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Microsatellite marker analysis was performed using the
ABI Prism Linkage Mapping Set with D1551002 and analyzed
by GeneMapper (Applied Biosystems, Foster City, CA). In
the deletion region of STS, no marker was available for the ABI
Prism Linkage Mapping Set. Thus, the single-nucleotide poly-
morphisms (SNP) typing was carried out. From the STS
deletion region of 5q35, eight SNPs, IMS-JST038690, IMS-
JST087588, IMS-JST087589, IMS-JST183486, IMS-JST172005,
IMS-JST073857, IMS-JST087921, and IMS-JST087922, were
selected using in silico library, Japanese Single Nucleotide

Polymorphisms (JSNP) database (http://snp.ims.u-tokyo.ac.jp/
index.html). Allelic types were analyzed by PCR-direct sequencing
method using the BigDye terminator (Applied Biosystems, Foster
City, CA). '

RESULTS

By aCGH analysis, loss of the genomic copy numbers was
identified in the region of 15q11.2, which is responsible and
typical for PWS (Fig. 3A). The concurrent deletion was
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identified in the region 0of 5935, which is also responsible and typical
for STS (Fig. 3B). FISH analyses confirmed the deletion of both
regions (Fig. 4). There were no deletions of PWS region and STS
region in both parents indicating de novo occurrence (data not
shown).

To confirm the parental origin of both deletions, polymorphic
markers were analyzed in the patient and his parents. Regarding
the 15q11.2 region, the patient showed an only allele with 112-bp
common to his mother, indicating the deletion of paternal allele (Fig.
5A). Among eight analyzed SNPs, only IMS-JST183486 was infor-
mative. The patient showed hemizyogous of T at the SNP position,
whereas the father and the mother showed homozygous of A and T,
respectively (Fig. 5B). From the result, we concluded that both
deletions were derived from the paternal allele.

DISCUSSION

Initially, the patient was diagnosed as PWS due to severe hypotonia,
hypopigmentation, hypoplastic genitalia, and small hands and feet.
It was supported by hyperphagia and obesity which later developed.
However, his facial features including relative macrocephaly, pro-
truding forehead, frontal baldness, strabismus, downslanting pal-
pebral fissures, and pointed chin were atypical for PWS. He also
showed congenital cardiac anomalies, hydronephrosis, and epilep-
sy, which are rare findings in PWS. Severe hypotonia and severe
developmental delay were also atypical for PWS. This was the
reason why we analyzed genomic copy numbers.

To the best of our knowledge, this is the first report of co-
occutrence of PWS and STS. Translocation between chromosomes
5 and 15 was excluded by G-banded analysis. Array CGH demon-
strated that the sizes and locations of the two deletions were typical
for both syndromes. Both of the deletions were derived from the
paternal chromosome. We suspect that co-occurrence of two
deletions is incidental.

His growth curve showed an interesting pattern. He
showed overgrowth in the infantile period. Gradually, his
growth velocity decreased. Now he shows severe growth deficiency.
Although we understand that haploinsufficiency of NSDI
might lead to height gain and patients with STS show advanced
bone age, his growth deficiency was worse compared with
standard PWS patients and his bone age was delayed [Nagai
et al., 2000]. Growth hormone deficiency and severe scoliosis may
explain his growth deficiency. We posit that each deletion contri-
buted independently to the features. Severe growth and develop-
mental delay might be explained by the combined effects of PWS
and STS.

There are some reports of concurrent chromosomal
aberrations in the same patients [Shimojima et al, 2009].
The result of this study indicates that there may be more
frequent co-occurrences of two more deletions than what we
think. When a patient shows atypical or overlapping features
regardless of a previously established diagnosis, we would
recommend investigation of whole genomic copy numbers by
aCGH.
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Objectives: Mood stabilizers influence the morphology, chemotaxis,
and survival of neurons, which are considered to be related to the mood-
stabilizing effects of these drugs. Although previous studies suggest glial
abnormalities in patients with bipolar disorder and an effect of mood
stabilizers on certain genes in astrocytes, less is known about the effects
of mood stabilizers in astrocytes than in neurons. The present study
identifies a common underlying response to mood stabilizers in
astrocytes.

Methods: Human astrocyte-derived cells (U-87 MG) were treated with
the four most commonly used mood stabilizers (lithium, valproic acid,
carbamazepine, and lamotrigine) and subjected to microarray gene
expression analyses. The most prominently regulated genes were
validated by gRT-PCR and western blot analysis. The intercellular
localization of one of these regulated genes, fasciculation and elongation
protein zeta 1 (FEZ1), was evaluated by immunofluorescence staining.

Results: The microarray data indicated that FEZ1 was the only gene
commonly induced by the four mood stabilizers in human astrocyte-
derived cells. An independent experiment confirmed astrocytic FEZ1
induction at both the transcript and protein levels following mood
stabilizer treatments. FEZ1 localized to the cytoplasm of transformed
and primary astrocytes from the human adult brain.

Conclusions: Our data suggest that FEZ1 may play important roles in
human astrocytes, and that mood stabilizers might exert their
cytoprotective and mood-stabilizing effects by inducing FEZ1 expression
in astrocytes.
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Mood stabilizers, such as lithium (Li), valproic
acid (VPA), carbamazepine (CBZ), and lamotri-
gine (LTG), are effective in ameliorating manic
and depressive symptoms and in preventing the
relapse and recurrence of bipolar disorder (BD).
Mood stabilizers have significant effects on the
cell survival, morphology, and chemotaxis of
neuronal cells, and the neuroprotective effects of
mood stabilizers are considered to be related to
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the mood-stabilizing effects of the drugs (1). For
example, Li, VPA, and CBZ inhibit growth cone
collapse and increase the spread area of growth
cones (2). Various molecules, such as B-arrestin 2,
glycogen synthase kinase-3 and phosphatidylino-
sitol signaling pathways, and histone deacetylases,
have been suggested as candidate targets of mood
stabilizers (3-7). Evidence also suggests that the
drugs exert mood-stabilizing and neuroprotective
effects by altering the transcriptional regulation
of various genes in the brain, including B-cell
lymphoma 2 (BCL2) and ionotropic glutamate
receptors type AMPA 1 (GRIA1) and type



AMPA 2 (GRIA2) (8, 9), potentially as down-
stream effectors of the target molecules of mood
stabilizers.

