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Table IV. Clinical features and genetic analysis of the 5 subjects with BOR/BO

G@?\Zier gfn:it (;Ygr?t?ngth) 8&7323 EL:)L Other findings effggée
23F 5 SNHL/SNHL Mid/ Moderate _ Preauricular pit, EVA SIX ;\’(12901
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29/F Chichood SMHL/MHL MM/ preauricular pit B 80
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diagnosed as nonsyndromic HL.
7. Conclusions

Based on epidemiological data, at least one child in
1000 is born with HL in developed countries and more
than 50% of prelingual deafness cases are found to
have hereditary HL. Therefore, a good understanding
of the deafness genes is important to select the optimal
treatment of patients with HL. This article reviewed the
clinical and genetic characteristics of the most preva-
lent deafness genes such as GJB2, SLC26A4, and the
mitochondrial DNA 1555A>G in Japanese. Further-
more, this study also sllucidated the deafness gene,
WFS1, whose mutation is closely related to low-frequen-
cy HL and SLC26A4, EYA1 and SIX1 which are regard-
ed to cause EVA.
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Supplemental Data
In the present review paper, we used our genetic analysis

data from 382 unrelated Japanese patients (235 females and
147 males; age, 0-84 y;: mean age = SD, 40.22 = 18.83
years). The patients visited the Department of Ctolaryngology,
Tokyo Medical and Dental University between October 1993
and July 2008 and were suspected to have hereditary HL.
DNA was extracted from peripheral blood lymphocytes using
standard methods after obtaining written informed consent
from each donor and/or guardians of the HL children. We first
screened for GUB2 mutation and the mitochondrial DNA
1555A>G for all the 382 patients. The presence of WFS1
mutations were analyzed for four patients with autosomal
dominant low-frequency SNHL. The coding exons including
exon-intron boundaries of GUB2, WFS1, SLC26A4, EYAT, and
SiX1; and mitochondrial DNA around the 1555 were amplified
by polymerase chain reaction (PCR) in a thermal cycler (model
9700, PE Applied Biosystems, Foster City, CA) as described
previously'®528% The mitochondrial DNA 1555A<G was first
screened on PCR restriction fragment length polymorphism
using BsmA | (New England Biolabs, Beverly, MA). Whenever
the 1555A>G mutation was detected, the PCR products were
purified using a QlAquick PCR Purification Kit (QIAGEN), and
were directly sequenced using the Applied Biosystems Prism
BigDye Terminator Cycle Sequencing Ready Kit and an ABI
Prism model 310 Genetic Analyzer. The other genetic analysis
for GUBZ2, WFS1, SLC26A4, EYAT1, and SIX1 was carried out by
direct sequencing. All procedures were approved by the
institutional review board at Tokyo Medical and Dental
University.
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Abstract

Objective: We conducted an attitude survey for patients with hearing loss (HL). The aim of this study was to investigate the opinions of
patients or parents of deaf children regarding the deafness gene, genetic testing and a gene related HL.

Method. A questionnaire was sent to 201 individuals who visited the Department of Otolaryngology, Tokyo Medical and Dental University
and who received genetic testing for HL from September 2000 to January 2006. There were 14 questions in the questionnaire that were
classified into four topics related to a deafness gene and hereditary HL., genetic testing, outpatient department of medical genetics/genetic
counseling, and the results of genetic testing. The study consisted of 140 respondents (70%) of 201 administered surveys.

Result: Before visiting our department, only 36% of the respondents were aware that a genetic factor was a cause of HL. Despite our
explanation of a deafness gene and hereditary HL, 23% of 134 respondents answered that they had not received any such explanation.
Furthermore, 14% of the 103 respondents who had answered that they receive the explanation, however, they did not fully understand it.
Thirty-nine percent of the respondents made their own decision regarding the genetic testing, whereas 53.5% received the tests upon the
advice of a physician or family member. In contrast, 91% of the respondents had a positive attitude towards other future genetic tests. The
existence of the genetic outpatient department or genetic counseling has been seldom acknowledged, but upon learning of its availability,
nearly one third of the respondents indicated that they would like to receive genetic counseling. Although no respondent had social and/or
family problems after being informed that they had a deafness gene mutation, some respondents worried about the result.

Conclusion: The results of the survey suggested that the vast majority of the respondents were satisfied with genetic testing for HL and that
the barriers to take the genetic test were less than expected. However, some respondents have a negative attitude towards genetic testing and
counseling. Furthermore, the issue of disclosure may be burdensome to patients.

© 2010 Elsevier Ireland Ltd. All rights reserved.

Keywords: Attitude survey; Deafness gene; Genetic testing; Genetic counseling

1. Introduction

Hearing loss (HL) due to genetic mutations occurs in a
highly frequent clinical state among birth defects [1]. A lot
of genes responsible for HL have been identified (Hereditary
Hearing Loss Homepage, http://webh01.ua.ac.be/hhh/) and
genetic testing is going to be included in the diagnostic
protocol of HL. Furthermore, the detection of causative
genes may be indispensable in the medical examinations of
patients with congenital deafness and/or familial HL. in the
future. What we should consider is the ethical issues of
genetic testing and a correct understanding of the concept of

* Corresponding author. Tel.: +81 3 5803 5308; fax: +81 3 3813 2134,
E-mail address: noguchi.oto@tmd.ac.jp (Y. Noguchi).

the “gene”. In this study, we conducted an attitude survey of
the patients who received the genetic testing for HL at the
Department of Otolaryngology, Tokyo Medical and Dental
University. In this study we inquired about the patients’
understanding and their opinions regarding a deafness gene,
genetic testing and the gene related to their own HL.

2, Materials and methods

All the procedures were approved by our Institutional
Review Board (IRB No. 68) and were carried out only after
obtaining the written informed consent from each individual
and/or guardians of the children. Less than 10% of the patients
refused our proposal to perform genetic testing. Consequently,

0385-8146/$ - see front matter € 2010 Elsevier Ireland Ltd. All rights reserved.

doi:10.1016/j.an1.2009.12.007
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Fig. 1. The age distribution of the 140 patients.

we enrolled 201 individuals who visited the Department of
Otolaryngology, Tokyo Medical and Dental University from
September 2000 to January 2006 because of HL and all of
them agreed to our proposal. These individuals underwent
genetic testing and requested the results from the tests. We
administered a questionnaire to the 201 individuals and made a
study based on the collected responses. The questionnaire
comprised 14 questions that were classified into four topics
regarding a deafness gene and hereditary HL, genetic testing,
outpatient department of medical genetics/genetic counseling,
and the results of genetic testing. We asked each individual to
fill in the questionnaire that had several arranged answers.
When a patient was under the age of 19 years, we asked the
guardian of the patient to respond to the survey.

