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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 settings for CGH. Statisti-
cally significant aberrations were determined using the
ADMI 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. Stides 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 HIPI 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
S2 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-
tocol. Sequencing results were analyzed using the
3130xl 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
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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 bip1 and ywhagl

The nucleotide sequence of bip1 cDNA has been pre-
dicted from the genomic information of zebrafish. The
cDNA corresponding to the ORF of hip1 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 ywhagl, the 5'-UTR in our zebrafish strain, Mich-
igan, was cloned using 5' RACE. Then, the c¢DNA
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 polymerase (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 S4.

Morpholinos and Microinjection

MOs were purchased from Gene Tools (Philomath,
OR). For gene knockdown of kipl, two nonovetlapping
translation-inhibiting MOs (bip1-MO1, bip1-MO2) were
used. For ywhagl, one translation-inhibiting MO
(whbag1-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/pl in Danieau sofution (5 mM HEPES,
pH 7.6, 58 mM NaCl, 0.7 mM KCl, 0.4 mM MgSOy, and
0.6 mM Ca(NOs),) and stored at —20°C. Microinjections
were performed as described (Razzaque e 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
€osin solutions.
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Molecular karyotyping in 17 patients and mutation
screening in 41 patients with Kabuki syndrome

Hideo Kuniba'>!%, Koh-ichiro Yoshiura"!4, Tatsuro Kondoh?, Hirofumi Ohashi®!, Kenji Kurosawa®,
Hidefumi Tonoki®, Toshiro Nagai®!4, Nobuhiko Okamoto’, Mitsuhiro Kato®, Yoshimitsu Fukushima®4,
Tadashi Kaname'®!%, Kenji Naritomi'®!4, Tadashi Matsumoto?, Hiroyuki Moriuchi?, Tatsuya Kishino!b14,
Akira Kinoshita'"'4, Noriko Miyake!>!4, Naomichi Matsumoto'>!4 and Norio Niikawal*1314

The Kabuki syndrome (KS, OMIM 147920), also known as the Niikawa-Kuroki syndrome, is a multiple congenital anomaly/
mental retardation syndrome characterized by a distinct facial appearance. The cause of KS has been unidentified, even by
whole-genome scan with array comparative genomic hybridization (CGH). In recent years, high-resolution oligonucleotide array
technologies have enabled us to detect fine copy number alterations. In 17 patients with KS, molecular karyotyping was carried
out with GeneChip 250K Nspl array (Affymetrix) and Copy Number Analyser for GeneChip (CNAG). It showed seven copy
number alterations, three deleted regions and four duplicated regions among the patients, with the exception of registered copy
number variants (CNVs). Among the seven laci, only the region of 9q21.11-q21.12 (~1.27 Mb) involved coding genes, namely,
transient receptor potential cation channel, subfamily M, member 3 (TRPM3), Kruppel-like factor 9 (KLF9), structural
maintenance of chromosomes protein 5 (SMC5) and MAM domain containing 2 (MAMDC2). Mutation screening for the genes
detected 10 base substitutions consisting of seven single-nucleotide polymorphisms (SNPs) and three silent mutations in 41
patients with KS. Our study could not show the causative genes for KS, but the locus of 9921.11-q21.12, in association with

a cleft palate, may contribute to the manifestation of KS in the patient. As various platforms on oligonucleotide arrays have been
developed, higher resolution platforms will need to be applied to search tiny genomic rearrangements in patients with KS.
Journal of Human Genetics (2009) 54, 304-309; doi:10.1038/jhg.2009.30; published online 3 April 2009

Keywords: Kabuki syndrome; microdeletion; molecular karyotyping; mutation screening; Niikawa—Kuroki syndrome

INTRODUCTION
Kabuki syndrome (KS, OMIM 147920), alsoc known as Niikawa—
Kuroki syndrome, is a multiple congenital anomaly/mental

The cause of KS remains unknown, even though at least 400
patients have been diagnosed in a variety of ethnic groups since
1981.>7 Some works have ruled out several loci; for example, 1q32—

retardation (MCA/MR) syndrome characterized by a distinct facial
appearance, skeletal abnormalities, joint hypermobility, dermato-
glyphic abnormalities, postnatal growth retardation, recurrent otitis
media and occasional visceral anomalies.!? The prevalence was
estimated to be 1/32000 in Japan® and 1/86000 in Australia and
New Zealand.* Although most cases were sporadic, at least 14 familial
cases have been reported. It is assumed that KS is an autosomal
dominant disorder, considering the equal male-to-female ratio of
patients and parent—child transmission pattern in some familial cases.

q41, 8p22-p23.1 and 22q11, as candidates for KS.513 A study of array-
based comparative genomic hybridization (CGH) showed a disruption
of the C200rf133(MACROD?2) gene by ~250kb deletion in a patient
with KS,!4 but the following mutation screening for the gene failed to
find a pathogenic base change within exons in 19 other patients with
KS!* and in 43 Japanese patients.!> Another study of array CGH with
0.5-1.2Mb resolution reported that 2q37 deletions were detected in
two patients with Kabuki-like features, but their facial features were
not typical for KS.18 To date, no concordant specific lesion has been
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found by whole-genome scan with array CGH in a bacterial artificial
chromosome (BAC) clone with 0.5-1.5Mb resolution, 1618

Chromosomal aberration analysis by high-resolution oligonucleo-
tide array technologies in recent years, called molecular karyotyping,
enables us to detect submicroscopic pathogenic copy number altera-
tions, which were undetectable even by BAC array CGH.!%2% As not a
few MCA/MR syndromes are because of chromosomal copy number
aberration, we hypothesize that some sort of microdeletion/
microduplication causes KS. Herein, we report the results of molecular
karyotyping in 17 patients using GeneChip 250K array and those
of mutation screening of candidate genes in 41 patients with KS in
Japan.