Since these previous studies investigating the
molecular mechanisms of mood stabilizers focused
primarily on neuronal cells and used either neuro-
nal cells or brain tissues, which are heterogeneous
mixtures of various types of neuronal, glial, and
vascular cells, the biological effects of mood
stabilizers on astrocytes remain largely unknown.
Since the function of astrocytes includes regulation
of the extracellular concentrations of ion and
neurotransmitters, modification of synaptic effi-
cacy, maintenance of the blood-brain barrier, and
structural as well as trophic support of neurons
and oligodendrocytes (10-14), it is reasonable to
expect that mood stabilizers may exert at least part
of their mood-stabilizing and neuroprotective
effects by affecting these astrocytic functions.
Indeed, some studies suggest the potential involve-
ment of astrocytes in the pathogenesis of BD.
Many postmortem brain studies of patients with
BD have demonstrated abnormalities in the density
and shape of glial cells, as well as decreased levels
of the astrocyte marker, glial fibrillary acidic
protein (GFAP) (15). Glia are markedly reduced
in the subgenual prefrontal cortex of patients with
BD, and this reduction is most prominent in
patients with familial BD (16). Mean glial density
is significantly reduced in sublayers IIlc and Vb of
the prefrontal cortex in patients with BD, whereas
the mean size of glial cell bodies is increased in
layers I and IIle, which can be attributed to the
increased density of extra-large glia in those layers
(17). Although previous studies have also shown
that the density and size of cortical neurons are
reduced in mood disorders, these neuronal reduc-
tions are more subtle compared to the glial
alterations (18). Furthermore, astrocyte-specific
GFAP transcripts are significantly decreased in
white matter, and tend to be decreased in gray
matter of the anterior cingulate cortex of patients
with BD (19). The decrease in GFAP expression
was confirmed in a proteomic study of the frontal
cortex of patients with BD (20). S100B, which is
produced and secreted by astrocytes, is signifi-
cantly increased in the serum of patients during
episodes of manic and depressive states (21). S100B
exerts trophic and/or toxic effects on neuronal and
glial cells depending on its concentration and has
been reported to be a susceptibility gene for a
subgroup of BD patients presenting with psychotic
symptoms (22). Thus, while current evidence is not
conclusive, it does seem to suggest that a dysfunc-
tion or a loss of astrocytes may at least in part
underlie the pathogenesis of BD.

Mood stabilizers induce astrocytic FEZ1

Moreover, several studies have shown that mood
stabilizers exert biological effects on astrocytes. Li
has been shown to suppress the extracellular
signal-regulated protein kinase pathway (23),
whereas VPA increases the expression of neuro-
trophic factors in astrocytes (24). Li, VPA, and
CBZ decrease myo-inositol uptake activity (25) and
kainate receptor subunit GluR6 (GRIK?2) expres-
sion in astrocytes (26), whereas Li, VPA, and CBZ
increase the pH and cytosolic phospholipase A2
(cPLA2) levels in astrocytes (27, 28). It is worth
noting that while these mood stabilizers have
distinct chemical characteristics, they affect com-
mon molecular and cellular pathways in astrocytes.

Taken together, these studies suggest glial abnor-
malities in patients with BD and an effect of mood
stabilizers on certain genes in astrocytes. However,
the effects of mood stabilizers on astrocytes have
been much less characterized compared to their
effects on neuronal cells. To identify the most
prominent biological effect of mood stabilizers on
human astrocytes, we conducted microarray-based
comprehensive gene expression analyses of a
human astrocyte cell line treated with four major
mood stabilizers, Li, VPA, CBZ, and LTG, and
corresponding controls. We found a transcriptional
regulation that was unique to each mood stabilizer
and common molecules that were regulated by all
four mood stabilizers. Fasciculation and elongation
protein zeta 1 (FEZ1) was the only gene that was
upregulated by all four mood stabilizers at both the
mRNA and the protein expression levels. This
finding points to FEZ! as a candidate gene involved
in the mechanism responsible for the mood-stabi-
lizing effect of the tested drugs.

Materials and methods
Cell lines and cultures

The astrocyte-derived human cell line U-87 MG
and the neuron-derived human cell line SK-N-SH
were purchased from the American Type Culture
Collection. The human oligodendroglioma cell line
(OL) was a gift from Dr. Juan Carlos De La Torre
from the Scripps Research Institute, La Jolla, CA,
USA. Primary astrocytes from the human brain
cortex (ACBRI 371) were purchased from Applied
Cell Biology Research Institute, Kirkland, WA,
USA. For the microarray studies, U-87 MG cells
(6 x 10® cells) were suspended in 30 ml of Modified
Eagle’s Medium [(MEM) Sigma-Aldrich, St. Louis,
MO, USA] containing 10% inactive fetal bovine
serum (Biological Industries, Beit-Haemek, Israel)
and divided into six plastic T75 cell culture flasks
(Nalge Nunc Int., Rochester, NY, USA). Li (Kanto
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Chemical, Tokyo, Japan) and VPA (Sigma-
Aldrich) were dissolved directly in MEM at ther-
apeutic concentrations of 0.75 mM and 0.5 mM,
respectively. Cells cultured in non-treated (drug-
free) MEM were used as controls to evaluate the
effects of Li and VPA. The water-insoluble agents
CBZ (Sigma-Aldrich) and LTG (Sigma-Aldrich)
were dissolved in 100% dimethyl sulfoxide
(DMSO) at 33.3 mM and 3.33 mM, respectively
(666.6 times the final concentrations) and then
resuspended into MEM at 50 uM and 5 uM,
respectively, each of which is within the therapeutic
range. Since the final DMSO concentration of
CBZ- and LTG-containing MEM was 0.15%,
control cells were cultured in MEM containing
0.15% DMSO. U-87 MG cells were evenly split
into six flasks in MEM and maintained at 37°Cin a
humidified atmosphere containing 5% CO, for
18 hours. The media were replaced with MEM
which included Li-, VPA-, CBZ-, LTG-, DMSO-
containing, or non-treated MEM and cultured in
the same chamber for five days. After a week of
exposure to each condition, the media were
removed from each flask, and the cells were washed
and collected in phosphate buffered saline. To
distinguish the biological effects of the mood
stabilizers from artifacts, all of the experimental
procedures were replicated following completion of
the first set of experiments, and two sets of six types
of cultured cells were subjected to the following
microarray experiments. To validate the micro-
array expression data by quantitative real-time
PCR (qRT-PCR), U-87 MG cells (1 x 10® cells)
were cultured in the six different media in the
presence or absence of mood stabilizers for five
days, in the same manner as in the microarray
experiment. For each conditioned medium, the cell
culture was replicated in six independent T75 flasks
(in total, 6 types of media x 6 replicates = 36
samples). To evaluate the effect of high-dose mood
stabilizer treatments on protein levels by western
blot, cells were cultured for five days with higher
concentrations (near the maximum limit of the
therapeutic ranges) of Li, VPA, CBZ, or LTG
(1.2mM, 1mM, 100 pM, and 50 uM, respec-
tively). Given the limited quantity of ACBRI371
cells, U-87 MG cells were used for microarray and
gRT-PCR analyses, while ACBRI371 cells were
used only to determine FEZ1 localization by
immunocytochemistry.

RNA extraction and microarray experiments

Total RNA was extracted, DNase-digested, and
purified using the RNeasy Mini Kit, RNase-free
DNase I, and the RNeasy MinElute Cleanup Kit
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(Qiagen, Valencia, CA, USA). The RNA integrity
number (RIN) for each RNA sample was confirmed
to be>9.8 using the Agilent 2100 Bioanalyzer
(Agilent, Santa Clara, CA, USA), and the ribosomal
RNA S28/S18 ratio was>1.9. From the 12 total
RNA samples, biotinylated cRNA were synthesized
and applied to Illumina BeadChips according to the
manufacturer’s directions. In brief, biotinylated
cRNA was prepared from 500 ng of total RNA
using the Illumina Ambion RNA Amplification
Kit (Ambion, Austin, TX, USA). The biotinylated
cRNA samples were hybridized to Illumina Human-
6v2 Expression BeadChips (Illumina, San Diego,
CA, USA). Each BeadChip was washed and
scanned with Illumina Bead Station S00X.

Data analysis and selection criteria for mood-stabilizer-
regulated genes

The inter-array variation among 12 BeadChip
microarrays (for 6 types of media x experimental
duplication) was normalized using average normal-
ization after subtracting the background signal
intensities. The probability of observing a certain
signal intensity level for a set of beads lacking
specific probe-target hybridization was calculated
as the detection p-value for each probe. The above
procedure was performed using Illumina BeadStu-
dio 3.1 software (Ilumina). Among the 48,701
transcripts designed on the BeadChip, 11,214 tran-
scripts with signal intensities >20 and with detec-
tion p-values of < 0.05 in all of the 12 U-87 MG
samples were considered reliably detectable, and
the signal intensities of these transcripts in Li- and
VPA-treated cells and in non-treated cells were
compared. The signal intensities in CBZ- and
LTG-treated cells and in DMSO-treated cells were
also compared. Transcripts with consistent fold
changes of > 1.2 or < 0.833 in both experimental
duplicates were defined as mood-stabilizer-induced
or mood-stabilizer-suppressed genes, respectively.
Changes in mRNA expression are consistent
among duplicated microarrays when altered genes
are selected with a cut-off fold change of > 1.2
or < 0.833, criteria widely used in microarray
analyses (29-31). The probability of observed
number of overlapping genes in proportion to the
expected number was calculated based on hyper-
geometric distribution, and a p-value of < 0.05
was considered statistically significant. Assuming
that among the 48,701 probes, the number of
genes altered by drugs A and B are ‘a’ and D’
respectively, and effects of treatments are irrelevant,
the expected number of overlapping genes between
the lists of genes altered by drugs A and B is
(a x b)/48,701.



Hierarchical clustering

To evaluate similarities between the effects of
mood stabilizers on expression profiles, the fold
change values for the signal intensities of mood-
stabilizer-treated samples, relative to the signal
intensities determined for the control sam-
ples (Li/non-treated control, VPA/non-treated
control, CBZ/DMSO-treated control, LTG/
DMSO-treated control), were log2 transformed
and subjected to an average linkage hierarchical
clustering analysis using Genesis software 1.7.5
(available at http://www.genome.tugraz.at). To
minimize the confounding effect of DMSO added
to CBZ, LTG, and the corresponding control
samples, 1,306 genes differentially expressed
between the non-treated and DMSO-treated control
samples with a fold change of > 1.2 or < 0.833in
at least one of the duplicated experiments were
eliminated from the analyses. Among the 11,214
reliably detectable transcripts (with signal intensities
> 20 and with detection p-values < 0.05inall12U-
87 MG samples), 9,908 transcripts, levels of which
were similar between DMSO-treated and untreated
samples, were subjected to hierarchical clustering
analysis.

Quantitative real-time PCR experiments

Total RNA was extracted from the 36 cell samples
[6 types of media (Li, VPA, CBZ, LTG, DMSO-
treated control, non-treated control) X 6 replicates]
in the same manner employed for the microarray
experiment and subjected to cDNA synthesis with
random primers using the SuperScript VILO
cDNA synthesis kit (Invitrogen, Carlsbad, CA,
USA). The relative copy number of each transcript
in each cDNA sample was measured using specific
primers and iQ SYBR Green Supermix (Bio-Rad,
Hercules, CA, USA) with a CFX96 real-time PCR
detection system (Bio-Rad). The PCR cycling
parameters were as follows: 3 min at 95°C, fol-
lowed by 40 cycles of 10 sec at 95°C and 30 sec at
the annealing temperatures of 55°C to 65°C
suitable for each primer set. The target genes were
selected based on the microarray data and B-actin
(ACTB) was used as an internal control for
normalization. The forward and reverse primers
for FEZl were 5-GGGACTGCATGAGAC
CATGT-3" and 5-TTGAGGGCTGTAGCCAG
ACT-%, respectively. The forward and reverse
primers for RNA binding motif protein 14
(RBM14) were 5-GCAAAGAAGTGAAGGG
CAAG-3 and 3-AAAGCCTGCTGGTAGTC
GAA-%, respectively. The forward and reverse
primers for ACTB were 5-CACACTGTGCC

Mood stabilizers induce astrocytic FEZ1

CATCTACGA-3 and 5-CCATCTCTTGCTC
GAAGTCC-3, respectively. Threshold cycles were
measured for triplicate samples. A standard curve
was constructed for each assay to adjust for
differences in the amplification efficiency between
primer sets. Differences in the abundance of target
genes relative to ACTB among Li-treated samples
(n = 6), VPA-treated samples (n = 6) and their
non-treated controls (n = 6) were evaluated by
one-way analysis of variance (ANOVA) followed
by the Dunnett post-hoc test. Likewise, differences
in target gene expression levels among CBZ-treated
samples (n = 6), LTG-treated samples (n = 6),
and their DMSO-treated controls (n = 6) were
evaluated by ANOVA.

Western blotting

U-87 MG cells treated with mood stabilizers and
control samples were homogenized in phosphate
buffered saline (PBS) containing Triton X-100,
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES), bovine serum albumin, gentamicin sul-
fate, and a proteinase inhibitor cocktail containing
4-(2-aminoethyl) benzenesulfonyl fluoride, aproti-
nin, leupeptin, bestatin, and pepstatin A (all from
Sigma-Aldrich). The supernatant obtained after
centrifugation (10,000 x g for 10 min at 4°C) was
subjected to sodium dodecyl sulfate polyacryl-
amide gel electrophoresis (SDS-PAGE) and wes-
tern blotting with the following primary
antibodies: polyclonal goat anti-FEZ1 antibody
(1:10000; Abcam, Cambridge, UK) and monoclo-
nal mouse anti-ACTB antibody (1:10000; Sigma-
Aldrich). The secondary antibodies employed were
horseradish peroxidase-conjugated anti-goat IgG
(1:2000; Dako, Glostrup, Denmark) and anti-
mouse IgG (1:5000; Jackson ImmunoResearch,
West Grove, PA, USA), respectively. Chemilumi-
nescence was detected using an Amersham ECL .
Plus western blotting detection kit (GE Healthcare,
Waukesha, WI, USA) and a LAS-1000 lumines-
cence image analyzer (Fujifilm, Tokyo, Japan), and
the results were quantified using Image] 1.42
software (http://rsb.info.nih.gov/ij/).

