Cl is not necessarily good, were excluded from the control group.
Considering that these children may also be candidates for CI in
general, we can expect (I is efficient for Japanese children with
GJB2 gene mutation as well as for those reported previously
[8,23,24].

GJB2 and GJB6, mapping to the DFNB1 locus and encoding the
gap-junctions Cx 26 and 30, respectively [25]. Cx 26 and 30 are
widely expressed in the cochlea at the level of the organ, of
Corti’'s supporting cells and connective tissues, and have an
important role in forming homomeric or heteromeric hemi-
channels [26,27]. Mutations in Cx26 are presumed to result in
altered potassium recirculation, leading to an accumulation of
potassium in the cochlear endolymph and causing hair cell
dysfunction and deafness [28]. In other words, mutations in the
(x26 protein mainly lead to the impairment of the endolymph
potassium concentrations, which are required for auditory
signal transduction, but may not lead to severe damage or
decreasing the number of hair cells. It is generally assumed that
the results of CI are poorer for inner ear malformation and in
cases with neural andjor central damage than in cases with
disorders within the inner ear causing the hair cells damage
because the auditory pathway including the first neuron, spiral
ganglion cells, may well be preserved in the latter. We speculate
that the reason why the GJB2 group had better results in this
study is perhaps due to a comparatively good survival and
preservation of electrical excitability of the cochlear spiral
ganglion cells and the auditory nerve, which is important in the
successful CI results [29].

There are some specific reports which support the present
results and our speculations. In a rat model, Cx26 was shown to

‘be expressed in nonsensory epithelial and connective tissue

cells, but not in the inner or outer hair cells or cochlear nerve
fibers [30]. Anatomically, Cx26 mutations result in a dysgenesis
of the stria vascularis and hair cells in the organ of Corti, but
with minimal neural degeneration and a normal population of
spiral ganglion cells in both the apical and basal turns of the
cochlea. [31] In the electrophysiological study, children with
GIB2-related HL had greater similarities between low- and high-
frequency residual hearing and between neural activity electri-
cally evoked at apical and basal regions of the cochlea than
children with non-GJB2-related HL [32]. These results may
suggest more consistent spiral ganglion survival along the
length of the cochlea in GJB2-related HL, which appears to
involve a decreasing gradient of spiral ganglion survival from
the apex to the base of the cochlea.

Most genotype-phenotype correlation studies have indicated
that HL of the subjects with GJB2 mutations shows a non-
progressive pattern [33,34], however, some studies indicated a
progressive pattern. {23,35,36]. Considering that early CI is well
known to be one of the most important factors for the better
postoperative performance for children with congenitat HL, even in
children with progressive hearing loss due to GJB2 mutation, we
might be able to prepare for early Cl for those children if we were
aware of it. The early screening of GJB2 mutation for newborns

-with severe to profound HL might be advisable.

5. Conclusions

Despite the limits imposed by the small sample size, this study
points to the importance of routine genetic assessments. The long-
term results of this study also show that Cl is also effective in the
development of speech performance after CI in Japanese children
with GJB2-related hearing impairments as HL due to other
etiologies. If a child through genetic assessment is diagnosed as
having a GJB2-related hearing impairment, CI can provide
considerable benefits.
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Pathogenic substitution of IVS15 + 5G > A in
SLC26A4 in patients of Okinawa Islands with
enlarged vestibular aqueduct syndrome or
Pendred syndrome
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Abstract

Background: Pendred syndrome (PS) and nonsyndromic hearing loss associated with enlarged vestibular aqueduct
(EVA) are caused by SLC26A4 mutations. The Okinawa Istands are the southwestern-most islands of the Japanese
archipelago. And ancestral differences have been reported between people from Okinawa Island and those from
the main islands of Japan. To confirm the ethnic variation of the spectrum of SLC26A4 mutations, we investigated
the frequencies of SLC26A4 mutations and clinical manifestations of patients with EVA or PS living in the Okinawa
Islands.

Methods: We examined 22 patients,with EVA or PS from 21 unrelated families in Okinawa Islands. The patient’s
clinical history, findings of physical and otoscopic examinations, hearing test, and computed tomography (CT) scan
of the termporal bones were recorded. To detect mutations, all 21 exons and the exon-intron junctions of SLC26A4
were sequenced.for all subjects. Quantitative reverse-transcription polymerase chain reaction (qRT-PCR) for SLC26A4
and calculations using the comparative CT (27#4T) method were used to determine the pathogenicity associated
with gene substitutions.

