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FIG. 4. Zebrafish ywhag1 is required for development of the brain
and the heart. Morphological observation of wild type (WT) (A, B),
control MO morphant (C, D), ywhag?-MO1 morphant (E, F),
ywhag1-spMO morphant (G, H) and ywhag1-MO1+ywhag1-spMO
morphant (I, J) embryos at 72 hpf. Gene knockdown of ywhag1
caused developmental abnormalities of the head and the enlarged
heart tube. Three types of ywhag1 morphants showed hypomorphic
head (E-J). Although weak malformation of the trunk and the tail
were observed only in ywhag1-spMO morphants (bracket) (G), this
anomaly was likely to be nonspecific. As same as this manner, the
reason of enlargements of the heart pericardiums observed in
ywhag1 morphants (arrows) (E, G, |) is obscure. Cross-sections con-
taining the diencephalon (K, M, O, Q, S) and the midbrain tegmen-
tum (L, N, O, R, T) of WT (K, L), control (M, N), ywhag?-MO1 mor-
phant (O, P) and ywhag?-spMO morphant (Q, R) and ywhag1-
MO1+spMO morphant (S, T) embryos at 72 hpf are shown (arrows).
Compared with WT (K, L) and control (M, N), ywhag? morphants
showed hypomorphic heads. Cross-sections of the heart ventricles
in WT (U), control (V), ywhag1-MO1 morphant (W), ywhag1-spMO
morphant (X) and ywhag1-MO1+spMO morphant (Y) embryos at 72
hpf. Compared with WT (U) and control (V), ywhag? morphants (W,
X, Y) showed enlarged ventricles of the hearts. All images are dis-
played with dorsal to the top; A-J are displayed with rostral to the
left.

exhibited obvious dysplasia of the brain (Fig. 40-T). In
normal cerebral development in the zebrafish, the brain
ventricle is narrowed along with the progression of de-
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velopment and almost buried until 72 hpf (Fig. 4K-N).
In the knockdown experiments, wild type and control
embryos had a solid diencephalon structure (Fig. 4K,M),
whereas the diencephalons of all ywbag! morphants
were divided by the brain ventricle (Fig. 40,Q,S). Similar
abnormal partitions were observed in the tectum opti-
cum (the dorsal upper structure of midbrain tegmentum
indicated by arrow; Fig. 4PR,T). Furthermore, the mid-
brain tegmentum was not formed properly in morphants
(Fig. 4PR,T). About the heart tube, major diameter of
the ventricle was obviously enlarged in ywhagl mor-
phants (Fig. 4W,X,Y) compared with wild type and con-
trol morphants (Fig. 4U,V). These results strongly indi-
cate that ywbagl is important for normal brain and
heart development.

Regarding the functions of the heart in all zebrafishes,
we measured the pulse rate, and there were no statisti-
cally significant differences among all groups of larvae.
However, incidence of arrhythmia was significantly ele-
vated in all three types of ywhbagl morphants (Sup-
porting Information Table S1 and Fig. 7).

Mutation analysis of HIP1 and YWHAG in Patients
With Neurological Symptoms

Although total of 142 samples derived from patients
with neurological symptoms including developmental
delay and/or epilepsy were analyzed for mutation analy-
sis of HIPI and YWHAG, there was no pathogenic
mutation.

DISCUSSION

Because WBS is not usually associated with infantile
spasms, genotype-phonotype comparisons in WBS
patients with atypically large deletions may assist identi-
fication of gene(s) responsible for infantile spasms. Mar-
shall et al. (2008) investigated 16 patients associated
with documented seizures and interstitial deletions of
7q11.23-q21.1, which is neighboring to the WBS critical
region, and revealed overlapping deletions of the MAGI2
in most patients. However, they reported at least one
patient having infantile spasms and a chromosomal dele-
tion including WBS critical region but in which MAGI2
was not included, who had been reported previously by
Morimoto et al. (2003).

In this study, we identified two additional WBS
patients with atypically large deletions. Patient 1 had a
deletion at 7q11.23 that extended into the proximal
region and included three genes; i.c. AUTS2, WBSCR17,
and CALN1 (Fig. 5, Table 1). Expression of human
CALN1 (calneuron 1) is brain specific (Wu et al., 2001),
and expression of the mouse homolog in the cerebellum
increases from the postnatal 2nd week to day 21, and
reaches to adult level. In situ hybridization showed a
high level of expression of CALN1 in the cerebellum,
hippocampus, striatum, and cortex (Wu et al,, 2001).
The postnatal expression pattern in mice is consistent
with the onset of infantile spasms in humans, which
occurs from 3 to 6 months after birth. CALNI shows sig-
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FIG. 5. Chromosome map around the common WBS deletion. Black and hatched rectangles on a horizontal bar indicate the sizes and the.
locations of genes and duplicated segments, respectively. Gray bars indicate the region of the chromosome deleted in the indicated patient,

with the ambiguity indicated as hatched bars.

nificant similarity to members of the calmodulin super-
family (Wu et al, 2001). Thus, haploinsufficiency of
CALN1 may cause the infantile spasms in this patient.
AUTS2 is also a compelling candidate gene for the infan-
tile spasms in patient 1, because it is robustly expressed
in the fetal brain and is reported to be interrupted by a
translocation breakpoint in patients with autistic behav-
ior or mental retardation (Kalscheuer et al, 2007; Sul-
tana et al.; 2002).

Patient 2 had a deletion that extended into the distal

telomeric. region. The range of this deletion is exactly

same as that of the patient reported by Morimoto. et al.

who also  showed. infantile spasms and cardiomegaly.

(Morimoto: et al., 2003) (see Fig. 5). At the telomeric
breakpoint, there is a region of duplicated segments.
This telomeric breakpoint was also shared by a patient

reported by Edelmann et al. (2007), who presented with

autism associated with a. chromosomal - deletion of
7q11.23, which. did not include ELN but expanded into
the telomeric region beyond the WBS critical region (see
Fig. 5). These common breakpoints indicate that. this
region of duplicated segments can act as a LCR for non-
homologous allele recombination (NHAR).