Immunostaining

FEZ]1 protein has been shown to be preferentially
expressed in neurons but not in astrocytes or
oligodendrocytes in the rat brain (32). However,
the expression of FEZI protein in human brain-
derived cells has not been investigated. To deter-
mine the expression of FEZI1 proteins in human
brain astrocyte cells (U-87 MG and ACBRI 371),
neurons (SK-N-SH) and oligodendrocytes (OL)
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were placed in a LAB-TEK glass 2-well (1 x 10°
cells/well) chamber slide (Nunc, Rochester, NY,
USA) together with 1 ml of the appropriate
medium (MEM for U-87 MG, ACBRI 371,
SK-N-SH; DMEM for OL) and incubated at
37°C, 5% CO, for six days. After fixation with
ice-cold ethanol/acetone, cells were blocked in PBS
containing 1% BSA (Sigma-Aldrich) and 10%
normal horse serum (Dako) for 30 min at room
temperature. After an overnight incubation at 4°C
with primary antibodies, the cells were rinsed in
PBS and then incubated at room temperature in
the dark with secondary antibody. The primary
antibodies used were as follows: polyclonal goat
anti-FEZ1 antibody (1:5000; Abcam), polyclonal
rabbit anti-GFAP antibody (1:200; Abcam) and
monoclonal anti-NeuN antibody (1:200; Abcam).
The corresponding secondary antibodies were as
follows: Alexa Fluor 488 anti-goat IgG or Alex
Fluor 594 anti-rabbit IgG (1:300; Invitrogen).
Following incubation with the secondary antibody,
the tissues were rinsed in PBS and subjected to
nuclear staining with 4, 6-diamidino-2-phenylin-
dole (DAPI) (Invitrogen). Microscopic images
were captured using a Leica DAS Mikroskop
microscope  (Leica  Microsystems, Wetzlar,
Germany). To evaluate the effects of the four
mood stabilizers on FEZ1 localization in U-87 MG
cells, cells were cultured for five days with six
different treatments (i.e., 1.2 mM Li, 1 mM VPA,
100 yM CBZ, 50 uM LTG, DMSO, and non-
treated) in LAB-TEK chamber slides, and sub-
jected to the above-mentioned immunostaining
procedure.

Results
Microarray gene expression profiles

Among the 11,214 genes expressed in at least one
of the 12 U-87 MG samples treated with or without
mood stabilizers (6 types of media x 2 replicates =
12 samples), 65, 797, 315, and 641 genes were
found to be induced with a fold change of > 1.2
(20% increase) by the Li, VPA, CBZ, and LTG
treatments, respectively. In contrast, 142, 1008, 80,
and 543 genes were suppressed with a fold change
of < 0.833 (20% decrease) by the mood stabilizer
treatments, respectively (Fig. 1). Tables 1 and 2
show gene symbols for the 10 most robustly up-
and down-regulated genes in response to each
mood stabilizer treatment, some of which have
functions relevant to the mechanism of action of
each mood stabilizer. VPA and LTG tended to
affect more genes at the transcriptional level in
astrocyte-derived cells, whereas the cellular effects
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Induced {Fold change >1.2}
Suppressed {Fold change <0.83)

Fig. 1. Venn diagram summarizing the number of genes
altered by each mood stabilizer and the overlaps among the
genes altered by each mood stabilizer. Genes were selected
according to the following criteria: a fold change > 1.2 (red) or
< 0.83 (black) in both of the duplicated pairs of microarrays, a
signal intensity > 20, and a detection p-value < 0.05 in all
microarrays. Li = lithium; VPA = valproic acid; CBZ =
carbamazepine; LTG = lamotrigine.

of the Li and CBZ treatments at the therapeutic
concentrations used were relatively modest. Li and
VPA commonly induced 26 genes and suppressed
46 genes, whereas Li demonstrated little overlap
with the other anticonvulsants (3 induced genes
and 1 suppressed gene in common between Li- and
CBZ-treated samples; 2 induced and 7 suppressed
genes in common between Li- and LTG-treated
samples). The observed number of commonly
regulated genes between Li- and VPA-treated
samples was significantly higher than the expected
number (p < 0.001). Furthermore, the observed
number of commonly induced/suppressed genes
between CBZ- and LTG-treated samples (104 and
20 genes, respectively) was also significantly higher
than the expected number (p < 0.001). Hierarchi-
cal clustering analysis of the signal intensity ratio
of mood-stabilizer-treated cells divided the four
mood stabilizers into two groups, Li-VPA and
CBZ-LTG (Fig. 2), which was consistent with the
numbers of overlapping genes among the four
mood stabilizers.

Induction of FEZ1 expression in human astrocytic cells

FEZ1 was the only gene induced by all four mood
stabilizers. The microarray data revealed that the
FEZ1 mRNA expression level was increased by
34%, 119%, 35%, and 115% after treatment with
Li, VPA, CBZ, and LTG, respectively (Fig. 3A).
FEZ1 was the top Sth, 141st, 193rd, and 10th most
highly expressed gene among the total genes
induced by Li, VPA, CBZ, and LTG, respectively
(Table 1).



L6t

Table 1. The 10 most induced genes in response to each mood stabilizer

Lithium Valproic acid Carbamazepine Lamotrigine
Fold Fold Fold Fold
Rank  Symbol change  Function Symbol change  Function Symbol change  Function Symbol change  Function
1 MMP14 1.40 Proteolysis TSPAN7 5.05 Glycosylation KIAA1033  1.91 Uncharacterized PAIP1 2.00 RNA stabilization
2 RASIP1 1.37 Uncharacterized  CA2 3.55 One-carbon NIPBL 1.83 Cell cycle DNAJC10  1.87 Protein folding
metabolism
3 C21orf70 1.33 Uncharacterized  LRRN3 3.33 Activation of PAIP1 1.61 RNA stabilization TUBGH 1.78 Cytoskeleton
MAPK activity organization
4 FABP4 1.32 Proliferation GABRB1  3.30 lon channel POLH 1.60 DNA repair CUTA 1.76 Protein complex
complex assembly
5 FEZ1 1.32 Cell motion/ GAP43 3.28 Cell motion/ ASBMT 1.54 Xenobiotic KIAA1033  1.73 Uncharacterized
axon guidance axon guidance metabolism
6 AAMP 1.31 Cell motion ASAP3 3.20 Small GTPase ZKSCAN4 152 Transcription MMP1 1.71 Proteolysis
signaling
7 LENGS8 1.30 Uncharacterized TNFAIP6  3.02 Cell adhesion ERMN 1.52 Cytoskeleton DDX59 1.70 Uncharacterized
organization
8 MYCL1 1.30 Regulation of VGF 2.91 Cell-cell FAR1 1.50 Fatty acid CSNK1A1  1.67 Wnt signaling
transcription signaling metabolism
9 CRB2 1.30 Sensory BIRC3 2.91 Anti-apoptosis MAP3K2 1.50 Activation of UBE4A 1.66 Proteolysis
perception MAPK activity
10 NDUFB1 1.29 Oxidative SPINK13  2.88 Uncharacterized ~ KPNAS5 1.50 Intracellular FEZA1 1.64 Cell motion/
phosphorylation protein transport axon guidance