A total of 140 (70%) of the 201 individuals responded to
the survey, and they all were fully registered for into the
study. Twenty-one (15%) of the 140 respondents were from
the guardian of the patient. The patients consisted of 60
males and 80 females. The average age of the 140 patients
was 41.6 years and the age ranged from 4 to 78 years (Fig. 1).
The patients included 20 with congenital deafness with
unknown etiology, 64 with postlingual familiar HL, 9 with
syndromic hereditary HL, and 47 with idiopathic bilateral
sensorineural HL. Sixteen (119%) of the 140 patients were
identified as having any mutations for a deafness gene
including GJB2, SLC26A4, SIX1,ATP6V1B1, mitochondrial
DNA (mtDNA) 128 rRNA gene (1555A>G) and mDNA
tRNAY® VUR) gene (3243A>G).

The significance of the differences in the yes-or-no
answers to question numbers 1, 3, and 9 was calculated by
the chi-square test using the Stat View version 4.51 software
program (Abacus Concepts, Berkeley, CA, U.S.A.) running
on a Macintosh computer.

3. Results
3.1. Deafness gene and hereditary hearing loss

The questions in the questionnaire and the answers from
respondents are summarized in Table 1. The total number of

Table 1
Summary of results.

Questions and arranged answers Proportion (%)

(p value)

1. Before receiving the genetic testing did you know that a genetic factor is
one of the causes for hearing loss?

Yes 50/138 (36%)
No 88/138 (64%)
(p=0.021)

2. Those who answered “Yes” to the above question: How did you learn
about it? Check all that apply.

At another hospital 16 (32%)
From friend 7 (14%)
From magazine 9 (18%)
From internet 6 (12%)
Others 14 (28%)

3. Did you receive an explanation about deafness gene and hereditary
hearing loss from a physician?

Yes 103/134 (77%)
No 31/134 (23%)
(p < 0.001)

4. Those who answered “Yes” to the above question: Did you understand the
contents of the explanation?
Well understood

Tolerably understood

Not understood

No response

26/103 (25%)
62/103 (60%)
14/103 (14%)
1/103 (1%)

5. Those who answered “Well understood” or “Tolerably understood” to
the above question: Did you change your attitude towards your own hearing
loss after receiving the explanation?

Yes 21/88 (24%)
No 48/88 (54%)
Not sure 19/88 (22%)

6. When you heard that your hearing loss has a possibility to be caused by a
genetic mutation, did you want to receive the genetic testing?

Yes 83/136 (61%)
No 2/136 (1.5%)
Not sure 51/136 (37.5%)

7. About the genetic testing that you received
I was willing to receive it.

I received it on a physician’s advice.

I received it on a family member’s advice.

I did not want to receive it.

53/135 (39%)
70/135 (52%)
2/135 (1.5%)

101135 (7.5%)

8. If the opportunity arose, do you want to participate in other genetic
studies in the future?

I will positively participate in them.

I will participate in them by condition.
I will not participate in them.

44/137 (32%)
81/137 (59%)
12/137 (9%)

9. This hospital has an outpatient department of medical genetics that can
offer genetic counseling. Did you know the existence of this outpatient
department or of genetic counseling?

Medical genetics department

Yes 10/138 (7%)
No 128/138 (93%)
(p < 0.001)
Genetic counseling
Yes 71134 (5%)
No 127/134 (95%)
(p < 0.001)
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Table 1 (Continued)

Questions and arranged answers

Proportion (%)
(p value)

10. Those who answered “yes” to the above question: How did you learn
about it?

By a physician’s explanation
Found out by myself

12/12 (100%)
0/12 (0%)

11. Do you want to visit the department and receive counseling?

Yes 41/132 (31%)
No 11/132 (8%)
Not sure 75132 (57%)

Already visited and received counseling 5/132 (4%)

12, Those who answered “yes” to the above question: What do you most
want from the department? Check all that apply.

Cause of hearing loss 25 (61%)
Pattern of inheritance 25 (61%)
Own future 22 (54%)
Children’s future 23 (56%)
Marriage 6 (15%)
Informing your family 3 (7%)
Other 4 (10%)

13. Those who were told about the results of having any deafness gene
mutation: Were you worried about having the mutation?

Yes, very much 3/8 (37.5%)
Yes, a little 2/8 (25%)
No 3/8 (37.5%)

14. Those who were told about the results of having any deafness gene
mutation. Were you involved with social and/or family problems after being
proved to have such a mutation?

Yes 0/8 (0%)

No /8 (87.5%)
Might be involved in the future 1/8 (12.5%)

answers varied from 132 to 138, because some respondents
left some blanks in response to some of the questions.
Question numbers 1-5 were based on a “deafness gene and
hereditary HL”. Before visiting our department and
receiving the genetic testing, 88 (64%) of 138 respondents
were unaware that a genetic factor can cause HL. Mean-
while, 50 (36%) of 138 respondents who were aware of the
causative effect of a genetic factor had obtained the
information from various sources including another hospital,
afriend, a magazine, and the Internet. One hundred and three
(77%) of the 134 respondents answered that they had
received an explanation about a deafness gene and
hereditary HL from a physician who belonged to our
department. Out of the 103 respondents, 88 respondents
(85%) answered that they understood the contents well or
tolerably, whereas 14 (14%) respondents answered that they
did not understand. Twenty-one (24%) of the 88 respondents
who answered ““well or tolerably understood” changed their
attitude towards HL.

3.2. Genetic testing
The question numbers 6-8 were related to ‘‘genetic

testing”. When patients were informed about the possibility
of having a genetic mutation, 83 (61%) of 136 respondents
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indicated that they would like to receive the genetic testing,
51 (37.5%) answered “‘not sure”, and 2 (1.5%) respondents
did not wish to receive the tests. At the time of the response
to the questionnaire, the frequency of the number of
respondents who did not wish to receive the genetic testing
increased to 7.5%. Meanwhile, 39% of the respondents
received the tests positively, and the remaining 53.5%
received it upon the advice of a physician or family member.
With respect to future participation in other genetic tests,
91% of the respondents answered in the affirmative whereas
9% answered in the negative.

3.3. Outpatient department of medical genetics/genetic
counseling

In question numbers 912, we asked about ‘““the outpatient
department of medical genetics/genetic counseling”.
Although our acceptance form provided the information on
the outpatient department and the genetic counseling, more
than 90% of the respondents remained unaware of their
existence. All respondents who were aware had obtained the
information from a physician of our department. When the
respondents learnt of this information, nearly one third (31%)
of the respondents wanted to visit the outpatient department
and receive the genetic counseling, but 8% of the respondents
did not wish to do so. Five respondents had already visited the
department of medical genetics and had received the genetic
counseling; one respondent received the genetic counseling at
our facility and the remaining four respondents did so at the
other facilities. The respondents wished to learn about the
cause of HL, the patterns of inheritance, their own and their
children’s future.

3.4. Results of genetic testing

The question numbers 13 and 14 were related to the results
of genetic testing. Eight patients who had mutations in a
deafness gene answered these questions. Five respondents
answered that they worried about having a mutation, while the
remaining 3 were not worried about it. No respondent
answered that they had social or family problems.