MATERIALS AND METHODS

Subjects

The subjects for molecular karyotyping consisted of 18 patients (nine girls and
nine boys) at entry. The subjects for mutation screening consisted of 41 patients
(20 girls and 21 boys), including the aforementioned 18 patients. The diagnoses
of KS were confirmed by experts of clinical genetics, although written permis-
sion for the use of facial photographs in publications was not obtained. These
Japanese patients showed a normal karyotype at a 400-band level, and were
eatlier reported with no pathogenic genome copy number change by 1.5 Mb-
resolution BAC array CGH.?®¥ Genomic DNA was isolated by the standard
method from their peripheral blood Jeukocytes or in part from their lympho-
blastoid cell lines. Experimental procedures were approved by the Committee
for the Ethical Issues on Human Genome and Gene Analysis at Nagasaki
University.

Molecular karyotyping

DNA oligomicroarray hybridization, using the GeneChip Human Mapping
250K Nsp Array (Affymetrix, Santa Clara, CA, USA), was carried out for 18
patients with KS, following the provided protocol (Affymetrix). Data were
analyzed using GTYPE (GeneChip Genotyping Analysis Software) to detect
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copy number aberration and visualized using CNAG (Copy Number Analyser
for GeneChip) version 3.2! References for non-paired analysis of CNAG were
chosen from eight unrelated individuals of HapMap samples from the
Affymetrix website (http://www.affymetrix.com/support/). The resolution of
this procedure was estimated as ~ 30-100kb. CNAG version 3 was linked with
the University of California Santa Cruz (UCSC) genome browser (http://
genome.ucsc.edu/) assembly May 2004, and then its physical position was
referred to the data assembly on March 2006 in the UCSC genome browser
after adjustment.

Validation of deletion

Quantitative PCR (qPCR) analysis to validate deletions was run on a Light-
Cycler 480 Real-Time PCR System (Roche Diagnostics, Mannheim, Germany)
using an intercalating dye, SYTO9 (Molecular probes, OR, USA), which is an
alternative to SYBR green 122 Absolute quantification was carried out using a
second derivative max method. A standard curve of amplification efficiency for
each set of primers was generated with a serial dilution of genomic DNA.
A corrected gene dosage was given as the ratio of a target gene divided by an
internal control gene. The copy number was obtained from a calibration under
the assumnption that the control genome was diploid.

Target genes of copy number aberration were as follows: SUMF1 (for patient
K9); MAMDC2 (for patient K16); and CETNI1 (for patient K34). The primer
sequences of these genes are available in the online supplementary file. Internal
contro} diploid genes were OAZ2 and USP21. Primer sets of the control genes
for genomic DNA were selected from the Real Time PCR Primer Sets website
(http://www.realtimeprimers.org/). The control genes were confirmed to have
no copy number variants on the Database of Genomic Variants (DGV) updated
on 26 June 2008 (http://projects.tcag.ca/variation/). BLAST searches confirmed
all primer sequences specific for the gene.

Samples were analyzed in triplicate in a 384-well format in a 10y final
volume containing about 2ng genomic DNA, 0.5 pm forward primer, 0.5 um
reverse primer, 0.1 Units TaKaRa ExTaq HS version (TaKaRa, Kyoto, Japan),
1x PCR buffer, 200 pm dNTP and 0.5 pm SYTO9. The amplification conditions
consisted of an initial denaturation at 95 °C for 5 min, followed by 45 cycles of

Table 1 Detected genomic copy number aberrations in 17 patients with Kabuki syndrome

Patienl(s) CN

Physical position
Cytoband 1D State Length Involving gene(s) Concordant loss/gain on DGV
Start End
3p26.3 K7 1 460kb 1435279 1895554 NR Variation_8235
3p26.2 K9 12 205kb 4009368 4214847  SUMF1 Variation_8973, 8975, 30169
4q13.2 K23 12 1.26Mb 66329014 67591611 NR NR
5q21.2q21.3 K22 1 281kb 104301325 104581898 NR Variation_3568
9q21.11-g21.12 K16 12 1.27Mb 71760296 73031176 TRPM3, KLF9, SMC5, MAMDC2 NR
14q11.2 K5 1 166 kb 19336854 19502641 OR4N2, OR4K2, OR4KS5, OR4K1 Variation_0376, 7028, 8094, 9234, 9235
15q11.2 K1, K23 1 972kb 19356830 20329239 OR4M2, OR4N4, LOC65D137 Variation_0318, 3070, 8265, 9251,
9254, 9256
18pl11.32 K34 12 35kb 545074 580003 CETN1 Variation_5044
20p12.1 K6 12 152kb 14993412 15145890 C200rf133 (MACROD2P NR
4q12 K5 3 104kb 54251599 54355281 NR NR
8q11.21 K7 3 171kb 50641101 50812548 NR Variation_2751, 3731, 8601, 37765
10p15.2-p15.1 K5 3 142kb 3663600 3805292 NR NR
13g31.1 K6 3 72kb 82451568 82523728 NR NR
15q11.2 K7,K9, K12 3 877kb 19112164 199898036 CXADRPZ, POTEB Variation_3070, 3951, 8784, 30670, etc.
15q25.1 K9 3 165kb 76992181 77156751 CTSH, RASGRFI1 Variation_3970, 7073
16921 K13 3 283kb 58508008 58791285 NR NR
17q12 K7 3 495kb 31428390 31923810 CCL3, CCL4, CCL3L1, CCL3L3, CCL4L1, Variation_3142, 4031, 8841, 30824, etc.
CCL4L2, TBC1D3B, TBC1D3C, TBC1D3G
22q11.22 K5, K12 3 278kb 20907806 21186081 VPREBI1, ZNF280B Variation_5356, 34540
Abbreviations: CN, copy number; DGV, Database of G iants; NR, no registration in UCSC genes or DGV.