The table shows the 10 most robust fold changes in the signal intensities of the mood-stabilizer-treated samples divided by the approptiate control samples. Each fold change represents
the minimal value among the fold changes determined in four comparisons between duplicate mood-stabilizer-treated samples and duplicate control samples. Columns labeled Function
indicate representative biological process categories from the Gene Ontology database (http://www.geneontology.org/) to which each gene belongs.
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Table 2. The 10 most suppressed genes in response to each mood stabilizer

Lithium Valproic acid Carbamazepine Lamotrigine
Fold Fold Fold Fold
Rank  Symbol change  Function Symbol change Function Symbol change  Function Symbol change Function
1 AFMID 0.63 Tryptophan CA9 0.22 One-carbon RBM14 0.67 Transcription ABCD1 0.47 Fatty acid
metabolism metabolism metabolism
2 RBM14 0.65 Transcription ZP1 0.23 Fertilization PUS1 0.71 RNA processing  NFIC 0.52 Transcription
3 RIMBP3 0.65 Uncharacterized KCNS1 0.28 lon transport CLIP1 0.73 Cell cycle PPDPF 0.59 Uncharacterized
4 RAPGEFL1  0.66 Small GTPase CHI3L2 0.31 Polysaccharide HSPY0AA1  0.74 Protein folding ATNA 0.61 Cell death
. signaling metabolism
5 SNORD14A  0.68 Uncharacterized  SERP2 0.32 Protein transport  CDK5RAP3  0.75 Cell cycle SMARCC2 0.61 Chromatin
organization
6 SETD7 0.68 Chromatin OLFML3 0.33 Uncharacterized  AKIRIN1 0.76 Uncharacterized  JOSD2 0.61 Uncharacterized
organization
7 P2RY6 0.68 lon transport SLC2A1 0.34 Monosaccharide  MAP2K3 0.76 Activation of SOLH 0.61 Proteolysis
transport MAPK activity
8 ZNF200 0.70 Zinc ion binding  TSPAN10  0.35 Uncharacterized  HIST2H2BF  0.77 Chromatin IFITM3 0.63 Immune response
organization
9 DOCK3 0.71 Uncharacterized  ARTN 0.35 Cell proliferation ~ CPT1B Q.77 Fatty acid SLN 0.63 Calcium ion
metabolism : transport
10 COL4A3BP 0.72 Cell C10orf10  0.35 Uncharacterized  CTSLA 0.77 Proteolysis AHDCA 0.63 Uncharacterized
morphogenesis

The table shows the 10 least robust fold changes in the signal intensities of the mood-stabilizer-treated samples divided by the appropriate control samples. Each fold change represents the
maximal value among the fold changes determined in four comparisons between duplicate mood-stabilizer-treated samples and duplicate control samples. Columns labeled Function
indicate representative biological process categories from the Gene Ontology database (http://www.geneontology.org/) to which each gene belongs.
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Fig. 2. Hierarchical clustering of gene expression changes
caused by the mood stabilizers. Logr-transformed ratios of the
signal intensities of samples treated with mood stabilizers to the
signal intensities of their controls [lithium (Li)-treated sam-
ple/non-treated control, valproic acid (VPA)-treated sample/
non-treated control, carbamazepine (CBZ)-treated sample/
DMSO-treated control, lamotrigine (LTG)-treated sam-
ple/DMSO-treated control] were subjected to an average
linkage hierarchical clustering analysis. Ratios for each of the
four combinations of duplicate drug-treated samples to their
duplicate control samples were calculated.

Verification by qRT-PCR using six independent
cell cultures for each mood stabilizer treatment and
for the control samples showed that the FEZ1
mRNA levels were significantly increased by 49%
(p < 0.05, 78% (p < 0.001), 2% (p < 0.01),
and 47% (p < 0.001) following treatment with Li
(0.75 mM), VPA (0.5 mM), CBZ (50 uM), and
LTG (5 uM) (Fig. 3A), respectively. Western blot-
ting analysis demonstrated that the VPA and LTG
treatments significantly induced FEZI protein
expression levels by 36% (p < 0.05) and 60%

Mood stabilizers induce astrocytic FEZ1

(p < 0.01), respectively, at the lower concentra-
tions (0.5 mM and 5 uM, respectively) (Fig. 3B),
while neither Li nor CBZ treatment significantly
altered FEZ1 protein expression levels at lower
concentrations (0.75 mM and 50 pM, respec-
tively). On the other hand, FEZI protein expres-
sion levels were significantly increased by 42%
(p < 0.05), 58% (p < 0.05),75% (p < 0.01), and
62% (p < 0.01) following treatment with the
higher concentrations of Li (1.2 mM), VPA
(I mM), CBZ (100 uM), and LTG (50 uM),
respectively (Fig. 3C).

Suppression of RBM14 expression in human astrocytic cells

RBM14 was the only gene suppressed by all four
mood stabilizers. The microarray data showed that
RBM14 was decreased by 39%, 65%, 33%, and
54% following treatment with Li, VPA, CBZ, and
LTG, respectively (Fig. 3D). RBM 14 was the top
274, 808™, 1%, and 146™ most robustly downreg-
ulated gene among the total genes suppressed by
Li, VPA, CBZ, and LTG, respectively (Table 2).
gRT-PCR analysis revealed that the mRNA levels
of RBM14 were decreased by 37% (p < 0.001),
47% (p < 0.05), 32% (p < 0.05), and 36%
(p < 0.05) following treatment with Li, VPA,
CBZ, and LTG, respectively (Fig. 3D). However,
the protein expression levels of RBM 14 were not
altered in response to any of the mood stabilizer
treatments at any of the tested doses (Fig. 3E).

