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Method B. A solution of aq. HCI (6 M, 10 mL) was added to
a solution of azlactone 7, 8, 10 or 11 (I mmol) in 5 mL THF at
room temperature in a 25 mL round flask. The reaction mixture
was heated at 70 °C for 1 h and the formation of the products was
monitored by TLC. The solvents were evaporated under vacuum
to yield a white solid of the crude product which was purified by
preparative TLC using CH,Cl,/methanol (90 : 5) as eluent to yield
colorless solids.

Methyl(1-benzoylamino-6-phenyl-cyclohex-3-enecarboxylate)
(12). Yield (134 mg, 40%); white solid; R;0.57 (CH,Cl,/MeOH =
90:5); mp=153-155°C; "H NMR (400 MHz, CDCl;) 6=7.67 (d,
2H, J = 6 Hz), 7.47-7.16 (m, 8H), 6.79 (s, 1H), 5.9 (m, 1H), 5.82
(m, 1H), 3.72 (m, 1H), 3.69 (s, 3H), 3.15 (d, 1H, J = 8.5 Hz), 2.74
(d, 1H, J = 8.5 Hz), 2.61 (m, 2H); "C NMR (100 MHz, CDCl,)
0 =172.7, 166.8, 140.2, 134.7, 131.5, 128.5, 128.4, 128.1, 127.5,
126.9, 125.3, 125.0, 61.7, 43.8, 29.9, 29.3; IR (KBr disc) 3389,
3059, 2929, 1725, 1685, 1645, 979, 882, 742 cm™'; MS, m/z (ESI)
358 [100, M + Na]*; Anal. Calc. for C,,H, NO;: C, 75.2; H, 6.31;
N, 4.18%. found: C, 74.93; H, 6.15; N, 4.07%.

1 - Benzoylamino - 6 - phenyl - cyclohex - 3 - enecar-
boxylic acid (13). Yield (253 mg, 79%); white solid; R; 0.15
(CH,Cl,/MeOH =90:5); mp=219-221 °C; "H NMR (400 MHz,
CDClL) 6 =17.69 (d, 2H, J = 6.3 Hz), 7.54 (m, 2H), 7.43 (m, 2H),
7.28 (m, 6H), 6.73 (s, 1H), 6.01 (m, 1H), 5.85 (m, 1H), 4.06 (m,
1H), 2.77 (t, 2H, J = 8.0 Hz), 2.60 (t, 2H, J = 8.0 Hz); "C NMR
(100 MHz, CDCl;) 6 = 175.5, 165.8, 141.1, 135.6, 131.9, 128.5,
128.4, 128.2, 127.5, 126.9, 125.3, 124.9, 61.7, 43.9, 30.2, 30.1; IR
(KBrdisc) 3391, 3057, 2931, 1727, 1681, 1642, 974, 887, 740 cm™;
MS, m/z (ESI) 344 [100, M + Na]*; Anal. Calc. for C,)H;,NO;:
C, 74.75; H, 5.96; N, 4.36%. found: C, 74.71; H, 5.93; N, 4.34%.

1-Benzoylamino-6-(3,4-dimethoxy-phenyl)-cyclohex-3-enecar-
boxylic acid (14). Yield (305 mg, 80%); white solid; R; 0.42
(CH,Cl,/MeOH =90:5); mp = 195-197 °C; '"H NMR (400 MHz,
CDCl;) 6 = 7.68-7.49 (m, 4H), 6.86-6.72 (m, 4H), 6.25 (s, 1H),
5.90 (m, 1H), 5.75 (m, 1H), 3.83 (m, 1H), 3.76 (s, 3H), 3.74 (s, 3H),
3.21(d, 1H, J=12.0 Hz), 2.75-2.62 (m, 3H); "C NMR (100 MHz,
CDCly) 6 =172.8, 167.5, 147.6, 146.3, 135.2, 131.5, 127.2, 125.0,
116.6,62.2, 54.3,42.0, 39.5, 28.4; IR (KBr disc) 3395, 3062, 2932,
1727,1682, 1647,975, 886, 741 cm™; MS, m/=z (ESI) 382 [100, M +
1]*; Anal. Calc. for C,,H,;3NOs: C, 69.28; H, 6.08; N, 3.67%. found:
C, 69.24; H, 6.03; N, 3.65%.

