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Abstract Advances in molecular genetics have recently
revealed that mutations in the EYA1 gene are responsible
for branchio-oto-renal (BOR) syndrome in European and
other populations. This is the first report confirming that an
EYA1 gene mutation is also disease-causing in an Asian
population. We have described one Japanese BOR syn-
drome family showing a novel mutation in exon 7 of the
EYA1 gene. There was extensive variation of clinical phe-
notypes within this family. When the physician is con-
fronted with a BOR family showing a wide variation in
clinical expression, molecular genetic testing helps to
achieve accurate diagnosis.
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Introduction

Branchio-oto-renal (BOR) syndrome is an autosomal
dominant inherited disorder, associated with: (1) branchial
cleft, fistulas or, cysts; (2) various ear anomalies, including
malformed pinnae, preauricular pits or sinuses, occicular
anomalies, or inner ear anomalies; and (3) renal abnormal-
ities (McKusick 1994). Prevalence of the BOR syndrome
has been estimated as 1 :40,000, and therefore may account
for as much as 2%–3% of profound hearing loss in children
(Fraser et al. 1980).

Recent advances in molecular genetics have revealed
that the gene responsible for BOR syndrome is localized in
8q (Kumar et al. 1992; Smith et al. 1992), and that there
were various mutations in the EYA1 gene, the human ho-

mologue of the Drosophila eyes absent gene, in Northern
European and other BOR patients (Abdelhak et al. 1997a;
Abdelhak et al. 1997b; Kumar et al. 1997/98; Kumar et al.
1998a; Kumar et al. 1998b).

In the present study, both detailed clinical evaluation
and mutation analysis were carried out in a Japanese BOR
syndrome family and it was confirmed that the EYA1 gene
is also disease-causing in an Asian population.

Case report

The pedigree of the present family is shown in Fig. 1. Two
brothers (numbers 2 and 3 in the pedigree), out of three
siblings, were referred to the Otorhinolaryngology Depart-
ment, Hirosaki University Hospital, Hirosaki, Japan, be-
cause of bilateral hearing loss. Their father (number 4 in the
pedigree) also had hearing loss, but their mother and sister
were unaffected. The paternal grandmother was reported to
have preauricular pits. The children’s parents were not con-
sanguineous. All three affected family members had mild
“cup-shaped” pinnae and bilateral preauricular fistulae.
The younger brother had left cervical branchial fistula. The
affected individuals were clinically evaluated with pure-
tone audiometry, computed tomographic (CT) scan, ultra-
sound scan of the kidneys, and intravenous urography.
Written informed consent was obtained from all subjects
prior to performance of the study.

Pure-tone audiometry showed conductive hearing loss of
20–50dB in the elder brother (Fig. 2A). The father and
younger brother had bilateral mixed hearing loss ranging
from 20dB to 80dB (Fig. 2B, C). Progression of hearing loss
was not evident in any of these three individuals. CT scans
revealed bilateral hypoplasia of the cochlea, bilateral hypo-
plasia of the lateral and posterior semicircular canal, bilat-
eral abnormal ossicular chain (laterally shifted malleus),
and soft mass density in the epitympanic and mastoid cavity
(elder brother, right; younger brother, right; father, bilat-
eral) (Fig. 3A). Congenital cholesteatoma was confirmed
by exploratory tympanotomy in the two children. Bilateral
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Fig. 1. Pedigree of the branchio-
oto-renal (BOR) syndrome fam-
ily. Filled symbols represent
affected family members. All
family members are Japanese and
reside in Aomori Prefecture in
northern Japan. The clinical
manifestations are presented in
the inset

Fig. 2A–C A collection of audio-
grams from the patients (A elder
brother, B father, C younger
brother) which show conductive
(A) and mixed (B, C) hearing loss

renal hypoplasia (right kidney length, 81.5mm; left kidney
length, 75.4mm, measured by ultrasonography) was identi-
fied in the father (Fig. 3B). However, there were no renal
cysts or any structural anomalies of the renal collecting
system diagnosed by intravenous urography. The two af-
fected children had normal appearance of the kidneys.

To detect EYA1 mutations, two methods were used in
this study: heteroduplex analysis and direct sequencing, as
described in detail elsewhere (Kumar et al. 1998a). In brief,
total genomic DNA was extracted from the blood, and
each exon of the EYA1 gene was amplified, using intronic
primers. For heteroduplex analysis, the polymerase chain
reaction (PCR) products were heated to 95°C in the pres-
ence of ethylenediaminetetraacetic acid (EDTA) for 3min

and then were slowly cooled to 25°C over 45min. The
reannealed reaction products were electrophoresed on
a mutation detection enhancement (MDE) gel (FMC
Bioproducts, Rockland, Maine, USA). Homoduplex and
heteroduplex were visualized on a UV transilluminator, af-
ter staining in ethidium bromide. The PCR products were
purified and sequenced by means of an ABI Prism BigDye
Terminator Cycle Sequencing Ready Reaction Kit and an
ABI sequencer 377 (Perkin Elmer, Foster City, CA, USA).

