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Congenital arhinia, complete absence of the nose, is an
extremely rare anomaly with unknown cause. To our
knowledge, a total of 36 cases have been reported, but
there has been no molecular-genetic study on this anomaly.
We encountered a sporadic case of congenital arhinia
associated with a de novo chromosomal translocation,
t(3;12)(q13.2;p11.2). This led us to analyze the patient by
BAC-based FISH for translocation breakpoints and whole-
genome array CGH for other possible deletions/duplications
in the genome. We found in this patient an approximately
19 Mb deletion spanning from 3q11.2 to 3q13.31 but no
disruption of any gene(s) at the other breakpoint, 12p11.2.
As the deleted segment at 3q was a strong candidate region
containing the putative arhinia gene, we also performed the

array CGH in four other arhinia patients with normal
karyotypes, as well as mutation analysis of two genes,
COL8A1 and CPOX, selected among hundreds of genes
located to the deleted region, because they are expressed
during early stages of human craniofacial development.
However, in the four patients, there were no copy number
aberrations in the region examined or no mutations in the
two genes. Although our study failed to identify the putative
arhinia gene, the data may become a clue to unravel the
underlying mechanism of arhinia. © 2007 Wiley-Liss, Inc.

Key words: arhinia; translocation breakpoint; deletion; 3g;
12p; FISH; array CGH
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INTRODUCTION

Congenital arhinia, complete absence of the nose,
is an extremely rare abnormality with unknown
cause. Congenital arhinia is often associated with
microphthalmia, choanal atresia, and/or cleft palate
[Graham and Lee, 2006). To the best of our knowl-
edge, only 36 cases of arhinia have been reported
[Ruprecht and Majewski, 1978; Kaminker et al., 1985;
Cohen and Goitein, 1986; Sakai et al., 1989; Galetti
et al., 1994; Onizuka et al., 1995; Thiele et al., 1996;
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Choietal., 1998; Cusick et al., 2000; Olsen et al., 2001;
McGlone, 2003; Hou, 2004; Jules et al., 2004; Mathur
etal., 2005; Shino et al., 2005; Graham and Lee, 2006).
Most cases were sporadic, but two familial cases
were also reported [Ruprecht and Majewski, 1978;
Thiele et al., 1996]. As two sisters with arhinia and
microphthalmia were born to non-consanguineous
parents, an autosomal recessive mode of inheritance
has been suggested in this family [Ruprecht and
Majewski, 1978]. In the other family, an aunt and a
niece were affected with arhinia, suggesting a
dominant mode of inheritance with reduced pene-
trance [Thiele et al., 1996]. Of the 17 patients who
were karyotyped, 14 had a normal karyotype,
whereas three cases had 46,XX/47 XX,+9 [Kaminker
et al., 1985], inv(9) [Cohen and Goitein, 1986], or
(3;12)(q13.2;p11.2) [Hou, 2004]. These findings may
indicate that genetic factors play a role in the
occurrence of arhinia. Several genes have been
proposed as candidates for arhinia, such as PAX6 and
its downstream targets, those of the FGF signaling,
MSX1, NRP2, GSC, ALX3, and ALX4 [Hou, 2004;
Graham and Lee, 2006]. However, no genetic
analysis has yet been undertaken. A de novo
balanced reciprocal chromosomal translocation with
a congenital disorder provides a good opportunity to
discover the gene causing the disease [Mizuguchi
et al., 2004].

We previously encountered a patient with con-
genital arhinia, small eyes and other abnormalities
who was cytogenetically diagnosed to have a

translocation, (3;12)(q13.2;p11.2) ([Hou, 2004].
Under a hypothesis that a gene responsible for
arhinia is disrupted at either of the breakpoints of the
translocation, we performed breakpoint analysis of
the patient as well as genome analyses of four other
patients with arhinia.

MATERIALS AND METHODS

Subjects

This study was approved by the Committee for
Ethical Issues on Human Genome and Gene
Analysis, Nagasaki University. Five patients with
arhinia were collected and analyzed as a collabora-
tion study among six medical institutions (Nagasaki
University Graduate School of Biomedical Sciences,
Nagasaki, Japan; Great Ormond Street Hospital for
Children, London, UK; Chang Gung Children’s
Hospital, Taoyuan, Taiwan; Plastic Surgery Arabella,
Munich, Germany; Center for Medical Genetics and
Molecular Medicine, Haukeland University Hospital,
Bergen, Norway; and Osaka Medical Center and
Research Institute for Maternal and Child Health,
Osaka, Japan). Clinical findings of these five patients
are shown in Table I. One patient (Patient A) had a de
novo translocation, t(3;12)(q13.2;p11.2) and the
other four patients (Patients B—E) were karyotypi-
cally normal.

We first focused our interest on Patient A and
carried out a breakpoint analysis to try to isolate the

TABLE 1. Clinical Findings of Five Patients With Arhinia

Patients [References)

A B C D E
[Okamoto, {Muhlbauer [Olsen [Sakai
Clinical findings [Hou, 2004] unpublished] et al., 1993] et al., 2001] et al.,, 19891
Sex F M F F M
Karyotype 46,XX,1(3;12) 46,XY 46,XX 46,XX 46,XY
(q13.2;p11.2)
High arched palate + + + + +
Hypertelorism + + + + + (pseudo)
Microphthalmia Bilateral Left NA NA -
Coloboma iris + Left NA Bilateral -
Published
Development NA N N N N
Brain imaging N N N N N
Olfactory bulbs - - NA - NA
Family history - - - - -
Pregnancy UN UN UN PH NA
Birth weight (g) 2,800 2,368 2,640 3,070 3,346
Paranasal sinuses uD + - - NA
Nasolacrimal ducts NA - - - -
Complications Scoliosis, epilepsy Hypogonadism, autism - - -
Current status Living Living Living Unknown Living
DD ND
GR GR
NNB