1 - Benzoylamino - 6 - furan - 2 - yl - cyclohex - 3 - enecarboxylic
acid (15). Yield (214 mg, 69%); white solid; R; 0.23
(CH,CL,/MeOH =90:5); mp=201-203 °C; '"H NMR (400 MHz,
CDCly) 6 =7.73 (d, 2H, J = 6.8 Hz), 7.53-7.31 (m, 4H), 7.26 (s,
1H), 6.29 (d, 2H, J = 7.2 Hz), 6.20 (s, 1H), 5.85 (m, 2H), 4.14
(bs, 1H), 2.96 (bs, 1H), 2.74-2.52 (m, 3H); *C NMR (100 MHz,
CDCly) 6 = 175.5, 162.1, 139.5, 136.4, 130.3, 128.7, 126.0, 63.9,
38.8, 33.8, 25.2; IR (KBr disc) 3397, 3056, 2935, 1725, 1686, 1645,
975, 886, 745 cm™'; MSS, m/z (ESI) 334 [60, M + Na]*; Anal. Calc.
for C,4H;NO,: C, 69.44; H, 5.50; N, 4.50%. found: C, 69.40; H,
5.48; N, 4.47%.

6-Benzo[1,3]dioxol-5-yl-1-benzoylamino-cyclohex-3-enecarbo-
xylic acid (16). Yield (259 mg, 71%); white solid; R; 0.26
(CH,CL,/MeOH =90:5); mp = 187-189 °C; '"H NMR (400 MHz,
CDCly) 6 = 7.63-7.25 (m, 5H.), 6.78-6.59 (m, 4H), 5.79 (m, 4H),

3.91 (bs, 1H), 3.00 (bs, 1H), 2.58 (m, 3H);"*C NMR (100 MHz,
CDCly) 6=174.1,163.5 (C=N), 151.5, 148.1, 140.2, 135.7, 131.7,
128.2, 127.0, 125.5, 122.3, 115.6, 107.8, 100.6, 64.4, 44.6, 34.2,
30.3, 21.1; IR (KBr disc) 3400, 3065, 2935, 1724, 1685, 1643, 977,
885, 742 cm™; MS, m/z (ESI) 366 [100, M + 1]*; Anal. Calc. for
C,HyNOs: C, 69.03; H, 5.24; N, 3.83%. found: C, 69.00; H, 5.21;
N, 3.79%.

General procedures for debenzoylation of compounds 13 and 16

Ammonium hydroxide solution (3 mL) was added to a solution
of 13 or 16 (1 mmol) in methanol (15 mL) at room temperature.
The mixture was refluxed for 24 h. When the reaction mixture had
reached room temperature, the solvents were evaporated under
vacuum and the crude substance was purified by TLC using
CH,Cl,/methanol (80:20) as the mobile phase to give cream
colored solids.

1-Amino-6-phenyl-cyclohex-3-enecarboxylic acid (17). Yield
(165 mg, 76%); white solid; R; 0.24 (CH,Cl,/Methanol = 9: 1);
mp = 219-221 °C; '"H NMR (400 MHz, CDCl,) é = 7.73, 7.63,
7.40 (m, 5H), 6.08 (m, 1H), 5.81 (m, 1H), 4.51 (bs, 2H), 4.05 (m,
1H), 2.85 (m, 2H), 2.60 (m, 2H); *C NMR (100 MHz, CDCl;) § =
178.5,138.2,129.2,129.0,127.8,126.8,126.0,71.1, 46.8, 31.1, 27.5;
IR (KBr disc) 3512, 3052, 2937, 1705, 1645, 979, 882, 743 cm™;
MS, m/z (ESI) 240 [100, M + Na]*; Anal. Calc. for C,;H;sNO,:
C, 71.87; H, 6.96; N, 6.45%. found: C, 71.84; H, 6.93; N, 6.41%.