3.5. Statistical analysis

A significant difference was observed (question number
1: p < 0.05, question numbers 3 and 9: p < 0.01) inregard to
the yes-or-no answers (Table 1).

4, Discussion

According to the recent result of the newborn hearing
screening conducted in Colorado State, one in 650 infants
had HL [2]. About half of the cases of congenital deafness or
profound HL in early childhood are caused by a single gene
mechanism [1]. The provision of genetic testing to patients
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with congenital deafness and/or familial HL. increases the
chances of finding the deafness genes. Therefore, we need to
consider the ethical issues of genetic testing and to
understand the attitude of patients towards genetic testing
and HL. There have been several reports related to this
matter [3-7]. However, it remains possible that the opinions
and attitudes towards genetic testing and genetics are
different among various ethnic groups. Thus, we conducted
the present attitude survey.

In the present study, more than half (64%) of the
respondents who received the genetic testing for HL were
not aware that HL. can be caused by a genetic factor. It is
probably because we included patients with idiopathic
bilateral sensorineural HL in the study. The reason why we
performed the genetic study for idiopathic bilateral
progressive sensorineural HL is that mitochondrial DNA
1555A>G is a frequent mutation among the Japanese
population and is seen even in HL patients whose family
members can hear [8]. According to a survey of normal
hearing parents who had one or more deaf children, the
majority of responders had a poor understanding of their risk
of having another deaf child and their deaf child’s chance of
having future deaf children [4]. In the present study we
intended to provide full information about the deafness gene,
the concept of inheritance, and the risks, benefits, and
limitations of genetic testing. However, about one fourth
(23%) of the respondents answered that they had not
received an explanation of a deafness gene. Moreover, 14%
of the respondents who answered that they had received the
explanation did not understand the explanation. Although it
may be difficult for patients to understand genetics correctly,
we should try to provide a clearer understanding to them. In
addition, about one forth (24%) of the respondents who
answered that they could well or tolerably understand a
deafness gene and hereditary HL changed the attitude
towards their own HL.

When patients learned of the possibility of having a
genetic mutation in the outpatient clinic, 37.5% of
respondents were not certain that they would like to receive
the genetic testing. At the time of the response to the
questionnaire, 53.5% of responders received genetic testing
upon the advice of a physician or family member. These
results suggested that about half of patients may not make
their own decision regarding genetic testing. At the time of
the response to the questionnaire, the frequency of the
number of respondents who did not wish to receive the
genetic testing increased to 7.5%. This is partly because
most of the patients who wished to know the etiology of their
own HL and/or to confirm the absence of deafness gene
mutations could not obtain any results.

There is a substantial difference in attitude towards
genetic testing for HL between deaf adults and hearing
adults with deaf children. Middleton et al. reported that deaf
adults had a predominantly negative attitude towards genetic
testing and 55% of the individuals thought genetic testing to
be more harmful than beneficial [3]. On the other hand, the

vast majority of the hearing parents with deaf children had
an overall positive attitude towards genetic testing [4,6]. In
the present study, if an opportunity presented itself, 125 of
137 respondents wished to participate in other genetic
studies in the future. This suggested that the majority (91%)
of responders had a positive attitude towards genetic testing.
With respect to the degree of satisfaction for genetic testing
in other disorders, 81% of the individuals who had one or
more first-degree relatives affected with breast cancer
planned to seek genetic testing [9], and 95.1% of parents of
children with cystic fibrosis (CF) or patients with CF favored
a prenatal diagnosis [10].

Genetic counseling provides appropriate information
regarding genetics to patients and/or their family members
(clients) to allow the clients to have their own preferred life
plans. Furthermore, a genetic counselor needs to give moral
support to the clients while maintaining a favorable and
confidential relationship with them. Paker et al. reported that
34.6% of parents with hearing impaired children received
genetic counseling from a recognized clinical genetic service
and approximately half of the parents who were not offered
any genetic counseling answered they would like to have
received this option [5]. However, the respondents who
received it made comments that were equally positive and
negative towards the counseling. In this study, only less than
10% knew the availability of the genetic outpatient
department and counseling and only five respondents received
genetic counseling from a recognized genetic outpatient
department, despite the fact that the information was written
in the consent form. Meanwhile, 31% of the respondents
would have liked to visit the department and to receive genetic
counseling, when they learned of the availability of these
resources. Although we should pay attention to the patients
who have a negative attitude to genetic counseling, we need to
provide more information about the genetic outpatient
department and counseling. The most important reasons for
receiving genetic testing were reported as determining the
etiology of HL, and its risk of recurrence [4-6]. Our findings
that the most common requests for genetic counseling were
the cause of HL, patterns of inheritance, the individuals’ own
and their children’s future, were consistent with those of
previous papers.

From our point of view, detecting a causative mutation is
useful for determining the etiology and prognosis of a
disease, its repetition rate, preventive and therapeutic
measures, and genetic counseling. The collection rate was
70% in the present attitude survey, and thus there may have
been some bias in the results. However, the satisfaction level
with genetic testing for HL is high in many cases. In the
present study, no respondents who were told about having
any deafness gene mutation developed social and/or family
problems. However, some respondents were worried about
the results. Therefore, we should fully recognize that
relaying genetic information to a family appears to be
justifiable for physicians, but may be burdensome to the
patients [11].
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5. Conclusion

We conducted a questionnaire survey to investigate the
patients’ understanding and satisfaction regarding genetic
testing for HL.. The results showed a high satisfaction level
for the genetic testing. The common requests for the genetic
counseling were the etiology of HL, patterns of inheritance,
the individuals’ own and their children’s future, which were
consistent with previous reports. However, 7.5% of the
respondents regretted receiving the genetic testing and some
respondents were worried about the results of the genetic
testing. Therefore, we should bear in mind that there are
patients who have a negative attitude towards genetic testing
and may become burdened by the results.
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Novel ATP6V1B1 mutations in distal renal tubular
acidosis and hearing loss

TAKATOSHI YASHIMA!, YOSHIHIRO NOGUCHI', YOSHIYUKI KAWASHIMA!,
TATEMITSU RAI?, TAKU ITO! & KEN KITAMURA!

' Department of Otolaryngology and *Department of Nephrology, Tokyo Medical and Dental University, Tokyo, Japan

Abstract

Conclusion: Novel ATP6V1B1 mutations were found in a patient with distal renal tubular acidosis (dRTA), hearing loss (HL),
and enlargement of the vestibular aqueduct (EVA). The deterioration of HL and vertiginous attacks may be associated with the
disruption of the endolymph pH homeostasis. Objectives: To study the audiovestibular functions and to identify the causative
gene. Methods: This study enrolled a Japanese family, where the proband showed type 1 dRTA, early onset HL,, and bilateral
EVA. A deterioration of HL. occurred several times in both ears. Vertiginous attacks were always associated with a deterioration
of HL. Audiovestibular examinations included distortion product otoacoustic emissions (DPOAEs), auditory brainstem
responses (ABRs), caloric testing, and vestibular evoked myogenic potentials (VEMPs). Direct sequencing was utilized to
screen for ATP6V1BI1, SLC26A4, and G¥B2 mutations. Results: The findings of DPOAEs and ABRs indicated cochlear HL.
The vestibular function was thought to be mildly impaired according to the caloric responses and VEMP findings. Two novel
ATP6V1B1 mutations of a heterozygous 15 base-pair deletion (c.756_770del) in exon 7 and a heterozygous 1 base-pair
insertion (c.1242_1243insC) in exon 12 were detected in a compound heterozygous state. No mutation was identified in either
SLC26A4 or G¥B2.

Keywords: Deafness, vertigo, vestibular evoked myogenic potentials, enlargement of vestibular agueduct, large vestibular
aqueduct

Introduction

Renal tubular acidosis (RTA) is a heterogeneous
disorder characterized by normal anion gap metabolic
acidosis in spite of either a normal or near-normal
glomerular filtration rate [1]. This disorder is caused
by tubular defects in urinary acidification involving
either the distal nephron (type 1 distal RTA) or the
proximal nephron (type 2 proximal RTA). Proximal
RTA results from a failure of the reabsorption of
bicarbonate (HCO;™) in the proximal nephron,
whereas distal RTA results from a failure of the
secretion of hydrogen ions (H™) in the distal nephron,
either of which may be inherited or acquired. More-
over, there is combined proximal and distal RTA

(type 3 RTA), and hyperkalemic distal RTA (type 4
RTA) [1].

Type 1 distal RTA (dRTA) is the classical form of
RTA and it can cause hyperchloremic metabolic
acidosis, hypokalemia, nephrocalcinosis, and renal
calculi. The association of dRTA and hearing loss
(HL) was first noted in 1967 [2], and since that time
several patients with this clinical condition have been
reported [3,4]. Recently, the identification of the
causative genes for dRTA has provided considerable
progress in understanding the pathophysiology of this
group of disorders [1]. Mutations in SLC4A4! that
encodes AE1, the CI/HCO;™ exchanger on the baso-
lateral membrane of the o-intercalated cell of the
distal nephron, can cause either autosomal dominant
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or recessive dRTA without HL.. Meanwhile, an H"-
adenosine triphosphatase (ATPase) in the apical bor-
der of the o-intercalated cell of the distal nephron is a
multi-subunit structure that plays a role in pumping
H" into the tubular lumen. To date, two genes
(ATP6V1BI1 and ATP6V0A4) that encode the H-
ATPase have been identified to be responsible for
dRTA. Mutations in ATP6V1B1, which encodes the
B1-subunit of H*-ATPase, can cause dRTA and early
onset HL, whereas mutations in ATP6V0A4, which
encodes the a4-subunit of H"-ATPase, can cause
dRTA with either normal hearing or late onset hear-
ing loss (HL) [5,6].

The enlargement of the vestibular aqueduct (EVA)
is the most common malformation of the inner ear,
and mutations of several deafness genes have been
reported to be responsible for EVA. SLC26A44 muta-
tions are a common cause of EVA in Western popula-
tions as well as those in East and South Asian
populations (7]. EYA! and SIX! mutations are
responsible for branchio-oto-renal/branchio-oto syn-
drome (BOS) that can be associated with EVA [8,9].
Furthermore, a recent study demonstrated that
ATP6V1BI1 mutations could be responsible for bilat-
eral EVA [10]. The present study reports additional
mutations of ATP6V1BI in a patient with dRTA,
early onset HL, vertiginous attack, and bilateral
EVA. Audiovestibular testing, including vestibular
evoked myogenic potentials (VEMPs) was performed
to investigate the pathophysiology of this disorder.

Material and methods

Patients

This study enrolled a non-consanguineous Japanese
family, in which the proband suffered from dRTA and
bilateral mixed HL (Figure 1) with normal tympanic
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membranes. All family members with the exception of
the proband had no dRTA, while the parents showed
bilateral sensorineural HL (Figure 1). The HL of the
father was thought to be noise-induced HL, because
he showed bilateral C-dip, and is employed in the
construction business where he experiences continu-
ous noise exposure. An audiogram of the mother
showed bilateral mid-frequency sensorineural HL.
She presented with non-progressive HL. from child-
hood. Two younger brothers of the proband had no
HL according to an interview with the mother.

Case report

The proband was a 12-year-old male when he first
visited the Department of Otolaryngology, Tokyo
Medical and Dental University Hospital in March
2001. There were no abnormal events throughout
gestation and at birth, while his body weight did
not increase well due to his poor suckling. Renal
calcification was found at his 1 month medical screen-
ing, and he was diagnosed with dRTA. Alkali therapy
was initiated to treat the acidosis. By the age of 3 years,
it was obvious that the patient had developed HL, and
thus he began to use bilateral hearing aids. There had
been several attacks of rotatory vertigo since the age
of 4, but the HL had not shown any apparent
exacerbation.

Figure 2 shows the clinical course of pure-tone
averages (PTAs) calculated from the audiometric
thresholds at the frequencies of 500, 1000, and
2000 Hz, the attacks of vertigo, and the value of
potassium after the first visit to the Department of
Otolaryngology. He needed to be hospitalized three
times between the ages of 12 and 14 for hypokalemia
attacks that were difficult to control. Blood examina-
tions showed metabolic acidosis with a normal anion
gap, and the urinary pH showed a defect in urinary

(dB HL) Proband (12y) (dB HL) Father (43y) (dB HL) Mother (42y)
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Figure 1. Audiograms of three family members. Bilateral air-bone gaps are recognized, especially at lower frequencies in the proband in July

2001.
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Figure 2. Clinical course of pure-tone averages (PTAs), attacks of vertigo, and the value of potassium (K. PTA is calculated from the

audiometric thresholds at the frequencies of 500, 1000, and 2000

acidification (Table I). He experienced hypokalemia
that was difficult to control between the ages of 13 and
14. Thereafter, fluctuating HL and vertiginous
attacks started. An exacerbation of HL occurred 7
times in the right ear and 14 times in the left ear
during the follow-up period. One of these exacerba-
tions occurred after mild head trauma, and another
exacerbation happened after a common cold infec-
tion. He received intravenous corticosteroids at each
exacerbation, with careful attention to his electrolyte
disorder. Hyperbaric oxygen was administered as an
additional therapy when the corticosteroid therapies
were not effective. There were 12 attacks of vertigo
that were always associated with the exacerbation of
HL and nausea, and lasted for several hours. How-
ever, the exacerbation of HL was not necessarily
associated with hypokalemia and the alkali therapy
was not effective for the exacerbation of HL. From the
age of 12 to the age of 19, his right PTA was main-
tained from 71.7 dB to 68.3 dB in remission, but his
left PTA deteriorated from 56.7 dB to complete
deafness at the age of 19, and showed no subsequent
recovery.

High-resolution computed tomography (CT) and
magnetic resonance imaging (MRI) of the temporal
bones showed bilateral EVA with no other inner and
middle ear malformations (Figure 3).

Audiovestibular examinations

The proband underwent audiological examinations
that included distortion product otoacoustic emis-
sions (DPOAEs) and auditory brainstem responses
(ABRs). DPOAE:s were recorded and analyzed using
an 110292 analyzer (Otodynamics Ltd, Hatfield,
Herts, UK). Two primary tones with a frequency
ratio (f2/f1) kept at 1.22 were presented at 70 dB
sound pressure level. Alternating polarity clicks at the

Hz.
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Table I. Laboratory data of the proband at the first hospitalization.

Parameter Value Normal range

Blood pH 7.322 7.35-7.45
BE —4.0 -2.0t0 2.0
HCO;™ (mEqg/) 21.5 22.0-26.0
Na* (mEq/l) 144 138-146
K* (mEq/l) 3.3 3.7-5.0
CI” (mEq/) 111 99-107
Anion gap (mEq/l) 11.5 10.0-14.0

Urine pH 7.5 5.0-7.5

Figure 3. High-resolution computed tomography (CT) and mag-
netic resonance imaging (MRI) of the temporal bones in the
proband. Bilateral enlargement of the vestibular aqueduct and
endolymphatic sac (arrows) is evident.

intensity of 90 dB normal hearing level (nHL) were
presented as the acoustic stimuli at a frequency of 9.5
Hz for the measurement of ABRs. The inter-peak
latency difference between waves I and V (IPL I-V)
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was used as a criterion and an IPL I-V of longer than
4.4 ms was considered to be abnormal.

The vestibular examinations, including gaze, posi-
tional, positioning and spontancous nystagmus test-
ing, and air caloric testing were performed using
electronystagmography (ENG). Caloric hypoplexia
was defined as a maximal slow phase velocity
(MSV) <20°/s. VEMPs were measured using a
previously described procedure [11]. In brief, short
tone-bursts with a frequency of 500 Hz were delivered
from headphones at a stimulus repetition rate of 5 Hz.

The stimulus intensities were configured as 95 and
105 dB nHI.

Muzation analysis

All protocols were approved by the Ethics Reviewing
Committee of Tokyo Medical and Dental University
and were carried out only after obtaining written
informed consent. Genomic DNA was extracted
from the peripheral blood lymphocytes of the patient
and his parents. Unfortunately, genomic DNA could
not be obtained from the two younger brothers of the
proband. The coding regions and flanking intronic
sequences of ATP6V1B1 were amplified using a com-
bination of previously described primer pairs [5].
However, newly designed pairs (forward: 5-CT
GGTCAGTCCACAGGCTTT-3, reverse 5-TGG
CTGTAGTTCTGGGATGC-3") were used for
exon 8. Amplification was also conducted for the
coding regions of SLC26A44 that is the most prevalent
causative gene of EVA, and G¥B2, the most frequent
causative gene of non-syndromic hereditary HL. PCR
was carried out in a 50 ul volume containing 50 ng of
DNA, 0.6 umol/LL each primer, 200 pumol/LL each
dNTP, 5 ul of 10x QIAGEN PCR buffer, and
1.25 U of Tag DNA polymerase (Tag PCR Core
Kit, QIAGEN) in a GeneAmp PCR System 9700
(PE Applied Biosystems). The amplified products
were purified using a QIAquick PCR Purification
Kit (QIAGEN) according to the manufacturer’s
instructions and then were directly sequenced using
an Applied Biosystems Prism BigDye Terminator
Cycle Sequencing Ready Kit and an ABI Prism model
310 Genetic Analyzer.

Results
Audiovestibular findings

DPOAEs, ABRs, and ENG were performed in
December 2003, when the PTA was 66.7 dB in the
right ear and 61.7 dB in the left ear. The DPOAE
amplitudes decreased to the noise levels bilaterally. In
the ABR measurements, no waveform was seen on the
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right side, while the IPL I-V was not prolonged on the
left side. These findings suggested the presence of a
cochlear dysfunction without any retrocochlear dys-
function. No gaze, positional, positioning, and spon-
taneous nystagmus were detected. The MSV of
caloric testing was 14°/s in the right ear and 17°/s
in the left ear, thus suggesting bilateral slight caloric
hypoplexia.

VEMPs were carried out in February 2006, when
the PTA of the right ear was 73.3 dB and the left ear
showed complete deafness. In the right ear, clear
waveforms of VEMPs were recognized at both stim-
ulus intensities of 95 and 105 dB nHL, while in the
left ear, VEMPs were absent at 95 dB nHL, but they
were detected at 105 dB nHL (Figure 4).

Genetic findings

Two novel ATP6VIBI mutations of a heterozygous
15 bp deletion {c.756_770del) in exon 7 and a het-
erozygous 1 bp insertion (c.1242_1243insC) in exon
12 were detected in the proband (Figure 5). The
father and mother of the proband had a heterozygous
c.1242 1243insC and a heterozygous c.756_770del,
respectively. These mutations were not found in 80
normal controls. Therefore, it is possible that the
compound heterozygous mutations caused dRTA
and HL in the proband. Four previously reported poly-
morphic changes were found, including ¢.89T>C
MI1T), c.114T>C (P9P), c.176C>T (T30I), and
c.1089C>T (R334R).

No mutation was detected in either SLC26A44 or
G7B2 in the proband. However, a previously reported

n23

(dB nHL)
105
n23

Rt p13
95 \’»\‘/\‘w_’
P13 23
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Lt 13
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|20uv

Figure 4. Vestibular evoked myogenic potentials (VEMPs) in the
proband. The first positive-negative peaks (p13-n23) are shown in
the waveforms. Clear waveforms are seen at both stimulus inten-
sities of 95 and 105 dB nHL in the right ear, while a positive
response is obtained only at 105 dB nHL in the left ear.
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Exon7 Exon 12
CCATCGTCTTTGCAGCCATGGG CCCATCAACGTGCTCCCT
CCATGGGGGTGAGGAGACTTAG CCCCATCAACGTGCTCCC

€.756_770del c.1242_1243insC

Proband

CCATCGTCTTTGCAGCCATG
CCATGGGGGTGAGGAGACTT

> o
[oN o)

¢.756_770del

Mother

CCATCGTCTTTGCAGCCATGGG ccC
CCATCGTCTTTGCAGCCATGGG ccC

Father

Figure 5. Electropherograms in the family members. Compound heterozygous ATP6VIB! mutations of a heterozygous 15 bp deletion
(c.756_770del) in exon 7 and a heterozygous 1 bp insertion (c.1242_1243insC) in exon 12 were detected in the proband.

polymorphic change of c.79A>G (V27]) in G¥B2 was
found.