3Validated by quantitative PCR.

bDeleted region was within intron 5 of the C200rf133 (MACRODZ) and did not invalve any coding exon.!5
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denaturation at 95 °C for 105, annealing at 55 °C for 10s and extension at 72°C
for 15s The data were analyzed using LightCycler 480 Basic Software (Roche
Diagnostics) and the melting curve was checked to eliminate non-specific
products from the reaction.

Mutation screening of candidate genes

Candidate genes, identified within a detected deletion, consisted of four genes:
TRPM3 (NM_001007471 and NM_206946), KLF9 (NM_001206), SMC5
(NM_015110) and MAMDC2 (NM_153267) located at 9q21.12-q21. 11. The
entire coding region and splice junctions of the genes were sequenced on an
automated sequencer 3130xl (Applied Biosystems, Foster City, CA, USA) using
BigDye version 3.1 (Applied Biosystems). Genomic sequences were retrieved
from the UCSC genome browser (assembly: March 2006). PCR primers were
designed with the assistance of Primer3 (http://frodo.wi.mit.edu/cgi-bin/primer3/

D

Copy number

primer3.cgi). The primer sequences are available in the online supplementary
file. Resultant electropherograms were aligned using ATGC version 3.0
(Software Development, Tokyo, Japan) and inspected visually to find DNA
alterations.

In silico analysis

Relations among deleted genes were assessed using online software, PANTHER
(Protein Analysis Through Evolutionary Relationships, http://www.pantherdb,
org), to determine whether the genes involve some developmental pathway or
biological process.2? The novel synonymous base substitutions found in the
mutation screening were examined for their potential activation of the cryptic
splice site by comparison between wild-type allele and mutated allele using the
GeneSplicer program (http://www.cbcb.umd.edu/software/GeneSplicer/gene_
spl.shtml).
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Figure 1 Chromosome view of Copy Number Analyser for GeneChip (CNAG) analysis. Each dots represent fluorescent intensity on each single-nucleotide
polymorphisms (SNP) probe of GeneChip 250K Nspl array (Affymetrix). Solid lines indicate copy number analyzed with CNAG. Arrows show detected
deletions. {a) Chromosome (Ch) 3 of patient K9, ~205kb deletion in 3p26.2 involving an exon of SUMFIgene. (b) Chromosome 18 of patient K34,
~35kb deletion in 18p11.32, containing the CETNI gene. (c) Chromosome 4 of patient K23, ~1.26 Mb deletion in 4q13.2, not involving any known
gene. (d) Chromosome 9 of patient K16, ~1.27Mb deletion in 9921.11-q21.12, harboring four genes: TRPM3, KLF9, SMC5 and MAMDC2. The
University of California Santa Cruz gencme browser denotes the cytobands, genes and probe setting of Affymetrix 250K Nspl array within the region. No
copy number variation was registered here in the Database of Genomic Variants updated 26 June 2008. FISH, fluorescent in situ hybridization.
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RESULTS

Molecular karyotyping and validation of deletion

The entries of molecular karyotyping were 18 patients with KS (K1,
K3, K5, K6, K7, K8, K9, K11, K12, K13, K16, K18, K20, K21, K22, K23,
K34 and K38). We eliminated the data of patient K3 from copy
number analysis, because it showed low quality data; that is, a single-
nucleotide polymorphism (SNP) call rate of 82.51% and a quality
control performance detection rate of 74.09%, probably because of
DNA degradation during long-term storage. The other patients
showed high call rates, enough for copy number analysis (SNP call
rate of 90.07-97.72% and detection rate of 91.52-99.77%). We
identified nine deleted regions, the lengths of which were between
~35kb and ~1.27Mb, and nine duplicated regions, of lengths
between ~72 and ~495kb, in the 17 patients analyzed (Table 1).
As for the nine duplications detected, five of them were concordant to
several observed gains in DGV, and four of them in each patient did
not contain any known genes.

It is interesting that the deleted region of 9q21.11-q21.12
(~1.27Mb in patient K16), which had not been registered in DGV,
harbored four known genes: transient receptor potential cation
channel, subfamily M, member 3 (TRPM3), Kruppel-like factor 9
(KLF9), structural maintenance of chromosomes protein 5 (SMC5)
and MAM domain containing 2 (MAMDC?2) (Figure 1d). The dele-
tion of 3p26.2 (~205kb in patient K9, Figure 1a) had involved a non-
coding exon of the SUMFI gene. The deletion of 18p11.32 (~35kbin
patient X34, Figure 1b) containing the CETNI gene had one registra-
tion in DGV as Variation_5044, which described only one observed
loss and 14 observed gains in 95 individuals. The deletion of 4q13.2
(~126Mb in patient K23, Figure lc) and 20pi12.1 (~152kb in
patient K6) did not carry any coding exon of any gene. The regions of
14q11.2 (~116kb in patient K5) and 15q11.2 (~972kb in patient K1
and K23) were non-pathological deletions with as many registrations
as observed losses in DGV,

To validate the deletion of the detected region, we confirmed the
loss of heterozygosities of the SNP probes present there using GTYPE
(data not shown) and carried out qPCR. The regions of SUMFI on
3p26.2 (for patient K9) and of MAMDC2 on 9q21.11-g21.12 (for
patient K16) had one copy in each patient compared with those in
unaffected individuals (Figure 2). The deletion of CETN1 on 18p11.32
(for patient K34) was inherited from his unaffected mother. As
samples from the parents of patient K16 were unavailable, it was
not possible to examine whether the deletion of 9921 was de novo. But
the deletion was not found in 95 normal Japanese individuals using
qPCR (data not shown).

As a consequence of this copy number analysis, we considered the
next four genes as candidate genes for KS: TRPM3, KLF9, SMC5 and
MAMDC2.

