apoptotic morphological change of nuclei (nuclear
condensation and fragmentation, Figure 5c) and cell
death (Figure 5d) in the Doxo-sensitive SK-N-SH cells
but not in the resistant IMR32 cells.

Doxo-induced stress induces mitochondrial dysfunction
and activates the intrinsic caspase pathway
Next, we evaluated mitochondria homeostasis and
activation of caspase pathways in NB cells. First, we
investigated the role of mitochondrial membrane
potential in Doxo-induced apoptosis. Mitochondrial
membrane potential was assessed 10h after Doxo
stimulation by staining with the mitochondrion-selective
dye, MitoTracker. Doxo-sensitive cells exhibited sub-
stantial mitochondrial depolarization, as evidenced
by the loss of MitoTracker staining (Figure 6a). In
contrast, depolarization was not induced by Doxo in the
resistant cells. Next, immunofluorescence experiments
showed that cytochrome-c¢ was clearly released from
mitochondria in the sensitive cells but not in the
resistant cells (Figure 6b, Doxo-treated cells, *Cyto. C
panels). Nuclear condensation was especially observed
in the cells from which large amounts of cytochrome-c¢
were released (Doxo-treated cells, ‘Nuc’ panels). These
results suggest that mitochondrial dysfunction plays a
pivotal role in Doxo-induced apoptosis in NB cells.
The central component of apoptosis is a proteolytic
system involving a family of proteases called caspases
(Green, 2000). As shown in Figure 6¢, pro-caspase-9
cleavage was observed in the Doxo-sensitive cells, but
not in the resistant cells 12 h after exposure to Doxo.
The substrates of the activated caspase-9, pro-caspase-3
and -7 were also cleaved in the Doxo-sensitive cells.
These findings suggest that apoptotic signals induced by
Doxo activate the intrinsic caspase pathway via a
mitochondrial pathway in NB cells, resulting in cell
death of the Doxo-sensitive NB cells. Meanwhile, the
resistant cells showed no activation of these initiator
(caspase-9) and effector (caspase-3 and/or -7) caspases.

Discussion

Human Noxa is located on chromosome 18921 and its
promoter region contains a pS53-responsive element
(Oda er al., 2003). The expression of pS3 increases
human Noxa mRNA, and ectopic expression of Noxa
effectively induces apoptosis in a BH3-motif-dependent
manner (Oda et al., 2003). In the present study, we
observed that Doxo-sensitive NB cells exhibited the
Noxa mRNA/protein induction and protein localization
into mitochondria after the treatment with Doxo,
leading to an increase in the ratio of pro-/anti-apoptotic
Bel-2 family proteins. Mitochondrial dysfunction and
intrinsic caspase-mediated apoptosis were also induced
in the sensitive cells. Notably, apoptosis was almost
completely canceled by the knockdown of Noxa by
siRNA, confirming the importance of Noxa in the
Doxo-induced apoptosis of NB cells. Taken together,
these findings indicate that the Noxa upregulation in
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mitochondria may play an important role in Doxo-
induced apoptosis in NB cells. A previous study
described that Noxa and Bok were induced by etopo-
side, and Noxa siRNA treatment reduced etoposide-
induced cell death in SH-SYS5Y NB cells (Yakovlev
et al., 2004). Furthermore, Obexer ef al. (2007) reported
that Noxa and Bim are effectors of FKHRL-1-induced
apoptosis in NB cells. Since we also observed the
upregulation of Noxa in mitochondria by Doxo or
etoposide treatment, Noxa seems to be one of the
important effectors of the pro-apoptotic signaling path-
way in NB cell apoptosis.

Whereas Yakovlev et al. (2004) did not use stress-
resistant NB cells, the kinetics of Noxa induction in the
stress-resistant NB cells was evaluated in our study. In
the Doxo-resistant NB cells, exposure to Doxo failed to
increase the expression of Noxa and the other down-
stream molecules in mitochondria, although pS53 was
abundant in the nucleus before Doxo exposure and
some of the p53 serine residues that regulate p53
stability and activity (Shieh er al., 1997; Oda et al.,
2000) were efficiently phosphorylated in the resistant
cells, as well as in the sensitive cells. These results
suggest that the lack of some p53 function in the
resistant NB cells results in the failure of apoptosis, even
under the pressure of DNA damage, such as Doxo
treatment. It is of interest that the amounts of Noxa
mRNA and protein in the mitochondria were much
larger in the unstimulated resistant cells than in the
sensitive cells but not stimulated by Doxo treatment.
Alternatively, the inability to upregulate Noxa tran-
scription in response to Doxo may be related to
resistance to the anthracycline in some NB cells. Large
amounts of Noxa mRNA in a part of unfavorable NB
primary tumor samples (Figure 4C) supported the
observation of inactivity of accumulated Noxa in the
resistant cells. The accumulation of Noxa in unstimu-
lated NB cells seems to be p53 independent, as it was
suggested by our experiments. Although several findings
suggest that Noxa is induced via a p53-independent
pathway in neuronal cells (Kiryu-Seo et al., 2005; Wong
et al., 2005), the exact molecular pathway responsible
for the p53-independent Noxa induction in NB remains
to be elucidated. One possibility is the presence of other
pS3 family proteins, for example, p63 and p73 proteins
in NB cells. Actually, p73-alpha is expressed in several
NB cell lines, including IMR32 and NBI19 cells, and p63,
but not deltaNp63, is highly expressed at the transcrip-
tional level in IMR32 cells (data not shown). The study
of the physiological role of p63 and p73 proteins on
Noxa expression and Doxo-induced NB cell death seems
to be meaningful for research of NB cell death.

A previous report indicated that although Noxa
expression mediated by adenovirus could not induce
apoptosis in either wild-type or p53-knockout MEFs, its
expression effectively enhanced the apoptotic response
to etoposide or UV (Shibue et al., 2003), suggesting that
Noxa induces apoptosis in concert with not only p53-
dependent cellular signals, but also p53-independent
cellular signals. Additionally, we found a significant
increase of Noxa mRNA amounts in the tumor samples
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Figure 6 Mitochondrial dysfunction is induced by Doxo in the sensitive neuroblastoma (NB) cells. (a) Mitochondrial membrane
potential was detected using MitoTracker dye 6 h after Doxo stimulation (Doxo). The steady-state potential is shown as a control {[(—)].
(b) Cells were stimulated with Doxo for 6h, and then cytochrome-c (Cyto. c) signals were detected by immunofluorescence
experiments. The nucleus (Nuc) was stained with 4',6-diamidino-2-phenylindole (DAPI). (¢) Cells were collected at the indicated time
points after Doxo stimulation and subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)/western blot
analysis. Processing of pro-caspase-9 was detected by the presence of 38/40-kDa cleaved forms. The anti-caspase-3 rabbit polyclonal
antibody (BD Pharmingen) recognized the 32-kDa pro-caspase-3 and the 17-kDa cleaved form. The anti-caspase-7 mouse monoclonal
antibody (clone B94-1) recognized the 35-kDa pro-caspase-7 and the 17-kDa cleaved form.

Oncogene




in the advanced stage (INSS3 and -4, younger than 12
months old) by quantitative real-time RT-PCR analysis
(Figure 4D), indicating that the inactiveness of Noxa
may relate to the progression in NB tumors. These
observations suggest that reactivation of the accu-
mulated Noxa in the Doxo-resistant NB cells with
pS3-independent stress may provide a new therapeutic
approach to chemotherapy-resistant NB. Moreover,
biochemical analysis of the accumulated Noxa in the
mitochondria of resistant cells, for example, the analysis
of Noxa-binding Bcl-2-family proteins in mitochondria,
may be useful to address the mechanism of the failure of
Doxo-induced apoptosis in those cells.

To address the other potential mechanisms of the
resistances of DNA-damage-induced reagents in the
chosen cell lines, we studied the genomic amplification
of MYCN (Materials and methods), caspase-8 and
P-glycoprotein mRNA expression by semi-quantitative
RT-PCR (data not shown). Caspase-8 was expressed in
NB-9, NB-69, SK-N-SH and NB-1 cells. However,
caspase-8 seems not to have a significant role in the
Doxo-induced NB apoptosis, since we could not detect
its activation by western blotting (data not shown).
P-glycoprotein was clearly expressed in NB-9, NB-69,
SK-N-SH and NB-1 cells, but not in SH-SYS5Y, NB-1,
and IMR32 cells (data not shown), suggesting that p-
glycoprotein seems not to relate to the Doxo sensitivity
of NB cells. Regarding MYCN amplification status, all
the three resistant cell lines had MYCN amplification
and three of four sensitive cell lines had single copy
MYCN, suggesting that inactivity of p53 in the resistant
cell lines may relate to the MYCN amplification.
Consistent with our observation, Bell er al. (2006)
reported that MYCN amplification correlates with
attenuated p21<¢/Vet ipnduction in p53 wild-type NB
cells. The analysis of the molecular mechanism between
MYCN amplification and p53 inactivation in NB cells
may be important for NB studies.

Taken together, our findings indicate that the p53
pathway regulates NB cell apoptosis via pro-apoptotic
Noxa kinetics and localization in the mitochondria.
Further study of Noxa in NB may provide an important
approach to develop new therapies for NB and to
improve the prognosis of high-risk NB patients.

Materials and methods

Reagents and antibodies

Anti-p53 mouse monoclonal antibody (clone DO-1), anti-Bcl-2
mouse monoclonal antibody (clone C-2), anti-p2]<irt/¥enl
mouse monoclonal antibody (clone F-5) and anti-Bad mouse
monoclonal antibody (clone C-7) were from Santa Cruz
Biotechnology Inc. (Santa Cruz, CA, USA). Anti-cyto-
chrome-¢ mouse monoclonal antibody (clone 7HS8.2C12),
anti-Bcl-xL. mouse monoclonal antibody (clone 2H12), anti-
caspase-3 rabbit polyclonal antibody, anti-caspase-7 mouse
monoclonal antibody (clone B94-1) and anti-Bid rabbit
polyclonal antibody were from BD PharMingen (San Diego,
CA, USA). Aanti-phospho-p53 rabbit serum (p53seriSp,
pS53ser20p and pS3ser46p) and anti-phospho-pS53sert5 mouse
monoclonal antibody (clone 16G8) were from Cell Signaling
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Technology (Beverly, MA, USA). Anti-Bax and Anti-Bak
rabbit polyclonal antibodies were from Upstate Biotechnology
(Lake Placid, NY, USA). Anti-p53 mouse monoclonal anti-
body (clone pAb421), anti-p53 sheep polyclonal Antisera
(Ab-7) Kit and anti-Noxa mouse monoclonal antibody (clone
114C307, for immunofluorescence analysis) were from Onco-
gene Research Products (Cambridge, MA, USA). Anti-Noxa
rabbit polyclonal antibody (for western blotting) was from
Abcam (Cambridge, UK). Anti-Bim rabbit polyclonal anti-
body was from Millennium Biotechnology (Ramona, CA,
USA). Anti-Bok rabbit polyclonal antibody was from
ABGENT (San Diego, CA, USA). Anti-caspase-9 mouse
monoclonal antibody (clone 5B4) was from MBL (Nagoya,
Japan). Anti-lamin monoclonal antibody (clone JOL2) was
from Chemicon (Temecula, CA, USA). Anti-f-tubulin mouse
monoclonal antibody (clone KMX-1) was from Roche
Diagnostics (Manheim, Germany). Anti-trifunctional protein
serum was prepared by rabbit immunization and affinity
selection with purified trifunctional protein (Kamijo et al.,
1993). Anti-HDM?2 monoclonal antibody (clone 2A10) was a
generous gift from Dr Arnold J Levine, Pediatrics and
Biochemistry Cancer Institute of New Jersey. Other biochem-
ical reagents were purchased from Sigma-Aldrich Japan, or
Wako (Osaka, Japan).

Cells and cell culture

We collected p53 wild-type NB cell lines to study the role of
the p53 pathway in drug resistance mechanism of NB cells.
SK-N-SH, NB-9, NB-19 and NB69 were obtained from Riken
Cell Bank (Tsukuba, Japan). IMR32 and NB-1 were from Cell
Resource Center for Biomedical Research Institute of Deve-
lopment, Aging and Cancer, Tohoku University. The wild-type
p53-expressing SH-SYSY line was purchased from ATCC
(Manassas, VA, USA). The wild-type p53 status was demon-
strated in previous reports (IMR32: Hopkins-Donaldson et al.,
2002; SK-N-SH: Wolff ef al., 2001) and p53 sequencing, which
was performed according to the previous report (Tweddle
et al., 2001), confirmed the wild-type p53 status in these cell
lines. In terms of the copy number of MYCN by Southern blot
analysis, SH-SY5Y, SK-N-SH and NB-69 are single-copy NB
cells; NB-9, IMR32, NB-1 and NB-19 cells have 50, > 150,
> 150 and 25 copies, respectively (data not shown). The cells
were routinely maintained with DMEM supplemented with
10% fetal bovine serum (FBS) and 1 x penicillin/streptomycin
(Invitrogen, Carlsbad, CA, USA).

Tumor samples

Fresh, frozen tumor tissues were sent to the Division of
Biochemistry, Chiba Cancer Center Research Institute, from
various hospitals in Japan with informed consent from the
patients’ parents. All samples were obtained by surgery or
biopsy and stored at —80°C. More than 70% of tumor cell
contents of the samples were confirmed by pathological
analysis of the adjacent tissues. Studies were approved by the
Institutional Review Board of the Chiba Cancer Center.

Cell proliferation assay

NB cells were seeded in 96-well plates at a density of 10* cells/
well in a final volume of 100ul. Twenty-four hours after
seeding, the medium was removed and replaced with fresh
medium or with medium containing 0.5 ug/ml of Doxo or
20 uM etoposide in a final volume of 100 gl. The culture was
maintained in the 5% CO, for 24 h and then 10yl of WST-8
labeling solution (Cell Counting Kit-8, DOJINDO, Kumamoto,
Japan) was added, and the cells were returned to the incubator
for 4h. The absorbance of the formazan product formed was

751

Oncagene



Noxa regulates neuroblastoma cell death
K Kurata et a/

752

Table 1 Sequence of primers for PCR experiments

Gene Forward primer sequence Reverse primer sequence Accession number
p53 cagccaagtctgtgacttgeacgtac ctatgtcgaaaagtgttictgtcatc NM_000546
p2]Ciplivan gacaccactggagggtgact ggegtitggagtgatagaaa L25610
HDM2 tagtagcattatttatageagec agagaagaaatctatgtgaatigag 712020
Noxa agagctggaagtcgagigt geaccticacattcetete D90070

Bax ttttgcticagggtttcate cagttgaagtigeegtcaga BC014175
Bakl gectttgeagtiggactcte gggttgggageaagtgtcta NM_001188
IFN-o1 caatatctacgatggectege agagatggctggagcctictg NM_024013
Caspase-8 gggacaggaatggaacacac gecatagatgatgecettgt AF009620
P-glycoprotein gaatctggaggaagacatgacc tccaattttgtcaccaattce NM_000927
G3PDH accacagtccatgecatcac tccaccaccetgttgetgta NM_002046

detected at 450nm in a 96-well spectrophotometric plate
reader, as per the manufacturer’s protocol.

Morphological analysis of apoptosis and analysis of sub-Gyl Gy
Sfraction

Cells were observed using a phase-contrast microscope to assess
apoptotic morphological changes and treated with 4',6-diami-
dino-2-phenylindole (DAPI), a DNA-staining dye, to detect the
morphological characteristics of apoptotic nuclei, namely,
condensation and fragmentation, after fixation with 3.7% (v/
v) formaldehyde/l x phosphate-buffered saline (PBS). Analysis
of sub-Gy/G, fraction was performed by using the method
described in the previous report (Nakazawa ef al., 2003).

Immunofluorescence

Fixation was performed with 3.7% (v/v) formaldehyde/
1 x PBS for 30min and the permeabilization was done with
0.1% (v/v) TritonX-100/1 x PBS for 5min at room tempera-
ture. Cells were then stained for 1h with the first antibody
followed by a 30-min exposure to an appropriate second
antibody conjugated with fluorescent dye (Alexa488 or
Alexa594). DNA was visualized with DAPI or propidium
iodide. Analysis by confocal laser microscopy was performed
with an LSMS510 system (Carl Zeiss, Oberkochen, Germany).

Cell fractionation and direct western blotting

For the isolation of the heavy membrane faction (Mito) in
Figures 4A and B, 2 x 10° cells were subjected to the fractiona-
tion procedure described previously (Nakazawa et al., 2003).
The resulting supernatant after isolation of Mito was referred to
as the cytosol plus light membrane (Cyto) fractions.

For isolation of the nucleus (Nuc) in Figure 2d, 1 x 10° cells
were suspended in 0.4ml of buffer (10mM HEPES pH 7.9,
10mM KCl, 1.5mM MgCl,, 0.5mM DTT, 0.4 uM PMSF), and
incubated on ice for 20min. After vortexing for 1min at the
maximum setting, cells were centrifuged at 15000r.p.m. for
10s, and then the supernatant was kept as cytosol (Cyto). The
pellet was resuspended in 0.1 ml of buffer- (20mM HEPES pH
7.9, 420 mM NaCl, 1.5mM MgCl,, 0.2mM EDTA, 25% (v/v)
glycerol, 0.5mm DTT, 0.4 uM PMSF), and incubated on ice
for 20 min. Then the cells were centrifuged at 15000r.p.m. for
2min, and then the supernatant was kept as nucleus (Nuc).
Direct western blotting was performed according to the
previous report (Nakazawa et al., 2003).

Preparation of mRNA and analysis of RNA expression

Total RNA was extracted from NB cells using Isogen (Wako,
Tokyo, Japan), and cDNA was synthesized from 1 ug of total
RNA templates according to the manufacturer’s protocol
(RiverTra-Ace-a- RT-PCR kit, TOYOBO, Osaka, Japan).
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PCR amplification of either p53 or Noxa was performed using
previously reported primers (for pS53: Paull and Whikehart,
2005; for Noxa: Ohtani et al, 2004). The other primer
sequences are listed in Table 1. RT-PCR products (~0.5kb)
were detected by direct ethidium bromide staining after
electrophoretic separation on agarose gels. RT-PCR analysis
of G3PDH mRNA expression was performed as a positive
control for these experiments according to the manufacturer’s
protocol (RiverTra-Ace -a- RT-PCR kit). Semi-quantitative
RT-PCR analysis of tumor samples was performed according
to the previous report (Machida et al., 2006). The PCR
amplification was performed using the above-mentioned
primers for Noxa.

Quantitative real-time PCR analysis

For quantification of Noxa in primary NB samples, cDNA was
synthesized with random primers Superscript II reverse
transcriptase (GibcoBRL) from 15ug of primary tumor total
RNA. Noxa and GAPDH primers and probes were purchased
from Applied Biosystems (Noxa Assay ID: Hs00560402_ml;
GAPDH.: Pre-Developed TagMan Assay Reagents Human
G3PDH). Quantitative real-time PCR analysis was performed
by ABI7700 Prism sequence detector (Applied Biosystems,
Foster City, CA, USA), according to the manufacturer’s
instructions using 1 x TaqMan Universal PCR Master Mix.
After denaturing at 95°C for 10min, PCR amplification was
performed by 50 cycles of denaturation at 95°C for 15s and
annealing/extension at 60°C for 1 min. A quantification of Noxa
mRNA in each sample was performed by comparing with the
standard curve, which was generated by reacting the plasmid
containing human Noxa (Hijikata ef al., 1990). Furthermore,
G3PDH mRNA quantification was also performed for a
standardization of the initial RNA content of each sample.

Small interference RNA transfection

Noxa small interference RNAs were synthesized according to
the previous experiments (Noxa siRNAL, Qin er al., 2004:
5-TCAGTCTACTGATTTACTGG-3; Noxa siRNA2, Lee
et al., 2005: 5-AACTTCCGGCAGAAACTTCTG-3'). Con-
trol siRNA (Silencer Negative Control #1 siRNA) was
purchased from Ambion Inc. (Austin, TX, USA). NB cells
were plated at a density of 3 x 10° cells in a 3-cm-diameter dish.
Small interference RNA duplexes (10nM) were transfected
with Lipofectamine™ RNAIMAX in Opti-MEM medium
according to the manufacturer’s protocol. After 24 h, trans-
fected cells were treated with Doxo for another 24 h.

Statistical analysis

The Welch test was used as a statistical method of parametric
test to explore possible associations between Noxa expression
and other factors, using StatView ver. 4.11 (Abacus Concepts



Inc., Cheltenham, UK). Statistical significance was declared if
the P-value was <0.05.
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Loss of imprinting of IGF2 correlates with hypermethylation of the
H 19 differentially methylated region in hepatoblastoma

S Honda"‘, Y Araiz, M Haruta', F Sasaki®, M Ohiral, H Yamaoka®, H Horie?, A Nakagawara’, E Hiyama3,
S Todo* and Y Kaneko™'?
' Department of Cancer Diagnosis, Saitama Cancer Center, Research Institute for Clinical Oncology, 818 Komuro, Ing, Saitama 362-0806, Japan; 2Cancer

Genomics Project, National Cancer Center Research Institute, Chuo-Ku, Tokyo | 04-0045, japan; 3japanese Study Group for Pediatric Liver Tumor (JPLT),
Hiroshima 734-8551, Japan; *Department of General Surgery, Hokkaido University Graduate School of Medicine, Sapporo 060-8638, Japan

IGF2, a maternally imprinted foetal growth factor gene, is implicated in many childhood tumours including hepatoblastoma (HB);
however, the genetic and epigenetic afterations have not comprehensively been studied. We analysed the methylation status of the
H19 differentially methylated region (DMR), loss of heterozygosity (LOH) and allelic expression of IGF2 in 54 HB tumours, and found
that 12 tumours (22%) with LOH, 9 (179%) with loss of imprinting (LOI) and 33 (619) with retention of imprinting (RO). Biallelic and
monoallelic IGF2 expressions correlated with hypermethylation and normal methylation of HI19 DMR, respectively, in two tumours
with LOI and seven tumours with ROL Quantitative RT—PCR analysis showed minimal expression of H19 mRNA and substantial
expression of IGF2 mRNA in tumours with LOH or LOI, and substantial expression of both H/9 and IGF2 mRNAs in tumours with
RO Increased IGF2 expression with predominant embryonic P3 transcript was found in the majority of HBs with ROl and foetal
livers. In contrast to the earlier reports, our findings suggest that the disruption of the enhancer competition model reported in
Wilms' tumour may also occur in HB. Both frequencies of LOH and LOI seem to be lower in HB than in Wilms' tumour, reflecting

the different tissue origins.
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Hepatoblastoma (HB) is a rare malignant neoplasm of the liver,
with an incidence of 0.5-1.5 per million children (Perilongo and
Shafford, 1999). Remarkable progress in clinical outcome has been
achieved in the past 20 years because of advances in chemotherapy
and surgical procedures; however, the mortality rate remains 20-
30% and treatment results in patients in advanced stages who are
refractory to standard preoperative chemotherapy regimens are
unsatisfactory (Perilongo et al, 2000; Fuchs et al, 2002). To
improve the mortality of these patients, innovative treatment
based on a specific molecular target is needed. The molecular
mechanism involved in the development and progression of HB
includes overexpression of insulin-like growth factor-1I (IGF2)
(Li et al, 1998b; Gray et al, 2000; Hartmann et al, 2000),
downregulation of RASSFIA by promoter hypermethylation
(Sugawara et al, 2007; Honda et al, 2008) and alterations of genes
in the Wnt signalling pathway; most notably, the high incidence of
CTNNBI {catenin, 1) mutation (Koch et al, 1999; Taniguchi et al,
2002).

IGF2 is a maternally imprinted gene and encodes a foetal
peptide hormone that regulates cellular proliferation and differ-
entiation (Foulstone ef al, 2005). IGF2 has four promoter regions
and P3 is the most active promoter in the foetal liver, followed
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by P2 and P4 promoters (Li et al, 1998a). PLAGI encodes a
developmentally regulated transcription factor, which positively
regulates IGF2 through binding the P3 promoter region. Although
IGF2 is downregulated in normal tissues after birth, except for
liver tissues, it is overexpressed in a wide variety of childhood
and adult cancers and serves as a tumour enhancer through
autocrine and paracrine mechanisms (Toretsky and Helman,
1996). IGF2 has been studied extensively over the past decade
as a key molecule involving HB and Wilms’ tumour (WT)
pathogenesis.

The allelic expression of IGF2 is regulated by the methylation
status of the sixth CTCF (CCCTC-binding factor) site in the HI9
differentially methylated region (DMR) that represents the
parental origin of the IGF2 allele; whereas the paternal CTCF6
allele is methylated, the maternal allele is unmethylated in normal
tissues (Bell and Felsenfeld, 2000; Hark ef al, 2000; Takai et al,
2001). Using the enhancer competition model, IGF2 and HI9
promoters compete on the same chromosome for a shared
enhancer, and access of the maternal IGF2 allele to this enhancer
is blocked by HI9 DMR when unmethylated because of the
insulator activity of CTCF binding to unmethylated H19 DMR (Bell
and Felsenfeld, 2000; Hark et al, 2000). It has been proved in many
WTs that aberrant methylation of the maternal CTCF6 prevents the
insulator binding and leads to loss of imprinting {(LOI), resulting in
the overexpression of IGF2 (Steenman et al, 1994; Ravenel et al,
2001). Although LOI of IGF2 was reported in HB, the mechanism
of LOI, the concurrent overexpression of IGF2 mRNA and loss of
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HI9 mRNA expression are uncertain because of the limited
number of HB tumours examined and the low frequency of the
heterozygous IGF2 polymorphic site in general populations
(Davies, 1993; Montagna et al, 1994; Rainier et al, 1995; Li et al,
1995, 1998b; Fukuzawa et al, 1999; Gray et al, 2000; Hartmann
et al, 2000; Ross et al, 2000; Albrecht et al, 2004; Suzuki ef al,
2008), and some investigators stated earlier that the mechanisms of
IGF2 upregulation by LOI found in WT do not apply to HB (Li
et al, 1995; Hartmann et al, 2000).

Loss of imprinting was reported in 32-38% of WTs
(Ravenel et al, 2001; Fukuzawa ef al, 2004; Yuan et al, 2005), and
loss of heterozygosity (LOH), leading to uniparental disomy (UPD)
of the paternal IGF2, was reported in 36-50% of WTs (Grundy
et al, 1996; Fukuzawa et al, 2004; Yuan et al, 2005). In HB, although
LOH of IGF2 was reported in 20-30%, the incidence of LOI of
IGF2 was uncertain because each series included only a small
number of HB tumours. In addition, it is also uncertain whether
the same mechanism of LOI is involved in both WT and HB
tumorigeneses because the methylation status of H19 DMR in HB
has rarely been examined (Li et al, 1995, 1998b; Fukuzawa ef al,
1999).

To determine whether the alterations of IGF2 and HI19 loci
identified in WT are also found in HB, we examined the LOI and
LOH status of IGF2 using combined bisulphite restriction assay
(COBRA) of the CTCF6 region that can determine the methylation
status of HI9 DMR more efficiently than the method using
methylation-specific restriction enzymes and Southern blot in
54 HB tumours. In addition, we evaluated promoter-specific IGF2
transcripts, the methylation status of IGF2 promoters and PLAGI
mRNA expression. Our results showed that the genetic and
epigenetic alterations in the IGF2-HI9 region with elevated
expression of IGF2 mRNA identified in WTs were also found in
the great majority of HB tumours, although the incidences of LOH
and LOI may be lower in HBs than in WTs.

MATERIALS AND METHODS

Patients and samples

Tumour tissues were obtained from 54 Japanese children with HB,
and adjacent normal liver tissues were available from 5 patients.
Eighteen tumour and five matched normal liver specimens were
supplied by the Tissue Bank of the Japanese Study Group for
Pediatric Liver Tumour (JPLT) (Matsunaga ef al, 2004), and 36
were supplied by institutions affiliated with Saitama Cancer
Center. DNA and RNA were extracted from tumour and normal
tissue samples that were immediately frozen after the resection or
on arrival at the centre. The median age of the 54 patients at
diagnosis was 18 months (range, 1-156 months). None of patients
had the Beckwith-Wiedemann syndrome or a family history of
familial polyposis coli. A total of 14 and 37 tumours were obtained
before and after chemotherapy, respectively, and the chemother-
apy status was unknown in the other 3 tumours. Pathologists in
each institution and/or the JPLT pathology panel made the
diagnosis of HB and verified that each sample contained 70% or
more tumour cells. Informed consent was obtained from the
parents, and the study design was approved by the ethics
committee of Saitama Cancer Center.

COBRA of the CTCFé6 site at HI9 DMR

We performed COBRA to determine the methylation status of the
CTCF6 binding site at H19 DMR, as described earlier (Watanabe
et al, 2007). COBRA of CTCF6 showed that the mean methylation
percentage +2 s.d. of five normal livers was 52.8 £15.0%, and
we defined more than the mean percentage +2 s.d. as the
hypermethylated state.

British journal of Cancer (2008) 99(11), 1891 -1899

LOH analysis of IGF2

High-resolution single nucleotide polymorphism (SNP) array,
Affymetrix Mapping 50K-Xba array (Affymetrix, Santa Clara, CA,
USA), was used to analyse chromosomal aberrations of 11p15.5
where IGF2 resides. Genomic DNA in 43 of 54 tumours and 2 cell
lines was assayed according to the manufacturer’s protocol, and
the genomic status of IGF2 was determined as described earlier
(Haruta et al, 2008).

Allelic expression analysis of IGF2 and quantitative real-
time reverse transcription-PCR analysis of IGF2 and HI19
mRNA

The Apal/Avall polymorphic site in exon 9 of IGF2 was used to
evaluate the allelic expression of IGF2 mRNA in 21 tumours whose
RNA was available for this study, as described earlier {Watanabe
et al, 2006). Quantitative real-time reverse transcription-PCR was
performed to evaluate the total IGF2 and H19 mRNA levels in 20
tumour tissues, 2 HB cell lines (HuH6 and HepG2), foetal liver
total RNA pooled from 34 foetuses (Clontech, Ohtsu, Japan) and 3
normal liver tissues adjacent to HB; the age of the patients was 16,
24 or 26 months. Of the 20 tumours, 3 and 16 were obtained before
and after chemotherapy, respectively, and the chemotherapy status
was unknown in 1. The primers and TagMan probes used for IGF2
and HI19 mRNA were described earlier (Watanabe et al, 2007;
Haruta et al, 2008). The expression of IGF2 and H19 mRNAs was
normalised with GAPDH.

Methylation-specific PCR and bisulphite sequencing
analysis of IGF2 promoter regions

Genomic DNA from tumour and normal liver samples was treated
with sodium bisulphite (Herman et al, 1996), and the methylation
status of the P2-P4 promoter regions of IGF2Z was analysed by
methylation-specific PCR (MSP), as described earlier (Beeghly
et al, 2007). Polymerase chain reaction products were run on 2%
agarose gels and visualised after staining with ethidium bromide.
We confirmed the results of MSP analysis of P3 promoter by
bisulphite sequencing of eight or more subcloned plasmids.

Semiquantitative RT ~-PCR analysis of promoter-specific
transcripts of IGF2 and PLAGI

Pl and P3 promoter specific expressions of IGF2Z mRNA were
analysed using the primer sets described elsewhere (Lu et al, 2006).
The primer sequences for P2-specific transcript were derived from
exons 4 and 5: forward, 5'-CCCTCAGGACGTGGACAG-3'; reverse,
5'-GTGCGTTGGACTTGCATAGA-3'; and the primer sequences for
P4-specific transcript were derived from exons 7, 8 and 9: forward,
5'-CGAGCCTTCTGCTGAGCTAC-3'; reverse, 5-CGGAAACAGCA
CTCCTCAAC-3'. PLAGI mRNA expression was analysed using the
following primer sets: forward, 5-AACGTAAGCGTGGTGAAACC-3';
reverse, 5'-TGCCACATTCTTCGCACTTA-3' (Zatkova et al, 2004).
Polymerase chain reaction products were run on polyacrylamide
gels and visualised after ethidium bromide staining. The intensity
of each band was examined using a fluorescence image analyser,
FLA-3000G (Fujifilm, Tokyo, Japan). Dividing the intensity of the
target transcript by that of GAPDH calculated the level of each
transcript.

Mutation analysis of the CTNNBI gene

To detect point mutations and deletions of the CTNNBI gene,
genomic DNA from each tumour sample was amplified using two
sets of primers, Fl, 5-TGGCTATCATTCTGCTTTTCTTG-3' and
R1, 5-CTCTTTTCTTCACCACAACATTTT-3/, and BCAT-3, 5'-AA
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AATCCAGCGTGGACAATGG-3' and BCAT-4, 5-TGTGGCAAGTT
CTGCATCATC-3', respectively (Koch et al, 1999; Satoh ef al,
2003). The PCR products were either directly sequenced or
inserted into a vector (pGEM (R)-T Easy Vector System (Promega,
Madison, WI, USA)), and six or more clones were sequenced.

Statistical analysis

Student’s t-test or Welch’s ¢-test compared mRNA levels of IGF2
and HI9 between tumours with or without IGF2 alterations or
other characteristics and the levels of IGF2 promoter-specific
transcripts between tumours with or without PLAGI mRNA
expression. We also assessed the association between total IGF2
mRNA levels and P2-, P3- or P4-specific IGF2 mRNA levels by
determining the Spearman rank correlation coefficient and
associated P-value. Differences in the incidence of tumours with
unmethylated P3 promoter were examined between tumours with
hypermethylated H19 DMR and tumours with normally methy-
lated H19 DMR by the y* test. Differences in the incidences of
tumours with CTNNBI mutation were examined between any two
of three groups of tumours classified on the basis of the IGF2
status by the x° test.

RESULTS

Methylation status of the CTCF6 binding site at HI9 DMR,
LOH analysis using SNP array and allelic expression
analysis of IGF2

Combined bisulphite restriction assay showed that 21 and 33
tumours had hypermethylation and normal methylation at CTCFs,
indicating LOH or LOTI and retention of IGF2 imprinting (ROI),
respectively (Table 1 and Figure 1). Single nucleotide polymorph-
ism array analysis was performed in 43 of 54 tumours; all 21
tumours with hypermethylated CTCF6 and 22 of 33 tumours with
normally methylated CTCF6. Combined results of both analyses
indicated that 12 tumours had LOH (10 hypermethylated CTCF6
and UPD 2 hypermethylated CTCF6 and hemizygous 11pl5
deletion), 9 had LOI (hypermethylated CTCF6 and retention of
heterozygosity (ROH)) and 22 had ROI (normally methylated
CTCF6 and ROH). Of 21 tumours whose RNA was available, 9 and
12 tumours had heterozygous and homozygous Apal/Avall sites in
exon 9 of IGF2, respectively. Of the nine heterozygous tumours,
seven showed monoallelic expression of IGF2, indicating ROI, and
two showed biallelic expression of IGF2, indicating LOI, and the
results were consistent with those examined by COBRA and SNP
array analyses (Table 1). From these findings, 11 tumours with
normally methylated CTCF6, in which SNP array analysis was not
performed, were classified as those with ROIL Thus, combined
results of COBRA, SNP array and allelic expression analyses
showed 12 tumours with LOH, 9 tumours with LOI and 33 tumours
with ROL In addition, one cell line (HuH6) had LOI, and the other
(HepG2) had LOH (UPD) of IGF2.

The mean age was compared between any two of three groups of
patients (i.e.,, LOH, LOI or ROI) by Student’s ¢-test. There was no
difference in the mean age between any two of the three groups of
patients.

Correlation between IGF2 and HI9 mRNA levels and the
IGF2 status (LOH, LOI or ROI)

Quantitative real-time reverse transcription-PCR analysis showed
that although 15 of 20 tumours had a higher level of IGF2 mRNA
than normal liver tissues, 15 of 20 tumours had a lower level of H19
mRNA than normal liver tissues (Table 1 and Figure 2). All 3
tumours with UPD, 1 of 1 with 11p15 loss, 1 of 3 with LOI and 10 of
13 with ROI, expressed higher levels of IGF2 mRNA than normal
liver tissues. There was no significant difference in IGF2 mRNA
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levels between 3 tumours with UPD or 7 tumours with IGF2
alterations; that is UPD, 11p15 loss or LOI, and 13 tumours with
ROL In contrast, 7 tumours with IGF2 alterations expressed very
low levels of HI9 mRNA, whereas 11 of 13 tumours with ROI
expressed a substantial amount of HI9 mRNA; 2 tumours (nos.
25 and 27) with ROI expressed very low levels of HI9 mRNA.
HI19 mRNA levels were higher in 13 HB tumours with ROI than
in 7 HB tumours with IGF2 alterations (P<0.01 by Welch’s
t-test). Although HepG2 with UPD had a higher level of IGF2
mRNA than normal liver tissues, HuH6 with LOI had a very
low level of IGF2 mRNA. HI9 mRNA levels were very low in both
cell lines.

Semiquantitative RT-PCR analysis of promoter-specific
IGF2 transcripts

Because the IGF2 gene has four kinds of promoters, promoter-
specific IGF2 transcripts were analysed to determine the usage of
each promoter. Representative resuits of the P3 transcript are
shown in Figure 3A. All 20 tumours showed undetectable or lower
levels of P1 transcripts than 3 normal liver tissues. The levels of
P2, P3 and P4 transcripts were higher in 13, 15 and 10 of the
20 tumours, respectively, than those of normal liver tissues.
Polymerase chain reaction cycle numbers to obtain visible levels
of PCR products were 40 for P2 transcripts, 30 for P3 transcripts
and 35 for P4 transcripts, indicating that the amounts of P3
transcripts were high, those of P2 transcripts were low and
those of P4 transcripts were intermediate. The Spearman correla-
tion coefficient analysis showed that the expression levels of
the P2, P3 and P4 transcripts correlated with the levels of total
IGF2 mRNA (P2, r$=0.730; P3, rS=0.773 and P4, rS=10.646)
(Figure 3B and C; data for the P2 and P4 transcripts are not
shown).

The methylation status of IGF2 promoters and its
correlation with the levels of promoter-specific transcripts

In the MSP analysis of each promoter, the P2 promoter region was
partially methylated in 19 tumours and normal liver tissues and
the P4 promoter region was unmethylated in all 20 tumours and
normal liver tissues. Therefore, the methylation status of P2 or P4
promoter region was not correlated with the expression level of P2-
or P4-specific transcripts. The P3 promoter region was partially
methylated in 11 tumours, HuH6 and normal liver tissues and
unmethylated in 9 tumours and HepG2 (Table 1, Figure 4A and B).
The results of MSP analysis in one tumour (no. 1) and HuHé were
confirmed by bisulphite sequencing (Figure 4C). Nine tumours
with the unmethylated P3 promoter had higher levels of P3
transcripts than 11 tumours with the partially methylated P3
promoter (P =0.005) (Figure 4D). The P3 promoter was unmethy-
lated in 5 of 7 tumours with IGF2 alterations; UPD, 11p15 loss or
LOIL but in 4 of 13 tumours with ROIL. Thus, the incidence of
tumours with unmethylated P3 promoter tended to be higher in
tumours with hypermethylated H19 DMR than in tumours with
normally methylated H19 DMR (P=0.1).

Semiquantitative RT-PCR analysis of PLAGI mRNA

PLAG]I positively regulates IGF2, and its expression was detected
in 12 tumours, foetal liver RNA and 2 cell lines, but not in 8
tumour and 3 normal liver tissues (Table 1 and Figure 5). The 12
tumours with PLAGI mRNA expression showed higher levels of
P4-specific IGF2 transcripts (P=0.01) and tended to show higher
levels of P3-specific IGF2 transcripts (P=0.051) than the 8
tumours without PLAGI expression. There was no significant
difference in P2- or P1-specific transcript levels between tumours
with and without PLAG! mRNA expression.

British Journal of Cancer (2008) 99(11), 18911899

1893




Loss of imprinting of IGF2 in hepatoblastoma

S Honda et al

1894

JRULIOU ‘N {PRIBINW ‘| SMEIS | GNINLD, T 4910W0ud JO SMieIs uoneiAyiaw 3ut ‘WTd,, 1dudsuri oyaads- | smrowo.d ‘3| ds *(d) siskieue aus wsiydiowkiod |oayyjody pue (W) 54010
Jo sishpue uonekytaw ‘sisAleue Aeuie NS 4O SHnsaY, “AusoBAzouslay ‘0.eiay By [Day)|ody 12 AIsoBAzowoy 'OWoH, ‘KBt gNS J0 SinsSY, "3RI 94010 polRKUIRW 94 SSIRDIPUI 947 | 7 AY1ew, “Aiains a.05eq Adelayiowsyd
i 'ApARDSCS3] ‘PSIBRAUN PUB PIPS} 2IBM SINOWIM BUO PUB XIS 1LY S31eIPUI | — G+ AIsins auopq Adessuyiowsyd ‘owaly), ‘syauow ul ady, “Bunuuduw jo ssof 10 1G1d|| JO| | SWOSOWOIYD JO S50| ‘| | JUd S5O AWosIp
[BusRdIUN ‘(1dM b J510W0Id PIIBALIBUILN PIMOYS SINOWINE (7 (I “UMOWILN =% BUOP 10U = (N ‘PaTRiIswUN = ) ‘Sunuudiut jo HONUIIRY = |(OY KUISOBAZ0.RIBY 4O UORLBI = HOY (PRIRKYIBW = || Blew = || BJewR) =4

W+ 0 8T S n sl n 0 ¥T (W) adn aN ouioH adn §68 odeH
W+ 0 I'0 0 NiA 0 NN 0 0 (@ w) 101 1071 0319 HOY €48 9HPH

aN 4 61 B QN ¥9 AaN  TO 65 aN aN aN anN SN (2334

- [ | | N I NN ! I (w) 10y aN aN aN 878 SJON| [eULION

6N ‘TN aN aN N OGN OGN aN OGN OGN dN (W) 10y aN aN HOY  S9—1v  DIN'L— T+ 64 11INM/SI—+ ¥S5—SE
W+ 0 TO 10 NW 0 NW 0 ) (d 'w) 1oy 10y ossiRH aN L9S + