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A large cohort study of GJ/B2 mutations
in Japanese hearing loss patients

Tsukada K, Nishio S, Usami S, and the Deafness Gene Study Consortium.
A large cohort study of GJB2 mutations in Japanese hearing loss patients.
Clin Genet 2010: 78: 464—470. © John Wiley & Sons A/S, 2010

GJB2 is the gene most frequently associated with hereditary hearing loss,
and the G/B2 mutation spectrums vary among different ethnic groups. In
this study, the mutation spectrum as well as clinical features of patients
with GJB2 mutations as found in more than 1000 Japanese hearing loss
families are summarized. The present results show that the frequency of
GJB2 mutations in the Japanese population with hearing loss is 14.2%
overall and 25.2% in patients with congenital hearing loss. ¢.235delC was
the most frequent allele (49.8%), was associated with a more severe
phenotype, and was mainly found in patients who were diagnosed by the
age of 3. In contrast, the second most frequent was p.V37I (16.5%), which
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Department of Otorhinolaryngology,
Shinshu University School of Medicine,
3-1-1 Asahi, Matsumoto 390-8621,
Japan
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Corresponding author: Shin-ichi Usami,
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has a milder phenotype and was mainly found in patients diagnosed at a
higher age. Additional clinical features in hearing loss patients with GJ/B2
mutations in this study were the near absence of tinnitus, vestibular

dysfunction and inner ear malformations.

Mutations in the GJB2 gene have recently been of
particular interest because GJB2 is the common-
est causative gene for hereditary hearing loss in
all populations. To date, more than 100 variations
have been reported worldwide (see the Connexin-
deafness homepage: http://www.davinc.crg.es/
deafness) and the mutation spectrums vary among
different ethnic groups. There have been many
papers describing the frequency of GJB2 muta-
tions among hearing loss populations, but most
studies have been based on small numbers of
patients from a single center. A large cohort study
may prevent bias and provide a more precise esti-
mate of mutation frequencies. Therefore, with the
goal of establishing a database of the mutations
found in the East Asian populations, we estimated
the GJB2 mutation frequency and spectrum as
well as associated clinical features using more than
1500 Japanese hearing loss families collected from
multiple centers.

464

81

Otorhinolaryngology, Shinshu University
School of Medicine, 3-1-1 Asahi,
Matsumoto 390-8621, Japan.

Tel.: +81 263 37 2666;

fax: +81 263 36 9164;

e-mail: usami@shinshu-u.ac.jp

Received 27 November 2009, revised
and accepted for publication 15
February 2010

Subjects and methods
Subjects

Data on 3056 Japanese subjects of 1511 indepen-
dent families were collected from 33 ENT depart-
ments nationwide in Japan. All subjects gave prior
informed consent for participation in the project,
which was approved by the ethical committee of
each hospital. Of the 1511 probands, 1343 had
bilateral sensorineural hearing loss and 168 had
unilateral sensorineural hearing loss. The control
group consisted of 252 unrelated Japanese individ-
uals without any noticeable hearing loss evaluated
by auditory testing.

Mutation analysis

To identify GJB2 mutations, a DNA fragment con-
taining the entire coding region was sequenced as
described elsewhere (1). Screening for the known



large DENBI1 deletions was performed in the
patients with a single heterozygous allele without
the presence of a second pathogenic mutant allele,
but none were detected (data not shown).

Computational analysis

To evaluate the importance of each amino acid
affected by novel missense mutations found in this
study, we used a computational analysis program
for identification of functionally and structurally
important residues in protein sequences: CONSEQ
(http://conseq.tau.ac.il/index.html).

Clinical evaluations

Hearing levels were determined by pure-tone
audiometry. For the young patients, conditioned
orientation response audiometry (COR) or auditory
steady-state response (ASSR) were used. Clinical
data, including hearing loss progression, episodes
of tinnitus and vestibular dysfunction (vertigo,
dizziness, faintness), were collected by anamnestic
evaluation. Thin section temporal bone computed
tomography (CT) was used to investigate inner ear
malformations.

Results
GJB2 mutation spectrum in hearing loss probands

There were a total of 26 GJB2 variants observed
in the ascertained probands with bilateral hearing
loss (Table 1). Fourteen of those were missense
mutations. To evaluate the evolutionary conserva-
tion of the amino acids atfected by these missense
mutations, we used a computational alignment
program CONSEQ (not shown). On the basis of
this alignment program, all missense mutations
had changed evolutionary conserved amino acids,
except for p.T123N and p.Y68C. Because p.N548
and p.M195V were found in the compound het-
erozygous state, they are likely to be pathogenic.
Eight of the mutations were found in the con-
trol group (Table 1). p.V27L, p.E114G. p203T
(1, 2), and p.T123N (3), frequently found in both
probands and controls, were thought to be non-
pathological polymorphisms. The ¢.235de/C and
p-V371 mutations found in the control group most
likely represent the detection of carriers.

Frequency of GJB2 mutations in hearing loss
probands

With regard to the frequency of G/B2 mutations in
the 1343 independently ascertained probands with
bilateral hearing loss. 191 (14.2%) had at least
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one pathogenic GJ/B2 mutant allele (Table 2). The
most prevalent mutation was ¢.235delC (49.8% of
all pathogenic mutant alleles) and the second most
frequent was p.V371 (16.5%) (Fig. 1).

The frequency of GJB2 mutations was signifi-
cantly higher in probands who were diagnosed at
an earlier age: 25.7% (108/420) in those diagnosed
at age 0-3, 14.9% (15/101) in those diagnosed
at age 4-5, and 7.8% (49/627) in age 6 or over
(Table 2). ¢.235delC was also significantly higher
in probands diagnosed at an earlier age (58.5%)
compared to those who were diagnosed at the age
of 6 and over (19.6%) (p < 0.001: ¥ test). In con-
trast, p.V37l was significantly more frequent in
probands who were diagnosed at the ages of 4-5
(36.4%) or 6 and over (41.1%) than in prelingual
hearing loss probands (6.9%) (p < 0.001: x> test)
(Fig. 1).

Audiologic studies

Of the total 3056 subjects, 134 with bilateral
hearing loss and biallelic G/B2 mutations were
selected for audiologic studies. We excluded 22
subjects who were from a family with another sub-
ject who had the same mutation. In the remaining
112 subjects, audiometric results were available for
105 probands, of 23 different genotypes. Figure 2
shows a collection of overlapping audiograms from
those 105 subjects. We compared the hearing lev-
els in the six genotypes that were shared by five or
more subjects. The subjects with the p.V371 allele
had significantly milder hearing loss (p < 0.027;
Mann—-Whitney U test).

p.V37l/p.R143W showed a significantly worse
hearing level than p.V371/p.V371 (p = 0.025;
Mann-Whitney U test) and also tended to be
worse  than  p.V371/c.235delC  (p = 0.076;
Mann-Whitney U test). Moreover, comparison
of ¢.235delC/c.235delC (n = 35) and ¢.235del C/
p.R143W (n = 13) revealed that subjects with the
p-R143W allele had a significantly worse hear-
ing level than homozygotes (p = 0.025; Mann-
Whitney U test).

Twenty-six subjects with biallelic GJB2 muta-
tions were followed at least two years by audiomet-
ric testing with progression of hearing loss scen in
four subjects (15%), two (7%) of those being uni-
lateral progression and two (7%) being bilateral
progression.

Clinical findings
Based on the data availability. clinical findings

were statistically evaluated. Episodes of tinni-
tus in patients with GJB2 mutations were at a
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Table 2. The frequency of GJB2 mutations and diagnostic age

Large cohort study of Japanese GJB2 mutations

GJB2 mutations Homozygote Compound heterozygote Heterozygote
Total (n = 1343) 191 (14.2%) 38 (2.8%) 63 (4.7%) 90 (6.7%)
0-3y.0. (n = 420) 108 (25.7%) 32 (7.6%) 47 (11.2%) 29 (6.9%)
4-5y.0. (n=101) 15 (14.9%) 1(0.99%) 6 (5.9%) 8 (7.9%)
>6Yy.0. (n = 627) 49 (7.8%) 3 (0.48%) 4 (0.64%) 42 (6.7%)
Unknown (n = 195) 19 2 6 11

Bother

Bc.176-191 16bp dei
OpR143W
Bp.G4SE Y136X
Op.vanl
Wc.235de/C

total 0~3ya

4~S5y.o

6~y.o

Fig. 1. Frequency of mutant GJB2 alleles in different diag-
nostic age groups. ¢.235delC was mainly found in the group
diagnosed at up to 3 years, where it was significantly higher
than in age 6 and over (p < 0.01; x> test). On the contrary,
p-V371 was mainly found in the diagnostic age groups of 4-5,
and 6 and over, at a rate significantly higher than in up to age
3 (p <0.01).

significantly lower rate (7/75: 9.3%) than in
all bilateral hearing loss probands (520/1022:
50.9%) (p < 0.001; x> test). Concerning episodes
of vestibular dysfunction, only 4% (3/75) of
those with biallelic GJB2 mutations had ver-
tigo, dizziness, or faintness, while 25.1% of
all hearing loss probands (258/1029) had ver-
tigo (p < 0.001; x? test). Inner ear abnormalities
were significantly lower in patients with biallelic
GJB2 mutations (5/62: 8.1%) than in all bilat-
eral hearing loss probands (126/599: 21%) (p =
0.014; ¥ test). In the five patients with biallelic
GJB2 mutations who had inner ear abnormalities,
enlarged vestibular aqueduct (EVA) was found in
three and the other two had hypoplasty of the
cochlea and semicircular canals.

Discussion

GJB2 mutations were found in 14.2% of our
bilateral hearing loss probands and 25.2% of those
diagnosed at age 0-3 (for practicality categorized
as congenital hearing loss). In previous studies
in East Asia (1-6), frequency of GJ/B2 mutations
ranged from 10% to 38% in smaller cohorts. In
the present large study using Japanese hearing

loss patients collected from multiple centers, we
could more accurately estimate the frequency
of GJ/B2 mutations in Japan and the mutation
spectrum. We also found two novel mutation
candidates, p.N54S and p.M195V, which cause
non-conservative amino acid changes.

In Asian populations, c¢.235delC is the most
common GJB2 mutation, and its allele frequency
in patients ranges from about 5% to 22% (1-7).
The present study reconfirmed this mutation’s high
frequency in the Japanese hearing loss population.
¢.235delC accounted for 5.3% of the deafness
alleles in all patients and 13.1% of those in patients
diagnosed at age 0-3.

The p.V371 mutation was originally reported
as a polymorphism (8); however, recent reports
tend to consider it pathogenic with a milder
phenotype (9-12) and this was supported by our
results.

Only four out of twenty-six probands showed
progressive hearing loss, and bilateral progression
was found in only two of those, with a deteri-
oration of less than 20 dB. Therefore, our study
supports the previously reported notion that hear-
ing loss due to GJB2 mutations is typically non-
progressive (13-15). With regard to the milder
phenotype of p.V37L, none of the five patients with
this mutation showed progression. We conclude
that this mutation causes milder congenital hear-
ing loss which may not be noticed until age 4 or
older.

However, even though it was the second most
frequent allele in the hearing loss patients, the
p.-V371 allele was the most frequent in the
control subjects. This may be due to the milder
phenotype and non-progression of patients with
p.V371 mutation, who therefore either do not visit
ENT clinics or do not receive a recommendation
for genetic testing from clinicians. Therefore, ENT
clinicians should bear in mind the existence of the
milder phenotype caused by the p.V37I mutation.

We found that patients with ¢.235del C/p.R143W
were significantly more severely affected than
those with other c.235de/C-containing pheno-
types. A recent study also reported that the hear-
ing level of ¢.35delG/p.R143W is significantly
worse than that of homozygous c¢.35delG (9).

467

84



Tsukada et al.

¢.235delC / ¢.176-191del 16bp (n=8)