F, female; M, male; -+, observed; —, not observed; NA, not assessed; N, normal; UN, uneventful; PH, polyhydramnios; UD, underdeveloped; DD, delayed development;

ND, normal development; GR, growth retardation; NNB, no nasal breathing.
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Fic. 1. Patient B at age 6 days, showing the absence of the nose.

putative arhinia gene. Detailed clinical features of
Patients A, C, D, and E were reported previously
[Sakaietal., 1989; Muhlbauer etal., 1993; Olsenet al.,
2001; Hou, 2004, respectively]. Patient B was a
Japanese boy whose clinical manifestations have
been unpublished. He was born to healthy and non-
consanguineous parents by cesarean at 39 weeks of
gestation with a birth weight of 2,368 g, length 48 cm,
and OFC of 33.7 cm (Fig. 1). Because of his
congenital arhinia, a nasal airway was created by a
surgical operation at age 17 days to facilitate oral
feeding. Other clinical manifestations included
bilateral microphthalmia, coloboma of the iris, mid-
face hypoplasia, high arched palate, hypertelorism,

A B

3 12

and absent nasolacrimal ducts. He had neither cleft
palate nor low set ears. At age 4 years, his weight was
12.7 kg, height 94.7 cm, and OFC 50 cm, and had
paranasal sinuses, normal hearing acuity, autistic
behavior, and hypogonadotropic hypogonadism.
He is currently able to eat foods through his mouth
by himself. His psychomotor developmental quoti-
ent was estimated at 65.

Fluorescence In Situ
Hybridization (FISH) Analysis

Metaphase chromosomes were prepared from an
immortalized lymphoblastoid cell line according to
the standard protocol [Shimokawa et al., 2005]. The
RPCI-11 human BAC clones mapped around the
breakpoints, 3q13.2 and 12p11.2, were selected
and used for FISH analyses. Mapping information
was retrieved from the UCSC genome browser,
2003 July version (http://genome.ucsc.edu/cgi-bin/
hgGateway). BAC-clone DNA was extracted using an
automatic DNA extraction system (Kurabo, Osaka,
Japan) and labeled with SpectrumGreen-11-dUTP or
SpectrumOrange-11-dUTP (Vysis, Downers Grove,
IL) by nick translation. Fluorescent probes were
hybridized to metaphase chromosomes for 16-72 hr,
and then chromosome slides were washed and
counterstained with DAPI using standard protocols
[Shimokawa et al., 2003]. Fluorescence signals
were observed under Zeiss Axioskop microscope
equipped with a quad filter set with single-band
excitation filters (84000, Chroma Technology Cor-
poration, Brattleboro, VT). Images were captured by
cooled CCD camera (TEA/CCD-1317-G1, Princeton
Instruments, Trenton, NJ) and merged with IPLab/
MA.

der{12)—*

- -—der(3)

Fic. 2. A: Pantial karyotype of Patient A. Arrows and arrowheads show the breakpoints. B: FISH analysis in Patient A. Green signals for a BAC clone, RP11-55L17, that
spans the 12p breakpoint appear on der(3), der(12) and normal chromosome 12, while red signals for a chromosome 3-derived clone, RP1 1-803P6, are seen only on
normal chromosome 3. The findings indicate a deletion only in der(3).
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Array Comparative Genomic
Hybridization (CGH)

DNA was extracted from peripheral blood lym-
phocytes by conventional method [Sambrook and
Russell, 2001). To detect chromosomal aberrations,
we performed homemade whole-genome BAC-
based array CGH (array CGH) using genomic DNA
of all five patients according to the method described
previously [Miyake et al.,, 2006]. The microarray
contains 2,173 BAC and PAC clones which span the
whole genome at each of 1.5 Mb average.

Mutation Analysis

A screening for mutations of COL8A1 and CPOX
was performed in the four arhinia patients with
normal karyotypes. All exon sequences and their
flanking intron sequences of the two genes were
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amplified by PCR for direct sequencing. PCR condi-
tions were set at 40 cycles of 94°C for 30 sec, 62°C for
30 sec, and 72°C for 45 sec in a 15 pl mixture
containing 1x PCR buffer with 1.5 mM MgCl,, 0.2 mM
each of dNTP, 1 uM each primer and 0.4 Units Taq
polymerase (TaKaRa, Otsu, Japan). PCR products
were treated with ExoSAP-IT (Amersham Bio-
sciences, Piscateway, NJ) and both strands were
sequenced with BigDye Terminator Sequencing kit
version 3.1 according to the supplied protocol
(Applied Biosystems, Foster City, CA). The reaction
mixture was purified using Sephadex G-50 superfine
(Amersham Biosciences) and analyzed on the ABI
Genetic Analyzer 3100 (Applied Biosystems) with
the Sequence Analysis software (Applied Bio-
systems) and aligned with the Auto Assembler
version2.1.1 software (Applied Biosystems) to find
DNA alterations.
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Fic. 3. A: Physical map covering the 3q11.2-3q13.31 deleted region of Patient A. Solid and open circles indicate the presence and absence of clones in Patient A,
respectively, B: Physical map of the 12p11 breakpoint region. Thick lines indicate BAC clones covering the breakpoint. Genes ARG99 and IPO8 are located close to the

breakpoint.