Discussion

Nearly 30 mutations in ATP6V1BI have so far been
detected from subjects with various ethnic back-
grounds and dispersed throughout the coding
regions and splice sites of the gene [5,6,10,12-15].
More than half of the mutations are missense
mutations followed by 1 bp deletions or insertions,
splice-site mutations, and nonsense mutations.
The present study detected two novel mutations of
a 15 bp deletion (c.756_770del) and 1 bp insertion
(c.1242_1243insC) in the proband with typical phe-
notypes caused by ATP6V1BI mutations. Neither of
the mutations was detected in 80 normal controls.
Moreover, no mutation was found in SLC26A44.

Therefore, ¢.756_770del and c¢.1242_1243insC
were disease-causing mutations. The combination
of ¢.756_770del and c.1242_1243insC were pre-
dicted to lead to defects in the protein structure
and/or function, because neither of these mutations
led to frameshift and a premature stop codon.

The parents of the current proband also had HL.. The
HL in the father with a heterozygous c.1242_1243insC
was thought to be noise-induced HL.. Meanwhile, the
mother with aheterozygous c.756_770del showed bilat-
eral mid-frequency sensorineural HL. The dominant-
negative effect by the heterozygous mutation may
cause HL but not dRTA. However, the true etiology
of the HL is unknown, because the parents of the
mother and two younger brothers of the proband,
who might have a deletion mutation, had normal hear-
ing according to the interview with the mother.

The pH of the endolymph varies in the different
regions in the inner ear, and endolymph pH
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homeostasis is necessary for hearing and the preven-
tion of HL [16]. ATP6ViIBI mRNA is expressed in
both the fetal and adult cochlea [5]. Furthermore, the
product of the gene, Bl-subunit of H*-ATPase, is
strongly observed in the interdental cell layer of the
spiral limbus and the epithelial cells of the endolym-
phatic sac of mice [4]. Both the interdental cells and
endolymphatic cells come in direct contact with the
endolymph. Therefore, the loss of the Bl-subunit of
H*-ATPase function may cause a disruption of the
endolymph pH homeostasis, thus resulting in HL.

So far there have been three reports that noted an
association between dRTA and EVA [10,17,18]. Ber-
rettini et al. [17] reported three patients with dRTA
and HL who showed either unilateral or bilateral
EVA. Shinjo et al. [18] also reported a patient who
had dRTA, HL, and bilateral EVA. However, the
previous four patients did not undergo any genetic
studies. Recently, Joshua et al. [10] showed that four
patients from three families- with homozygous
ATP6V1BI mutations had dRTA and HL as well
as bilateral EVA. The HL started in early childhood,
and was asymmetrical, moderate to severe, and
progressive. The present study confirmed that
ATP6V1BI could therefore be responsible for EVA.

Although the proband demonstrated no middle ear
abnormalities according to the otoscopic examination
and CT findings, pure-tone audiometry showed bilat-
eral air-bone gaps, especially at the lower frequencies.
The air-bone gap is often recognized in patients with
EVA. There have been several explanations for the
mechanism, and a recent report speculated that EVA
acting as a third mobile window in the inner ear
resulted in the air-bone gap [19].

No previous report has disclosed that patients with
ATP6VIB! mutations show fluctuating HL and
vertiginous attacks. The deterioration of HL in the
current proband occurred several times in each ear
and recovered within a few months every time with
the exception of the last exacerbation in the left ear.
Repetitive vertiginous attacks occurred with the
combination of the deterioration of HL, whereas
vestibular function was not severely impaired
according to the vestibular examinations. Taken
together, the deterioration of audiovestibular func-
tion in this disorder is thought to be reversible to a
certain extent. The same clinical course in audio-
vestibular impairment was seen in a patient with
Pendred syndrome that was caused by an
SLC26A4 mutation and showed EVA [20]. How-
ever, it is non-obligatory in patients with BOS that
can also show EVA [8,9]. Therefore, EVA may not
be the major cause of the deterioration of audio-
vestibular function. Meanwhile, the endolymph pH
homeostasis depends on the secretion of H* as well
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as HCO; ", and HCO; may be secreted into the
endolymph via the HCO; permeable anion
exchanger pendrin, the product of SLC26A44 [16].
Therefore, the disruption of the endolymph pH
homeostasis may cause an exacerbation of the audio-
vestibular function in patients with ATP6VIBI or
SLC26A4 mutations. However, the exacerbations of
the audiovestibular function in this case occurred
even when the value of potassium was within the
normal range. Therefore, general medical conditions
may not necessarily affect the state of endolymph pH
homeostasis.

Alkali therapy was not effective for the treatment
of HL. in the proband, which was also consistent with
a previous report [4]. Intravenous corticosteroid
therapy with and without hyperbaric oxygen was
performed every time the HL of the proband dete-
riorated. It is not known whether these treatments
are truly effective for the deterioration of HL,, because
a natural recovery of hearing without any special
treatment can occur in patients with EVA. However,
a few reports have recommended either corticosteroid
therapy [21] or hyperbaric oxygen [22] for the treat-
ment of hearing deterioration associated with EVA.
Therefore, the early diagnosis, close monitoring of
hearing, avoidance of head trauma, and appropriate
treatments are all essential for patients with
dRTA, HL, and EVA to maintain their hearing
ability.

Conclusions

Two novel ATP6V1B1 mutations of a heterozygous
15 bp deletion and a heterozygous 1 bp insertion were
detected in a patient with type 1 dRTA, HL, and
EVA. Mutations in ATP6V1BI! may thus cause a
disruption of the endolymph pH homeostasis, result-
ing in both a worsening of HL. and the onset of
vertiginous attacks.
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Additional Heterozygous 2507A>C Mutation
of WFS1 in Progressive Hearing Loss at

Lower Frequencies

Taro Fujikawa, MD; Yoshihiro Noguchi, MD; Taku Ito, MD; Masatoki Takahashi, MD; Ken Kitamura, MD

Objectives/Hypothesis: To describe the audio-
logical profiles in a Japanese family with autosomal
dominant hereditary sensorineural hearing loss
(SNHL) and to identify the causative gene.

Study Design: A family study at an academic
tertiary referral center.

Methods: A family with autosomal dominant
hereditary SNHL was enrolled. Hearing loss (HL) of
affected members showed mid-frequency SNHL in
childhood and progressed at lower frequencies with
age, resulting in low-frequency SNHL. To understand
the pathology of HL of this family, we performed a
genetic analysis of WFS1, TECTA, and GJB2 by
direct sequencing, and further audiovestibular exami-
nations, including speech audiometry, distortion prod-
uct otoacoustic emissions, electrocochleography, audi-
tory brainstem responses, and electronystagmography
for some affected members.

