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Gene Transfer Targeting Mouse Vestibule Using
Adenovirus and Adeno-Associated Virus Vectors

*Hiroko Okada, *Takashi lizuka, tHideki Mochizuki, T Tomoko Nihira,
*Kazusaku Kamiya, *Ayako Inoshita, *Hiromi Kasagi, *Misato Kasai,
and *Katsuhisa Ikeda

*Department of Otorhinolaryngology, Juntendo University Faculty of Medicine, Tokyo, and {Department of
Neurology, Kitasato University School of Medicine, Sagamihara, Kanagawa, Japan

Hypothesis: The present study assessed how to inject a gene
into the mouse vestibule and which is the optimum gene to the
mouse vestibule adenovirus (AdV) vector or adeno-associated
virus (AAV) vector.

Background: Loss of vestibular hair cell is seen in various
balance disorder diseases. There have been some reports con-
cerning gene delivery to the mouse vestibule in recent years. To
effectively induce transgene expression at the vestibule, we
assessed the efficiency of inoculating the mouse inner ear using
various methods.

Methods: We employed an AdV- and AAV-carrying green
fluorescent protein using a semicircular canal approach (via a
canalostomy) and round window approach.

Results: AAV injection via canalostomy induced gene expres-
sion at the hair cells, supporting cells, and fibrocytes at the
vestibular organs without auditory or balance dysfunction,
suggesting it was the most suitable transfection method. This
method is thus considered to be a promising strategy to prevent
balance dysfunction.

Conclusion: AAV injection via canalostomy to the vestibule is
the noninvasive and highly efficient transfection method, and this
study may have the potential to repair balance disorders in human
in the future. Key Words: Gene therapy—Vestibule—Virus
vector.

Otol Neurotol 33:655-659, 2012.

The loss of vestibular cells is seen in various balance
disorders such as aging, aminoglycoside toxicity, and
herpes zoster otitis (1-3), and it is known that many
children with congenital deafness have a disorder in the
vestibular function. In such cases, bilateral vestibular
loss results in permanent chronic balance dysfunction.
The vestibular system is an especially important target
for hair cell regeneration because no clinical treatments
are currently available for patients that have lost all
vestibular function. Animal models with genetic bal-
ance disorder were discovered and generated mostly in
mouse, such as shaker-1 or waltzer mice, a mouse model
for Usher syndrome. There have many reports about
gene delivery to the mouse inner ear in recent years.
Several investigators reported that gene transfer using
adenovirus-based vectors results in vestibular hair cell
regeneration, recovery of balance function (4), and
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vestibular hair cell preservation from aminoglycosides
(5). However, it is difficult to use adenoviruses because
they would be used for only short-term treatment (6).
Therefore, we compared the effect of adenovirus (AdV)
vectors with recombinant adeno-associated viral (rAAV)
vectors, which has the advantages in causing long-term
gene expression compared with AdV (7). Moreover, we
assessed how to inject a gene into the mouse inner ear.
Three main routes of gene delivery are possible, namely,
scala media approaches (via a cochleostomy), semi-
circular canal approaches (via a canalostomy), and round
window approaches (8,9). Hearing loss by the method of
cochleostomy has been reported in some studies (9,10).
Thus, in this study, the delivery of AdV and rAAV via
semicircular canal or round window was investigated to
elucidate the implications for hearing and balance func-
tion and cellular specificity of the transgene expression in
the mouse vestibule.

MATERIALS AND METHODS

Animals
Healthy C57BL/6 male mice were used at pl4. All experi-
mental protocols were approved by the Institutional Animal

Copyright © 2012 Otology & Neurotology, Inc. Unauthorized reproduction of this article is prohibited.
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Care and Use Committee at Juntendo University and were
conducted in accordance with the U.S. National Institutes of
Health Guide for the Care and Use of Laboratory Animals.

