fifth metacarpal bone with fusion of the fourth and the fifth
proximal phalanges on the left and complete absence of the
metacarpal to phalangeal bones on the right (Fig. 2a,b). X-rays of
both her feet showed four metatarsal bones, a lack of the fifth
metatarsal bone, and cutaneous syndactyly of toes IIl to V
(Fig. 2c). Furthermore, she had bilateral congenital conductive
hearing impairment. She had bilateral narrow auditory canals.
Auditory brainstem response (ABR) showed mild hearing loss
bilaterally.

Brain computed tomography (CT) and echocardiography
revealed no abnormal findings. Abdominal ultrasonography
showed hypoplasia of the right kidney without abnormal renal
function. We tested development using the Japanese ordinary
developmental quotient test, known as the Enjoji Infant Devel-
opmental Scale. Her developmental quotient at the age of 2 years
and 5 months was 110 in motor, 120 in social, and 72 in the verbal
field. Her mild verbal disturbance was more serious in recogni-
tion than in speech.

Her chromosomal analysis showed normal karyotype, 46XX.
Genomic DNA was extracted from the peripheral blood of the
patient and her parents. To investigate copy number change
(CNC) of the patient, we performed microarray-based copy
number analysis using Cytogenetics Whole-Genome 2.7M
Array and Chromosome Analysis Suite software (Affymetrix,
Santa Clara, CA, USA). Copy number analysis revealed that 33
CNC, including 18 copy number gains and 10 losses were
negligible as benign copy number variants (CNV), because
they were registered in our original Japanese CNV database
(unpublished) and/or Database of Genomic Variants (http:/
projects.tcag.ca/variation/). Real-time polymerase chain reaction
(PCR) analysis of the three samples using Universal Probe
Library (Roche, Basel, Switzerland) for reconfirmation of the
results of the nﬁérpanay studies revealed that all of remaining
CNC, including four copy number gains and one loss, were
inherited from one of the parents. The patient’'s DHODH gene
was studied by PCR amplification and direct sequencing. Primers
of all exons of the DHODH gene were designed according to Ng
et al.2 PCR-direct sequence method was performed according to
ordinary procedure. The patient was found to be compound het-
erozygote for missense mutations in her DHODH gene, L28P
(T—C) in exon 2 and A347T (G—A) in exon 8. These mutations
were novel. Her mother and father were heterozygous for L28P in
exon 2 and A347T exon 8, respectively.

Discussion

Miller syndrome is a rare autosomal recessive acrofacial disorder
including peculiar facies such as severe micrognathia, cleft lip
and/or palate, coloboma of the eyelids, supernumerary nipples,
and hypoplasia or aplasia of the postaxial elements of the limbs.?
Facial features are similar to Treacher Collins syndrome, Gold-
enhar syndrome and Nager syndrome, thus differential diagnosis
is necessary.

Coloboma is present in the lower eyelid in Treacher Collins
syndrome, Nager syndrome, and Miller syndrome. On the other
hand, Goldenhar syndrome has coloboma in the upper eyelid.*
The above syndromes are distinguished from Miller Syndrome

Miller syndrome with novel mutations 589

by the limb anomalies. Postaxial limb deficiency is a cardinal
feature in Miller syndrome. Treacher Collins syndrome and
Goldenhar syndrome usually have no limb anomalies. Nager
syndrome shows preaxial limb anomalies. Our patient had post-
axial limb deficiencies, but her facial features were not typical.
These were mild for Miller syndrome. She did not have respira-
tory problems, the cleft palate seen in 90% of patients with Miller
syndrome,’ in-curving arms, or abdominal findings needing sur-
gical intervention. The most distinctive facial features of our
patient were lower eyelid clefts, short palpebral fissures, and
small and low set ears. These could be cardinal key points for
diagnosis of first and second branchial arch-related disorders. We
could clinically diagnose her with Miller syndrome with limb
anomalies and mild facial features.

The cause of her verbal developmental delay is unclear,
because most of patients with Miller syndrome have normal
intelligence/development. Re-examinations showed mild hearing
impairment, however, this created few obstacles in daily life. We
will follow her developmental course carefully.