There are 9 genes in the expanded deletion toward
the telomeric region neigboring the WBS critical region
(see Fig. 5). Among them, Edelmann et al. (2007)

focused on HIPI and YWHAG as the prime candidates
responsible for autism seen in their patient, and analyzed -
the expression levels of them by RTFPCR method. Then,
they revealed reduced expression of YWHAG in trans-
formed lymphocytes. derived from- the patient, but no
decrease in HIPI1. Based on these findings, we analyzed
the function of HIPI and YWHAG using a gene knock-
down system in zebrafish, and the correlation with neu-
rological functions. '
In this study, the zebrafish bipI knockdown did not
show significant abnormality, which'is consistent with
previous reports of Hipl-deficient mice. Homozygous
Hipl-/- mice generated by targeted deletion exhibited
degeneration of the seminiferous tubules of the testis
with excessive apoptosis of postmeiotic spermatids, but
these mice developed to adulthood and did not show
overt neurologic symptoms (Rao ef al., 2001). In addi-
tion, mice with different deletions of hip1 showed he-
matopoietic abnormalities, spinal defects, and cataracts
due to cell death'in the lens, but had no notable cerebral
or neurological anomalies (Oravecz-Wilson et al., 2004).
In contrast, reduced brain size and enlargement of the
heart tube were observed when ywhagl was knocked
down in zebrafish. This indicates that the infantile
spasms and the cardiomegaly observed in -patient 2
might be derived from haploinsufficiency of YWHAG,
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because the WBS patient reported by Morimoto et al
(2003). also showed infantile spasms and cardiomegaly.
YWHAG binds to protein kinase C alpha (PRKCA) and
D53 is directly phosphorylated by PRKCA, which is cru-
cial for activation of p53 protein (Autieri and Carbone,
1999; Price and Youmell, 1997). 14-3-3 proteins includ-
ing YWHAG modulate cell survival and control apoptosis
(Morrison, 2009; Porter et al, 2006) and inhibition of
physical binding between 14-3-3 and its ligand proteins
causes apoptosis (Masters and Fu, 2001). Therefore, the
etiology of hypoplastic brain in the zebrafish model
might be the consequence of apoptic cell death in cen-
tral nervous system at early development. Regarding the
involvement of the heart, we observed arrhythmia in
Ywbhbagl knockdown zebrafish and the incidence of ar-
rhythmia in ywhbagl knockdown zebrafish is worth not-
ing. Although patient 2 did not show arrhythmia, it
might be masked by medication with beta-blockers.
Since we did not identify any mutations in patients with
mental retardation and/or epilepsy, no definitive evi-
dence of a link between HIP1/YWHAG haploinsufficien-
cies and neurological symptoms was obtained. However,
given the evidence reported herein, YWHAG are promis-
ing candidate genes for infantile spasms.

In conclusion, we have described two new WBS
patients that presented with infantile spasms and had
atypically large deletions in 7ql1, one extending into
the proximal side of the common WBS deletion and one
extending into the telomeric side. In the telomeric side,
we identified two promising candidate genes, HIP1 and
YWHAG. Using a knockdown approach, we showed that
a loss of zebrafish ywbagl leads to brain development
delay and heart tube enlargement. Because the patient
with haploinsufficiency of YWHAG showed infantile
spasms and cardiomegaly, YWHAG may have important
roles in both brain and heart development. Although
there was no YWHAG mutation identified in the patients
with mental retardation and/or epilepsy, this gene is a
noteworthy candidate for epilepsy, along with AUTS2,
CALN1, and HIP].

MATERIALS AND METHODS

Subjects

After obtaining informed consents based on a permis-
sion approved by the institution’s ethical committee, pe-
ripheral blood samples were obtained from the patients
and their parents.

For genomic mutation screening for HIPI and
YWHAG, we used 142 DNA samples derived from 128
and 14 patients with idiopathic mental retardation with
and without epilepsy, respectively. Etiologies of all these
patients were unknown and were negated to have
genomic copy number aberrations using aCGH (Shimo-
jima et al., 2009b). In 128 patients with epilepsy, there

were 5 patients with early infantile epileptic encephal-.
opathy, 43 patients with West syndrome, and 2 patients -

with Lennox-Gastaut syndrome. All of the 14 nonepilep-
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tic patients showed cerebral dsygenesis including gyrus
malformation, brain atrophy, and microcephaly.

aCGH Analysis

For aCGH analysis of patient 1, we used the originally
developed microarray in which 5,057 BAC/PAC clones
were plotted. We selected probes using the UCSC Ge-
nome Browser (http://genome.ucsc.edu) spaced every
0.7 Mb across the whole human genome, and chose
4,235 clones that showed a unique FISH signal at the
predicted chromosomal location. A total of 822 clones
were not subjected to aCGH analysis; 438 (8.7%) yielded
multiple chromosomal signals using FISH and 384 (7.6%)
showed aberrant FISH signals likely due to contamina-
tion in our laboratory. Fifty-nine BAC/PAC clones, previ-
ously used for subtelomere and syndromic-MR-specific
microarray analysis, were among the 4,235 clones
(Harada et al., 2004; Kurosawa et al., 2004). BAC/PAC
DNA was extracted using the PI-100 automatic DNA
extraction system (Kurabo, Osaka, Japan), subjected to