Vectors

A replication-deficient vector (human AdV, serotype 5) was
used to encode the green fluorescent protein (GFP) driven by
the cytomegalovirus (CMV) promoter. The virus was desig-
nated AD5.CMV-GFP (3 x 10!!pfu/ml). The E1 and E3 regions
were deleted. The vectors were purchased from Arist Company,
Osaka, Japan. Viral suspensions in 10 mM Tris-HCI, pH 7.5,
1 mM MgCl,, and 10% glycerol were kept at —80°C until thawed
for use.

The plasmid DNA pAAV-MCS (CMYV promoter; Stratagene,
La Jolla, CA, USA) carrying the GFP gene was constructed
as reported previously (11). The plasmid DNA pAAV-GFP
was cotransfected with plasmids pHelper and Pack2/1 into
HEK-293 cells using the standard calcium phosphate meth-
od (12). After 48 hours, the cells were harvested, and crude
rAAV vector (serotype 1) solutions were obtained by repeated
freeze-thaw cycles. After ammonium sulfate precipitation, the
virus particles were dissolved in phosphate-buffered saline
(PBS) and applied to an OptiSeal centrifugation tube (Beck-
man Coulter, Fullerton, CA, USA). After overlaying with an
OptiPrep solution (Axis-Shield PoC, Oslo, Norway), the tube
was processed with a Gradient Master (BioCpmyp Instruments,
Fredericton, NB, Canada) to prepare the gradient layer of the
OptiPrep. The tube was then ultracentrifuged at 13,000 r.p.m.
for 18.5 hours. The fractions containing high-titer rAAV vec-
tors were collected and used for injection into animals. The
number of rAAV genome copies was semiquantified using
polymerase chain reaction (PCR) within the CMV promoter
region using primers 5’-GACGTCAATAATGACGTATG-3’
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and 5’-GGTAATAGCGATGACTAATACG-3". The final titer
was 1.4 x 10 vp/ml.

To compare the infectious efficiency of the 2 vectors, the
same volume (0.5 wl) of AdV-GFP and AAV-GFP from the
same lots used in the present cochlear injection were adminis-
tered in 60-mm dish with confluent HEK293 cells and observed
in 24 hours after the infection.

Surgical Procedures

C57BL/6 male mice were anesthetized with ketamine (100 mg/
kg) and xylazine (4 mg/kg) by intraperitoneal injection. Glass
capillaries (Drummond Scientific, Broomall, PA, USA) were
drawn with a PB-7 pipette puller (Narishige, Tokyo, Japan) to
achieve an approximately 10-wm outer tip diameter. A poly-
ethylene tube (Atom Medical, Saitama, Japan) was connected to
the glass micropipette. After making a left postauricular incision,
the vector was injected following either of the 2 routes.

Round window approach: for injection via the round window,
the left otic bulla was opened, and the glass micropipette was
inserted into the round window up to the scala tympani, and the
vectors were injected using the micropipette. The injection volume
of the viral vector was regulated to approximately 0.1 wl/min
for 5 minutes using a syringe connected to the polyethylene tube.
To allow the vector to spread throughout and stabilize in the in-
ner ear, the glass micropipette was left in place for 1 minute after
the injection. The opening region of the otic bulla was sealed with
connective tissue.

Semicircular canal approach: for injection via canalostomy,
after anesthesia, the posterior and lateral semicircular canals
were identified, and a small hole was made in each canal. Next,
the glass pipette was inserted into the hole of the posterior
semicircular canal, and the vectors were injected in the same
manner as with the round window approach.
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Hearing results at 14 days after virus vector injection. The ABR thresholds of postoperation (hollow squares) did not differ from the

preoperative results (solid circles) of AAV injection via the round window (A) and via canalostomy (B) and the AdV injection via canalostomy
(D). At AdV injection via the round window, statistical significance was seen at 20 kHz(C). (*p < 0.05).
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FIG.2. The same volume (0.5 pl) of AdV-GFP (A) and AAV-GFP
(B) from the same lots used in the present cochlear injection were
administrated in 60-mm dish with confluent HEK293 cells and
observed in 24 hours after the infection. GFP signals showed
approximately same infection rates. Images were represented by
GFP fluorescent overlaid on phase contrast image.

