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Figure 4 | sox11a/b knockdown experiments in zebrafish. (a) Embryos were injected with sox77-MO alone or with sox11- and tp53-MO or with sox71-MO
and in vitro transcribed human SOX71 (hSOXTT) mRNA (WT, wild type; S60P, p.Ser60Pro; Y116C, p.Tyr116Cys). Injected embryos were categorized as
normal, affected and lethal at 48 hpf. The lethal and affected phenotype in sox1la/b-MO-injected embryos was partially rescued by WT hSOX77 mRNA
overexpression. All experiments were performed more than twice and evaluated statistically with a Student's t-test. (b) Head size ratios of embryos with
control-, sox1la-, sox11b- or soxTla/b-MO alone, or with sox1la/b- and tp53-MO or sox11a/b-MO and hSOX71 mRNA (WT or mutant) at 48 hpf (n>10)
(average of control-MO as 1). Dorsal views of midbrain width were measured. Data are represented as mean £ s.d. *P< Q.05 by Student's t-test. NS, not
significant. (¢€) Brain cell death in MO-injected embryos at 30 hpf using acridine orange staining (lateral view). sox17 morphants show increased cell death in
the CNS. Scale bar, 100 pm. Quantification of acridine orange intensities in morphants are shown graphically (right, n>10). Data are represented as

mean = s.d. *P<0.001 by Student's t-test.

In conclusion, mutations in both BAF complex genes and
SOX11 result in the same phenotype (CSS), providing strong
support for the BAF complex and SOXI11 function in a
common pathway, and play an important role in human brain
development.

Methods

Subjects and clinical data. Patients were seen by their attending clinical
geneticists. DNA samples were isolated from peripheral blood leukocytes using
standard methods. Informed consent was obtained from the parents of the patients
for experimental protocols and displaying participants’ facial appearances in
publications. This study was approved by the institutional review board of
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Yokohama City University School of Medicine. A total of 92 patients were ana-
lysed, including 71 patients from a previous cohort and 21 new patients.

WES. Trio-based WES was performed in two families. Briefly, 3 pug of genomic
DNA was sheared using the Covaris 2S system (Covaris, Woburn, MA) and par-
titioned using SureSelect Human All Exon V4 or V4 + UTRs (Agilent Technology,
Santa Clara, CA), according to the manufacturer’s instructions. Exon-enriched
DNA libraries were sequenced using HiSeq2000 (Illumina, San Diego, CA) with
101-bp paired-end reads and 7-bp index reads. Four samples (2.5 pM each, with
different indexes) were run in one lane. Image analysis and base calling were
performed using HiSeq Control Software/Real-Time Analysis and CASAVA1.8.2
(Ilumina). Mapping to human genome hgl9 was performed using Novoalign
(http://www.novocraft.com/main/page.php?s=novoalign). Aligned reads were
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processed by Picard (http:/picard.sourceforge.net) to remove PCR duplicates.
Variants were called using the Genome Analysis Toolkit 1.5-21 (GATK v3) with
best practice variant detection (http://gatkforums.broadinstitute.org/discussion/15/
best-practice-variant-detection-with-the-gatk-v1-x-retired), and annotated by
Annovar (23 February 2012) (http://www.openbioinformatics.org/annovar/).
Common variants registered in dbSNP137 (MAF 2 0.01) (http://genome.ucsc.edu/
cgi-bin/hgTrackUithgsid=28170294 1 &c=chrl &g=snp137Flagged) were removed,

Prioritization of variants. From all the variants within exons and *+2bp of
intronic regions from exon~intron boundaries, those registered in either
dbSNP137, 1,000 Genomes (http://www.1000genomes.org/), ESP 6500 (http://
evs.gs.washington.edu/EVS/) or our in-house (exome data from 408 individuals)
databases, and those located within segmental duplications, were removed and we
focused on heterozygous non-synonymous and splice site variants, which were
subsequently confirmed by Sanger sequencing. SOX11 mutations in LOVD, http://
www.LOVD.nl/SOX11.