Results: SLC26A4 mutations were identified in 21 of the 22 patients. We found a compound heterozygous mutation
for IVS15 +5G > A/H723R in nine patients (419}, a homozygous substitution of IVS15 + 5G > A in six patients (27%),
and homozygous mutation for H723R in five patients (23%). The most prevalent types of SLC26A4 alleles were

IVS15 +5G > A and H723R, which both accounted for 15/22 (68%) of the patients. There were no significant
correlations between the types of SLC26A4 mutation and dlinical manifestations. Based on gRT-PCR results,
expression of SLC26A4 was not identified in patients with the homozygous substitution of IVS15 +5G > A,

Conclusions: The substitution of IVS15+ 5G > A in SLC26A4 was the most common mutation in uniquely found in
patients with PS and EVA in Okinawa Islands. This suggested that the spectrum of SLC26A4 mutation differed from
main islands of Japan and other East Asian countries. The substitution of V515 +5G > A leads to a loss of SLC26A
expression and results in a phenotype of PS and EVA.
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Background

Profound hearing loss affects about 1 in 300 to 1 in
1000 newborns [1-4], and about one-half of these cases
can be atfributed to genetic factors [5]. About 51% of
these cases are due to single nucleotide polymorphisms
[5]. As to inheritance pattern among monogenic pro-
bands, about 1% is X-linked, 22% is autosomal domin-
ant, and 77% is autosomal recessive [5]. Pendred
syndrome (PS) is an autosomal recessive disorder char-
acterized by congenital sensorinenral hearing loss and
goiter [6]. The causative gene for PS and EVA was iden-
tified to be SLC26A4 [7,8]. Enlarged vestibular aqueduct
(EVA) is a common inner ear malformation that can be
diagnosed radiographically in patients with impaired
hearing (Figure 1). EVA is frequently associated with PS
[9-11]. In addition to PS, SLC26A4 mutations also cause
nonsyndromic hearing loss with EVA in the absence of a
_ thyroid phenotype [12,13].

Previous studies revealed that the spectrum of
SLC26A4 mutations varied on the basis of ethnic back-
ground [14,15]. Tsukamoto et al. [15] demonstrated that
SLC26A4 mutations occwrred in 90% of families with a
history of PS and in 78% of families with a history of
EVA in Japan. Among these SLC26A4 mutations, H723R
was suggested to have a founder effect in the Japanese
population.

The Okinawa Islands are the southwestern-most
islands of the Japanese archipelago (Figure 2). Previous
studies suggested that there were substantial ancestral
differences between Okinawa Islands the main islands of
Japan [16]. In this study, we examined patients with
EVA or PS from the Okinawa Islands to determine the
frequencies and the genotypes of SLC2644 mutations
and their clinical manifestations.

Methods
Subjects
From May 2008 to July 2012, 22 patients (8 males, 14 fe-

males; age range: 0-33 years; mean age: 5.8 years; median

age: 8.5 years; Table 1) were diagnosed with PS or EVA in
the Department of Otorhinolaryngology, Head and Neck
Surgery of the University of the Ryukyus, Japan.
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Prior to enrollment, all subjects provided a written
informed consent. Our research protocol was approved by
the Ethical Review Board of the University of the Ryukyus.

Clinical manifestations of PS and EVA
Clinical history of 22 patients with neuro-otologic symp-
toms was recorded. A physical examination, including
otoscopy, hearing level test, computed tomography (CT)
scan of the temporal bones, and examination for thyroid
goiter was conducted. '
Depending on a subject’s ability, hearing level was de-
termined using auditory brainstem response, condi-
tioned orientated response, or pure tone audiogram.
Hearing level was defined as the average of the hearing
threshold at 0.5, 1.0, 2.0, and 4.0 kHz. Hearing was de-
scribed as: normal, <20 dB; mild impairment, 21-40 dB;
moderate impairment, 41-70 dB; severe impairment,

~71-90 dB; and profound impairment, >91 dB.

Neck palpation or echography of the neck was
performed in all patients, to determine thyroid goiter. In
addition, their serum levels of thyroid-stimulating hor-
mone (TSH) and free thyroxine (FT4) were measured to
evaluate thyroid function (normal values; 0.9~1.6 ng/dl
and 0.5-5.0 mU/], respectively). A perchlorate test was
not performed.