Measurements of Auditory Brainstem Response

To assess the safety of the gene transfer strategy, we assessed
the auditory brainstem response (ABR) preoperatively and
14 days after the operation at the virus-injected ear (left side).
ABR measurements were performed as previously reported
in our laboratory (13). Thresholds were determined for fre-
quencies of 4, 12, and 20 kHz from a set of responses at various
intensities with 5-dB intervals, and the electrical signals were
more than 512 repetitions.

Assessment of Vestibular Function

We assessed the vestibular function by observation of the
head tilt, reaching response, and swimming test at 14 days af-
ter operation. For the reaching response, the mouse was held
by the tail above a flat surface, and it was noted whether the
forepaws were stretched out to make contact with the surface.
For the swimming test, the animals were placed in a container
filled with 30 cm of comfortably warm water for no longer than
60 seconds.

Sample Preparation, Histology,
and Immunohistochemical Analysis

At 14 days after injection, the mice were anesthetized and
perfused intracardially with PBS, followed by 4% paraforma-
ldehyde (PFA) in phosphate buffer. The whole inner ear struc-
tures were excised and fixed with PFA and then decalcified in
0.12M ethylenediamine tetra-acetic acid. Specimens were cryo-
protected in 30% sucrose in PBS, embedded, frozen, and sectioned
at 10 pm. Immunofluorescence analysis was performed as pre-
viously reported (10) using anti-GFP antibodies, rhodamine-
phalloidin, and 4’6-diamidino-2-phenylindole (DAPI). Images of
sections were captured with a Carl Zeiss Axioplan 2 microscope
(Carl Zeiss, Oberkochen, Germany), KEYENCE VB-G25
(KEYENCE, Osaka, Japan), and Carl Zeiss LSM510 META
(Carl Zeiss, Oberkochen, Germany).

Data Analysis
Statistical analyses were performed using Student’s -test for
the ABR data in StatMate IV for Windows. Differences were
considered to be significant if p < 0.05.

RESULTS

Functional Evaluation
The ABR thresholds at frequencies of 4, 12, and 20
kHz are shown in Figure 1. The ABR thresholds 14 days
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after virus vector injection did not differ from the pre-
operative results in the rAAV injection (Fig. 1, A and B)
and AdV injection via canalostomy groups (Fig. 1D).
With AdV injection via the round window (Fig. 1C), the
ABR threshold at 20 kHz was significantly elevated
postoperatively (Fig. 1C) (*p < 0.05). For vehicle control,
a sham treatment using sterile normal saline through the
round window or semicircular canal had been done
without hearing loss (data not shown).

No abnormalities were observed in the vestibular func-
tional tests (head tilt, reaching response, and swimming
test) in any animal 14 days after the operation.

The Infectious Efficiency of the 2 Vectors
GFP signals showed approximately same infection
rates, suggesting that these 2 lots of virus had the same
titer level. Images were represented by GFP fluorescent
overlaid on phase contrast image (Fig. 2).

FIG. 3. Photomicrographs of whole inner ear images after dis-
section with a fluorescence stereoscopic microscope. AAV injec-
ted inner ear via the round window (A, E), AAV injected via
canalostomy (B, F), AdV injected via the round window (C, G),
and AdV injected via canalostomy (D, H).

Otology & Neurotology, Vol. 33, No. 4, 2012
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Whole Inner Ear Observation
To confirm the infection of the inner ear, we observed
the whole inner ear without staining using a fluorescence
stereoscopic microscope. GFP signals were observed
in the vestibular organs (Fig. 3, A-D) and the cochlea
(Fig. 3, E-H) with all the methods.