Treacher Collins syndrome and Nager syndrome are generally
considered to be autosomal dominant disorders.>® Some patients
of Nager syndrome an reveal autosomal recessive trait.” Treacher
Collins syndrome is caused by mutations in the TCOFI gene
located on 5q32-q33.1. Haploinsufficiency of the TCOF I gene in
Treacher Collins syndrome patients results in the inhibition of
production of properly modified mature fRNA in addition to
inhibition of rDNA gene transcription, which consequently
affects proliferation and proper differentiation of specific embry-
onic cells during development.® On the other hand, disruption of
DHODH activity in the fetuses of mice causes a wide range of
limb and craniofacial defects. The DHODH dysfunction inhibits
NF-kB activity directly, and the interruption of NF-«B signaling
during development can result in disrupted cell migration, dimin-
ished cellular proliferation, and increased apoptosis. These obser-
vations suggest that the malformations observed in individuals
with Miller syndrome could be caused by perturbed NF-xB sig-
naling due to loss of the DHODH function? TCOFI and
DHODH genes are quite different; however, mutations in either
gene can cause similar dysfunctions of cell proliferation, migra-
tion, and differentiation. So, these mutations would lead fo
similar phenotypes.

Miller syndrome had been hypothesized to be an autosomal
recessive disorder. The genetic cause of Miller syndrome,
the DHODH gene was discovered using exome sequencing.? The
DHODH gene is located on 16922 and composed of 9 exons.
DHODH is a monofunctional protein which, in most eukaryotic
organisms, is located on the outer surface of the inner mitochon-
drial membrane, and catalyzes the fourth enzymatic step in de
novo pyrimidine biosynthesis. The human DHODH gene, which
is reported as the causable gene of Miller syndrome, was cloned
in 1992.° This gene exists in various species. Our patient has
compound hetero mutations in 28 L and 347A in the transmem-
brane domain and in the B7~ct11 region, respectively. Her parents
had one of these mutations each. The 28 L region was conserved
from zebrafish and 347A from drosophila (Fig.3)."° These
regions are essential for the preservation of various species. Thus,

© 2011 The Authors
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590 F Kinoshita et al.

Fig.2 (a) X-ray findings of left hand. The fifth metacarpal bone is absent, and the fourth and fifth proximal phalanges are fused. (b) Aplasia
of the fifth digit in the right hand. (¢) Both feet showing absence of the fifth metatarsal bone.
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transmembrane domain

Human AVIILGGGGLLFASYLMATG ....
Rat AAIILGGGGLLFTSYLTATG......
Zebrafish AVKIIGCGSALFLGYLTASG .....
D.melanogaster LGIVTVGGAALVAGITAYKN ....

.

Miller syndrome with novel mutations 591

B 7~a 11 region
PIIGVGGVSSGQDALEKIRAGASLVQLYTAL
PIIGVGGVSSGQDALEKIQAGASLVQLYTAL
. PIVGVGGVASGQDAMDKIRAGASLVQLYTAL

PIIGVGGVASGYDAYEKIEAGASYVQIYTAL

Fig. 3 Homology of the amino acid sequence in the DHODH gene. Transmembrane domain and f7~o.11 region are shown. 28 L and 347A

in the human genome are in bold.

missense mutations of these regions may be a significant etio-
logical mechanism.

A total of 13 mutations of the DHODH gene are reported
in Miller syndrome including our case, with a spread from exon
2 to exon 9. Human DHODH mutations have not yet been
registered on the Human Gene Mutation Database (http://
www.hgmd.cf.ac.uk/) except those reported by Ng eral.? The
mutations of our patient were not found in the Miller patients
described by Ng et al. Therefore, we think the mutation is novel.
Further study is needed to elucidate the genotype/phenotype cor-
relation.