Mutation screening and in silico analysis

Table 2 shows the results from mutation screening of the four
candidate genes in 41 patients with KS. Ten base substitutions were
found in the 41 patients, consisting of six registered SNPs, one
unregistered SNP and three silent mutations. In addition, SUMF!I
(NM_182760) and CETN1 (NM_004066) were also screened, but no
mutations were detected (data not shown).

We checked the three silent mutations for splice site alteration
using the GeneSplicer program, but no activation of the cryptic
splice site was predicted. Although PANTHER classification
of the four candidate genes did not show significant correlation
for biological processes or pathway because of its small scale
in number, some genes associated with developmental biology;
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Figure 2 Validation of deletion with quantitative PCR (gPCR). gPCR
confirmed a loss of one copy in each patient: SUMF1 at 3p26.2 for patient
K9; MAMDC2 at 9q21.1 for patient K16; CETNI at 18p11.32 for patient
K34. The deletion of patient K34 was inherited from his unaffected mother.
UA, unaffected individual. Error bars, s.d.

that is, DNA repair (SMC5) and mRNA transcription regulation
(KLF9).

DISCUSSION

We used high-resolution oligonucleotide array of GeneChip 250K
Nspl with a resolution of 30-100kb and tried to find causative
deletions or mutated genes for KS. Our molecular analysis did not
strongly identify the causative gene for KS, but we identified a locus
that possibly contributed to KS.

The deletion in patient K16, with a length of ~1.27 Mb at 9q21.11-
q21.12, harbored four known genes: TRPM3, KLF9, SMC5 and
MAMDC?2 (Figure 1d). Unfortunately, her parents DNAs were
unavailable, but the region is unlikely to be a copy number variant
(CNV) because it has not been known as CNV in DGV; moreover, the
deletion was not found in 95 normal Japanese individuals using qPCR.

As mutation screening in the 41 patients with KS showed no
pathogenic base substitution in these genes, we cannot state that
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Table 2 Mutation screening of candidate genes in 41 patients with Kabuki syndrome

Patient(s) Results of

Involving Base with KS Allele frequency among ~ mutation

gene(s) substitution Amino acid change dbSNP unaffected Japanese® screening

Homo  Hetero

TRPM3 459C>T A153A 0 1 NR 0 Synonymous
4023G>A S13418 13 28 1s3739776 - SNP, synonymous

KLF9 459C>T vV1i53v 0 1 NR 0 Synonymous

SMC5 916G>A V3061 37 4 rs1180116 — SNP, non-synonymous
922T7>C C308R 21 10 rs1180117 SNP, non-synonymous

MAMDC2  62T>C L21p o] 2 NR 0.02 SNP, non-synonymous
492C>T T164T 0 1 NR 0 . synonymous
816C>T Y272Y 11 16 152296772 — SNP, synonymous
867G>A A289A 13 15 152296773 — SNP, synonymous
1063_1065 K355 del 11 17 rs61609258 — (SNP) synonymous; del/ins polymorphism
delAAA

Abbrgviations: KLF9, Kruppel-like factor 3; MAMDC2, MAM domain containing 2; SMCS, structural maintenance of chromosomes protein 5; SNP, single nucleotide polymorphism; TRPM3,

receptor potential cation ch 1, subfamily M, member 3; dbSNP, r

number of datab

of SNP (http:/Aww.ncbi.nlm.nih.gov/SNP/).

2Aliele freql was cal d from 188 chr of 94 individual

these genes are major genetic factors for KS. However, it is presumable
that the genes have some etiological roles for KS because of its genetic
heterogeneity. Ontology of the PANTHER classification suggested that
the three genes were associated with developmental biology, such as
mRNA transcription regulation. Moreover, the 1.27 Mb region of 9921
was included in an earlier reported candidate locus of cleft lip/palate
by meta-analysis of linkage analysis?? Patient K16 actually had
velopharyngeal insufficiency because of a submucous cleft palate.
Therefore, it is reasonable to consider that the deleted genes coop-
erated with the development of a cleft palate, which is often accom-
panied by KS.

Although the ~152kb deletion within intron 5 of C200rf133
(MACROD2) in patient K6 did not involve any coding exon and
her parents’ DNAs were unavailable, the deletion was neither regis-
tered as CNV in DGV nor was it found in 95 normal Japanese
individuals by qPCR (data not shown). Maas et al.1* reported de novo
~250kb deletion, including exon 5 of C200rf133 (MACROD?2), in a
patient with KS. Direct sequencing for the gene in 62 other patients
with KS did not detect mutations,#1> but the gene may be one of the
causative genes for KS in consideration of its genetic heterogeneity.

We focused this study on KS on deletion/duplication detected using
oligonucleotide array and mutation screening of the coding genes
within the region. One limitation of this study is its resolution. As a
matter of course, a higher resolution array can detect smaller genomic
rearrangements, which were undetectable in the same patient, as we
showed here compared with an earlier study of BAC array CGH.!®
Although SNP probes are useful to examine loss of heterozygosity as a
collateral evidence in deletions, unevenly distributed probes of the
SNP array have a disadvantage for CNV detection. As various plat-
forms on oligonucleotide array have developed, higher resolution
platforms will have to be applied to search tiny genomic rearrange-
ments in patients with KS. Another limitation is that we assumed that
a single copy number change caused KS. It remains to be elucidated
whether CNV association®® contributes towards manifestations of KS.
If further investigation with refined array technologies cannot find the
etiology of KS, the direction of study for KS will have to be changed to
find de novo sequence alteration or methylation aberration, including
in the non-coding genomic regions.

In summary, we applied molecular karyotyping with GeneChip
250K array to detect copy number aberrations in 17 patients with XS
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and screened four candidate genes in 41 patients with XS. We could
not identify causative DNA alteration for XS, but the locus, 9q21.11-
q21.12, including TRPM3, KLF9, SMC5 and MAMDC2, may con-
tribute to the cleft palate of KS. Further investigations will be needed
as various array platforms have the potential to specify genomic
alterations for KS.