~ two rounds of PCR amplification, purified, adjusted to a

final concentration of >500 ng/ul, and spotted in dupli-
cate on CodeLinkTM activated slides (Amersham Bio-
sciences Corp, Piscataway, NJ) using the ink-jet spotting
method (Nihon Gaishi, Nagoya, Japan) as described pre-
viously (Miyake et al., 2006). aCGH analysis was per-
formed using 4,235 BAC arrays. After complete digestion
using Dpnll, CGH1 was set up using subject DNA la-
beled with Cy-5-dCTP (Amersham Biosciences) and ref-
erence DNA labeled with Cy-3-dCTP (Amersham Bio-
sciences) using a DNA random primer kit (Invitrogen,
Carlsbad, CA). To rule out false positives, dyes were
swapped in the CGH2 set (subject DNA was labeled
with Cy3 and reference DNA was labeled with Cy5),
such that the signal patterns of CGH1 were reversed.
Prehybridization and hybridization were performed as
described previously (Harada et al., 2004). The arrays
were scanned by GenePix 4000B (Axon Instruments,
Union City, CA) and analyzed using GenePix Pro 6.0
(Axon Instruments). The signal intensity ratio between
subject and control DNA was calculated from the data of
the single-slide experiment in each for CGH1 and CGH2,
using the ratio of means formula (F635 Mean-B635 Me-
dian/F532 Mean-B532 Median) according to GenePix
Pro. 6.0. The standard deviation of each clone was calcu-
lated. The signal intensity ratio was considered signifi-
cant if it was greater than three standard deviations from
the mean in both the CGH1 and CGH2 sample sets.

For patient 2, genomic copy number aberrations were
analyzed using the Human Genome CGH Microarray
105A chip (Agilent Technologies, Santa Clara, CA)
according to methods described elsewhere (Shimojima
et al., 2009a). Briefly, 500 ng genomic DNA was
extracted from peripheral blood of the patient and the
reference individual, using the QIAquick DNA extraction
kit (QIAgen, Valencia, CA), and was digested with
restriction enzymes. Cy-5-dUTP (patient) or Cy-3-dUTP
(reference) was incorporated using the Klenow frag-
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ment. The array was hybridized in the presence of Cot-1
DNA and blocking agents for 40 hours at 65°C, washed,
and scanned by GenePix 4000B (Axon Instruments).
Data were extracted w Agilent Feature Extraction soft-
ware version 9 using default scttings for CGH. Statisti-
cally significant aberrations were determined using the
ADMAI algorithm in the CGH analytics version 3.5 (Agi-
lent Technologies). Breakpoints were defined as the start
and stop location of the first and last probes, respec-
tively, included in‘the algorithmically determined region
of deletion.

FISH Analysis

Metaphase or prometaphase chromosomes were
prepared from phytohemagglutinin-stimulated periph-
eral blood lymphocytes according to standard techni-
ques. RP11 BAC clones were selected from in silico
library build 2006 and were purchased from Invitro-
gen (Table 1).

FISH analyses using the combination with two BAC
clones were performed according to the following
method. After hardening chromosome slides at 65°C for
150 min, they were denatured in 70% formamide con-
taining 2X standard saline citrate (SSC) at 70°C for
2 min, and then dehydrated at —20°C in ethanol. BAC
clone DNA was extracted using GenePrepStar PI-80X
(Kurabo) and labeled with SpectrumGreen TM-11-dUTP
or SpectrumOrange TM-11-dUTP (Vysis, Downers Grove,
IL) by nick translation and then denatured at 70°C for
5 min. The probe-hybridization mixture was applied to
the chromosomes, which were incubated at 37°C for
16 h. Slides were washed twice in 50% formamide con-
taining 2X SSC at 43°C for 15 min, then in 2X SSC for
5 min, 1X SSC for 5 min, 0.1% Triton X-100 containing
4X 8SC for 5 min with shaking, 4X SSC for 5 min and
2X SSC for 5 min. Slides were then mounted in antifade
solution (Vector Laboratories, Burlingame, CA) contain-
ing 4/,6-diamino-2-phenylindole (DAPI). Fluorescence
photomicroscopy was performed as described previ-
ously (Miyake et al., 2003).

Mutation Screening of HIPI and YWHAG
Coding Regions

All exons of HIP1 and YWHAG (21 and 3 total exons,
respectively) were amplified by PCR using originally
designed primers derived from the neighboring intronic
sequences of each exon (Supporting Information Tables
$2 and $3), according to standard methods. All ampli-
cons were subjected to-direct sequencing using the Big-
Dye terminator cycle sequencing kit (Applied Biosys-

tems, Carlsbad, CA) according to the manufacturer’s pro-.
Sequencing . results were analyzed using the

tocol.
3130x! Genetic Analyzer (Applied Biosystems).

Zebrafish Maintenance

Adult zebrafish (Danio rerio) were maintained at
28.5°C under 14-hr light/10-hr dark cycle conditions.
Fertilized eggs from natural crosses were collected a few

‘0.6 mM Ca(NO3)) and stored at
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minutes after spawning and cultured at 28.5°C in water

containing 0.006% NaCl and 0.00025% methylene blue.

Embryos were staged according to morphology and

hours post-fertilization (hpf) as described (Kimmel et al.,

1995). N-Phenylthiourea was added to culture water at a

final concentration of 0.003% to avoid pigmentation of -
larvae.

Sequence Analyses of Zebrafish bipl and ywbagl

The nucleotide sequence of bip1 cDNA has been pre-
dicted from the genomic information of zebrafish. The
cDNA corresponding to the ORF of bip1 was experimen-
tally cloned by RT-PCR using primers designed based on
the predicted sequence. The 5- and 3-UTRs of bipl
were also cloned by RACE. To design antisense MOs
against ywbagl, the 5-UTR in our zebrafish strain, Mich-
igan, was cloned using 5 RACE. Then, the cDNA
sequence, Accession #NM_21302, was obtained from
GenBank (http://www.ncbi.nlm.nih.gov/Genbank). In
addition, fragments surrounding the exon-intron junc-
tions of ywhagl, including the putative exon 1/intron 1
and intron 1/exon 2 junctions, were amplified by PCR |
using genomic DNA as a template and primers corre-
sponding to the zebrafish whole-genome shotgun scaf-
folds Zv7_NA122 and Zv7_NA727. Total RNA was
extracted from embryos 24-hpf using the RNeasy Mini
Kit (QIAgen), and cDNA was synthesized using the-
Omniscript RT Kit (QIAgen) according to the manufac-
turer’s. instructions. Extraction of genomic DNA  from
adult zebrafish was performed as described (Westerfield,
1995). All PCR amplification reactions were performed
using KOD plus DNA polymcrase (Toyobo, Osaka, Ja-
pan). For 5’ RACE, the 5-RACE Core Set (Takara, Otsu,
Japan) was used. The sequences of the primers used in
this study are shown in Supporting information Table $4.