In summary, we report a girl with Miller syndrome who was
compound heterozygote of novel missense mutations in the
DHODH gene. Facial features may not always be typical in this
syndrome. Some patients with Miller syndrome have develop-
mental delay;s\? a close follow-up system is needed for develop-
ment as well as‘li}mb anomalies.
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Congenital anterior neck cysts classified as ‘thyroglossal anomalies’
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The most frequent congenital anterior neck cyst is the thyroglo-
ssal duct remnant cyst and the second most frequent is the
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dermoid cyst."? A dermoid cyst in the anterior neck is considered
to have arisen from abnormal invagination of the surface ecto-
derm that forms the face and neck.? A thyroglossal duct remnant
cyst is caused by failure of obliteration of the thyroglossal duct
when it descends from the foramen cecum to the infrahyoid
region in early embryologic life. In this context, both congenital
lesions are etiologically distinct but are considered by some to
have a close relationship, and such lesions are sometimes collec-
tively called ‘thyroglossal anomalies’.*”
© 2011 The Authors
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BRESEK/BRESHECK syndrome is a multiple congenital malfor-
mation characterized by brain anomalies, intellectual disability,
ectodermal dysplasia, skeletal deformities, ear or eye anomalies,
and renal anomalies or small kidneys, with or without Hirsch-
sprung disease and cleft palate or cryptorchidism. This syndrome
has only been reported in three male patients. Here, we reporton
the fourth male patient presenting with brain anomaly, intellec-
tual disability, growth retardation, ectodermal dysplasia, verte-
bral (skeletal) anomaly, Hirschsprung disease, low-set and large
ears, cryptorchidism, and small kidoeys. These manifestations
fulfill the clinical diagnostic criteria of BRESHECK syndrome.
Since all patients with BRESEK/BRESHECK syndrome are male,
and X-linked syndrome of ichthyosis follicularis with atrichia
and photophobia is sometimes associated with several features of
BRESEK/BRESHECK syndrome such as intellectual disability,
vertebral and renal anomalies, and Hirschsprung disease, we
analyzed the causal gene of ichthyosis follicularis with atrichia
and photophobia syndrome, MBTPSZ, in the present patient
and identified an p.Argd29His mutation. This mutation has
been reported to cause the most severe type of ichthyosis
follicularis with atrichia and photophobia syndrome, including
neonatal and infantile death. These results demonstrate that the
p.Argd29His mutation in MBTPSZ causes BRESEK/BRESHECK
syndrome. © 2011 Wiley Periodicals, Inc.

Keg words: BRESEK/BRESHECK syndrome; TFAP syndrome;
MBTPSZ; mutation; 52P

INTRODUCTION

BRESEK/BRESHECK syndrome (OMIM# 300404), a multiple
congenital malformation disorder characterized by brain anoma-
lies, intellectual disability, ectodermal dysplasia, skeletal deform-
ities, Hirschsprung disease, ear or eye anomalies, cleft palate or

© 2011 Wiley Periodicals, Inc.
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cryptorchidism, and kidney dysplasia/hypoplasia [Reish et al.,
1997]. The acronym BRESEK refers to the common findings,
whereas BRESHECK refers to all manifestations. Because the first
two patients were maternally related half brothers, an X-linked
disorder was proposed. Although each symptom of these patients is
often observed in other congenital diseases, the combination of all
symptoms is rare, and only one additional patient with BRESEK has
been reported to date [Tumialdn and Mapstone, 2006]. Here, we
present the fourth male patient with multiple anomalies. The
patient presented with a variety of clinical features that were consistent
with those of the previously reported BRESHECK syndrome.
The syndrome of ichthyosis follicularis with atrichia and
photophobia (IFAP, OMIM# 308205), an X-linked recessive
oculocutaneous disorder, is characterized by a peculiar triad of
ichthyosis follicularis, total or subtotal atrichia, and varying degrees

Grant sponsor: Takeda Science Foundation; Grant sponsor: Health Labour
Sciences Research Grant.

*Correspondence to:

Nobuaki Wakamatsu, Department of Genetics, Institute for Developmental
Research, Aichi Human Service Center, 713-8 Kamiya-cho, Kasugai, Aichi
480-0392, Japan. E-mail: nwaka@inst-hsc.jp

Published online 00 Month 2011 in Wiley Online Library
(wileyonlinelibrary.com). )

DOI 10.1002/ajmg.a.34373

_66_.




AMERICAN JOURNAL OF MEDICAL GENETICS PART A

of photophobia [MacLeod, 1909]. Martino et al. [1992] reported a
male patient with IFAP syndrome presented with short stature,
intellectual disability, seizures, hypohidrosis, enamel dysplasia,
congenital aganglionic megacolon, inguinal hernia, vertebral and
renal anomalies, and the classic symptom triad of IFAP syndrome.
This report broadened the clinical features of IFAP syndrome. It
should be noted that the clinical symptoms of this patient are quite
similar to those of BRESHECK syndrome, with the exception of
cleft palate, cryptorchidism, and photophobia (Patient 5; Table I).
The gene mutated in patients with IFAP syndrome, MBTPS2
(GenBank reference sequence NM_015884), was identified from
a variety of clinical features of IFAP syndrome, including the triad
and neonatal death [Oeffner et al.,, 2009]. Thus, the mode of
inheritance and several clinical features are common to both
BRESEK/BRESHECK and IFAP syndromes. These findings
prompted us to perform mutation analysis of MBTPSZ2 in the
present patient, resulting in the identification of a missense
mutation.