ACKNOWLEDGEMENTS

‘We are grateful to the patients and their parents for their participation in this
research. We also thank Ms Yasuko Noguchi, Ms Miho QOoga and Ms Chisa
Hayashida for their technical assistance. NN was supported in part by Grants-
in-Aid for Scientific Research from the Ministry of Education, Sports, Culture,
Science and Technology of Japan, and was supported by SORST from Japan
Science and Technology Agency (JST) (Nos. 17019055 and 19390095, respec-
tively). KY was supported in part by Grants-in-Aid for Scientific Research from
the Ministry of Health, Labor and Welfare.

1 Niikawa, N., Matsuura, N., Fukushima, Y., Ohsawa, T. & Kajii, T. Kabuki make-up
syndrome: a syndrome of mental retardation, unusual faces, large and protruding ears,
and postnatal growth deficiency, J. Pediatr. 99, 565-569 (1981).

2 Kuraki, Y., Suzuki, Y., Chyo, H., Hata, A. & Matsui, 1. A new malformation syndrome of
long paipebral fissures, large ears, depressed nasal tip, and skeletal anomalies
associated with postnatal dwarfism and mental retardation. J. Pedialr. 99, 570-573
(1981).

3 Niikawa, N., Kuroki, Y., Kajii, T., Matsuura, N., Ishikiriyama, S., Tonoki, H. et al.
Kabuki make-up (Niikawa-Kuroki) syndrome: a study of 62 patients. Am. J. Med.
Genet. 31, 565-589 (1988).

4 White, S. M., Thompson, E. M., Kidd, A., Savarirayan, R., Turner, A., Amot, D. ef al.
Growth, behavior, and clinical findings in 27 patients with Kabuki {Niikawa-Kuroki}
syndrome. Am. J. Med. Genet, 127A, 118-127 (2004).

5 Matsumoto, N. & Niikawa, N. Kabuki make-up syndrome: a review. Am. J. Med Genet.
117¢, 57-65 (2003).

6 Wessels, M. W,, Brooks, A. S., Hoogeboom, J., Niermeijer, M. F. & Willems, P. §. Kabuki
syndrome: a review study of three hundred patients. Clin. Dysmorphol. 11, 95-102
(2002},

7 Armstrong, L., Abd EI Moneim, A., Aleck, K., Aughton, D. 1., Baumann, C., Braddock,
S. R. et al. Further delineation of Kabuki syndrome in 48 well-defined new individuals.
Am. J. Med. Genet. 132A, 265-272 (2005).

8 Li, M., Zackai, E. H., Niikawa, N., Kaplan, P. & Driscoll, D. A, Kabuki syndrome is not
caused by a mictodeletion in the DiGeorgeivelocardiofacial chromosomal region within
22q 11.2. Am. J. Med. Genet. 65, 101103 (1996).

9 Makita, Y, Yamada, K., Miyamoto, A., Okuno, A. & Niikawa, N. Kabuki make-up
syndrome is not caused by microdeletion close to the van der Woude syndrome critical
region at 1q32-g41. Am. J. Med. Genet. 86, 285-288 (1999).



10 Miyake, N., Harada, N., Shimokawa, O., Ohashi, H., Kurosawa, K., Matsumoto, T. et al.
On the reported 8p22-p23.1 duplication in Kabuki make-up syndrome (KMS) and its
absence in patients with typical KMS. Am. J. Med. Genet. 128A, 170-172 (2004).

11 Hoffman, J. D., Zhang, Y., Greshock, J., Ciprero, K. L., Emanuel, B. S., Zackai, E. H.
et al. Array based CGH and FISH fail to confirm duplication of 8p22-p23.1 in
association with Kabuki syndrome. J. Med. Genet. 42, 49-53 (2005).

12 Sanlaville, D., Genevieve, D., Bernardin, C., Amiel, J., Baumann, C., de Blois, M. C.
et al. Failure to detect an 8p22-8p23.1 duplication in patients with Kabuki (Niikawa-
Kuroki) syndrome. Eur. J. Hum. Genet. 13, 690-693 (2005).

13 Kimberley, K. W., Moris, C. A. & Hobart, H. H. BAC-FISH refutes report of an 8p22-
8p23.1 inversion or duplication in 8 patients with Kabuki syndrome. BMC Med. Genet.
7, 46 (2006).

14 Maas, N. M., Van de Putte, T., Melotte, C., Francis, A., Schrander-Stumpel, C. T,
Sanlaville, D. et al. The C200rf133 gene is disrupted in a patient with Kabuki
syndrome. J. Med. Genet. 44, 562-569 (2007).

15 Kuniba, H., Tsuda, M., Nakashima, M., Miura, S., Miyake, N., Kondoh, T. et al. Lack of
C200rf133 and FLRT3 mutations in 43 patients with Kabuki syndrome in Japan.
J. Med. Genet. 45, 479-480 (2008).

16 Cuscé, 1., del Campo, M., Vilardell, M., Gonzélez, E., Gener, B., Galan, E. et al. Array-
CGH in patients with Kabuki-like phenotype: identification of two patients with complex
rearrangements including 2q37 deletions and no other recurrent aberration. BMC Med.
Genet, 9, 27 (2008).

17 Schoumans, 1., Nerdgren, A., Ruivenkamp, C., Bréndum-Nielsen, K., The, B. T,
Annéren, G. et al. Genome-wide screening using array-CGH does not reveal microdele-
tiens/microduplications in children with Kabuki syndrome. Eur. J. Hum. Genet. 13,
260-263 (2005).

Molecular karyotyping in Kabuki syndrome
H Kuniba et al

18 Miyake, N., Shimokawa, O., Harada, N., Sosonkina, N., Okubo, A., Kawara, H. et al. No
detectable genomic aberrations by BAC Array CGH in Kabuki make-up syndrome
patients. Am. J. Med. Genet. 1404, 291293 (2006).