Heteroduplex analysis of exon 7 of the EYA1 gene
showed an altered banding pattern in affected family mem-
bers as compared with unaffected members (Fig. 4A). Di-
rect sequencing revealed a nonsense mutation: Y193stop —
a C-to-G transition at the residue of the nucleotide of 579
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(C579G) of the EYA1 genomic sequence. This nonsense
mutation converts a tyrosine residue (TAC) at codon 193 to
a stop codon (TAG) (Fig. 4B).

Discussion

This report clinically and genetically describes a well-
characterized BOR syndrome in a Japanese family.

Twenty mutations have so far been described in the EYA1
gene (encompassing 16 exons) in BO/BOR families (Abdelhak
et al. 1997a; Abdelhak et al. 1997b; Kumar et al. 1997/98; Kumar
et al. 1998a; Kumar et al. 1998b; Vincent et al. 1997).

The present report adds a novel nonsense mutation in
the EYA1 gene, and elucidates that mutations in the EYA1
gene are found across different ethnic groups. A single-base
substitution introduces a stop codon in exon 7 in the EYA1
gene, which results in an immature polypeptide. The segre-
gation of this nonsense mutation with phenotypic expres-

sion indicated that the allelic defect of the EYA1 gene may
have led to the various phenotypes found in the present
family.

The most characteristic clinical feature of BOR syn-
drome is its variable phenotypic expression. Although
patients without renal abnormalities were sometimes con-
sidered to have BO syndrome, recent reports have cat-
egorized them as part of a single BOR condition (Allanson
1995). In BOR syndrome, hearing loss is the most prevalent
symptom (89%), followed by preauricular pits (77%),
branchial cleft fistulas (63%), and renal anomalies (13%)
(Fraser et al. 1980). However, previous reports regarding
renal anomalies have probably underestimated them be-
cause they were usually minor and asymptomatic (see
Allanson 1995 for review).

A recent paper describing phenotypic manifestations
associated with BOR syndrome also demonstrated a
high prevalence (67%) of renal malformation, assessed by
ultrasonography and excretory urography (Chen et al.
1995). The present family showed variability: all had hear-

Fig. 3. A-1, A-2 Temporal bone computed tomo-
graphy (CT) scan in the elder brother, showing bi-
lateral cochlear hypoplasia, indicated by
C, and abnormal occicular chain (laterally
shifted malleus), indicated by M. Soft mass
density, indicated by asterisks, is found in the right
epitympanic and mastoid cavity. B Ultrasonogram
showing hypoplasia of bilateral kidneys in the father
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ing loss, one out of three had unilateral branchial cleft fistu-
las, and one had renal anomaly. According to the BO/BOR
classification, the father’s condition corresponded with
BOR syndrome and the two affected childrens’ with BO
syndrome. It is noteworthy that the same mutation in the
responsible gene could cause various conditions, although
other reported mutations in the EYA1 gene may also lead
to a wide range of phenotypic expression (Kumar et al.
1998b; Vincent et al. 1997). Recently, genetic heterogeneity

associated with branchial and hearing anomalies has also
been reported (Kumar et al. 1998b; Stratakis et al. 1998).

It has been reported that hearing loss may be either
conductive (30%), sensorineural (20%), or mixed (50%).
The present study showed mixed as well as conductive hear-
ing loss, and no specific genotypic association with hearing
loss could be established in this syndrome.

Recent advances in computed tomography have re-
vealed a high incidence of association with inner and ossicle
malformations in BOR families (Chen et al. 1995). All of
our patients had the characteristic features of BOR syn-
drome: hypoplasia of the cochlea, hypoplasia of the lateral
and posterior semicircular canal, and abnormal ossicular
chain (laterally shifted malleus) (Fig. 3). Two patients in the
present family had congenital cholesteatoma. Although
there have been few reports regarding the association of
congenital cholesteatoma with BOR syndrome (Lipkin et
al. 1986; Kusano et al. 1997), careful attention should be
paidas to whether the individual patient has this disease,
which requires surgery.

In conclusion, this report confirmed that an EYA1 gene
mutation is disease-causing in an Asian population, and the
variation of clinical phenotypes shown within this family
indicated that the single mutation could cause a broad phe-
notype, ranging from BO to BOR. The reason for the vari-
ous phenotypic expressions caused by only one mutation
is unclear. It is possible that mutations in other deafness
genes could also contribute to such various phenotypes.
Molecular diagnosis of BOR syndrome, as well as genetic
counseling, should be facilitated for accurate diagnosis.
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