MATERIALS AND METHODS
Patients

Written informed consent was obtained from the parents of the
patient. Experiments were conducted after approval of the institu-
tional review board of the Institute for Developmental Research,
Aichi Human Service Center. The patient (II-1; Fig. 3) wasborntoa
31-year-old mother (I-2) and a 31-year-old father (I-1), both
healthy Japanese individuals without consanguinity. His mother
miscarried her first child at 5 weeks. The pregnancy of the patient
reported here was complicated with mild oligohydramnios, and he
was delivered by caesarean because of a breech position at 38 weeks
of gestation. His birth weight was 1,996g (—2.6 SD), and he
measured 44cm (—2.6 SD) in length with an occipitofrontal
circumference of 32.5cm (—0.5 SD). Apgar scores at 1 and
5min were four and eight, respectively. The patient exhibited
generalized alopecia and lacked eyelashes, scalp hair, and eyebrows
(Fig. 1A). The skin on the entire body was erythematous with
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continuous desquamation (Fig. 1A). He had malformed large ears,
an inferiorly curved penis, and a bifid scrotum. The testicles were
not palpable. He experienced persistent constipation, and total
colonic Hirschsprung disease was confirmed through barium
enema (Fig. 2E) and rectal biopsy at 2 months. A bone survey
performed using three-dimensional (3D) computed tomography
(CT) showed abnormal imbalanced hemivertebrae in the two
lowest thoracic vertebral bodies (Fig. 2C). The patient’s right
kidney was smaller than normal. Brain magnetic resonance
imaging (MRI) at 3 years of age demonstrated decreased volumes
of the frontal and parietal lobes and thinning of the corpus
callosum with dilatation of the ventricles (Fig. 2A,B). There were
no abnormalities of the eyes or optic nerves. We concluded that the
patient had BRESHECK syndrome. The patient had seizures at
5 months of age with an apneic episode and cyanosis. Electro-
encephalographic (EEG) analysis showed abnormal patterns of
sharp waves in the posterior lobe. The seizures were almost
completely controlled with phenobarbital. The patient was
allergic to milk. At 7 months, tracheal endoscopy revealed sub-
glottic tracheal stenosis and abnormal segmentation of the left lung.
A chest CT performed at 3 years of age showed a congenital
cystic adenomatoid malformation (CCAM) in the right upper
lobe (Fig. 2D). Auditory brain stem responses showed bilateral
80 dB hearing loss at 8 months of age.

_68_

The patient exhibited delayed psychomotor development during
his infancy. He could drink from a bottle at the age of 3 months and
could sit up unsupported at 15 months. Abdominal skin biopsy at
15 months revealed reduced number of hair follicles (Fig. 1D). The
eccrine glands were normal (Fig. 1E), and most of his hair follicles
appeared to be hypoplastic (Fig. 1F). These findings were similar to
ichthyosiform erythroderma. Photophobia was noted when the
patient left the hospital and first went outside at 18 months of age.
At 2 years and 6 months of age, he had a series of epileptic episodes.
He experienced a maximum of 100 seizures per day, and EEG
analysis showed continual abnormal spikes in the posterior lobe.
The seizures were controlled with clonazepam therapy. At 2 years
and 9 months of age, he could stand with support and displayed
social smiles when interacting with other people. However, the
patient developed psychomotor regression at the age of 3 years. He
exhibited a progressive loss of emotional response to others,
developed hypotonia, and could not stand or sit alone. At 4 years
of age, he became bedridden and showed almost no response to
people. He had highly desquamated skin, similar to that seen in
ichthyosis (Fig. 1B), and easily developed erythema on the skin of
the entire body. The patient had deformed and thickened nails
(Fig. 1C). He had persistent corneal erosions, but ophthalmoscopy
could not be performed at the age of 4 years because of corneal
opacification.
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Chromosomal and Molecular Genetic Studies

Genomic DNA isolated from the patient’s peripheral white cells by
phenol/chloroform extraction was used for MBTPS2 mutation
analysis. PCR-amplified DNA fragments were isolated using the
QIAEX II Gel Extraction Kit (Qiagen, Valencia, CA) and purified
using polyethylene glycol 6000 precipitation. PCR products
were sequenced with the Big Dye Terminator Cycle Sequencing
Kit V1.1 and analyzed with the ABI PRISM 310 Genetic Analyzer
(Life Technologies, Carlsbad, CA). We also performed G-banded
chromosome analysis at a resolution of 400—-550 bands, genome-
wide subtelomere fluorescence in situ hybridization (FISH)
analysis, and array comparative genomic hybridization (array CGH)
using Whole Human Genome Oligo Microarray Kits 244K
(Agilent Technologies Inc., Palo Alto, CA) to identify genomic
abnormalities.