Intracellular localization of FEZ1 in human brain-derived cells

To assess FEZ1 protein expression in human
brain-derived cells, the human astrocyte-derived
cell line U-87 MG, the human primary astrocyte
cells ACBRI 371, the human neuron-derived cell
line SK-N-SH, and the human oligodendrocyte-
derived cell line OL, the cultures were subjected to
immunofluorescent staining with anti-FEZ1 anti-
body (red) and anti-GFAP (green) or anti-NeuN
(green) antibodies. The cell nuclei were stained
with 4’, 6-diamidino-2-phenylindole (DAPI, blue)
and observed under UV excitation. The immuno-
staining images revealed FEZ1 protein expression
in the U-87 MG (Figs. 4A-C), ACBRI 371
(Figs. 4D-F), and SK-N-SH (Figs. 4G-I) cells,
but not in OL cells (data not shown). The FEZ1
Immunostaining signal was localized in the cyto-
plasm of human astrocyte- and neuron-derived
cells, while the nuclei were immunonegative
(arrowheads). There were no differences in intra-
cellular FEZ] localization in U-87 MG cells after
five days of treatment with Li, VPA, CBZ, and
LTG (data not shown).
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Fig. 3. Transcriptional and protein expression levels of fasciculation and elongation protein zeta 1 (FEZ1) and RNA binding motif
protein 14 (RBM14) in astrocytic and neuronal cells after the mood stabilizer treatments. (A) The upper bar graph shows the FEZ1
transcript signal intensities determined from microarray analyses of human astrocyte-derived cells, relative to the averaged signal
intensity of the control samples. The lower bar graph shows the FEZ1 transcript levels in human astrocyte-derived cells relative to the
averaged signal intensity of the control samples, as measured by qRT-PCR analysis. (B) Gel images and bar graph of the signal
intensities determined by western blotting of human astrocyte-derived cells using anti-FEZ1 antibody, after treatment with the lower
concentrations of the four mood stabilizers [0.75 mM lithium (Li), 0.5 mM valproic acid (VPA), 50 uM carbamazepine (CBZ), and
5 uM lamotrigine (LTQ)], relative to the averaged signal intensity of the control samples. (C) Gel images and bar graph of the signal
intensities determined by western blotting of human astrocyte-derived cells using anti-FEZ1 antibody, after treatment with the higher
concentrations of the four mood stabilizers (1.2 mM Li, | mM VPA, 100 uM CBZ, and 50 pM LTG), relative to the averaged signal
intensity of the control samples. (D) The upper bar graph shows the signal intensities for the RBM14 transcript from microarray
analyses of human astrocyte-derived cells relative to the averaged signal intensity of the control samples. The lower bar graph shows
the transcript levels of RBM14 in human astrocyte-derived cells relative to the averaged signal intensity of the control samples, as
measured by gqRT-PCR analysis. (E) Gel images and bar graph of the signal intensities determined by western blotting of human
astrocyte-derived cells using anti-RBM14 antibody, after treatment with the higher concentrations of the four mood stabilizers
(1.2 mM Li, 1 mM VPA, 100 pM CBZ, and 50 pM LTG), relative to the averaged signal intensity of the control samples. (F) Gel
images and bar graph of the signal intensities determined by western blotting of human neuron-derived cells using anti-FEZ1

antibody, after treatment with the higher concentrations of the four mood stabilizers (1.2 mM Li, 1 mM VPA, 100 uM CBZ, and
50 pM LTG), relative to the averaged signal intensity of the control samples. Con = non-treated control; DMSO = dimethyl

sulfoxide-treated control. *p < 0.05; #**p < 0.01; ¥**p < 0.001.

neuron-derived cells, human neuron-derived SK-

Effect of mood stabilizers on FEZ1 expression in human N-SH cells were subjected to mood stabilizer
neuronal cells ) .

treatments in the same manner employed for
To determine whether any of the mood stabilizers the U-87 MG experiments. Treatments with
affected FEZ! protein expression levels in human any of the four mood stabilizers at the lower
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Fig. 4. Intracellular localization of fasciculation and elongation protein zeta 1 (FEZ1) protein in human astrocytic and neuronal cells.
Figures A, B, and C show the intracellular localization of FEZI protein (A), glial fibrillary acidic protein (GFAP), an astrocyte
marker (B), and the merged image showing the distribution of FEZ1 and GFAP (C)-in the human astrocyte-derived cell line U-87 MG
(scale bar: 40 pm). D, E, and F show the intracellular localization of FEZ1 protein (D), GFAP protein (E), and the merged image
showing the distribution of FEZ1 and GFAP (F) in the human primary astrocyte cell culture ACBRI371 (scale bar: 40 pm). Figures
G, H, and I show the intracellular localization of FEZ1 protein (G), the neuronal specific nuclear protein (NeulN) (H), and the merged
image showing the distribution of FEZ1 and NeuN (I) in the human neuron-derived cell line SK-N-SH (scale bar: 20 pm). Cell nuclet
were stained with 4’,6-diamidino-2-phenylindole (DAPI, blue) (C, F, I). Arrow heads indicate nuclei of cells lacking FEZ1 signal.

concentrations did not alter FEZ1 protein expres-
sion levels in SK-N-SH cells (data not shown).
Following treatment with the mood stabilizers at
the high concentrations, only VPA increased the
FEZ1 protein expression level in SK-N-SH cells
(Fig. 3F).

Discussion

Among the four mood stabilizers, VPA affected the
expression of the largest numbers of genes. VPA
may exert its effect on transcriptional regulation by
inhibiting histone deacetylase (HDAC) activity (33,
34); however, it remains uncertain whether the
strong effect of VPA on transcriptional regulation
is relevant to its mood-stabilizing effect and/or
HDAC inhibition-mediated teratogenesis (35). It is
interesting that LTG also affects a relatively large
number of genes, despite the use of a concentration
of LTG in the microarray experiments that was
close to the lower limit of its therapeutic range (36,
37). LTG may have unknown mechanisms of

action that are relevant to its potent effect on
transcriptional regulation.

The clustering analysis suggested that Li and
VPA regulated the transcriptional activities of a
common set of genes, whereas CBZ with LTG
affected a different set of genmes. Li and VPA
have been reported to share common molecular
mechanisms of action, including effects on gly-
cogen synthase kinase 3B (38, 39) and phospha-
tidylinositol (40) signaling, which may underlie
the common effects of Li and VPA on transcrip-
tional regulation in U-87 MG cells. CBZ and
LTG may share other unknown mechanisms
which cause the observed transcriptional altera-
tions in astrocytes. :

Interestingly, only VPA increased FEZ1 protein
expression in a neuron-derived cell line at a
concentration representing the higher limit of the
therapeutic range, while Li, CBZ, and LTG did not
induce FEZ! protein expression in neuronal cells
at any concentration. The FEZ1 gene has been
functionally characterized in the rodent brain and
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a human neuron-derived cell line (41). These
rodent studies have indicated that FEZ1 is prefer-
entially expressed in neuronal cells and involved in
normal axonal bundling, elongation within axon
bundles of neurons, transport of intracellular
components (including mitochondria), and release
of neurotransmitters (32, 42, 43). FEZI protein is
phosphorylated by PKC{ and then translocated
from the cytoplasmic membrane to the cytoplasm,
where it induces axonal growth and neuronal
differentiation (44). FEZ1 protein has also been
reported to localize to growth cones and associate
with F-actin in SK-N-SH cells and cultured
hippocampal neurons (41). Although the mechan-
ism underlying its transcriptional regulation
requires further investigation, induction of FEZ1
protein in neuronal cells by VPA might contribute
to axonal bundling, transport of intracellular
components, and neurotransmitter release.

The most intriguing finding of the genome-wide
expression analysis of mood-stabilizer-treated
U-87 MG cells was that only the FEZl and
RBM14 transcripts were substantially induced
and suppressed by all four mood stabilizers. The
significant induction of FEZ1 molecules at both
the transcript and the protein levels was verified by
gRT-PCR and western blotting. Although FEZ1
transcript levels were significantly increased by the
four mood stabilizers at lower concentrations,
protein levels increased only at higher Li and
CBZ concentrations. In general, changes in protein
levels depend on levels of the transcript, translation
efficiency, and degradation of the existing protein
(45). Although the modest increase in FEZ1 tran-
scripts after Li and CBZ treatments at lower
concentrations may not be sufficient to yield a
corresponding increase in FEZ1 translation, it
implies that higher doses of Li and CBZ may
increase transcript levels to a degree that allows for

“increased FEZ1 translation. Mood stabilizers might
somehow affect translation efficiency and degrada-
tion of the existing protein as well, although these
possibilities were not addressed in this study.