Structural modelling and free energy calculations. The crystal structure of the
mouse Sox4 MG domain bound to DNA (Protein Data Bank code 3U2B) was
selected by SWISS-MODEL server 5 (ref. 25) as the structure most resembling
human SOX11. To examine the missense mutations, mutational free energy
changes were calculated using FoldX software (version 3.0)'*!L Calculations were
repeated three times, and resultant data presented as average values with s.d.

SOXT1 expression analysis in human tissues. TagMan quantitative real-time
PCR was performed using cDNAs from adult (Human MTC Panel I, #636742,
Clontech Laboratories, Mountain View, CA) and foetus (Human Fetal MTC Panel,
#636747, Clontech Laboratories). Pre-designed TagMan probes for human SOX11
(Hs00167060_m1, Life Technologies Co., Carlsbad, CA) and human beta-actin
(ACTB, 4326315E, Life Technologies Co.) were used. PCR was performed on a
Rotor-Gene Q (QIAGEN, Valencia, CA) and expression levels normalized to
ACTB, an internal standard gene, according to the 2~ AACH method, Kidney
expression was used as the standard (1 x ).

Expression vectors. The SOX11 open-reading frame clone was purchased from
Promega (Tokyo, Japan) and SOX11 mutants (c.1787 > C; p.Ser60Pro and
¢.347A>G; p.Tyr116Cys) generated by site-directed mutagenesis with the KOD-
Plus-Mutagenesis Kit (TOYOBO, Osaka, Japan). WT and mutant SOX11 cDNAs
were PCR amplified and cloned into the pEF6/V5-His B mammalian expression
vector (Life Technologies) using the In-Fusion PCR Cloning Kit (Clontech
Laboratories), and also into the p3xFLAG-CMV-14 mammalian expression vector
(Sigma, St Louis, MO). The GDF5 promoter 5'-flanking sequence ( — 448/ + 319)
was PCR amplified and cloned into the pGL3-basic vector (Promega). All con-
structs were verified by Sanger sequencing. Human SOX11 cDNA can be obtained
from GenBank/EMBL/DDBJ nucleotide core database under the accession code
AB028641.1.

Immunostaining. Mouse neuroblastoma 2A (Neuro-2A) cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM)-high glucose GlutaMAX supple-
mented with 10% fetal bovine serum (FBS) and penicillin-streptomycin (Life
Technologies Co.). Neuro-2A cells were plated into 24-well plates, 24 h before
transfection. Each expression construct (200 ng) was transfected into Neuro-2A
cells using X-tremeGENE 9 DNA Transfection Reagent (Roche Diagnostics,
Indianapolis, IN). Twenty-four hours after transfection, cells were fixed in 4%
paraformaldehyde (PFA)/phosphate-buffered saline (PBS) for 15 min at room
temperature, and permeabilized in 0.1% Triton X-100/PBS for 5min at room
temperature. C-terminal V5-6xHis-tagged SOX11 proteins were detected using a
mouse anti-V5 primary antibody (1:200; Life Technologies Co.) and an Alexa Fluor
546 Goat Anti-Mouse IgG secondary antibody (1:1,000; Life Technologies Co.).
Smears were mounted in Vectashield mounting medium with DAPI (Vector Lab.,
Burlingame, CA). Confocal images were acquired using a Fluoview FV1000-D
microscope (Olympus, Tokyo, Japan).

Luciferase assay. Hela cells were cultured in DMEM-hi§h glucose supplemented
with penicillin (50 units ml ™ 1), streptomycin (50 pgml ~ 1) and 10% FBS. ATDC5
cells were cultured in DMEM/Ham’s F-12 (1:1) supplemented with the above
antibiotics and 5% FBS. Cells were plated in 24-well plates, 24 h before transfection,
and transfections performed using TransIT-LT1 (Takara, Ohtsu, Japan) with pGL3
reporter (500 ng per well), effector (250 ng per well) and pRL-SV40 internal control
(6 ng per well) vectors. Twenty-four hours after transfection, cells were harvested
and luciferase activities measured using the PicaGene Dual SeaPansy Luminescence
Kit (TOYO B-Net, Tokyo, Japan). Production of WT and mutant SOX11 proteins
was assessed by immunoblot analysis with monoclonal anti-FLAG M2 HRP
antibody (1:3,000; Sigma), following the manufacturer’s instructions.