RESULTS

G-banded chromosome analysis and genome-wide subtelomere
FISH analyses did not show chromosomal rearrangements in the
patient. Array CGH analysis did not show copy number changes in
the patient’s genome with the exception of known copy-number
variations (CNVs). Since some patients with IFAP syndrome have
been reported to present with several clinical features of BRESEK/
BRESHECK syndrome, including severe intellectual disability,
vertebral and renal anomalies, and Hirschsprung disease, we con-
ducted a comprehensive sequencing analysis of all exons and
intron—exon boundaries of MBTPS2. This analysis identified a

missense mutation (c.1286G>>A, [p.Arg429His]) in exon 10, which
was previously reported for IFAP syndrome (Fig. 3). The mutation
was also found in one allele of the mother (I-2), indicating that the
mutation was of maternal origin and that the mother was a
heterozygous carrier (Fig. 3).

DISCUSSION

In this report, we describe the fourth male patient with BRESHECK
syndrome in whom we identified a missense mutation
(c.1286G>A, [p.Argd29His]) in MBTPS2, which is the causal
gene for IFAP syndrome. MBTPS2 encodes a membrane-embedded
zinc metalloprotease, termed site-2 protease (S2P). S2P cleaves and
activates cytosolic fragments of sterol regulatory element binding
proteins (SREBP1 and SREBP2) and a family of bZIP membrane-
bound transcription factors of endoplasmic reticulum (ER) stress
sensors (ATF6, OASIS), after a first luminal proteolytic cut by site-1
protease (S1P) within Golgi membranes [Sakaietal., 1996; Yeetal.,
2000; Kondo et al., 2005; Asadaetal., 2011]. The SREBPs control the
expression of many genes involved in the biosynthesis and uptake of
cholesterol, whereas ATF6 and OASIS induce many genes that clean
up accumulated unfolded proteins in the ER. Dysregulated SREBP
activation, impaired lipid metabolism, and accumulation of
unfolded proteins in the ER caused by MBTPS2 mutations could
lead to disturbed differentiation of epidermal structures, resulting
in the symptom triad of IFAP syndrome [Cursiefen et al., 1999;
Traboulsi et al., 2004; Elias et al., 2008]. Oefiner et al. [2009] first
identified five missense mutations in MBTPS2in patients with IFAP
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syndrome. Transfection studies using wild type and mutant
MBTPS2 expression constructs demonstrated that the five MBTPS2
mutations did not affect S2P protein amount and localization in the
ER. However, enzyme activities, as measured by sterol responsive-
ness, were decreased in S2P-deficient M19 cells when the mutant
MBTPS2was transiently expressed. Interfamilial phenotypic differ-
ences between male IFAP patients and the properties of mutants in
functional assays predict a genotype—phenotype correlation, rang-
ing from mild forms of the triad with relatively high enzyme activity
(~80%) to severe manifestations of intellectual disability, various
developmental defects, and early death with low enzyme activity
(~15%). The identified p.Arg429His mutation in the patient
reported here is one of the five missense mutations with the lowest
enzyme activity. It was previously reported that all four patients
harboring the p.Argd29His mutation died within 14 months of
birth. The five mutations were not located in the HEIGH motif
(amino acids [aa] 171-175) or in the LD,4,G sequence, both of
which are regions important for coordinating the zinc atom at
the enzymatic active site for protease activity in the Golgi mem-
brane [Zelenski et al., 1999]. However, among the five mutations,
the p.Arg429His mutation is located closest to the intramembra-
nous domain, and it strongly reduced the enzymatic activity and
caused a severe phenotype. This finding suggests that mutations in
the HEIGH motif or in the LD,4,G sequence are fatal because they
lead to a null function of the S2P. Although the detailed skin
findings of the four patients with the p.Arg429His mutation have
not been reported, it should be noted that one of the four patients
(3-111:4) with the p.Argd29His mutation had brain anomaly, seiz-
ures, psychomotor retardation, vertebrae anomaly, Hirschsprung
disease, absence of a kidney, atrial septum defect, and inguinal
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hernia, in addition to the symptom triad of IFAP syndrome
[Oeftner et al., 2009]. These symptoms overlap with the majority
of symptoms observed in BRESHECK syndrome (BRESHK; six of
eight symptoms observed in BRESHECK) (TableI), and the present
patient has BRESHECK syndrome. Collectively, these observations
suggest that the most severe form of the syndrome caused by the
p-Arg429His mutation in MBTPS2 shows features quite similar or
identical to those of BRESEK/BRESHECK syndrome.