Results: A heterozygous A-to-C nucleotide
transversion (c.2507A>C), resulting in a lysine-to-
threonine substitution at codon 836 (K836T) was
identified in exon 8 of WFS1. K836T was segregated
with HL in the 15 participants in the genetic study
but was not detected in the 212 normal chromo-
somes. Only polymorphic changes were detected in
TECTA and GJB2. Audiovestibular examinations
indicated purely cochlear HL and normal vestibular
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function. The summating potential/action potential
ratios in electrocochleography increased in the bilat-
eral ears of the proband.

Conclusions: The family described with autoso-
mal dominant inheritance of K836T of the WFS1 gene
demonstrates a progressive hearing loss in the lower
frequencies.

Key Words: Wolfram syndrome type 1 gene,
nonsyndromic, hereditary hearing loss, DFNAG6/14/38,
mid-frequency, low-frequency, electrocochleography.

Laryngoscope, 120:166-171, 2010

INTRODUCTION

Hearing loss (HL) is the most common form of sen-
sory dysfunction and is caused by environmental and
genetic factors. Remarkable progress has been made in
mapping over 100 loci for nonsyndromic hereditary HL,
and more than 40 deafness genes have been identified.
Among the autosomal dominant loci (DFNA) of nonsyn-
dromic hereditary HL, most loci are responsible for
high-frequency sensorineural hearing loss (SNHL),
whereas three loci (DFNA1, DFNA6/14/38, and
DFNAS54) are associated with low-frequency SNHL, and
other loci (DFNA8/12, DFNA1Q, and DFNA13) are asso-
ciated with mid-frequency SNHL. These characteristic
features in audiometric configuration may become a
powerful clue for the genetic testing of hereditary HL.

Mutations in the Wolfram syndrome type 1 gene
(WFSI) are the cause of both the autosomal recessive
condition, Wolfram syndrome, and autosomal dominant
nonsyndromic HL, DFNA6/14/38. Wolfram syndrome is
characterized by diabetes insipidus, juvenile onset diabe-
tes mellitus, optic atrophy, and SNHL.! DFNA6/14/38 is
caused by heterozygous mutations of WFSI and is re-
sponsible for autosomal dominant low-frequency SNHL
without vestibular symptoms.? To date, nearly 30 differ-
ent heterozygous mutations for DFNAG6/14/38 have been
reported, and the majority of the mutations are located
in exon 8, a portion of which encodes the C-terminal do-
main of the wolframin protein (wolframin). Moreover,
many polymorphisms of WFS1 have been found, and
some of these polymorphisms are associated with diabe-
tes mellitus and psychiatric disorders.” Wolframin is an

Fujikawa et al.: Hearing Loss by WFS7 Mutation



endoplasmic reticulum (ER) membrane protein and is
widely expressed in nerve tissues, including the brain
and pancreatic f§ cells and the inner ear® Although the
function of wolframin remains unknown, it is believed
that wolframin is important for maintaining inner ear
ion homeostasis.? In this study, we performed a genetic
analysis in a Japanese family with autosomal dominant,
nonsyndromic SNHL. In this family, affected members of
the younger generation showed mid-frequency SNHL,
but HL at lower frequencies progressed with age.
Additional audiovestibular examinations, including elec-

A
i

trocochleography (ECochG), were carried out to
understand the pathology of the HL of this family.
MATERIALS AND METHODS

Subjects

All the procedures were approved by the Ethics Reviewing
Committee of Tokyo Medical and Dental University and were
carried out only after obtaining a written informed consent
from each individual and/or parents of the children,

A four-generation Japanese family (TMDU342) with auto-
somal dominant SNHL was studied (Fig. 1A). In 15 of the 46
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family members, audiometric evaluations and a genetic analysis
were performed. The information regarding HL in the other 31
family members was obtained through interviews with the pro-
band (III: 18). Pure tone audiometry was carried out in all
participants, with the exception of two young children who
were 4 years (VI: 9) and 2 years (IV: 10) of age, respectively.
The HL for these two children had not been found before con-
firming by auditory brainstem responses (ABRs) and distortion
product otoacoustic emissions (DPQOAEs). Audiograms from
seven affected individuals showed bilateral, symmetric SNHL
with a moderate to severe degree of severity. Children (IV: 6,
IV: 8) had mid-frequency SNHL, whereas middle-aged individu-
als (L 7, III: 16, TII: 17) had low-frequency SNHL.
Audiograms from elderly individuals (II; 7, II: 15) showed low-
frequency SNHL with an additional increase in audiometric
thresholds at higher frequencies, which was probably due to
aging (Fig. 1B). Audiograms from unaffected individuals were
essentially normal. The predicted audiogram for ages ranging
from 0 to 70 years (age-related typical audiogram; [ARTA]) indi-
cated a gradual elevation of the audiometric thresholds at the
lower frequencies (see Supporting Information Appendix). The
onset of HL,, which was obtained from taking a history, ranged
from 2 to 10 years of age, but all demonstrated normal language
development without the use of hearing aids. They were not
aware of apparent progression of HL or vestibular symptoms.
One individual (II: 7) had recognized bilateral tinnitus after
receiving chemotherapy for breast cancer at 46 years of age.
Affected individuals had no other abnormalities, such as diabe-
tes insipidus, diabetes mellitus, or optic atrophy. High-
resolution computed tomography of the temporal bone in three
individuals (III: 16, IV: 6, IV: 8) showed no abnormal findings.

Audiovestibular Examinations

Speech audiometry, DPOAEs, and ABRs were performed
in two affected individuals (III: 16, IV: 6), and tympanic
ECochG was carried out in the proband (III: 16) as described
previously.*® In brief, in DPOAE measurement, two primary
tones with a frequency ratio (f2/f1) kept at 1.22 were presented
at 70 dB sound pressure level using an ILO292 analyzer (Oto-
dynamics Ltd., Hatfield, Herts, UK). For the measurement of
ABRs, alternating polarity clicks at the intensity of 90 dB nHL
were presented as the acoustic stimuli at a frequency of 9.5 Hz.
The inter-peak latency difference between waves I and V (IPL
[-V) was used as a criterion and an IPL I-V longer than 4.4 ms
was considered abnormal. In ECochG measurement, short tone-
bursts with a frequency of 1 kHz were used to evoke cochlear
microphonics (CM) and alternating polarity clicks were used to
measure summating potentials (SP) and cochlear nerve action
potentials (AP). The CM and AP detection thresholds and the
SP/AP ratios at the intensity of 90 dB nHL were used as
indicators.

Vestibular examinations were carried out in the proband
(IV: 16). Positional, positioning, and spontaneous nystagmus
tests were conducted with an infrared charge-coupled device
camera. Air caloric testing was performed by electronystagmog-
raphy as described previously.® Caloric hypoplexia was defined
as maximal slow phase velocity less than 20°/s.