Morpholinos and Microinjection

MOs were purchased from Gene Tools (Philomath,
OR). For gene knockdown of bip 1, two nonoverlapping
translation-inhibiting MOs (bip1-MO1, bip1-MO2) were
used. For ywhagl, one translation-inhibiting MO
(ywhbagl-MO1) and one splice-inhibiting MO (ywbagl-
spMO) were employed. As a negative control, a standard
control MO was used. The sequences of these MOs are

~shown in Supplemental Table S4. MOs were resus-

pended at 10 pg/ul in Danieau solution (5 mM HEPES,
pH 7.6, 58 mM NacCl, 0.7 mM KCl, 0.4 mM MgSOy, and
—20°C. Microinjections
were performed as described (Razzaque ef al., 2007).

Preparation of Zebrafish Head Sections
Zebrafish embryos at the 72 hpf were fixed with 4%

. paraformaldehyde in PBS at 4°C overnight. The fixed

embryos were serially dehydrated in ethanol, soaked in
xylene, and embedded in Paraplast Plus embedding me-
dium (McCormick Scientific, St. Louis, MO) under micro-
scopic observation. Specimens were cut into serial sec-
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tions (7 pm) and stained with Mayer’s hematoxylin and
eosin solutions.

LITERATURE CITED

Autieri MV, Carbone CJ. 1999. 14-3-3Gamma interacts with and is phos-
phorylated by multiple protein kinase C isoforms in PDGF-stimu-
lated human vascular smooth muscle cells. DNA Cell Biol 18:555-
564.

Besser ], Bagowski CP, Salas-Vidal E, van Hemert MJ, Bussmann J, Spaink
HP. 2007. Expression analysis of the family of 14-3-3 proteins in
zebrafish development. Gene Expr Patterns 7:511-520.

Bhattacharyya NP, Banerjee M, Majumder P. 2008. Huntington’s disease:
Roles of huntingtin-interacting protein 1 (HIP-1) and its molecular
partner HIPPI in the regulation of apoptosis and transcription.
FEBS J 275:4271-4279.

Edelmann L, Prosnitz A, Pardo S, Bhatt J, Cohen N, Lauriat T, Ouchanov
L, Gonzalez PJ, Manghi ER, Bondy P, Esquivel M, Monge S, Delgado
ME Splendore A, Francke U, Burton BK, McInnes LA. 2007. An
atypical deletion of the Williams-Beuren syndrome interval impli-
catcs genes associated with defective visuospatial processing and
autism. J Med Genet 44:136-143.

Ewart AK, Morris CA, Atkinson D, Jin W, Sternes K, Spallone B, Stock
AD, Leppert M, Keating MT. 1993. Hemizygosity at the clastin
locus in a developmental disorder. Williams syndrome. Nat Genet
5:11-16.

Harada N, Visser R, Dawson A, Fukamachi M, Iwakoshi M, Okamoto N,
Kishino T, Niikawa N, Matsumoto N. 2004. A 1-Mb critical region
in six patients with 9q34.3 terminal deletion syndrome. J] Hum
Genet 49:440-444.

Kalscheuer VM, FitzPatrick D, Tommerup N, Bugge M, Niebuhr E, Neu-
mann LM, Tzschach A, Shoichet SA, Menzel C, Erdogan E Arkes-
teijn G, Ropers HH, Ullmann R. 2007. Mutations in autism suscep-
tibility candidate 2 (AUTS2) in patients with mental retardation.
Hum Genet 121:501-509.

Kimmel CB, Ballard WW, Kimmel SR, Ullmann B, Schilling TE 1995.
Stages of embryonic development of the zebrafish. Dev Dyn
203:253-310.

Kurosawa K, Harada N, Sosonkina N, Niikawa N, Matsumoto N, Saitoh
S. 2004. Unmasking 15q12 deletion using microarray-based com-
parative genomic hybridization in a mentally retarded boy with
r(Y). Am J Med Genet A 130A:322-324.

Marshall CR, Young EJ, Pani AM, Freckmann ML, Lacassie Y, Howald C,
Fitzgerald KK, Peippo M, Morris CA, Shane K, Priolo M, Morimoto
M, Kondo I, Manguoglu E, Berker-Karauzum S, Edery P, Hobart
HH, Mervis CB, Zuffardi O, Reymond A, Kaplan B, Tassabehji M,
Gregg RG, Scherer SW, Osborne LR. 2008. Infantile spasms is asso-
ciated with deletion of the MAGI2 gene on chromosome 7¢11.23-
q21.11. AmJ Hum Genet 83:106-111.

Masters SC, Fu H. 2001. 14-3-3 proteins mediate an cssential anti-apo-
ptotic signal. J Biol Chem 276:45193-45200.

Miyake N, Kurotaki N, Sugawara H, Shimokawa O, Harada N, Kondoh T,
Tsukahara M, Ishikiriyama S, Sonoda T, Miyoshi Y, Sakazume S,
Fukushima Y, Ohashi H, Nagai T, Kawame H, Kurosawa K,
Touyama M, Shiihara T, Okamoto N, Nishimoto J, Yoshiura K, Ohta
T, Kishino T, Niikawa N, Matsumoto N. 2003. Preferential paternal
origin of microdeletions caused by prezygotic chromosome or
chromatid rearrangements in Sotos syndrome. Am J Hum Genet
72:1331-1337. )

Miyake N, Shimokawa O, Harada N, Sosonkina N, Okubo A, Kawara H,
Okamoto N, Ohashi H, Kurosawa K, Naritomi K, Kaname T, Nagai
T, Shotelersuk V, Hou JW, Fukushima Y, Kondoh T, Matsumoto T,
Shinoki T, Kato M, Tonoki H, Nomura M, Yoshiura K, Kishino T,
Ohta T, Niikawa N, Matsumoto N. 2006. No detectable genomic
aberrations by BAC array CGH in Kabuki make-up syndrome
patients. Am J Med Genet A 140:291-293.