Morpholino and mRNA microinjection. Antisense translation-blocking
morpholinos (MOs) for soxI1a—(5'-CGCTGTTGTCCGTTTGCTGCACCAT-3),
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soxl1b—(5 -CTGTGCTCCGTCTGCTGCACCATGT-3), tp53—(5'-GCGCCAT
TGCTTTGCAAGAATTG-3)' and standard control—(5'-CCTCTTACCTCAG
TTACAATTTATA-3") MO were obtained from GeneTools (Philomath, OR) and
injected (or co-injected) into one- to two-cell-stage embryos at a final con-
centration of 0.1 or 0.2 mM. In rescue assays, capped human SOXI11 mRNAs
transcribed in vitro from pEF6/V5-His B constructs were prepared using the
mMessage mMachine T7 ULTRA Transcription Kit (Ambion, Carlsbad, CA),
following the manufacturer’s instructions, and injected into one-cell-stage embryos.
For each MO knockdown and rescue experiment, embryos from the same clutch
were used as experimental subjects and controls. Approximately 1 pg of capped
RNA was injected per embryo. The experiment was authorized by the institutional
committee of fish experiments in the National Rescarch Institute of Fisheries
Science,

Cell death detection. To detect apoptotic cells in live embryos, embryos at 30 hpf
were manually dechorionated and incubated in acridine orange (2pgml = ! in egg
water) at 28 °C for 1h. After washing with egg water six times for 10 min each,
embryos were anaesthetized with tricaine, mounted in 2% methylcellulose and
examined by confocal microscopy. Apoptotic cells were also examined by the
TUNEL assay, as previously described?. Embryos at 30 hpf, were fixed overnight in
4% PFA with PBS at 4°C and stored in 100% methanol at — 20 °C. Samples were
incubated in 100% acetone at ~ 20 °C for 20 min. Following fixation, the embryos
were rinsed three times with PBS containing 0.1% Tween-20. Samples were then
permeabilized by treatment with 0.5% Triton X-100 and 0.1% sodium citrate in
PBS for 15 min. Embryos were subjected to the TUNEL assay by using the
ApopTag Red in situ Apoptosis Detection Kit (Merck KGaA Millipore, Darmstadt,
Germany) according to the manufacture’s instruction.

Detection and quantitation of visible and fluorescent images. All animals were
photographed under the same conditions using a LSM510 confocal microscope
(Carl Zeiss, Jena, Germany). In each animal, acridine orange-positive cells were
quantitated using a selection tool in Adobe Photoshop, for a colour range chosen
by green colour selection of regions showing visually positive acridine orange
staining. For analysis of embryos, defined head regions were selected in each
embryo. Following pixel selection, a fuzziness setting of 0 was used, and chosen
pixel numbers calculated using the image histogram calculation.

Whole-mount immunohistochemistry. For HuC/D staining, embryos at 48 hpf
were fixed in 4% PFA overnight at 4°C and dehydrated in methanol at —20°C.
For acetylated tubulin staining, embryos at 48 hpf were fixed in Dent’s fixative (80%
methanol and 20% dimethyl sulphoxide) overnight at 4 °C. Embryos were per-
meabilized with proteinase K followed by postfixation with 4% PFA and washed
with PBSTX (PBS containing 0.5% Triton X-100). After treating with 4% normal
goat serum (NGS) in PBSTX for 2 h at room temperature, embryos were incubated
with mouse anti-HuC/D (1:500, A21271, Life Technologies Co.) or mouse anti-
acetylated tubulin (1:1,000, T7451, Sigma) antibodies in 4% NGS/PBSTX overnight
at 4 °C. Embryos were washed five times with PBSTX for 10 min each and incu-
bated with goat anti-mouse fluorescein isothiocyanate secondary antibody diluted
in 2% NGS/PBSTX for 2h at room temperature. After washing five times for