19 Zhang, Z. F., Ruivenkamp, C., Staaf, J., Zhu, H., Barbaro, M., Petitlo, D. et al. Detection
of submicroscopic constitutiona! chremoseme aberrations in clinical diagnostics: a
validation of the practical performance of different array platforms. Eur. J. Hum. Genet.
16, 786-792 (2008).

20 Chen, Y., Takita, 1., Choi, Y. L., Kato, M., Ohira, M., Sanada, M. et al. Oncogenic
mutations of ALK kinase in neuroblastoma. Nature 455, 971-975 (2008).

21 Nannya, Y., Sanada, M., Nakazaki, K., Hosoya, N., Wang, L., Hangaishi, A. et al.
A robust algorithm for copy number detection using high-density ofigonucleotide single
nucleotide polymorphism genotyping arrays. Cancer Res. 65, 6071-6079 (2005).

22 Monis, P. T., Giglio, S. & Saint, C. P, Comparison of SYTO9 and SYBR Green | for real-
time polymerase chain reaction and investigation of the effect of dye concentration on
amplification and DNA melting curve analysis. Anal. Biochem. 340, 24-34 (2005).

23 Thomas, P. D., Campbell, M. J., Kejariwal, A., Mi, H., Karlak, B., Daverman, R. et al.
PANTHER: a library of protein families and subfamilies indexed by function. Genome
Res. 13, 2129-2141 (2003).

24 Marazita, M. L., Murray, J. C., Lidral, A. C., Arcos-Burgos, M., Coaper, M. E., Goldstein,
T. et al. Meta-analysis of 13 genome scans reveals muitiple cleft lip/palate genes with
novel loci on 9q21 and 2q32-35. Am. J. Hum. Genet. 75, 161-173 (2004).

25 Franke, L., de Kovel, C. G., Aulchenko, Y. S., Trynka, G., Zhernakova, A., Hunt, K. A.
et al. Detection, imputation, and association analysis of small deletions and nuil alteles
on ofigonucleotide arrays. Am. J. Hum. Genet. 82, 1316-1333 (2008).

Supplementary Information accompanies the paper on Journal of Human Genetics website (http://www.nature.com/jhg)

309

Journal of Human Genetics

48



BRAIN &
DEVELOPMENT

Official Journal of
the Japanese Society

Brain & Development xxx (2009) xxx—xxx of Child Neurology

www.elsevier.com/locate/braindev

Case report

A case of Baraitser—Winter syndrome with unusual brain
MRI findings: Pachygyria, subcortical-band heterotopia,
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Abstract

Baraitser—Winter syndrome (BaWS) is characterized by iris coloboma, ptosis, hypertelorism, and mental retardation; it is a rare
multiple congenital anomaly or a mental-retardation syndrome of unknown etiology. Patients suffering from this syndrome have
been also found to show brain anomalies such as pachygyria, subcortical-band heterotopia (SBH), and hippocampal malformations;
therefore, these anomalies have been included in the phenotypic spectrum of this syndrome. We report the case of a Japanese boy
suffering from BaWS; the patient’s brain magnetic resonance imaging scan revealed pachygyria, SBH, and periventricular hetero-
topia. However, the results of the genome-wide array comparative genomic hybridization did not reveal any chromosomal
rearrangements.

© 2009 Elsevier B.V. All rights reserved.

Keywords: Baraitser—Winter syndrome; Pachygyria; Subcortical-band heterotopia; Periventricular heterotopia

1. Introduction entrez/dispomim.cgi?id=243310) [1]. Subsequently,

some BaWS patients were found to develop pachygyria

Baraitser-Winter syndrome (BaWS)—characterized
by iris coloboma, ptosis, hypertelorism, and mental
retardation-—was first described by Baraitser and Win-
ter in 1988 [Online Mendelian Inheritance in Man
(OMIM) No. 243310] (http://www.ncbi.nlm.nih.gov/
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with or without subcortical-band heterotopia (SBH),
both of which were revealed by brain magnetic reso-
nance imaging (MRI) [2,3]. The genetic mechanism
underlying BaWS has not been elucidated; however, 2
patients with BaWS exhibited a pericentric inversion
of chromosome 2: inv(2)(p12q14) [4,5]. Ramer et al.
speculated that the PAX8 gene (OMIM No. 167415),
which maps to 2q12-q14, a site that coincides with the
distal breakpoint of the inversion, plays an etiological
role in BaWs [6].
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Here, we report the case of a Japanese boy with
BaWS whose brain MRI scans showed abnormalities;
however, the genome-wide array comparative genomic
hybridization (aCGH) did not reveal any chromosomal
rearrangements.

2. Case report

QOur patient was a 12-month-old Japanese boy who
was the only child of unrelated parents; he did not have
a family history of any serious diseases or allergies. Fetal
ultrasonography performed at 20 weeks of gestation
revealed nuchal cystic hygroma. He was born at
41 weeks of gestation. At the time of birth, he weighed
3554 g [standard deviation (SD), +1.32], his length was
48.5 cm (SD, —0.24), and the circumference of his head
was 33.4 cm (SD, +0.07). Physical examination revealed
that the child had epicanthal folds, ptosis, hypertelor-
ism, a broad nasal bridge, a thin upper lip, low-set mal-
formed ears, and a webbed neck (Fig. 1).
Ophthalmologic examination revealed iris coloboma,
microphthalmia, and microcornea. Cardiac ultrasonog-
raphy revealed patent ductus arteriosus, mitral-valve
prolapse, mitral regurgitation, tricuspid-valve prolapse,
and tricuspid regurgitation, and renal ultrasonography
revealed bilateral hydronephrosis. Brain MRI per-
formed at 5 days revealed diffuse pachygyria, SBH,
and periventricular heterotopia (Fig. 2A and B). We
also noted incomplete hippocampal inversion (figure
not shown). The patient was diagnosed with BaWS by

Fig. 1. The patient at 11 months. Epicanthal folds, ptosis, hypertel-
orism, a broad nasal bridge, long hypoplastic philtrum, and the thin
vermilion border of the upper lip can be observed.