Expression of GFP
We observed the immunostained frozen sections of
the vestibular organs with a fluorescence microscope to

ampulla utricule

round window
AAV

canalostomy
AAV

round window

AdV

canalostomy

AdV

laser scanning
microscope

(utricule)

FIG. 4. Distribution of GFP expression after the AAV and AdV
injection. A, C, E, and G are ampulla and B, D, F, and Hare utricle.
GFP expression could be seen in vestibular hair cells (arrow-
heads), supporting cells (white arrows) and fibrocytes (outlined
arrows) in the inner ear tissue after AAV injection via the round
window (A, B). Expression of GFP also was seen in hair cells
and supporting cells in the ampulla and utricule, and higher GFP
expression observed in the fibrocytes compared with the other
methods (C, D). With AdV injection via the round window (E, F)
and canalostomy (G, H), transgene expression is detected in
the ampulla and utricle, including the hair cells and supporting
cells. /1 and J are the images using a laser scanning microscope.
GFP expressions were observed in vestibular hair cells (arrow-
heads) and supporting cells (white arrows) with the methods of
AAV injection via canalostomy (/) and AdV injection via cana-
lostomy (J).
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TABLE 1. Expression of green fluorescent protein in the

vestibular organ

Ampulla Utricule
HC SC HC SC Fibrocyte
AAV-RW injection ++ + ++ + +
AAV-canalostomy 4 ++ + + ++
AdV-RW injection + + + + +
AdV-canalostomy + + + + +

The number of infected cells in one section is 0 (=), 1~5 (+), and
6~10 (++).

HC indicates hair cell; RW injection, transgene via the round window
membrane; SC, supporting cell.

assess the cellular specificity of the transgene expression
of the virus vectors and the numbers of infected cells.
No pathologic changes were observed in the vestibular
organs. GFP expression could be seen in vestibular hair
cells (arrowheads), supporting cells (white arrows), and
fibrocytes (outlined arrows) in the inner ear tissue after
rAAYV injection via the round window (n = 4; Fig. 4,
A and B). After rAAV injection via canalostomy, the
expression of GFP also was seen in hair cells and sup-
porting cells in the ampulla and utricule, and higher GFP
expression was observed in the fibrocytes as compared
with the other methods (n = 6; Fig. 4, C and D). After
AdV injection via the round window (n = 4; Fig. 4, E
and F) and canalostomy (n = 5; Fig. 4, G and H), trans-
gene expression was detected in the ampulla and utricule,
corresponding to the hair cells and supporting cells.

For the purpose of identifying GFP-expressing cells,
the sections were observed and image-stacked using a
confocal laser scanning microscope. After rAAV injec-
tion via canalostomy (Fig. 4I) and AdV injection via
canalostomy (Fig. 4J), the expression of GFP occurred in
supporting cells, organizing a single layer, and hair cells
in the shape of flask or column form.

Comparison of the Number of the Infected
Cells by Injection Method

We assessed the cellular specificity by counting the
numbers of cells expressing GFP (Table 1). In the hair cells
in the ampulla, there were more transfected cells by rAAV
injection than by AdV injection. In the supporting cells of
the ampulla, the rAAV injection by canalostomy showed
the most cells with GFP expression. In the utricule, rAAV
injection via the round window showed the most cells with
GFP expression of all methods. For vestibular fibrocytes,
rAAV injection by canalostomy showed the most trans-
fected cells.

DISCUSSION

The present study is the first report comparing the
gene expression at the vestibule between round window
and canalostomy approaches. Most of our methods were
shown to be safe in terms of hearing function and vestib-
ular function because no ABR threshold shift or balance

Copyright © 2012 Otology & Neurotology, Inc. Unauthorized reproduction of this article is prohibited.
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abnormality was observed in our study. Especially, the
strategy to inject the virus in the ear by canalostomy has no
risk of causing hearing impairment because of the surgical
manipulation. In the comparison of the number of trans-
fected cells by the injection methods, rAAV injection by
canalostomy was demonstrated to have the most and was
safe for transgene infection into the vestibular hair cells
and other functional cells in the vestibule.