10 min each, embryos were mounted in 2% methylcellulose and examined using a
Fluoview FV1000-D confocal microscope (Olympus).
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40 newly identified MWS patients in Japan. Although the clinical
findings of all the Japanese MWS patients with nonsense and
frameshift mutations were quite similar to the previous review
reports of MWS caused by nonsense mutations, frameshift
mutations and deletions of ZEB2, the frequencies of microceph-
aly, Hirschsprung disease, and urogenital/renal anomalies were
small. Patients harbored mutations spanning the region between
the amino acids 55 and 1,204 in wild-type ZEBZ, There was no
obvious genotype~phenotype correlation among the patients. A
transfection study demonstrated that the cellular level of the
longest form of the mutant ZEB2 protein harboring the
p.D1204Rfs"29 mutation was remarkably low. The results
showed that the 3'-end frameshift mutation of ZEBZ causes
MWS due to ZEB2 instability. © 2014 Wiley Periodicals, Inc.

Key words: Mowat—Wilson syndrome; frameshift mutation;
nonsense mutation; ZEB2

INTRODUCTION

Mowat et al. [1998] described six patients with severe intellectual
disability, a distinct facial appearance, microcephaly, short stature,
and Hirschsprung disease as a new syndrome. The authors also
suggested that the disease locus was located at 2q22-23, because
their only patient and a previously reported similar patient [Lurie
etal., 1994] had deletions at 2q21-23 and 2q22-23, respectively. The
determination of the chromosomal translocation breakpoint from
two patients harboring the 2q22 translocation led to the identifica-
tion of the zinc finger E-box binding homeobox 2 gene (ZEB2, also
known as ZFHXI1B and SIPI) as the disease gene [Cacheux et al,,
2001; Wakamatsu et al., 2001]. Mowat—Wilson syndrome (MWS:
OMIM#235730) was established as a distinct and recognizable
syndrome; in particular, the characteristic facial appearance, which
includes frontal bossing, eyebrows with medially flaring, hyper-
telorism, telecanthus, a broad nasal bridge, prominent columella, a
prominent chin, and anomalies of ears, was associated with loss of
function mutations (e.g., nonsense mutations, frameshift muta-
tions, and deletions) in one allele of ZEB2 [Zweier et al., 2002;
Mowat et al., 2003]. Numerous reports (approximately 200) of
ZEB2 mutations in MWS [for clinical summaries or a review, see
Zweler et al., 2005; Dastot-Le Moal et al., 2007; Garavelli et al., 2009]
have been described. There is no obvious genotype—phenotype
correlation in the MWS patients showing loss of function ZEB2
mutations except for two patients with large deletions (>10 Mb) at
the 2q22-24 locus, who presented with quite severe conditions and
different original cases [Zweier et al., 2003; Ishihara et al., 2004].
MWS is caused by de novo mutations in one allele of ZEB2. The
parents of MWS patients are usually healthy, and genetic abnor-
malities including apparent somatic mosaicism have not been
reported. However, four families with MWS in siblings have
been reported to be likely caused by germ-line mosaicism
[McGaughran et al., 2005; Zweier et al., 2005; Cecconi et al,
2008; Ohtsuka et al., 2008].

ZEB2 is a member of the family of the two-handed zinc finger/
homeodomain proteins containing an SMAD-binding domain
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(p.437-487), a homeodomain-like sequence (p.651-700), and
two separate clusters of zinc fingers: an N-terminal domain
(p-213-304) and a C-terminal domain (p.1001-1076) [Verschue-
ren etal., 1999]. ZEB2 also possesses domains that interact with the
nucleosome remodeling and histone deacetylation (NuRD) com-
plex (p.14-17, 20) [Verstappen et al., 2008] and the transcriptional
co-repressor C-terminal binding protein (p.757-863) [Postigo
etal., 2003]. Recently, several Zeb2 functions in neuronal develop-
ment and maturation have been identified by analyzing conditional
knockout mice. Firstly, Zeb2 regulates the production of signals
from post-mitotic cells back to the germinal zone to ensure the
sequential generation of appropriate numbers of different neurons
and glial cells throughout corticogenesis [Seuntjens et al., 2009].
Secondly, Zeb2 is essential for central nervous system myelination
through the modulation of two distinct regulatory pathways (i.e.,
BMP-Smad and Wnt-3-catenin pathways) [Weng et al., 2012].
Thirdly, Zeb2 promotes a fate switch between cortical and striatal
interneuron lineages through the repression of Nkx2-1 during
neuronal migration from the medial ganglionic eminence [McKin-
sey et al.,, 2013].