243

Mizugishi K, Yamanaka K, Kuwajima K, Kondo 1. 1998. Interstitial dele-
tion of chromosome 7q in a patient with Williams syndrome and
infantile spasms. ] Hum Genet 43:178-181.

Morimoto M, An B, Ogami A, Shin N, Sugino Y, Sawai Y, Usuku T,
Tanaka M, Hirai K, Nishimura A, Hasegawa K, Sugimoto T. 2003.
Infantile spasms in a patient with williams syndrome and cranio-
synostosis. Epilepsia 44:1459~1462.

Morris CA. 2006. Genotypé-phenotype correlations in Williams-Beuren
syndrome. In: Morris CA, Lenhoff HM, Wang PP, editors. Williams-
Beuren syndrome. Baltimore: The Johns Hopkins University Press.
pp 59-82.

Morrison DK. 2009. The 14-3-3 proteins: Integrators of diverse signal-
ing cues that impact cell fate and cancer development. Trends Cell
Biol 19:16-23.

Oravecz-Wilson KI, Kiel MJ, Li L, Rao DS, Saint-Dic D, Kumar PD, Provot
MM, Hankenson KD, Reddy VN, Lieberman AP, Morrison §J, Ross
TS. 2004. Huntingtin Interacting Protein 1 mutations lead to
abnormal hematopoiesis, spinal defects and cataracts, Hum Mol
Genet 13:851-867.

Porter GW, Khuri FR, Fu H. 2006. Dynamic 14-3-3/client protein inter-
actions integrate survival and apoptotic pathways. Semin Cancer
Biol 16:193-202.

Price BD, Youmell MB. 1997. Phosphorylation of the p33 protein regu-
lates its transcriptional activity. In: Proc. 45th Annual Meeting of
the Radiation Research Society. Oak Brook, IL. p 57.

Pujic Z, Omori Y, Tsujikawa M, Thisse B, Thisse C, Malicki J. 2006.
Reverse genetic analysis of neurogenesis in the zebrafish retina.
Dev Biol 293:330-347.

Rao DS, Chang JC, Kumar PD, Mizukami I, Smithson GM, Bradley SV,
Parlow AE Ross TS. 2001. Huntingtin interacting protein 1 Is a cla-
thrin coat binding protein required for differentiation of late sper-
matogenic progenitors. Mol Cell Biol 21:7796-7806.

Razzaque MA, Nishizawa T, Komoike Y, Yagi H, Furutani M, Amo R, Kami-
sago M, Momma K, Katayama H, Nakagawa M, Fujiwara Y, Matsush-
ima M, Mizuno K, Tokuyama M, Hirota H, Muneuchi J, Higashinaka-
gawa T, Matsucka R. 2007. Germline gain-offunction mutations in
RAF1 cause Noonan syndrome. Nat Genet 39:1013-1017.

Shimojima K, Adachi M, Tanaka M, Tanaka Y, Kurosawa K, Yamamoto T.
2009a Clinical features of microdeletion 9q22.3 (pat). Clin Genet
75:384-393.

Shimojima K, Komoike Y, Tohyama J, Takahashi S, Pacz MT, Nakagawa
E, Goto Y, Ohno K, Ohtsu M, Oguni H, Osawa M, Higashinakagawa
T, Yamamoto T. 2009b. TULIP1 (RALGAPA1) haploinsufficiency
with brain development delay. Genomics 94:414-422.

Stromme P, Bjornstad PG, Ramstad K. 2002. Prevalence estimation of
Williams syndrome. J Child Neurol 17:269-271.

Sultana R, Yu CE, Yu J, Munson J, Chen D, Hua W, Estes A, Cortes E de
la Barra E Yu D, Haider ST, Trask BJ, Green ED, Raskind WH, Dis-
teche CM, Wijsman E, Dawson G, Storm DR, Schellenberg GD, Vil-
lacres EC. 2002. Identification of a novel gene on chromosome
7q11.2 interrupted by a translocation breakpoint in a pair of autis-
tic twins. Genomics 80:129-134,

Westerfield M. 1995. A guide for the laboratory use of zebrafish (Danio
rerio). Oregon: University of Oregon Press.

Woods IG, Wilson C, Fricdlander B, Chang P, Reyes DK, Nix R, Kelly
PD, Chu E Postlethwait JH, Talbot WS. 2005. The zebrafish gene
map defines ancestral vertebrate chromosomes. Genome Res
15:1307-1314.

Wu YQ, Lin X, Liu CM, Jamrich M, Shaffer LG. 2001. Identification of a
human brain-specific gene, calneuron 1, a new member of the cal-
modulin superfamily. Mol Genet Metab 72:343-350.

Wu YQ, Sutton VR, Nickerson E, Lupski JR, Potocki L, Korenberg JR,
Greenberg F Tassabehji M, Shaffer LG. 1998. Delineation of the
common critical region in Williams syndrome and clinical correla-
tion of growth, heart defects, ethnicity, and parental origin. Am J
Med Genet 78:82-89.



HMEISKROON S

EITOYE T mms

BEAEATHES vol.22 no.1 66 ~ 73, 2012

Ny DR TIITFIVERES

WRE B, ANREY, KFEREY, ETHZ?, BHEHN"

Tadashi SHIOHAMA, Hideki UCHIKAW A, Hiromi MIZUOCHI, Toshiyuki MIYASHITA, Katsunori FUJII
1) TRKEZ KB IR b/ I i
2) LB RPFEFBS T MY

BRTIIENEE L.