2 dysmorphologists. G-banding chromosome analysis
of the peripheral lymphocytes showed that the patient
had a normal karyotype (46, XY). Fluorescence in situ
hybridization was performed using a LIS probe; both
chromosomes generated appropriate signals. The bacte-
rial artificial chromosome (BAC)-aCGH analysis (com-
prising 4219 clones with 0.7-Mb resolution for genome-
wide analysis) did not reveal any abnormalities (data not
shown) [7]. When the child was 8 days old, he suffered
from convulsions, which were ameliorated with adminis-
tration of phenobarbital. The electroencephalography
(EEG) revealed age-appropriate centroparietal domi-
nant theta—delta background activity without any dis-
tinctive epileptic discharges. At 4 months of age, the
patient’s auditory brainstem response was within the
normal range. Eczema and eosinophilia were noted dur-
ing the neonatal period; these conditions exacerbated at
8 months (white blood cell count, 57.7 x 10%/ul; eosino-
phil proportion, 54.0%) and improved after administra-
tion of oral prednisolone.

At 12 months of age, the patient weighed 5804 g (SD,
—3.8), his length was 62.0 cm (SD, —5.0), and the cir-
cumference of his head was 43.0 cm (SD, -2.2). He
was unable to hold up his head and had not yet started
to utter words. A physical examination revealed the
absence of hepatosplenomegaly. A neurological exami-
nation revealed muscle hypotonia, poor head control,
normal deep-tendon reflexes, and positive Babinski sign.
The patient did not exhibit blink reflexes on exposure to
acoustic or visual stimuli, and he showed poor visual
tracking; however, exposure to tactile stimuli evoked
smiles. During the follow-up examination, a brain
MRI scan showed that there were marked changes in
the white matter; this observation indicated the enlarge-
ment of the perivascular space (Fig. 2C). EEG revealed
centroparietal dominant theta background activity,
intermittent occipital dominant alpha-beta activities,
14-Hz sleep spindles, relatively poor interhemispheric
synchronization, and no distinctive epileptic discharges.
The levels of organic acid and mucopolysaccharides in
the urine were within normal ranges.

3. Discussion

In this report, we have described a patient exhibiting
the characteristic features of the BaWS phenotype {1]. In
patients with BaWS, developmental delay is inevitable,
albeit with some variations [1-6]. The symptoms mani-
fested in our patient scemed to correspond to those
observed in the most severe case (patient 2 in the study
by Ramer et al.) [6]. The severity of developmental delay
can reflect the degree of brain malformation. Both
patient 2 and our patient showed classical lissencephaly,
which causes severe developmental delay. Marked eosin-
ophilia, which was observed in our patient, has not been
reported to be associated with BaWS. Thus far, there
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Fig. 2. Axial T2-weighted brain MRI scans (repetition time (TR)/echo time (TE), 4000/120 ms; 1.5 T scanner) at 5 days (A and B) and 11 months
(C). (A and B) Diffuse pachygyria with SBH (arrows) and periventricular heterotopia (arrow heads) can be observed. (C) Marked changes are
observed in the white matter; the affected regions are isointense to the regions containing the cerebrospinal fluid (arrow). The feather-like

configurations are suggestive of an enlarged perivascular space.

have been very few reports on BaWs, and no BaWS-spe-
cific genetic or biological markers have been identified;
therefore, it is unclear whether the marked eosinophilia
is incidental or pathognomonic.

A case of BaWS with pachygyria and SBH has
already been reported; however, BaWS with periventric-
ular heterotopia, which was observed in our patient, has
not yet been reported [2,3]. Patients with these condi-
tions may show impaired neuronal migration. It is well
known that mutations in the LIS/ or DCX genes can
cause pachygyria or SBH, and that abnormalities in
the FLNA gene can result in periventricular heterotopia
(also known as periventricular nodular heterotopia);
however, the brain MRI scan of our patient differed
from that of the patients with the abovementioned con-
ditions. To date, the combination of pachygyria, SBH,
and periventricular heterotopia has not been reported

to be associated with known cortical malformations
induced by gene abnormalities [8,9]. Enlargement of
the perivascular space has been reported to be associ-
ated with BaWS [2,3]. The marked changes in the white
matter, observed in our patient at 12 months, were prob-
ably due to this enlargement; however, the mechanisms
underlying this enlargement are still unknown. The hip-
pocampal malformation observed in our patient has also
been reported to be related to BaWS; this malformation
could have developed primarily from cortical malforma-
tions [2].

In a previous study, 2 patients with BaWS were found
to have a pericentric inversion in chromosome 2:
inv(2)(p12q14). However, the exact etiology of BaWS
remains unknown [4,5]. In our patient, BAC aCGH
and G-banding chromosome analyses did not reveal
any abnormalities. Therefore, we believe that the causa-
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tive genomic change was too minor, as discussed in Pal-
lotta’s study, to be detected by the abovementioned
methods.