Here, we report on nonsense and frameshift ZEB2 mutations and
the clinical features of 40 newly identified MWS patients in Japan.
One patient carries the frameshift mutation of p.D1204Rfs*29 at the
C-terminal of ZEB2; the mutant ZEB2 shares 99% (1,203/1,214) of
its amino acids with the wild-type protein. We analyze the C-
terminal mutant of ZEB2 and discuss the pathogenesis of the
disease.

MATERIALS AND METHODS
Clinical Studies of MWS

Written informed consent was obtained from all the participants of
this study. The experiments were conducted after approval by the
Institutional Review Board at the Institute for Developmental
Research, Aichi Human Service Center. The patients participating
in this study were labeled S-001-S-131, except for five patients (K-
01, X-02, O-01, P-1, P-2), whose ZEB2 analysis was separately
performed. S-073 (a-c) are sibling cases. The clinical and molecular
analysis of ZEB2 from S-001-5-042, S-073 (a-c), and P-1 and P-2
have been published elsewhere [Wakamatsu et al., 2001; Yamada
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et al., 2001; Ishihara et al,, 2004; Sasongko et al., 2007; Ohtsuka
et al., 2008]. We performed the genetic analysis of the ZEB2 in
Japanese patients with a potential clinical diagnosis of MWS and
presented the confirmed MWS cases based on ZEBZ2 analysis at the
corresponding meetings of physicians in charge by supporting the
Research on Measures for Intractable Diseases sponsored by the
Ministry of Health Labor and Welfare in Japan. The prevalence of
MWS was determined by epidemiological survey of the patients
from the hospitals and medical centers for pediatric rehabilitation
at the Aichi and Kanagawa prefectures.

DNA Sequencing

Genomic DNA was isolated from the peripheral blood of the
patients with a possible clinical diagnosis of MWS and the muta-
tions in ZEB2 were evaluated as previously described [Yamada
et al,, 2001]. Briefly, nine PCR products encompassing all nine
coding exons (exons 2-10) including intron/exon boundaries were
amplified and sequenced directly. To confirm the mutations
detected in one allele of the patients, the PCR products were
subcloned into pGEM-T Easy (Promega, Madison, WI) and se-
quenced. The nucleotide sequence of the DNA fragment was
determined using the GenomeLab'™ GeXP Genetic Analysis Sys-
tem (Beckman Coulter, Fullerton, CA), with the GenomeLab™
Dye Terminator Cycle Sequencing with Quick Start Kit (Beckman
Coulter).

Construction of the Wild-Type and Mutant ZEBZ
Expression Vectors

Wild-type ZEB2 cDNA was amplified from the first-strand cDNA
prepared from HEK293 cells using the specific primer pair S1-Al
(S1, exon 1: 5'-cgctgaattcaatgaageagecgateatg-3'; Al, exon 10: 5'-
aatgctctagattattacatgecate-3'). An EcoRI recognition site (gaattc) or
an Xbal recognition site (tctaga) was introduced into S1 or Al,
respectively. After confirming the nucleotide sequences, the EcoRl/
Xbal fragment of the wild-type ZEB2 cDNA was subcloned into the
EcoR1/ Xbal site of a mammalian expression vector, p3xFLAG-CMV
(Sigma-Aldrich, St. Louis, MO) (pFLAG-ZEB2). To generate the
D1204Rfs*29 mutant of ZEB2, the 3’ portion of the ZEB2 was
amplified with the primer pair $2-A2 (82, exon 10: 5'-cgggcttacttg-
cagagcat-3'; A2, exon 10: 5'-catgaacagcttaactctagagtgtttte-3') using
the genomic DNA prepared from the patient’s peripheral blood
cells. An Xbal recognition site was introduced into A2. A 189-bp
piece of the BamHI/Xbal fragment of pFLAG-ZEB2 was exchanged
with a 184-bp piece of BamHI/Xbal-digested PCR fragment
(pFLAG-ZEB2-D1204Rfs*29). Similarly, the ZEB2 expression vec-
tors (pFLAG-ZEB2-D1204X and pFLAG-ZEB2-M1210X) contain-
ing premature termination codons at the 3’-end were generated by
in vitro mutagenesis. The nucleotide sequences of all the con-
structed ZEB2 expression vectors were verified by sequencing.