At present, AdV vectors are commonly used in animal
experiments of gene therapy for the inner ear. Staecker
et al. (4) demonstrated that math1 gene transfer using AdV
results in vestibular hair cell regeneration and recovery of
the balance function. Moreover, Pfannenstiel et al. (5)
demonstrated that bel-2 gene transfer using AdV pre-
served vestibular hair cells after exposure to aminogly-
cosides. The expression time of AAV may be more useful
for therapeutics requiring long time expression, whereas
AdV would be used for short-term treatments (6).

Kawamoto et al. (9) reported that no significant ABR
threshold shift appeared after the injection of AdV vec-
tors into the mouse inner ear. On the other hand, our
study showed that the injection of AdV vectors via the
round window significantly elevated the ABR threshold
postoperatively at 20 kHz. AdV vectors may cause an
inflammatory response in the inner ear because higher
titers of AdV and rAAV were used in the present study
than in the reports by Kawamoto et al.

Because the titer of tAAV was different from that of
AdV, we could not compare the efficiency of AdV with
AAV. Although the ABR threshold was significantly
elevated after the AdV injection via the round window, it
was not elevated after the AAV injection. In addition, the
infected hair cells, supporting cells and fibrocytes of the
ampulla by AAV injection were greater in number than
those by AdV. Thus, rAAV vectors are more suitable than
AdV for the purpose of gene therapy to the vestibule.

With AdV injection via a canalostomy, transgene ex-
pression was reported to be limited to the perilymphatic
space (9). In our study, both AdV and rAAV injection
via canalostomy showed transgene expression in ves-
tibular hair cells and supporting cells. Our results differ
from those of a previous study (9) and may be explained
by the use of the fine glass capillary, which maintains the
structure and function of the membraneous labyrinth.
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Our noninvasive and highly efficient transfection method
could enable transgene infection into the vestibule and may
have the potential to repair balance disorders in human in
the future.
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Objective; G882 {gap junction protein, beta 2, 26 kDa: connexin 26)is a gap junction protein gene that has
been implicated in many cases of autosomal recessive nan-syndromic deafness. Point and deletion
mutations in GJ82 ave the most frequent cause of non-syndromic deafness across racial groups. Toclarify
the relation betwesn profound nor-syndromic deafness and GJ82 mutation in Japanese children, we
performed genetic testing for GJB2,

Methods: We conducted mutation screening employing PCR and direct sequencing for GJB2 i 126
children whao had undergone cochiear implantation with congenital deafness.

Results: We detected 10 mutations, including two vareported mutations {p.R32S and pP225L) in (JB2.
We identified the highest-frequency mutation {€.235delC: 44.8%) and other nonsense or truncating
pP225L mutations, as in previous studies. However, in our research, pR143W, which is ane of the missense
Connexin 26 mutations, may also show an important correlation with severe deafness.

Glaz Conclusion: Cur results suggest that the frequencies of mutations in G/B2 and GJBY deletions differ
among cohorts. Thus, our report is an important study of §fB2 in Japanese children with profound non-
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syndromic deafness,
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1. Introduction

People with any degree of sensory impairment may encourntey
problems such as discrimination within the education system or
when looking for work, and a reduced life expectancy. Sensori-
neural hearing loss {SNHL} is the most common sensory
impairment in developed societies [1,2], where one child in
1000 presents at birth with severe or profound deafness [3].

Recent advances in human genetics have indicated that more
than half of congenital SNHL cases involve a genetic factor {41 In
75-80% of genetic cases, SNHL is the result of autosomal recessive
inheritance, and both parents have normal hearing [5]. Mutations
of GfBZ are the most frequent cause of autosomal recessive non-
syndromic deafness, Indeed, previous studies have shown that
GIB2 mutations account for up to 50% of non-syndromic deafness
cases [6], Hearing-impaired subjects with biallelic G/B2 mutations
range widely but most commonly follow a severe to profound and
non-progressive pattern {7-91 About 100 different (/B2 muta-
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tions have been reported globally [the Connexin-Deafness
homepage: hitp:f/davinci.crg.esfdeafness/}, and these mutations
show a relatively high local dependence (founder effect). A high
prevalence of ¢35delG has been found among Caucasians;
€.235delC among Eastern Asians, including Japanese [10-13};-
¢.167delT among Ashkenazi jews [14]; pR143W among certain
Africans {15]; and p.W24X among Indians [16,17] and European
Gypsies [18-20]. Some recent reports have indicated a genotype-
phenotype correlation: children with two truncating mutations,
such as ¢.35delG or c.235delC, are profoundly deaf, while children
with a truncating and missense mutation, or two missense
mutations, show better hearing [9,21,22]. Since improved speech
performance after cochlear implantation in early childhood is
usually observed in hearing-impaired subjects with GJB2 muta-
tions [23], the genetic testing of newbeorn babies will provide
useful prognostic information when selecting appropriate treat-
ment for such children.