There are two major differences in the definitions of IFAP
syndrome and BRESEK/BRESHECK syndrome. Ichthyosis follicu-
laris, one of the triad symptoms of IFAP syndrome, is a clinical
condition of the skin. However, several studies on IFAP syndrome
have reported various skin eruptions such as psoriasis-like and
ichthyosis-like eruptions [Martino et al., 1992; Sato-Matsumura
et al., 2000]. In contrast, patients with BRESEK/BRESHECK syn-
drome showed severe lamellar desquamation with diffuse scaling
[Reish et al., 1997], similar to that observed in the present patient.
This could be because of the difference in features of the skin,
namely, ichthyosiform erythroderma-like appearance versus ich-
thyosis follicularis, in patients with the most severe forms of
MBTPS2 mutation and patients with IFAP syndrome who were
described earlier, respectively.

The second difference is that photophobia was not described
in the reported three male patients with BRESEK/BRESHECK
syndrome [Reish et al., 1997; Tumialdn and Mapstone, 2006]. In
the present patient, photophobia became evident after he was
diagnosed with BRESHECK syndrome. Photophobia is a symptom
of epithelial disturbances of the cornea, such as ulceration and
vascularization, which result in corneal scarring [Traboulsi et al.,
2004]. In the most severe cases of MBTPS2 mutation, such as
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patients with severe intellectual disability who are bedridden and
die early, it is likely that the patients were treated in the hospital
without being exposed to sunlight. Therefore, it would be difficult
to observe photophobia as a main symptom in those cases. More-
over, two previously described patients with BRESEK/BRESHECK
syndrome had initial maldevelopment of one eye or small optic
nerves. In these patients, photophobia may not have been obvious
because of malformations of the eyes and optic nerves [Reish et al.,
1997]. In our study, the patient showed clinical features of BRE-
SHECK syndrome and photophobia with MBTPS2 mutation,
indicating that the clinical features of the present patient are
extremely broad compared to the features of IFAP syndrome caused
by MBTPS2 mutation that have been previously reported
[MacLeod, 1909].

Recently, a missense mutation (c.1523A>G, [p.Asn508Ser]) in
MBTPS2 was identified from 26 cases of three independent families
with keratosis follicularis spinulosa decalvans (KESD; OMIM#
308800), which is characterized by the development of hyperker-
atotic follicular papules on the scalp followed by progressive
alopecia of the scalp, eyelashes, and eyebrows in addition to child-
hood photophobia and corneal dystrophy [Aten et al.,, 2010].
A significant association was found between KFSD and the
p-Asn508Ser mutation. The specific localization of alopecia to
the scalp, eyelashes, and eyebrows and the limited childhood
photophobia of KFSD indicate that KFSD has a relatively mild
phenotype. The authors postulate that IFAP syndrome and KFSD
are within the spectrum of one genetic disorder with a partially
overlapping phenotype and propose that a new name should be
chosen for KFSD/IFAP syndrome with an MBTPS2 mutation. In
contrast, the BRESHECK syndrome observed in the present patient
has a severe phenotype caused by the p.Arg429His mutation. The
present patient and the two patients (3-III:3 and 3-1I1:4) with the
p.Arg429His mutation displayed broader clinical features, includ-
ing eight features (BRESHECK) and six features (RESHCK and
BRESHK) of BRESEK/BRESHECK syndrome, respectively
(patients 4, 6, and 7; Table I) [Oeffner et al., 2009]. There is a
debate regarding whether the two patients harboring six features
were correctly diagnosed with BRESEK/BRESHECK syndrome
since the patients did not have “BRESEK” but rather a combination
of six other clinical features. To better understand and clearly
distinguish the clinical features of the present patient from those
of the reported patients with MBTPS2 mutations, we propose the
nomenclature of “BRESHECK/IFAP syndrome” for the present
patient because he has clinical features of BRESHECK syndrome.
We also suggest that the BRESHECK/IFAP syndrome be used for a
broader definition that would include patients harboring most
features of BRESHECK syndrome, including the previously
reported two patients (3-1I1:3 and 3-1I1:4) with p.Arg429His muta-
tion in MBTPS2 [Oeffner et al., 2009]. Data from further genetic
- and clinical studies on more patients are required to determine
- which genes or MBTPS2 mutations are associated with BRESEK/
. BRESHECK or BRESHECK/IFAP syndrome, respectively.
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We report herein on two female siblings exhibiting mild intel-
lectual disability, hypotonia in infancy, postnatal growth retar-
dation, characteristic appearance of the face, fingers, and toes.
Their healthy mother had a translocation between 9934.1 and the
13pter. FISH and array CGH analysis demonstrated that the two
children had an additional 8.5 Mb segment of the 934.1-gter at
13pter. The clinical features of the present cases were similar to
those of previously reported 9¢34 duplication cases; however, the
present cases did not exhibit other abnormal behaviors, such as
autistic features or attention deficit disorders, those are report-
edly associated with 934 duplications. A 3.0 Mb region (9g34.1-
q34.3) within 9934 duplication in our patients are overlapped
with duplication region of previously reported cases and is
proposed to be critical for the presentation of several phenotypes
associated with 9934 duplications. © 2011 Wiley-Liss, Inc.