1-Amino-6-furan-2-yl-cyclohex-3-enecarboxylic ~ acid  (18).
Yield (134 mg, 65%); white solid; R; 0.21 (CH,Cl,/Methanol =
9:1); mp=179-181 °C; '"H NMR (400 MHz, CDCl,) 6 =7.39 (d,
1H, J = 8.0 Hz), 6.08 (d, 2H, J = 8.2 Hz), 5.95 (m, 1H), 5.73 (m,
1H), 4.68 (bs, 2H), 3.38 (d, 1H, J = 9.5 Hz), 2.98-2.77 (m, 2H),
2.41-2.35 (m, 2H); "C NMR (100 MHz, CDCl;) § = 175.6, 139.6,
136.5, 63.9, 38.8, 33.8, 25.2; IR (KBr disc) 3507, 3058, 2931,
1697, 1641, 976, 884, 742 cm™"; MS, m/z (ESI) 230 [97, M + Na]*;
Anal. Calc. for C;,H;;NO;: C, 63.76; H, 6.32; N, 6.76%. found:
C, 63.61; H, 6.27; N, 6.71%.

Synthesis of 1-benzamido-2-phenylcyclohexanecarboxylic acid (19)

To a mixture of 13 (0.16 g, 0.5 mmol) and Pd/C (0.058 g) in dry
MeOH (10 mL) solution was added one drop of AcOH under
hydrogen atmosphere, and the reaction mixture was stirred at
room temperature for 6 h. The palladium catalyst was removed
by filtration through Celite, and the solvent was evaporated. The
white solid was washed with CH,Cl, to afford 19. Yield (153 mg,
95%); mp = 208-210 °C; "H NMR (400 MHz, CDCl,) 6 = 7.69-
7.40 (m, 5H), 7.16 (m, 5H), 3.85 (d, 1H, J =9.2 Hz), 2.75 (g, 1H,
J =8.0 Hz), 2.46 (q, 1H, J = 8.0 Hz), 2.10 (t, 2H, J = 14.0 Hz),
1.93 (d, 1H, J = 12.0 Hz), 1.78 (t, 2H, J = 12.0 Hz), 1.57 (m, 1H);
“C NMR (100 MHz, CDCl,) 6=174.5, 166.1, 145.1, 134.0, 133.2,
127.0, 126.9, 126.4, 125.7, 62.0, 45.5, 29.3, 24.9, 20.5; IR (KBr
disc) 3393, 3059, 2932, 1725, 1682, 975, 885, 741 cm™; MS, m/z
(ESI) 346 [100, M + NaJ*; Anal. Calc. for C,)H, NO;: C, 74.28;
H, 6.55; N, 4.33%. found: C, 74.24; H, 6.51; N, 4.30%.

1-Amino-2-phenyl-cyclohexanecarboxylic acid (20). This com-
pound was prepared from 19 (323 mg, | mmol) and ammonium
hydroxide solution (3 mL), using the debenzoylation procedure
described for 13 to give 20 as a white solid.
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Yield (140 mg, 64%); white solid; R; 0.17 (CH,Cl,/Methanol =
9:1); mp=165-167 °C; '"H NMR (400 MHz, CDCl,) 6 = 8.00 (d,
2H, J=6.0 Hz), 7.62 (m, 3H), 4.21 (m, 1H), 3.85 (bs, 2H), 2.83 (t,
1H, J=12.0 Hz), 2.43 (m, 1H), 2.20 (t, 2H, J = 12.0 Hz), 1.91-1.76
(m, 4H); “"C NMR (100 MHz, CDCl,) 6 = 176.0, 147.1, 128.0,
126.5,126.4, 63.5,43.0,29.0, 25.1, 19.3; IR (KBr disc) 3503, 3062,
2933, 1706, 973, 885, 742 cm™'; MS, m/z (ESI) 242 [93, M + Na]*;
Anal. Calc. for C;;H,;NO,: C, 71.21; H, 7.81; N, 6.39%. found: C,
71.20; H, 7.81; N, 6.37%.