Ny TRy T TFIE, TARERRR EMBREREIC S W TR L REIE R, 1Bl
FEPEEMREEL EOBEFHRICSVTARENE L 2EELER TH 3. Golin fEE
B (BHREEMREEERN) &, Ny IRy IRBBTH3 PTCH BRIEEFOREICLY
AU ERMBFHEGRTHY, BERE, FREE/GM, AKSOBILEEELE
S¥EEREEH CALRRMEFEES, HFE EEMRELEOSETHR &%
&9 3. Gorlin fEARE CIIBEFIEICH T 2 2 FMBHIC L) TREICEEMIBEELEL 3
LOERIVETHS. BE, FEREEETIESI TLEVOBRKICHIEATSEY,
MFETHRIBESN TV, Lt > TREBEOARICBVWTHAY Uky iK%

Key Words: /-y U3k y L7 F )b, Gorlin fEM&R, BEFIE, XEMEIE, 2 TIEMEE

I. BUBIC

ANy TRy T T FVIBER O & M
R 2 S BB TH 2. TobbREMORRE
B O R TIX Gorlin FEEHZ I LD LT 54
FEBEBE KL, HMARICBW TIIREBOEEAL
A3 R 2L ML 7 & OB EBIC B T
Bz ReLTws,. SHICFERKROHE
FNGERR LS PUBSHER 2R L, 3 CICBi3FME 2
EOEMESN T B EG TILEW BRI L 2
KABD T > Tnb. Lzdo TREE - H#E
5 LIIREFEOBRIH - IHBICOERL
ExL. EEERE OBHEE L V) RKROERIC
o T, Oy Uk 7Y 7 v & 55 o BHE,
QOMFEDOHEFIZ BV TEELEBTH 5 Gorlin

66 BENFHER vol.22 no.1 2012.1.

HEREEIZDOWT, Oy YRy ¥ FF iy
5 TRRRED 3 I TS 5.

O. NYOERYTIOTFIERE

FIANY IRy I T FNVEROBED SRR
5. 1970 FFRRBLIC Lewis HICE YD T ar s
INTOWENfTbR, RERRICBVWTHED
BIZFEAMKER ST 2 2 L2 X IR LH
MENTVBRIEFWASPIIR-7" . F2b
L P EFDEYOREREIEY ¥ v T#RIEZT
X 2HIBRMIER, XT7TV—VBETEHICLS
HEiofERE, X722 EFY) T4 RIETFR
2 X B HEORXEAL & v HE 288 2 TR
DZoTWwa. ZERBROEELYFT Y FTHAH
ANy Tk 7L, ZOZHARTH B patched 13



B BE 455

ay, BRI TR T ?}S Y

t Dispatched
/ ‘\\- Jh”“hﬂl (fﬁﬁvf \

1L RV IERE aL AR50 )L 8
Sterol-sensi . TJ4—K
| mim P |
GLI .
" t mesm "
" Aoy D BRI\
#
\_ AN /
ANy TRy T AR A~y TRy 53 RS

1

ANy DRy TOTFIV (B B) Gk 18 & oEFa &8 0ER

Ny TRy TR SRR TREAE R /2%, CREICILATO—ILEL
%, NEKRIZ/NILS b ILEEG% S C, Dispatched 2B L TS ICE Eh 3.
Ny TRy TIREMB T, Ny KRy THRBED PTCH ICEA T 5 & SMO n#4l
PR Eh, BEEHHETFTH3 GLH 20 L T PTCH Bz FENEENTET 3. EE
SNhi=PTCHRED T+ — KNy VHEIBICLY S TF L EHIHETS. BREICTEAED

primary cilia (&8 U 7-.

A MRSIVTFABIEFRHICETND, A
VRy FRIETFEEREE LV a v Tayn
3, AEBEAICETE LSRR GRS e 5
GAL, BBBIN) XY (NvTkvY) O
IO HDIEN, ZOAROHRL 2o T2,
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D2REFEEHSHTEVS , BHE Tk 26,000 A 1
AEVWSHEN$HD . ‘

BEBRGEFRIBBANOBTCHEDIYIYIAY ST
AYY (Shh) OMEHMSHEETI—KRTD PTCHI T
$3%) PTCH] O¥BFE£LC LD Shh T TFILEED
AESREBFEEIS KD  WAECE PTCH] &R
MOBWPTCH2 X EHETD .PTCH2LERDO® 3
NBCCS D1 RRENFMHEZNATWVWB YN ,PTCHZD /Y
OFIRIIRTERREFRAZVE , EROEHENF IR
EURERTHDANS , COTRFEYICNBCCS DR
ECHELTVWAER/RTUDCE , EXdEAMRE N &
BELBbhd  ECRE, PTCHI OF#HTShh 25+

AR ASERRS FRES
 ERZFENASHEREFERE X —

U FRASHESRERENS
YOFEARASREESTRER/DRBESR

AR : ET#2 T252-0374 HBEBEWERXILE 1-15-1
B ARERRS FRES

Tel:042-778-8816 Fax:042-778-9214

201011 A 18 AER

SRR 2 112 2818 (2011 6 )p.14-18

IEREZNELTVS SUFUBEFCRTSASIUE
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O B PR B9 45 8%
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NBCCS EB M : ‘

KEER

L2fBBLE, B3B3V 208U TORKMIRE[38%]

. EBoOEELEALIER[86%]

. 3L EOES , RERODKMI60%]

. KBS ORIAL[79%]

CHEBRRE(Z2DE , BE5D5VEEREETRILE)
[36%] '

6. B—EES (8,7, Bila, —5pHENER )ICNBCCS

£ED[40%]

PMEER

1. KBE (BB THIESR ) [27%]

2. RXFRE (OBOBN[8%] , HHERE[47%] , HFH
$R[37 %] , FIERBARE[69%] )

3. ZTOHOBEREY (Sprengel BR[3%] , MEBER
[7%] , @8E[2%])

4. XEBBREORYE : MLOBESEER[24%] , OB
o (EBE)[15%] , FEOEFULILA ,FEO
KA BETR[3%] ‘

5. S BCARHE M4 %]

6. HSFM[3%]

XB2) K& . [ IHOBFESEOLERECSTDH
BURE . i

b WN -

ERFHROBVHTFEOREECERTHDN , BERAT
LHEERELS L. ZOELCSE FEEEVEOD , &
EXRCEBORMIEShEN , BROGHERFENT
WasslhazlL.