High-resolution temporal bone CT was performed in
all patients to determine if there were any other inner
ear malformations in addition to EVA. EVA was defined
as a vestibular aqueduct with a diameter of >1.5 mm at
the midpoint between the common crus of the semicir-
cular canal and the external aperture of the vestibular
aqueduct on CT [17].

Mondini dysplasia was defined when the cochlea
consisted of 1.5 turns in which the middle and apical
turns had coalesced to form a cystic apex due to the ab-
sence of the interscalar septum [18,19].

Vestibular enlargement was defined when the ratio of
the membranous vestibule diameter to the inner ear
diameter of the lateral semicircular canal was >1.2 [20].

Vertigo was investigated based on spontaneous nystag-
mus, caloric vestibular test or patients’ self-reporting of
past episode. The spontaneous nystagmus was evaluated

\.

Figure 1 Computed tomography of the temporal bone showing an enlarged vestibular aqueduct. Circles show the vestibulér aqueduct.
The vestibular aqueduct is not identified in control subject (A). The enlarged vestibular aqueduict is identified in a patient with EVA (B).
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Figure 2 Location of the Okinawa islands in relation to East Asia. The Okinawa islands are located between Taiwan and the Japanese island
of Kyushu. The Japanese archipelago comprises Hokkaido, Honshu, Kyusyu, and the Okinawa islands, as well as some smaller islands.
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using Frenzels glass or infrared CCD camera (IRN-1,
Morita, Kyoto, Japan).

SLC26A4 genotyping

Genomic DNA was extracted from whole blood using a
QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany).
To detect mutations, all 21 exons and the exon-—intron
junctions of SLC26A4 were sequenced for all subjects. A
35 step cycle of Polymerase chain reactions (PCR) was
performed as follows: initial denaturation at 94°C for
5 min; 35 cycles of 94°C for 40 s, 60°C for 40 s, and 72°C
for 1 min; and a final extension at 72°C for 5 min. PCR.
reactions were run using a programmable thermal cycler
(Verti™ 96-Well Thermal Cycler, Applied Biosystems, CA,
USA).

PCR products were purified using a Wizard® SV Gel
and PCR Clean-Up System (Promega, WI, USA) and dir-
ectly sequenced using an ABI PRISM 3130 x1 Genetic
Analyzer (Applied Biosystems). The sequences obtained
were aligned and compared using the BLAST program
with known human genome sequences available in the
GenBank database.

We surveyed the substitution IVS15+5G > A in 100
healthy objects as control.

The genotype of the IVS15 + 5G > A was detected by
digestion of the PCR product with the restriction en-
zyme Sspl (New England Biolabs, Ipswich, MA, U.S.A).

Total RNA isolation and reverse-transcription
Total RNA was isolated from leukocytes using a
QIAamp RNA Blood Mini Kit (Qiagen) according to the

7 manufacturer’s protocol. Before ¢DNA synthesis, residual

DNA. was removed by incubation with RNase-free DNase
I (Ambion Inc, City, TX, USA). Then, total RNA was
reverse transcribed using a TaKaRa Prime Script High Fi-
delity RT* Kit (TaKaRa, Tokyo, Japan) according to the
manufacturer’s protocol. Possible contaminating genomic
DNA in RNA samples was determined by electrophoresis.

Quantitative nested realtime PCR
Nested real-time quantitative (q) PCR was performed to
investigate the level of SLC26A4 expression in the blood.

First-step PCR {conventional PCR)

A conventional PCR assay was performed in a 10 {d reac-
ton mixture that included 2 pl of ¢cDNA, 0.5 units of DNA
Taq polymerase (TaKaRa), 2.5 mM deoxynucleotide tri-
phosphates (dNTPs), 1 uM forward and reverse primers
for first-step PCR (Table 2), 10 x buffer, and 1.875 mM
MgCl,, with distilled water (H,O) for the final reaction vol-
ume of 10 pl. A 33 step cycle of PCR were performed as
follows: 94°C for 5 min, 33 cycles of 94°C for 30 s, 60°C for
30 s, 72°C for 40 s, and a final extension at 72°C for 5 min.

Second-step PCR {quantitative nested PCR)

Following the first PCR, a second PCR was performed
using a set of internal primers (Table 2). The reaction
mixture contained 1 il of the first PCR product {diluted
10-fold), 10 pl of SYBR Premix Ex Taq, and 0.2 pM of
the internal forward and reverse primers; the -final