Crystal structure determination of 9, 12 and 13

Colorless single crystals of 9 suitable for XRD analyses were
obtained from slow evaporation of a CH,Cl,/hexanes solution
at room temperature. However, colorless crystals of 12 and 13
were obtained by slow evaporation of methanol solutions at room
temperature. Each crystal was mounted on a glass fiber, and
the diffraction data of all the complexes were collected on an
AXS APEX II CCD detector using graphite monochromated
Mo-Ko radiation at 123 K. The crystal data and experimental
details are listed in Table 3. All the structures were solved by the
combination of direct methods and Fourier techniques, and all the
non-hydrogen atoms were anisotropically refined by full-matrix
least-squares calculations. The atomic scattering factors and
anomalous dispersion terms were obtained from the International
Tables for X-ray Crystallography IV.® Since the reflection data
for the abovementioned crystals were insufficient for refining all
the parameters of the hydrogen atoms, they were obtained from
difference Fourier maps.
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Objective: GJB2 (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 non-syndromic deafness. Point and deletion
mutations in GJB2 are the most frequent cause of non-syndromic deafness across racial groups. To clarify
the relation between profound non-syndromic deafness and G/B2 mutation in Japanese children, we
performed genetic testing for GJB2.

Methods: We conducted mutation screening employing PCR and direct sequencing for GJB2 in 126
children who had undergone cochlear implantation with congenital deafness.

Results: We detected 10 mutations, including two unreported mutations (p.R32S and p.P225L) in GJB2.
We identified the highest-frequency mutation (c.235delC: 44.8%) and other nonsense or truncating
p.P225L mutations, as in previous studies. However, in our research, p.R143W, which is one of the missense
Connexin 26 mutations, may also show an important correlation with severe deafness.

GJB2 Conclusion: Our results suggest that the frequencies of mutations in GJB2 and GJB6 deletions differ
among cohorts. Thus, our report is an important study of G/B2 in Japanese children with profound non-

Keywords:

Congenital deafness
Cochlear implantation
Japanese children

syndromic deafness.

© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

People with any degree of sensory impairment may encounter
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 [4]. In
75-80% of genetic cases, SNHL is the result of autosomal recessive
inheritance, and both parents have normal hearing [5]. Mutations
of GJB2 are the most frequent cause of autosomal recessive non-
syndromic deafness. Indeed, previous studies have shown that
GJB2 mutations account for up to 50% of non-syndromic deafness
cases [6]. Hearing-impaired subjects with biallelic GJB2 mutations
range widely but most commonly follow a severe to profound and
non-progressive pattern [7-9]. About 100 different GJB2 muta-

* Corresponding author. Tel.: +81 3 5802 1229; fax: +81 3 5840 7103.
E-mail address: chieri-h@juntendo.acjp (C. Hayashi).

0165-5876/$ - see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.ijporl.2010.11.001

tions have been reported globally [the Connexin-Deafness
homepage: http://davinci.crg.es/deafness/], and these mutations
show a relatively high local dependence (founder effect). A high
prevalence of c.35delG has been found among Caucasians;
c.235delC among Eastern Asians, including Japanese [10-13];
c.167delT among Ashkenazi Jews [14]; p.R143W 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 c.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 newborn babies will provide
useful prognostic information when selecting appropriate treat-
ment for such children.

In the present study, to clarify the frequency and genotype—
phenotype correlation of GJB2 mutations in children with profound
non-syndromic deafness, we performed genetic testing for GJB2
mutations involving 119 Japanese children who had undergone
cochlear implantation with congenital deafness.
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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
family); 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 49 females
(41.2%). All of their hearing impairment levels were severe (71-
95 dB) to profound (>95 dB); impairments were detected between
0 and 3 years old. All children had undergone cochlear implanta-
tion at Tokyo Medical University School 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 QIAamp DNA Blood 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'-GTGTGCATTCGTCTTTTCCAG-3’
and GJB2-R 5-GCGACTGAGCCTTGACA-3'. PCR products were
sequenced using the PCR primers and sequence primers GJB2-A
5'-CCACGCCAGCGCTCCTAGTG-3’ and GJB2-B 5'-GAAGATGCTGCT
GCTTGTGTAGG-3'. The sequencing reaction products were elec-
trophoresed on an ABI Prism 310 Analyzer (Applied Biosystems).
When no mutation or a single heterozygous mutation in GJB2 was
confirmed, we performed the multiplex PCR assay and direct
sequencing for the coding region of GJB6. Multiplex PCR was
carried out according to the method of Del Castillo et al. [24] to
confirm the presence of the del(G/B6-D13S1830) and del(GJB6-
D13S1854) deletions in GJB6.