1L ARSI RERMBRBEREO
BEFER

NBCCS OEERBEF PTCHI G 24 BT HYV DS
BY S I/ALEORTI kKb b EDBEFT , PR
1,47 BASEDRVNVEEI—RLTVD . RY BB
FEETICNBCCS O3IBRE , 41 EFICH>VWTEETFBEN
E{F>TERE .PTCH]I £2—F 42T IFVOERRE
% PCR-S— O I AZTRITLEELD S 27TRR
(77% ) TCETREIERMEHEThE (K1) ZROR
RiZ1~4BEORE , FALEBTL—LS T NERNF
15RR (43% ) TRESA > . EEFMREHSh BT
ER2CRLE . IFY2ASITHY 205 HESR
<ERFEHSHh, BROKY RARY NEEShEA-
E.ChSOMBREKOBEEAEZEZVEDOTHD . L
ALBEFSARKTCREMENAI AL AT RGEEES
HBICHEPLTEY , COBSEPTCHI R NIEOBEE
CEESGEERUTVD LA RBELD (R3). =1
B3 ATEIFYS20LE7L—LST NERFESH
BIELY ,PTCHIARANVHEOC KEELK 30 EBOF
ZUBARATDEMEFADNDIENARRENSD |

2. .EEBETOREHAE

B ¥ &R (H) ER (Y 24) HE (%) PSR
B asal cell carcinoma '
EHE (B 56/ 148 38 37.4
f imonis (3H) 711 90 80 21.4
Evans (#E8 ) > 20 years 33/ 45 73
o > 40years 19/ 21 90
" Shanley (F—ARTUT) 90/ 118 76 20.3
Ahn (BE ) 5/ 33 15.2
[ eratocystic odontogenic tumor
AFEE ( B ) 126/ 146 . 863 19.8
K imonis (K H) 78/ 105 74 17.3
Evans (#H) 461 70 ‘ 66
Shanley ( A—AKRSUT) 85/ 113 75 15.5
Ahn ( BH) 30/ 33 g1
i edulloblastoma
: FWHE (BE) 4/ 120 . 3.3 0~4
¥ imonis (3KHE ) 4/ 105 4 2~3
Evans (% H ) 3/ 84 4 1~4
Shanley (F—AKRSUTF) 1/ 118 1
Ahn ( BE ) 1/ 33 3
0 varian fibroma
' FHE(BX) 5/ 40 12.5 208
K.imonis ( KH ) 9/ 52 17 ‘
Evans ( % H ) 6/.25 ~ 24
Shanley (F—RRFUT) 9/ 63 14
Ahn (BH) 1/ 33 3

tREOBCAEOSEVERE L THEE (48] ), TOAONNES (36 ), DRREE (246]), FRIRESR (28 Feok . B
NAOHBEIRM2,8, 14, 15) L&D . F imonis SIZLBBCC OF—RBRAACBLETSHD . :
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PCR-—HIVRET (=
EEBRMIRR

15
IL—LI Tk

EROGE

zzevx | xv‘w,‘ua‘
Fotro X

B 1.NBCCS @ PTCH1 R F R .
EERREMTL ,PCR-Z—IIVAET O RANERBYETE L . CORATERBETH > LRI ERROS
E5RRTPTCH] BETFORKABHShdh , KH 3235 = 01 % TASHOERFBHEIL .

Y
.
. A
1 5 10 15 20

2 . BEFEROSH .
PTCHI BEFOEIFV Y (HA ) tRHEThL7OXROURE (KR ) £RLLE . BRARGRE T, SEEREEGE
BTHRULE . APOVOREERBEAUVE<RENATVD . IFV 2433 FBREBLOTERLLE . BEFREOD

SRRBBFEIATVEL . IREVAERGLEAEOREAT, TOMOERETAEORECELL .

.....‘...‘?ﬂ.’.‘.......“‘..'..‘..O.C.C..Q‘
uuouououooo”uouu. cocedP
00CO0COCC0 coced Looooey
.."....O.Q..........". 028000000 o
000 0E000000000e0000000% ‘uooooouooo&.
CO000CCOO00gROCOC0000y .ooooo.ooo.oo‘
.."..........O......... "....‘.....'.
Seceoreessscoossoerescon
00000000

M449R -gg'

0
£O00COOCO00 'nooa-o A0

@pam :oooooooooooo. ,.......’5.“.".‘.’3
0000000003 Cooonooe
Coocoooooooo, 0000000
0000000000 ° Qoo0000000000
Seovecesecese {O00CO00000c

oo-oo.oaao.ooz g

eecercsecsce it ceoseccocce oy
oooouonuuuoouuooouon.ounoouoounoou"olaxnnonoonouuonc‘

ooo.oooooooooo.ooooooooooooooooto-oo.ooooo..-.cooooo--oo-o-oooocooooo,
COOH-0000000000CCO000C00C00000C

B3.ZRAERAERORH .
PTCHI R NOHOMBERANBERLLE . BFITFI /KRB SBALTE/ROBESERT . ReFEHLESRE
/Zﬁ!’&ﬂﬁb‘(‘ ATFA—NLEDI VT RXA D EeBRENS l,\<’Ji}03ﬁ/l(?i‘l‘ﬁi#th'(b\%ﬁﬁ&ﬁ&wﬁ?&
7% -3

X, BRTOLhIBEFRITCERRETHE t&&
ONBCCS EAICHLT , MENICIL—HBIFET> =
BEEEVN .  RCBCORSTERBETH L 8RRE

% , PTCHI OREFRADTHMEEE , BEEAY

ARILAF RIS OVOF LA ZBVT A —BRF £
2ECD BRE(2FRROD 14% ) T PTCHI] BEFO
MBI AERHTES (K1) . RAOHBEERE e
WEDT165kbTHY , CORKLERENDIBREFE
PTCHI O#TH->1 . COEPIENBCCS ¥ PTCHI @
EBRFELTRETHCLATEHTIRERESTH> 1=
REGKREBZEDT 111 bICRATSEY , PTCH] BEF
EECEROBEFANALTSY , EBPEEOBEHE

BRBEMNE ,NBCCS TRERHALEVFRFIEDS
N &R, QLSBT TLREFREF RN
ENEAOERREIRRTHY  MEFREORERG
%L , RROVThOBRELYBLLOTH 1 .