Expression Study of Wild-Type and Mutant ZEB2
Proteins in HEKZ293 Celis

Each ZEB2 expression vector (4pg; p3xFLAG-CMV, pFLAG-
ZEB2, pFLAG-ZEB2-D1204Rfs, pFLAG-ZEB2-D1204X, and

pFLAG-ZEB2-M1210X) was cotransfected with 50 ng of pCMV-
B-gal (an Escherichia coli B-galactosidase expression vector) into
HEK293 cells in six-well dishes using the Lipofectamine 2000
reagent (Invitrogen, Carlsbad, CA). After a 24-h transfection, the
cells from each well were harvested and replated in two wells of six-
well dishes. After a 48-h transfection, the cells from one of the two
wells were washed with PBS, solubilized with a lysis buffer con-
taining 20 mM Tris-HCI (pH 7.5) and Protease Inhibitor Cocktail
(1:1,000 dilution), and sonicated using SOMIFIER 250 (BRAN-
SON, Danbury, CT). The FLAG tagged ZEB2 mRNA levels relative
to mRNA of B-actin (ACTB) were analyzed by the multiplex PCR
method [Ishihara et al., 2004]. Total RNA was extracted from
HEK293 cells transfected with each of the ZEB2-expressing vectors
using TRIzol Reagent (Invitrogen) and first-strand ¢cDNAs were
synthesized by reverse transcription of 4.5 pg of total RNA using
First-Strand ¢cDNA Synthesis Kit (GE Healthcare, Tokyo, Japan).
Primer pairs were designed to amplify a 178-bp fragment (90-bp of
FLAG and 88-bp of ZEB2) of FLAG tagged ZEB2 cDNA: S3 (sense
primer for the FLAG sequence), 5 -aaccatggactacaaagacca-3' and
A3 (antisense primer for exons 1 and 2 of ZEB2), 5'-cattgtcatagtt-
caccacgt-3', and a 149-bp fragment of ACTB: $4, 5'-gacaggatgcaga-
aggagat-3" and A4, 5'-ctgcttgetgatecacatet-3". Aliquots (equivalent
to 0.1 pg of total RNA) of first-strand cDNA were amplified by PCR
in a total volume of 20 pl, each containing 0.3 uM of the both
primer pairs (§3-A3 and S4-A4), and 20 cycles were performed.
PCR products were separated on 1.5% low melting point agarose gel
electrophoresis. Western blotting was performed using an anti-
FLAG M2 antibody (1:6,000 dilution; Sigma—Aldrich) following
the same method as described elsewhere [Yamada et al., 2013].
Proteins were analyzed using ImageQuant LAS 4000 mini (GE
Healthcare). The efficiency of the DNA transfection was verified by
measuring the E. coli 3-galactosidase activity using O-nitrophenyl-
B-p-galactopyranoside (ONPG) as the substrate.