The combination of pachygyria, SBH, and periven-
tricular heterotopia observed in our patient may be a
key finding for clarifying the etiology of BaWs; addi-
tional case reports and advancements in genetic-analysis
tools are required for achieving the same.
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Absfract

X-linked lissencephaly with abnormal genitalia (XLLAG) is characterized by lissencephaly, absent corpus callosum and ambigu-
ous genitalia. We examined hypothalamic dysfunctions in a XLAG case with a novel mutation of the ARX gene, and performed
immunohistochemical evaluation of the diencephalons in autopsy brain. A 1-year-old boy showed intractable epilepsy, persistent
diarrhea and disturbed temperature regulation. This case had abnormalities in circadian rhythms and pituitary hormone reserve test.
He died of pneumonia. The globus pallidus and subthalamic nucleus was not identified, and the putamen and thalamus were dys-
plasic. The suprachiasmatic nucleus was absent. A few neurons immunoreactive for vasopressin seemed to form the ectopic supra-
optic-like nucleus. The diencephalons were disturbed differently in each sub-region, and the changes may be related to various

hypothalamic dysfunctions.
© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

X-linked lissencephaly with abnormal genitalia
(XLAG) is characterized by lissencephaly, absent corpus
callosum and ambiguous genitalia [1]. Kitamura et al.
identified loss-of-function mutations in the ARX gene
in individuals affected with XLAG [2]. XLAG boys
show intractable epilepsy of neonatal onset, severe diar-
rhea and early death [3]. Altered hypothalamic functions
are speculated, but the detailed endocrine analysis has
rarely been done in XLAG patients [4]. We reported
that immunohistochemistry can characterize the
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intermingled diencephalon in cases of alobar holopros-
encephaly [5]. We attempted to correlate the immuno-
histochemical findings in the diencephalon with data in
endocrine tests in an autopsy case of XLAG with a
novel mutation of ARX gene.

i

2. Case report

A boy was the first child born to non-consanguineous
healthy parents. He was born at 40 weeks after unevent-
ful pregnancy. Apgar scores were 4 and 7 at 1 and 5 min,
respectively. Birth weight was 2552 g, length 54.5 cm,
and occipito-frontal circumference 33.5 cm. He showed
respiratory distress at birth, and clonic convulsion in
the upper limbs with myoclonus at eyelids. Micropenis,
hypospadias and cryptorchism were observed. He
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showed systemic muscle hypotonia. Blood test for
TORCH complex and various metabolic tests in the
urine, blood and cerebrospinal fluid were unremarkable.
Magnetic resonance imaging (MRI) of the brain
revealed total absence of the corpus callosum and lissen-
cephaly with a posterior-to-anterior gradient of severity,
consisting of frontal pachygyria and posterior agyria
(Fig. 1a). The cerebral cortex was thick, and the basal
ganglia was hypoplasic. The posterior lobe of pituitary
gland was detected (Fig. 1b). Chromosome test showed
46, XY in G-band and ish Ypl1.3 (SRYx1) in SRY
FISH. He demonstrated a deletion of 4 bases (980-
983delAACA) in exon 2 of the ARX gene, a novel muta-
tion [6], but his parents had no abnormalities in the
ARX gene. His convulsions were refractory. His body
temperature fluctuated and often showed an abnormal
dip. He repetitively suffered from bacterial infections,
and developed intractable diarrhea. At 16 months, he
died of pneumonia.

2.1. Endocrine examination

At neonate, concentration of hypocretin-1 was
normal (230 pg/ml) (220-360 pg/ml in controls) in the
cerebrospinal fluid. Serum level of testosterone was
low (68 ng/dl) (100-200 ng/dl in controls), whereas
that of free triiodothyronine (3.0 pg/ml) and free thy-
roxin (fT4, 1.35 ng/dl) was unremarkable. Subcutaneous
administration of adrenocorticotropic hormone (ACTH)
increased serum level of cortisol from 2.8 to 48.8 pg/dl,
and intravenous administration of corticotrophin-
releasing hormone (CRH) could induce an elevation of
serum levels of ACTH (38.3-48.1 pg/ml) and cortisol
(1.4-3.3 ng/dl). At 1 month, pituitary hormone reserve
was tested with simultaneous intravenous administra-
tion of CRH (250 pg/m?, body surface), thyrotropin-
releasing hormone (10 pg/kg) and luteinizing hormone-
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releasing hormone (3 pg/kg). Thyroid stimulating hor-
mone (TSH) showed prolonged reaction. Gonadotro-
pins demonstrated high value before stimulation and
showed prolonged reaction. Serum levels of prolactin
and ACTH were high before provocation, and the for-
mer was increased after stimulation, whereas the latter
seems to be unchanged. Since insufficient secretion of
CRH in the hypothalamus was speculated, replacement
therapy with hydrocortisone started at 2 months. Serum
level of fT4 decreased without increased serum level of
TSH, and became less than 0.9 ng/dl at 3 months
(0.97-1.79 ng/dl in controls), and replacement therapy
with levothyroxine sodium was initiated. Serial record-
ing of rectal temperature was performed for 1 month
to assess circadian rhythm of core body temperature at
3 months. The core body temperature ranged from 34
to 38 °C, lacking definite circadian rhythm (Fig. 2a).
At 4 months, wakefulness—sleep circadian rhythm was
monitored with an actogram by means of Actiwatch
(Mini Mitter) for 7 consecutive days. Actogram identi-
fied the wake and sleep states in a day, indicating the
presence of ultradian rhythm, whereas there seemed to
be no circadian rhythm (Fig. 2b).

2.2. Neuropathological findings

The brain weighed 270 g at autopsy, and the brain was
very small. The surface of cerebrum was smooth pre-
dominantly in the occipital lobe. The olfactory bulbs
and tracts were absent, the optic chiasm and pituitary
infundibulum were found. The corpus callosum, anterior
and posterior commissurae and Probst bundle were
absent. Formalin-fixed brain was cut coronally and
embedded in paraffin. Each brain section was stained
with hematoxylin-eosin, Kliiver—Barrera (KB), Bodian
and Holzer methods. In serial sections of the diencepha-
lon (Fig. 3a), we performed immunohistochemistry using

Fig. 1. Brain MRI findings at the age of 1 day. Axial view of Tl-weighted image demonstrated total absence of the corpus callosum and
lissencephaly, consisting of frontal pachygyria and posterior agyria (a). Sagittal view of T1-weighted image demonstrated normal high signal in the

posterior lobe of the pituitary grand (arrow) (b).
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