Samples with no mutation or a single heterozygous mutation in
GJB2 and GJB6 were analyzed for the gene dosage using real-time
quantitative PCR (qQPCR) to detect exon rearrangements in GJB2 and
GJB6. qPCR was performed with TagMan Gene Expression Assays
(Hs00269615_s1 for GJB2, and Hs00272726_s1 for GJB6, Applied
Biosystems) and the 7500 Fast Real-Time PCR System (Applied
Biosystems).

We obtained blood samples from the family which had one of two
unreported mutations, pP225L, and the unreported one was
confirmed as follows. The samples were subjected to mutation
screening by PCR and direct sequencing for GJB2. The PCR product
was subcloned into pCR 2.1 vecto-TOPO by TOPO TA cloning
(Invitrogen, Carlsbad, CA, USA), and independent subclones were
sequenced employing M13forward (5_-TTGTAAAACGACGGCCAG)
and reverse (5_-ACACAGGAAACAGCTATG) primers. The sequence
data using in this study have been submitted to the GenBank

databases under accession numbers

NM_000816, and NM_001037.

X65361, AB098335,

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. Results
3.1. Mutation screening of G/B2

GJB2 mutations were found in 45 of the 119 affected individuals,
and, of these, 35 patients were homozygous or compound
heterozygous (29.4%). GJB2-related deafness patients, who had
two GJB2 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.R32S and p.P225L),
were identified in these patients (Table 1). Three mutations were
truncating mutations [one was a nonsense mutation (p.Y136X),
and two were frameshifts (c.235delC and c.176-191del)]. The
remaining five were missense mutations (p.R143W, p.G45E,
p.T86R, p.R32S, and p.P225L). Among these mutations, c.235delC
was the most frequent. The c.235delC mutation accounted for
52.9% (37 of 70) of the G/B2-mutated alleles (Table 1).

We identified 10 subjects who 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 c. 235delC and
three mutations (p.R143W, p.G45E/Y136X, and c.176-191del) in
this study were significantly different from that in Ohtsuka's study
(P <0.01). While the p.V37I mutation was reported to be the
second most frequent autosomal recessive deafness allele in Asian
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.G45E/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.R32S/p.G45E/Y136X muta-
tions. The amino acid positions of two unreported mutations

Table 1
Mutations identified in the Cx26 gene, G/B2 (NG_008358.1), in child cases of
congenital deafness.

Nucleotide change Amino acid change Allele (%)
c.235delC p.Leu79CysfsX3 37 (52.9)
c427C>T p.Arg143Trp(p.R143W) 15 (21.4)
c.134G>A/c.408C>A p.Gly45Glu/p.Tyr136X(p.G45E/Y136X) 10 (14.3)
c.176_191del p.Gly59AlafsX18 4 (5.7)
¢.257C>G p.Thr86Arg(p.T86R) 2(29)
c.94C>A p.Arg32Ser*(p.R32S) 1(1.4)
c.674C>T p.Pro225Leu®(p.P225L) 1(1.4)
Total mutations 70 (100)

¢ Novel mutations detected in this study.
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Fig. 1. Allele frequency for each mutation in three groups. A Z-test was used to assess the difference in frequency. Note the P-value of <0.01 between the two deafness groups

for c.235delC, p.R143W, p.G45E/Y136X, and c.176-191del. *P < 0.01.

(p.R32S and p.P225L) are highly conserved among various species,
and we did not detect any of these mutations in 300 chromosomes
in normal Japanese controls.