In addition to neuronal cells, FEZ1 is expressed
in cultured rat neonatal astrocytes (46); however, it
is expressed at barely detectable levels in adult
astrocytes and oligodendrocytes (32). In our exper-
iments, unlike the previous adult rodent studies,
FEZ] protein was expressed in the cytoplasm of
both transformed and primary astrocytes, as well
as in neuronal cells from the human adult brain,
while it was not detectable in the human oligoden-
drocyte cell line (data not shown). No differences
were detected in the intracellular distribution
pattern of the FEZI protein between the human
astrocytic and neuronal cells.
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In general, the transcription of genes in certain
cell types can vary among species. One example of
this is the transcriptional regulation of toll-like
receptors and nitric oxide synthase 2 in humans
and rodents (47, 48). While exons 2-10 of human
FEZ1 and rodent Fezl are highly homologous
(mouse: 90%, rat: 91%), exon 1 and the promoter
region are not. This difference in the promoter
region may underlie the expression of the gene in
human astrocytes, but its absence in rodents.

Astrocytes are compact round cells in the early
developmental stages, and subsequently, they pro-
ject highly branched cellular processes that form
connections with other cell types or with brain
structures, similar to the extension of axons and
dendrites observed in neurons. The localization of
FEZ1 proteins suggests that FEZ1 may be
involved in the extension and maintenance of
astrocyte processes, mitochondrial functions, and
the development and maintenance of structural
formations in astrocytes; however, the function of
FEZI1 protein in astrocytes requires further inves-
tigation.

Although there are reports that FEZ1 transcripts
are decreased in postmortem brain tissue of
patients with schizophrenia (49) and that FEZI
and schizophrenia are modestly associated (50),
neither postmortem brain studies nor genetic
association studies targeting FEZ1 have been
reported. However, indirect evidence from animal
models and cell culture studies suggests the possi-
ble involvement of FEZ1 dysfunction in the
pathogenesis of BD. To this end, FEZ1 knockout
mice are hypersensitive to psychostimulant treat-
ment (51), which suggests that hypofunction of
FEZ1 may contribute to hyperdopaminergic
conditions which have been implicated in the
pathogenesis of the manic state of BD (52). In
addition, FEZ1 has been reported to play an
important role in the establishment of neuronal
polarity by controlling the axonal transport of
mitochondria (53, 54). Thus, an impairment of
FEZ1 might be involved in the mitochondrial
dysfunction implicated in BD (55, 56). Further
studies will be needed to investigate abnormalities
in FEZ1 expression and function in postmortem
brains of BD subjects.

Our finding that four widely prescribed mood
stabilizers commonly induced FEZ1 protein
expression in astrocyte-derived cells raises the
question of what the link is between the mechan-
isms of action of the mood stabilizers and FEZ1
induction. It is also unclear whether FEZ1 induc-
tion is specific to these mood stabilizers, and
whether this induction is involved in the mood-
stabilizing effects of these drugs. Further studies



will be needed to address these issues and the
involvement of FEZ!1 in the pathogenesis of BD.
Although the RBM14 transcript was suppressed
by the mood stabilizer treatments, RBM14 protein
expression was not affected by any of the mood
stabilizers. While protein levels generally correlate
with transcript levels, there can be discrepancies
due to variability in translation efficiency and
protein degradation (45). Thus, RBM14 transla-
tion efficiency may have increased or RBM14
degradation may have decreased in parallel with
the decrease in RBM 14 transcripts. Since RBM 14
exerts its cellular effects by encoding the coactiva-
tor activator (CoAA) protein (57), the suppression
of RBM14 transcripts may not be directly relevant
to the mechanism of action of mood stabilizers.
However, there remains the possibility that
decreases in RBMI14 transcripts may influence

cellular function by modulating the expression of

other transcripts.

Besides the genes commonly altered by the four
mood stabilizers, each mood stabilizer uniquely
altered the expression of certain genes with robust
fold changes as shown in Tables 1 and 2. Although
further studies will be needed to characterize the
function of these regulated genes and their roles in
mood stabilization, previous studies have sug-
gested the possible involvement of some of these
genes in the mechanism of action of the respective
mood stabilizer. For example, VPA induced
gamma-aminobutyric acid A receptor, beta 1
(GABRBI1) and growth associated protein 43
(GAP43) transcripts by 330% and 328%, respec-
tively (Table 1). GABA A receptor is expressed in
both astrocytes and neurons. The GABA A recep-
tor is thought to transfer signals from inhibitory
interneurons to adjacent glial cells, and may
regulate extracellular Cl° concentrations in the
vicinity of a GABAergic synapse (58). The SPECT
study showed that levels of GABA A receptors
were decreased in the sensory motor cortex of
mood disorder patients with akinetic catatonia
(59), whereas GABA receptors were increased in
the rodent hippocampus after VPA treatment (60).
These disease-related or VPA-induced alterations
in GABA receptor expression may, at least in part,
reflect the expression of GABA A receptors in
astrocytes.

VPA was previously reported to increase neuro-
nal GAP43 and cell survival in vitro (61). The present
study demonstrated that VPA also induces GAP43
in astrocytes. Although GAP43 is a calmodulin-
binding phosphoprotein primarily found in neuro-
nal growth cones and is an intrinsic presynaptic
determinant for neurite outgrowth and plasticity
(62), it is also expressed in astrocytes, in particular
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type 2 astrocytes (63, 64). One study reported that
ischemic injury induces GAP43 expression in reac-
tive astrocytes, which protect the brain from ische-
mic injury by normalizing extracellular fluid H™ or
glutamate levels, or by releasing neuronal growth
factors (65, 66). Given that postmortem brain
studies have shown that GAP43 expression is
significantly reduced in the anterior cingulate cortex
of BD patients (67) and the prefrontal cortex of
depressed suicide victims (68), VPA might exert its
effects by inducing GAP43 levels.

DNA polymerase eta (POLH) increased by 60%
after CBZ treatment, whereas interferon-induced
transmembrane protein 3 (IFITM3) decreased by
37% after LTG treatment (Tables 1 and 2).
Postmortem brain microarray analyses showed
that POLH expression was decreased in the
hippocampal CA1 region (69), and IFITM3 was
increased in the prefrontal cortex of BD patients
(70). This suggests the possibility that CBZ-
induced POLH expression and LTG-mediated
IFITM3 suppression may normalize the altered
levels of these genes in affected brains. Thus,
transcriptional regulation may underlie the mood-
stabilizing actions of these drugs.