RESULTS
The Prevalence of MWS

The epidemiological survey demonstrated that the prevalence of
MWS at the Aichi and Kanagawa prefectures is 1:74,000 and
1:110,000, respectively. Thus, similar to the results of a previous
report [Evans et al., 2012], the prevalence of MWS in Japan is
approximately 1:90,000.

identification of Nonsense and Frameshift
Mutations in ZEBZ

We have identified nonsense mutations in 13 new patients (Table I).
The mutation p.R695X, which was previously reported in eight
patients [Ishihara et al., 2004; Sasongko et al., 2007], was found in
four new patients. In this study, the mutations p.R343X and p.R921X
were newly detected in two patients, respectively. We have already
presented a patient with p.R343X mutation [Ishihara et al., 2004],
while p.R921X was previously reported in European patients [Zwe-
ier et al., 2005; Garavelli et al., 2009]. Five new mutations (i.e.,
p-Q271X, p.C312X, p.E609X, p.S800X, and p.S872X) have been
identified in this study. In total, 13 kinds of nonsense mutations were
found in 29 patients including three sibling cases (TableI). A total of
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33 frameshift mutations from Japanese patients caused by small
deletions, duplications, insertions, or other phenomena are sum-
marized in Table IL In this study, 26 frameshift mutations were
newly identified in 27 patients, and all the mutations were scattered
between P55 and D1204. Only c.1417delA resulting in p.R473Hfs* 14
was detected in two different patients. The mutations c.(852_855)
del2-bp, c.(1421_1426)dupA, and ¢.2254dupA have been reported
in European patients [Cacheux et al., 2001; Zweier et al., 2005;
Garavelli et al., 2009]. Among the reported cases, the ¢.(3608_3614)
del5-bp resulting in p.D1204Rfs*29 mutation is the closest to the
C-terminal end.

Clinical Features in MWS Patients Associated
With Nonsense and Frameshift Mutations

The clinical features of newly identified and previously reported
Japanese patients with MWS harboring nonsense and frameshift
mutations are summarized in Table III. All the patients showed
severe to moderate intellectual disability and a characteristic facial
appearance. It is noted that the sex ratio and most of the clinical
features of these cases are quite similar to those in previous reports
[Garavelli et al., 2009]. A detailed comparison of the results of this
study with those from an earlier report showed that male/female
ratio was 1.33 and 1.25, seizure frequencies were 78% and 74%,
abnormalities of the corpus callosum were seen in 44% vs. 46%, and
congenital heart disease was seen 54% and 54%, respectively. Five
patients (S-066, S-098, S-103, S-127, and S-128) could speak a few
words, and five patients (S-066, S-068, S-098, S-127, and S-128)
could point at objects (e.g., food) kept out of reach. Characteristic
facial appearance of seven patients is shown in Figure 1.

, astigmatismus hypermetropicu

Instability of the ZEB2-D1204Rfs"28 Protein

The ZEB2-D1204Rfs*29 allele in S-121 encodes the longest 1,203
amino acid stretch from wild-type ZEB2 and an insertion of an
additional 28 amino acids caused by a frameshift mutation at the C-
terminus (total 1,231 amino acids). The molecular mass of FLAG-
tagged wild-type ZEB2 and ZEB2-D1204Rfs*29 were calculated to
be 139.7 and 141.9 kDa, respectively. To characterize the mutant

| pI761KGs'26

§% ZEB2, we examined the mRNA levels of the transiently expressed
- ;Efu wild-type and mutant ZEB2 by multiplex PCR, but no marked
53 differences were observed (Fig. 2B). Next, we performed Western
- % 8 N blotting in the cells. The results demonstrated that the ZEB2 protein
o8 2 level in cells harboring the p.D1204Rfs*29 mutation is remarkably
. : decreased compared to that of the wild-type-expressing cells. In
Ho 5 contrast, the ZEB2 protein levels in cells harboring the p.D1204X or
- , p-M1210X mutants were not decreased. Moreover, the expression
Su o = of ZEB2-D1204Rfs*29 was approximately 20% that of the wild-type
i - =l (Fig. 2B) and the difference in the molecular mass of ZEB2-
o F = = s DI1204Rfs*29 and wild-type ZEB2 was found to be more than
Lo 28 QT ' ég:\: 10kDa (Fig. 2C). This is larger than the calculated MW difference
= e ' Té§ § of the two proteins, which is 2.2 kDa.
gp e g ‘EE?&..
8655 45 g S DISCUSSION
SLa . Egi‘:" ’ To date, more and more pediatricians, pediatric neurologists,

pediatric surgeons, human geneticists, and genetic counselors in
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i MWS Patients Associated With Nonsense and Frar
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