it the present study, to clarify the frequency and genotype-
phenotype correlation of G/BZ mutations in children with profound
non-syndromic deafness, we performed genetic testing for GJB2
mutations involving 119 Japanese children who had undergone
cochlear impignmﬁm with congenital deafness.

N,
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2. Materials and methods
2.1, Subjects

We enrolled 119 Japanese children, who were unrelated to each
other, with non-syndromic deafness for genetic analysis. Of these,
107 were sporadic cases {with only one affected individual in the
farnily); the remaining 12 patients were autosomal recessive cases
{with normal hearing parents and at least two affected children).
The study sample consisted of 70 males {58.8%) and 48 females
{41.2%). All of their hearing impairment levels were severe {71~
95 dB}to profound {95 dB); impairments were detected between
O and 3 years old. All children had undergone cochlear implanta-
tion at Tokyo Medical University Schoot of Medicine.

All cases underwent otoscopic examination and audiometric
testing. Subjective tests of hearing acuity were assessed based on
the auditory brain-stem response {ABR} and auditory steady-
state response [ASSR) in infants and children. Behavioral
observation audiometry {BOA) was used as a subsidiary measure
to ABR and ASSR. A detailed history was taken to exclude other
possible causes of deafness (such as neonatal complications,
bacterial meningitis or other infections, use of ototoxic medica-
tion, or head trauma). Extended pedigrees were elicited from
each family to exclude interfamilial relations, Temporal bone
computed tomography was used in children to exclude any
anomalies. The control group was carefully chosen to determine
the carrier frequency, and consisted of 150 unrelated individuals
with normal hearing.

Informed consent was obtained from the parents or guardians
when necessary, and these were approved by the Ethical
Committees of Juntendo University School of Medicine.

2.2, Genetic analysis

All samples from the children and normal controls were
extracted from peripheral blood using the QlAamp DNA Biood Mini
Kit (QIAGEN, Germantown, MD, USA). The coding region of GJB2
was amplified from DNA samples by the polymerase chain reaction
{PCR) using the primers GJB2-F 5-GCTGTGCATTCCTCTTTTCCAG-3
and GIB2-R 5-GCGACTGAGCUTTGACA-3, PCR products were
sequenced using the PCR primers and sequence primers GJB2-A
F-CCACGCCAGCGCTCCTAGTG-3 and GJB2-B 5-GAAGATGCTGLT
GCITGTGTAGG-3, The sequencing reaction products were elec-
trophoresed on an ABI Prism 310 Analyzer {Applied Blosystems).
When no mutation or a single heterozygous mutation in G/B2 was
confirmed, we performed the multiplex PCR assay and direct
sequencing for the coding region of JBS. Multiplex PCR was
carried out according to the method of Del Castilio et al. [24] 1o
confirm the presence of the del{GJB6-D1351830) and del{GIB6-
[1381854) deletions in GJBG.

Samples with no mutation or a single heterozygous mutation in
GIB2 and GJBE were analyzed for the gene dosage using real-time
quantitative PCR{gPCR) to detect exon rearrangements in G/B2 and
GJB6. gPCR was performed with TagMan Gene Expression Assays
{MsD0268615 51 for GJB2, and Hs00272726_s1 for §fB6, Applied
Biosystems) and the 7500 Fast Real-Time PCR System {Applied
Biosysterns).