In conclusion, the microarray data obtained for
human astrocytic cells identified FEZ1 as a gene
that is commonly induced by the four mood
stabilizers, Li, VPA, CBZ, and LTG. Unlike the
studies performed in rodents, in the present study
FEZ1 was expressed in the cytoplasm of human
astrocytic cells and neuronal cells. Our data
suggest that FEZ1 may play important roles in
human astrocytes, and that mood stabilizers might
exert their cytoprotective and mood-stabilizing
effects via FEZ1 induction in astrocytes. Further
studies will be needed to address the involvement
of FEZ! in the mechanisms of action of mood
stabilizers and the pathogenesis of BD.
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Proximal interstitial deletions involving 20q11—ql2 are very
rare. Only two cases have been reported. We describe another
patient with 20q11.21~q12 deletion. We precisely mapped the
6.5-Mb deletion and successfully determined the deletion land-
marks at the nucleotide level. Common clinical features among
the three cases include developmental delay, intractable feeding
difficulties with gastroesophageal reflux, and facial dysmor-
phism including triangular face, hypertelorism, and hypoplastic
alae nasi, indicating that the 20q11.2—q12 deletion can be
a clinically recognizable syndrome. This is also supported
by the fact that the three deletions overlap significantly. In
addition, unique features such as arthrogryposis/fetal akinesia

- (hypokinesia) deformation and retinal dysplasia are recognized
in the patient reported herein. © 2011 Wiley-Liss, Inc.

Keuy waords: 20q interstitial deletion; abnormal hands and feet;
retinal dysplasia; feeding difficulty

INTRODUCTION

Interstitial deletions of the long arm of chromosome 20 are rare. To
our knowledge, a total of 12 patients have been reported in the
literature [Petersen et al., 1987; Shabtai et al.,, 1993; Aldred et al.,
2002; Genevieveetal., 2005; Callieret al., 2006; Borozdin et al., 2007;
Igbal and Al-Owain, 2007]. Among them, only two cases showed
the proximal q deletion (20q11-q12), not extending to q13 [Callier
et al., 2006; Igbal and Al-Owain, 2007]. One patient had a 6.6-Mb
deletion at 20q11.21—q11.23 [Callier et al., 2006], and the other
[Igbal and Al-Owain, 2007] showed a 6.8-Mb deletion at 20q11.2—
ql2. Here, we report on the third patient with a 6.5-Mb deletion
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at 20ql1.21~ql2, clinically showing mental retardation, minor
craniofacial anomalies, and intractable feeding difficulties. The
deletion has been precisely analyzed at the nucleotide level and his
detailed clinical manifestations will be presented.
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CLINICAL REPORT

The 18-month-old boy was the first product of healthy 22-year-old
mother and 25-year-old father without any consanguinity. Preg-
nancy was uneventful. Family history was unremarkable. He was born
by spontaneous vaginal delivery at 38 weeks of gestation. Birth weight
was 2,230 g (—1.7 SD), length 44.0 cm (—1.9 SD), and OFC 32.5cm
(—0.3 SD). Multiple malformations including patent ductus arterio-
sus, patency of foramen ovale, and dysmorphic face werenoted. He was
tube-fed dueto poor swallowing and oxygen therapy was required until
4 months because of respiratory disturbance. X-ray examination at age
of 1 month revealed small thorax and mild slender long bones. In
addition, right eye retinal fold was pointed out. At age of 3 months,
upper gastrointestinal tract was investigated because of recurrent
vomiting, and gastroesophageal reflux (GER) and esophageal hiatus
hernia were found. Esophageal hiatus hernia was alleviated spontane-
ously, but GER persisted.

At age of 4 months, he was referred to us for evaluation of
his developmental delay. He was noted to have the following cranio-
facial features: triangular face, premature closure fontanelle, slopping
forehead, wide bending eyebrows, hypertelorism, low-set and poste-
rior rotated ears, long columella nasi, mild hypoplastic alae nasi, short
and well-defined philtrum, thin lips with tucked-in lower lip, sub-
mucosal cleft palate, microretrognathia and posterior low hair-line
(Fig. 1A,B and Table I). Additionally, abnormal hands and feet were
recognized, consisted of restriction of all proximal interphalangeal
joints and over-extension of all distal interphalangeal joints of hands
and feet, radial deviation of 2nd fingers, clinodactyly of the 2nd and
5th fingers, lack of flexion creases bilaterally, right preaxial polydac-
tyly, left single palmar, and talipes valgus. Mild restriction of elbow,
hip and knee joints bilaterally was also noted (Fig. 1C~E and Table I).

At 15 months, his weight was 7.5kg (—2.3 SD), length 71.8 cm
(—2.7SD), and OFC 44.4 cm (—1.6 SD). He could roll over one side
and shift a toy from one hand to the other. Social smile was seen, but
he could not recognize his parents (DQ 48). His dysphagia persisted
based on the modified swallowing study [Kanda et al., 2005]; he
required tube-feeding, and rejected oral intake. Ophthalmic exam-
ination at 15 months revealed broom-like pattern of retinal vessels
extending from optic disc to periphery with a falciform retinal fold
in the right eye, causing visual impairment. In the left eye, mild
opacity in the lateral portion of vitreous body was found. These
findings led to the diagnosis of bilateral retinal dysplasia. Anterior
segment and optic disc were normal. Left hearing loss was suspected
by auditory brainstem response, otoacoustic emission, and behav-
ioral observation audiometry. Brain magnetic resonance imaging
revealed cortical atrophy and mild ventriculomegaly. Blood
biochemistry and abdominal ultrasonographic examination were
all normal. Serological TORCH (toxoplasma, rubella, cytomegar-
ovirus, and herpes simplex) testing was negative. At 18 months, the
shortening of 5th middle phalanges of fingers and absence of middle
phalanges of the toes were confirmed by X-ray examination.

CYTOGENETIC AND MOLECULAR ANALYSIS

G-banded chromosomal analysis (550 bands level) of the patient’s
blood lymphocytes indicated normal karyptype (46,XY) (data not
shown). Fluorescence in situ hybridization (FISH) analysis using all

i

chromosomal subtelomeric clones did not show any abnormalities.
Array CGH analysis using NimbleGen 385K Array (Roche NimbleGen,
Inc., Madison, WI) demonstrated a 6.5-Mb heterozygous deletion at
20q11.2—q12 (UCSC genome coordinates 2006 Mar. version, chromo-
some 20: 31,269,661-37,782,841 bp) (Fig. 2A). The deletion was also
confirmed by FISH using BACs (RP11-322B6 and RP11-782Cl16 at
21ql11.21,and RP11-54P22 and RP11-467J15at 20q12), RP11-787Cl6
and RP11-54P22 was deleted while RP11-322B6 and RP11-467]15 were
notdeleted (Fig. 3). The deletion junction was successfully amplified by
PCR using primers { Primer A: 5'-TGA TAG AGC CAA CTG GGT CAT
GTG C-3', Primer C: 5-TCT AGC TTG CTG AAT TCC TGC CTG A-
3') (Fig. 2B) and its product was sequenced. The deleted region was
from 31,274,015 to 37,783,826 bp (6,509,811 bp) with 5-bp overlap
(ATAGA) (Fig. 2C). The deletion occured de novo as FISH and