IV. ELHELSBORY

AFBCS T RHERARBERROBRETER & WK
HRSMESVTHEBLE . SEF>L2ERMOP I —
MNEECK>T,HEXADNBCCS TEEAAEENBCC
DREFFSHLDOEL , A OREEBEBVCLEFHS
PEESL . R, REERSBRBE , EABOSVE
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CHES, AR, PRM, BANESRCDESCELH
SHEB k. SHBLHEFEUSREOBECSHL
TR, EERBNOBEETEARIBEETHIEBDIL .

NBCCS CREBMEELECHATIERFIDESEL .

ErEECENREANEETHD5% ,NBCCS BE
BHRASBRSEFrE< , RERREHERC LT, #BE
ZPOBEHBEBEXZTOMO-ABEELUD LD , BH
BEZEER , 52VERIBRCBHINETHDET
DHENFGD O LENM>TEEREOHTFE ($C
desmoplastic subtype ) OIESIGE NBCCS THDWEEME
BHECRNIILENF65 . 2rERARSETAELE
ABEHERBIDLTHIBETHARTSD . LD
 REEET L BEFREIIRCSLTERR , B
BBRIES>TAUY RFREVEEZS KD . BEOTH
CTHROBEFEVEDAhERL L TARERTD LS
CEBL , FESREER<CLLAETSHD . =L, B
RIIZNBCCS THoTEHROBEFRFITCERREEOE
RACEBEE BEFRLIOTEEFr ELWOT , ER
PCR , multiplex ligation-dependent probe amplification
(W LPA) %, 33 VRIAVOPL M RFLLDIE—H
BT EHRLLEV.

BIE ,Shh 2T FIEEENH T2 FENEROMRY
BATHY ,—BEKSAEHRE>TLD . 8%
NBCCS LREITHIHREEBICELISHEhDICEEHFL
=W,

X ®m
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Nevoid Basal Cell Carcinoma Syndrome: Characteristics
of Clinical Manifestations and Gene Mutations in
Japanese Individuals
Toshiyukil iyashita ', aikoX iryu’",
k ayokoSaito "2,k atsuoSugita *,i amikoEndo *,
¥ atsunoriFujii **
" Department of Molecular Genetics, Kitasato University
School of Medicine
"2 Institute of Medical Genetics, Tokyo Women’s Medical
University

. "®Division of Child Health, Faculty of Education, Chiba

University
"4 Department of Pediatrics, Chiba University Graduate
School of Medicine

Nevoid basal cell carcinoma syndrome (NBCCS$), also

- called 6 orlin syndrome, is an autosomal dominant

disorder characterized by minor anomalies and
predisposition toward cancer. It is caused by mutations in
the PTCH1 gene encoding a suppressor component of a
receptor complex for a secreted protein, sonic hedgehog. '
W e performed a nation-wide surveillance of NBCCS and
reviewed the findings of 311 affected individuals. The
major criteria. were met at frequencies ranging form
36-86% and 60% of cases were expected to have novel
mutations. O f note, compared with reports from W estern
countries, the frequency of basal cell carcinoma (BCC)
was much smaller in Japanese (38%) and the mean age of
onset of BCC was much younger (37.5 years). § utational
analyses demonstreted that 91 % of the NB.CCS families
carried: PTCHI mutations including large deletions.
Clinical diagnosis of NBCCS ‘is not always easy because
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some of the NBCCS phenotypes develop with age. carcinoma, keratocystic odontogenic tumor, hedgehog
Therefore, early genetic testing is advisable for the early signaling, haploinsufficiency

detection of tumors and for the protection of BCCs. (J Fam Tumor 2011;11:14-18)

Key words : tumor suppressor gene, PTCH, basal cell
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® 1960 4E Gorlin & Goltz 12 & o THiE S WML IEERTH 5 1.
o FRBERENERERRET A, MAEHDL SV

@ IFIHIEET O PTCH] HETERIILIDFET 5.

@PTCHI 3~y Yk v 77 ¥y OFFET, WEEREFEIEGT5.

o HE AENEEEERZ & D, loss of heterozygosity (FREHA DIHE) (2
Lo T3 ESERIEBENEL 5.

O HFEF TIZ 160 PLED PTCHI BIZFERPHE SN TV 5.

JER @

® SER A IR RSB B,

o BRI, WA SILBHNC T TKERESD Y, PELERE R /N
MBI EHE TR I 5.

@2 ~3 MIGFICHBEIENBAET A LD Y, BEEETHAS.

O10 BT CHEERIEL B2, S OBEBBRENSIGRERE &L, W
BHOMENRL 2 25 5 T L% .

@ 10 REAICHEEAVE U, BEICUPBHRMER 22 v LOBRIEE: b o 5.

®20 A I FLEHIBAE, BEREIE L & olE

O BEREREIRIFOZEHEE B 5L, SR ?W\fﬁi‘fz‘%’» W22 5

ENHDH.

o HRERIZE DO TERTH S0, T
TAHLBRLLIEIChY, OB
SENAMEIEICH B,

o /NSRBI RUY Z2 BRI E A b v
¥, PTCH I BAR-TfHT 2 AE O 3 Wi 52 (2
HHTH B, ‘

eRIEE L Y BWEEESH STV ED, %
22 CTd Kimonis DB Wi3HE CRE) Y 25
HaEntws (@).

O RBBROYTIE, FEREEF /BN
MRS BH LEETH 5.

[ ] A Kimonis 5% (KE) MEMRICLS.
(Kimonis VE. 1997%)
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o SHEFRIES L L 2 5.

© 10 AR TEL BB R 720, WO AR LB
JaiB A Thh 5.

o FEAIRSRE X LTI BATRIALEL TS L OCHBRIIR R 1T, BRER
2 L TR BEARLESTHI 5.
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