We obtained blood samples from the family which had one of two
unreported mutations, pP225L, and the unreported ome was
confumed as follows. The samples were subjected to mutation
screening by PCR and direct sequencing for G/B2. The PCR product
was subcloned into pCR 2.1 vecto-TOPO by TOPO TA cloning
{Invitrogen, Carisbad, CA, USA}, and independent subclones were
sequenced emploving M13forward {5_-TTGTAAAACCACGGCCAG)
and reverse {5_-ACACAGGAAACAGCTATG) primers, The sequence
datz using in this study have been submitted to the GenBank
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databases under accession numbers X65361,
NM_000816, and NM_001037,

ABDSB335,

2.3. Statistical analysis

A Z-test was used to calculate the difference in the allele
frequency. In all statistical analyses, P-values of 0.01 or less were
considered significant,

3. Resulis
3.1, Mutation screening of GJB2

GJB2 mutations were found in 45 of the 119 affected individuals,
and, of these, 35 patients were homozygous or compound
heterozygous {29.4%). GfB2-related deafness patients, who had
two GJBZ mutant alleles, were found in 7 of 12 familial cases
{58.3%), and there were 28 of 107 sporadic cases (26.2%). Eight
mutations, including two unreported ones {p.R328 and p.P2235L),
were identified in these patients {Table 1), Three mutations were
truncating mutations Jone was a nonsense mutation (pY136X),
and two were frameshifts {c235delC and ¢.176-191del)]. The
remaining five were missense mutations (p.R143W, p.G45E,
p.T86R, p.R32S, and pP225L) Among these mutations, ¢.235delC
was the most frequent. The £235delC mutation accounted for
52.89% (37 of 70) of the GfB2-mutared alleles {Table 1)

We identified 10 subjects whe had three or more mutations, All
of them had p.G45E and p.Y136X, including one homozygous child.
TA cloning and sequencing of subcloned PCR products revealed
that all subjects had both mutations in the same allele {data not
shown), G45E accompanied with Y136X has been reported as a
pathogenic mutation in previous reports, especially in Japanese
patients {11,25], although it remains unclear which mutation is
more related to the pathogenicity.

We compared the allele frequency for each mutation with that
in Ohtsuka's study [25] (Fig. 1). The frequency of ©. 235delC and
threp mutations (p.R143W, p.G4A5E/Y136X, and ¢.176-191del) in
this study were significantly different from that in Ohtsuka’s study
{P < 0.01) While the p V371 mutation was reported to be the
second most frequent autosomal recessive deafness allele in Astan
countries [11,12], the present subjects did not follow this pattern.

In one subject, we identified a missense mutation, p.P225L,
which has not previously been reported (Fig. 2). The sister and
father of the proband had this mutation, while they showed a
normal hearing function. The mother, with a normal hearing
function, showed no mutation at this site, while she revealed only
heterozygous p.GASE/Y136X mutation as a known pathogenic
mutation of G/B2. The sequencing results of TA cloning further
confirmed the existence of the pP225L nonsense mutation in this
patient. We also identified another unreported mutation, p.R32S,
in another subject. The patient had p.R325/p.G4SE/Y 136X muta-
tions. The amino acid positions of two unreported mutations

Table 1
Mutations identified In the (X26 gene, GIE2 (NG_008338.1) in child cases of
congenital deafness.

Mucieotide change Arming acid change Aftele ()
€235deiC pleuFalyslsd3 37 (R,
CA2TONT pAg 143 Trp(p.R1I43W) 15 {2143
CI3A0 AR A0BUA pLASGIu/n Tyri 36X p CASE/V 136X 00143}
c376.191del pGleSBARMIS 4457}
CRSTG p U BEGArEp TEBR) 2{2:
CAE0A PAIg328er{p.R32S) 14{1.4)
eBISCHT pPro225Len™pPR25SL) 1 {14}
Tatal mutations 76 {100}

* Maovel mutations detected in this study,
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