Genetic Analysis

Genomic DNA was extracted from peripheral blood lym-
phocytes using standard methods. Based on the audiometric
configurations, we screened for the presence of TECTA and
WFS1 mutations. Exons 17, 18, 19, and 20 of TECTA, corre-
sponding to the zona pellucida domain of alpha-tectorin (the
product of TECTA), were amplified by polymerase chain reac-
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tion (PCR), because mutations in that region lead to
autosomal dominant mid-frequency SNHL.® The entire coding
regions of WFSI were amplified as previously described.” We
amplified the coding region of the gap junction beta-2 gene
(GJB2) in order to exclude the most frequent cause of nonsyn-
dromic HL. Amplified products were purified using a
QIAquick PCR purification Kit (Qiagen, Valencia, CA) accord-
ing to the manufacturer’s instructions and were directly
sequenced using an Applied Biosystems Prism Big Dye Termi-
nator Cycle Sequencing Ready Kit (Applied Biosystems Inc.,
Foster City, CA) and an ABI Prism model 310 Genetic Ana-
lyzer (Applied Biosystems Inc.). Genetic analyses of TECTA,
WFS1, and GJB2 were initially performed in the proband.
Thereafter, whenever any unreported variants causing amino
acid substitutions were detected, a genetic analysis was car-
ried out in the remaining participants and in 212 normal
chromosomes.

RESULTS

Audiovestibular Findings

Table I shows audiovestibular findings of two
affected individuals (III: 16, IV: 6). Speech discrimina-
tion ability was not affected in both individuals. DPOAE
amplitudes were decreased to the noise level only at the
mid-frequencies of f2, which corresponded to the audio-
metric configurations. In the proband (III: 16), the
detection thresholds of the CM and AP in ECochG
showed elevated values of 50 and 40 dB nHL, respec-
tively. Interestingly, the SP/AP ratios increased to 0.41
in the right ear and to 0.51 in the left ear (see Support-
ing Information Appendix). The IPL I-V of ABRs was not
prolonged, indicating that retrocochlear dysfunction was
absent. Gaze, positional, positioning, and spontaneous
nystagmus were not detected in the proband and a nor-
mal caloric response was observed for both ears.

Genetic Findings

In the proband, we detected a heterozygous A-to-C
nucleotide transversion (¢.2507A>C) in exon 8 of WFSI
that was predicted to result in a lysine-to-threonine
substitution at codon 836 (K836T) (see Supporting
Information Appendix). Eight previously reported poly-
morphisms (T170T, R228R, V3331, V395V, N500N,
H611R, K811K, and S855S5) were also found. Additional
genetic analysis showed cosegregation of K836T with HL
in all participants from this family. The K836T allele
was not detected in 212 normal chromosomes.

The proband had a heterozygous C-to-T transition
(5634C>T) in exon 18 of TECTA that was predicted to
result in an alanine-to-valine substitution at codon 1879.
Because one more individual (III: 19) with normal hear-
ing had the same transition, we concluded that A1879V
was a polymorphic variant. The GJB2 variants, V271/
E114G, usually found in cis, were identified in the
proband.

DISCUSSION

In the present family, we detected a heterozygous
K836T within the C-terminal domain of wolframin. The
domain is important because most of the known
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TABLE I.
Audiovestibular Findings of Two Affected Individuals.

ECochG
Individual No. CM Threshold AP Threshold ABR CR (MSV)
(Age/Sex) Ear SDS (%) DP Level {dB nHL) (dB nHL) SP/AP (Wave I/V) (ms) (°/s)
II: 16 (38/F) Right 95 Decreased 50 40 0.41 1.86/5.60 42
Left 95 Decreased 50 40 0.51 1.74/5.74 38
IV: 6 (6/M) Right 85 Decreased 1.50/5.48
Left 95 Decreased 1.62/5.40

ECochG = electrocochleography; ABR = auditory brain response; CR = caloric response; SDS = speech discrimination score; DP = distortion product;
CM = cochlear microphenics; nHL = normal hearing level; AP = action potentials; SP = summating potentials; MSV = maximal slow phase velacity; F =

female; M = male.

mutations in DFNAG6/14/38 are intensively located in
this region.® The position (K836) is highly conserved
across human (AAH30130), chicken (XP_420803), mouse
(NP_035846), rat (EDMQ00031), and orangutan
(NP_001127593), and K836T was never detected in 212
normal controls. In K836T the positively charged residue
(lysine) was substituted with the noncharged, polar resi-
due (threonine), and this substitution can most likely
change the secondary structure of wolframin. Moreover,
affected adult members of this family showed typical
clinical features of DFNA®&/14/38, low-frequency SNHL
and no vestibular dysfunction. Therefore, it is thought
that K836T is a novel mutation of WFSI and is a crucial
change that allows the present family to show their clin-
ical features.

However, affected children of the present family
showed mid-frequency SNHL with normal or slightly
impaired hearing at the lower frequencies. The ARTA
indicated a gradual progression of the audiometric
thresholds at the lower frequencies with age. Table II
shows the clinical features of DFNA6/14/38 from previ-

ous reports that described audiogram.*™?' HL in
DFNAG6/14/38 starts from birth to the early thirties and
shows low-frequency SNHL with the severity of moder-
ate to severe. In most of the families, the gradual
progression in audiometric thresholds is recognized at
higher frequencies. There has been no report of progres-
sion of HL at lower frequencies, as was observed in the
present family. Some affected individuals in the families
complained of tinnitus. None of the patients in the
DFNAG/14/38 families reported either vestibular symp-
toms, or showed spontaneous nystagmus and/or an
abnormal caloric response. Among previously reported
mutations, E864K was detected in Japanese families
with DFNA6/14/38,2' as well as in a Danish family®?
with autosomal dominant optic atrophy. Some members
in the Danish family had SNHL that showed various
audiometric configurations, including low-frequency and
flat forms, as well as U-shaped (mid-frequency) forms.
Therefore, attention should be given to the fact that
some heterozygous mutations in exon 8 of WFSI can be
responsible for mid-frequency SNHL.

TABLE Ii.

Clinical Features of DFNAG/14/38 Families.
Amino Acid Audiometric Age at Degree of Hearing Progression of Vestibular
Change Configuration Onset Loss (dB HL) Hearing Loss Tinnitus Examination Reference No.
Ké34T Low <17 40-60 - 8
Y669H Low <22 40-60 - 9
G674E l.ow 0 40-70 + Normal 10
G674V Low 0 40-90 + Normal 10
R685P Low ~4 40-90 + 11
T699M Low <25 40-60 + Normal 12
K705N Low 0 40-60 - 13
A716T Low <10 40-80 + + Normal 14,15,16
D771H Low 5-20 40-80 - 17
L828P Low 6-32 40-60 + + Normal 215,18
G831D Low <20 40-60 + + Norrnal 15,19
K836T Middle to low 2-10 40-60 + - Normal The present study
AB44T Low <6 40-60 - - Normal 7
R859P Low 5-30 40-60 — 17
R859Q Low 245 40-60 + + 20
E864K Low 4 40-80 + 21

HL = hearing loss.
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