Key words: 934 duplication; intellectual disability; array CGH;
dysmorphism

INTRODUCTION

Duplications of a distal region of the long arm of chromosome
9 (9q34) are rare and few cases have been reported. The first
association between 9934 duplications and phenotypic abnormali-
ties were demonstrated in seven cases in a large pedigree [ Allderdice
etal., 1983]. The patients had low birth weight, initial poor feeding
and thriving, slight psychomotor retardation, characteristic ap-
pearance of the face, fingers, and toes. Hyperactive behavior, heart
murmur, and ptosis and strabismus were also noted. In another
case, a girl of 3 years and 2 months carried a 934 duplication and a
deletion of 3p26-pter due to a balanced translocation in her mother
[Hodou et al., 1987]. This patient presented with dolichocephaly,
characteristic facial appearance, and long thin fingers and toes, all of
which are phenotypes noted in previous cases of 9934 duplication;
she also exhibited features associated with 3p terminal monosomy.
In addition, duplication of 9q34-qter and monosomy of a small
region on 12p13.3 in a male infant was described by Spinner et al.
[1993]. The same patient was followed up at 18 years of age, and
the duplicated and deleted regions were determined in detail by

© 2011 Wiley-Liss, Inc.
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array-based comparative genomic hybridization (array CGH) anal-
ysis [Youngs et al., 2010]. The patient exhibited autistic features,
hyperactivity, and attention deficit disorder in addition to the
features associated with 9934 duplications reported previously.
Gawlik-Kuklinska et al. [2007] reported the case of a 17-year-old
girl with an interstitial 7.4 Mb duplication of 9q34.1-q34.3 deter-
mined by array CGH analysis and compared the clinical features of
the patient with those of previous cases. This patient exhibited the
features common to patients with 9q34 duplications and three
additional phenotypes of food-seeking behavior, obesity, and sec-
ondary amenorrhea.

In this report, we present two female siblings with 9q34.1-qter
duplications and compare the clinical features and 9q34 duplica-
tion region of these patients with those of two previously reported
cases using array CGH analysis. We also discuss the loci potentially
responsible for the several phenotypes associated with a specific
segment of 9q34.

Additional supporting information may be found in the online version of
this article.
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CLINICAL REPORTS

Patient 1. The patient was a 4-year-old girl and the first child of
healthy, non-consanguineous Japanese parents. The family history
was unremarkable. She was born at 40 weeks of gestation weighing
2,564 g and measuring 47.3 cm in length with an occipitofrontal
circumference (OFC) of 33 cm, all within the standard range
(10th—90th centile) for female Japanese neonates. The child was
first evaluated at a cardiology clinic to investigate a heart murmur in
the neonatal period. She was diagnosed with Ebstein anomaly,
which was surgically repaired when she was 2-month old. At the age
of 4 months, she was referred to our hospital due to generalized
hypotonia and developmental delay. She rolled over at 12 months
and sat up at 18 months. She stood with support at 24 months and
started to walk unaided at 2.5 years. At 3 years of age, her height was
84 cm (—2.2 SD), body weight was 12.4 kg (—0.7 SD), and OFC was
49 cm (—0.2 SD). She could speak several meaningful words and
understand simple sentences. Her developmental quotient (DQ)
was 67, indicating mild intellectual disability. She was a sociable and
friendly girl.