4. Discussion

In this study, GJB2-related deafness patients accounted for
29.4% of non-syndromic deafness cases. This frequency was less
than in a previous report, which pointed to a frequency of around
50%[6]. Familial cases were twice as prevalent as sporadic cases. In
most of the previously reported studies, the prevalence of GJB2
mutations was significantly higher in familial non-syndromic
deafness than in sporadic cases [7,26,27]. The frequent mutations
of GJB2 (c.235delC, p.R143W, p. G45E/Y136X, and c.176-191del) in
this study were partly different from previous reports [25]. It is
assumed that all of our subjects had severe to profound deafness,

O

P225L (hetero)

\

P226L (hetero) G4i5212Y5136X

G45E/Y136X(hetero)

as they had received cochlear implants, whereas Ohtsuka’s
subjects had mild to profound deafness and included heterozygous
mutations. A few studies have confirmed that some genotypes are
correlated with clinical phenotypes in GJB2-related deafness.
Further, truncating mutations are associated with a greater degree
of deafness than non-truncating mutations [9,21,22]. For this
reason, three of these cases might be truncating mutations. In
contrast, p.R143W mutation was previously implicated in an
extraordinarily high prevalence of profound deafness in Ghana
[15,28] and Caucasians [9]. This missense mutation may also show
an important correlation with severe deafness in Japan. On the
other hand, an effect of geography on the allele frequency may
have been present, because most of our subjects were from a
different area compared to a previous report [25].

The relation between p.V37I mutation of GJB2 and SNHL is
controversial. While some reports suggest that this mutation is

J—-IS--B--L-&-

I
AAAAAGCCAG"‘AA
320 3
I ,‘¢,,,'.'!¥.','!¥!!p+
A——An-&GCLL‘—G'TY;..’.
320

Fig. 2. (A) The pedigree and PCR direct sequencing results for the family; the arrow indicates the proband. (B) The sequencing results on TA cloning. Genomic PCR products
were subcloned into a plasmid vector and sequenced separately (see Section 2). The sequences from independent clones are shown in the above two examples. I shows wild-
type sequence, whereas Il shows mutated sequence in which the proline residue is changed to leucine. Three of 8 subclones showed a missense mutation similar to that in II.
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more common among individuals of Asian ancestry [11,12,29],
others suggest that homozygous p.V37I is associated with slight/
mild hearing loss [22,30,31]. In this study, no cases of homozygous
p.V37I were observed. These findings support that this mutation is
associated with mild hearing loss, because all of our subjects
showed severe deafness.

The two unreported G/B2 mutations, p.R32S and p.P225L, were
not detected in normal hearing controls. These appeared in amino
acid residues that were highly conserved. Additionally, three types
of mutation were seen in arginine as the thirty-second amino acid,
such as p.R32C, p.R32L, and p.R32H. Therefore, R32 is thought to be
a mutation “hot spot.” Thus, it is likely that these are pathological
mutations, rather than rare or functionally neutral polymorphic
changes. On the other hand, the mutation site of p.P225 located at
the C-terminus of Connexin26 has not previously been reported. As
the C-terminus region of connexins is thought to be an important
region for intracellular molecular signaling and interaction with
scaffolding proteins and the cytoskeleton [32-34], p.P225L
mutation found in this study may affect important intracellular
molecular networks to maintain the normal function of the
cochlear gap junction.

5. Conclusion

In conclusion, this study identified significant genotypic
features of Japanese children with profound non-syndromic
deafness. Further research is required covering a broader range
of genes in the subjects in this study with either single
heterozygous or no mutation, in order to better understand the
epidemiology of deafness in Japan.
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Inner ear cell therapy for hereditary deafness with multipotent stem cells
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Abstract

Congenital deafness affects about 1 in 1,000 children and the half of them have genetic
background such as connexin26 gene mutation. The strategy to rescue such hereditary
deafness has not been developed yet. Inner ear cell therapy for hereditary deafness has
been studied using some laboratory animals and multipotent stem cells, although the suc-
cessful reports for the hearing recovery accompanied with supplementation of the normal
functional cells followed by tissue repair and recovery of the cellular/molecular functions
have been still few. To succeed in hearing recovery by inner ear cell therapy, appropriate
cell type, surgical approach and the stem cell homing system to the niche are thought to
be required.

Key words: hereditary deafness, mesenchymal stem cell, inner ear, cochlea,
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