c.235de/ C / ¢c.235del C (n=35) ©.235del C / p.G45E Y136X (n=12) ¢.235del C / p.R143W (n=9)
20 20 20 20
-10 -10 -10 -10
0 [ 0 0
10 10 10 10
20 20 20 20
30 30 30 30
40 40 40 — g 40
50 + t 50 i 50 - 50
60 F : 60 [~ 60 [ 60
70 70 70 4 g 70
80 80 X | 7 " 80 80
% %0 ¥ 90 %
100 q 100 \— S 100 100
110 110 = — 110 Y \I 110
120 120 120 120
1% 130 = a1 1 =L ] N
125 250 500 1000 2000 4000 8000 125 250 500 1000 2000 4000 8000 125 250 500 1000 2000 4000 8000 125 250 500 1000 2000 4000 8000
¢.235de/ C / p.V37! (n=5) p.V371/p.R143W (n=5) ¢.235del C / ¢.299-300del AT (n=4) p.G45E Y136X / ¢.299-300de! AT (n=3)
20 20 20
-10 -10 -10
0 0 0
10 10 10
20 20 20
30 30 30 L
40 | 40 40
50 50 50
60 | 60 60
70 70 70
80 —— 80 80
90 %0 20
100 i 100 | i 100 i i
110 I ‘[ | 110 I i ] 110 110 i
120 1 120 i 120 ] 120
pcr) NN S NN OSSNSO NN i< L 1 i 1T T T T 1 el N I N
125 250 500 1000 2000 4000 8000 125 250 500 1000 2000 4000 8000 125 250 500 1000 2000 4000 8000 125 250 500 1000 2000 4000 8000
p. G45E Y136X / p.T86R (n=3) p.V371/p.V37I (n=3) p.235del C / ¢.35ins G (n=2) ¢.235de/ C / p.T86R (n=2)

20 — - —_— 20 ]

-10 ; -10 1
0 | 0 |

10 10

20 i

30

40

388
88388888

80 — i
%0 : |
100 100 100 100 |
~
110 — | 110 T‘ { 110 lL Il 110 Jl {L |
120 120 1 120 120
130 b [ I 130 ‘ : 130 I I 130 St ]
125 250 500 1000 2000 4000 8000 125 250 500 1000 2000 4000 8000 125 250 500 1000 2000 4000 8000 125 250 500 1000 2000 4000 8000

p. G45E Y136X / p. G45E Y136X (n=2) p.R143W/ p.G45E Y136X (n=2)

¢.235del C / ¢.512ins 4bp (n=2) ©.235del C / p.N54S (n=1)

20 20 - 20 20 —— ]

-10 -10 1 -10 10 ]
0 0 | 0 0

10 10 | 10 10

20 20 | 20 20

30 30 | j 30 30

40 ¢ 40 7 = e | 40 : e | 40

50 50 i | 50 \/\/ 50

60 F 60 : | | o ped

70 70 i { 70 70

80 80— : ! o g Jis

9% 90 4 4 90 % 90

100 > | 100 | i 100 i T ' 100 T i

110 ™ ] i 110 ~—1 110 | ] 110 i i

120 T T 120 T~ 120 T T 120 T i

130 130 130 | 130 L— L i N
125 250 500 1000 2000 4000 8000 125 250 500 1000 2000 4000 8000 125 250 500 1000 2000 4000 8000 125 250 500 1000 2000 4000 8000

Fig. 2. Overlapping audiograms from the better ear for each genotype. The average audiogram from all subjects (1343 with bilateral
sensorineural hearing loss) is indicated by a red line with standard deviation (shadow).

We compared homozygous for c¢.235delC with
compound heterozygous with p.R143W (except
for the p.V37I allele, which is thought to be a
milder phenotype), finding the hearing level of
the latter to be significantly worse. Also, com-
paring only the milder p.V37I allele, the hear-
ing level of p.V371/p.R143W was worse than that
of p.V37l/p.V371 and p.V37l/c.235delC. These
results suggest that p.R143W leads to a worse phe-
notype than other GJ/B2 mutations.

The majority of our probands did not have
tinnitus or vestibular dysfunction. Only 8% (5/65)
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of the patients with biallelic GJ/B2 mutations had
inner ear malformation, significantly lower than in
the overall population with bilateral hearing loss,
and in accordance with previous reports (14, 16,
17). Hearing loss patients with GJB2 mutations
also had a near absence of tinnitus, vestibular
dysfunction and inner ear malformations.

In conclusion, our results describe the frequency
of GJB2 mutations and associated clinical features
in a large Japanese cohort. Recently, based on our
database of mutation spectrums found in Japanese,
we have developed a genetic test for use in
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Fig. 2. Continued

diagnostic screening for hearing loss based on
the invader assay (18). This database will also
facilitate clinical application, and we intend to
expand it to cover all Asian populations.
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