Clinical examination revealed that she had a characteristic facial
appearance, including a round face, hypertelorism, almond-shaped
palpebral fissures, telecanthus, depressed nasal bridge, short nose,
microstomia, microretrognathia, short philtrum, and Cupid’s bow
upper lip (Fig. 1A). Her fingers were slender but not tapered
(Fig. 1C). Neurological examination revealed that the cranial
nerves were intact except for strabismus. Ocular fundi were
normal. She walked slowly, but no ataxia was evident. Muscle

tonus of the extremities was normal. Tendon reflexes of extremities
were normal, and pathological reflex was absent. There was no
evidence of epilepsy. Routine laboratory investigations were
normal.

Patient 2. The patient was a 3-year-old girl and was the second
child of the parents of Patient 1. She was born at 40 weeks of
gestation weighing 2,874 g, measuring 49 cm in length with an OFC
of 34.3 cm (all normal values for female Japanese neonates). She
exhibited generalized hypotonia, but no feeding problems were
observed during the neonatal period. She was referred to our
hospital at the age of 19 months due to developmental delay.
She exhibited head control at the age of 4 months. She rolled
over at 9 months, sat at 10 months, and cruised between 11 and 12
months. She started to walk unaided at 18 months. Her height at 3
years was 88 cm (—2.4 SD), body weight was 10.1 kg (—2.7 SD), and
OFC was 47 cm (—0.7 SD). DQ at the age of 3 was 72, indicating
mild intellectual disability. She routinely exhibited affectionate and
sociable behavior. She also had a round face with full cheeks,
hypertelorism, almond-shaped palpebral fissures, telecanthus,
depressed nasal bridge, short nose, microstomia, microretrogna-
thia, short philtrum, and Cupid’s bow upper lip (Fig. 1B). Ultraso-
nography of the abdomen showed no urogenital defects. No
ophthalmicanomalies other than strabismus were found on routine
evaluation. Neurological examination was not remarkable except
strabismus. No epileptic seizures were observed. Routine laborato-
ry investigations were normal. The clinical features of both
patients and two previously reported cases of 9934 duplication
are summarized in Table I.
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MATERIALS AND METHODS
Cytogenetic Analysis

Cultured Iymphoblastoid cells isolated from each patient were
treated with colchicine (Sigma—Aldrich, St. Louis, MO) for 1 hr
at a concentration of 20ng/ml in culture medium, and then
incubated in a hypotonic solution of 75mM KCl at 37°C for
30 min. After incubation, cells were fixed with Carnoy’s fixative
(3:1 mixture of methanol and acetic acid), spread on glass slides in a
humid atmosphere and air-dried. Chromosomal analysis was
carried out on GTG banded chromosomes at a resolution of
400-550 bands. Fluorescence in situ hybridization (FISH) was
performed on metaphase chromosome spreads from each patient.
Commercial probes covering subtelomeric regions were used
according to the manufacturer’s protocols (ToTelVysion, Abbott
Laboratories. Abbott Park, IL) [Flint et al., 1995]. In order to
confirm the chromosomal rearrangement in detail, additional
FISH analysis was carried out from the patients and their parents
using a series of bacterial artificial chromosome (BAC) clones
(Clontech Laboratories, Inc., Mountain View, CA) that map to
chromosome regions 9q34 and 13q31.

Array CGH Analysis

Genomic DNA was isolated from peripheral blood lymphocytes of
the two patients, their parents, and three normal controls by
phenol/chloroform extraction. Array CGH analysis was performed
using the Agilent Human Genome CGH 244K microarray platform
(Agilent Technologies, Santa Clara, CA) according to standard
protocols provided by the manufacturer. This array spans the entire
human genome at a median resolution of approximately 8.9 kb.
Genomic copy numbers were analyzed with Genomic Workbench
(Standard Edition 5.0.14; Agilent Technologies).

Southern Blot Analysis

Genomic DNA samples (10 ug) from the patients, their parents, and
the normal controls were digested with HindIIl, separated on a
0.9% agarose gel, and transferred by the alkaline method to a nylon
membrane (Hybond-N-+; GE Healthcare, Tokyo, Japan). The
membrane was sequentially hybridized with [oi->*P]dCTP-labeled
ABCAG6 (exons 17-19) and SP2 (exons 4—7) cDNA. A 301bp
ABCAG6 or a 798 bp SP2 ¢cDNA probe was prepared by amplifying
the cDNA library of human lymphoblastoid cells with AmpliTag-



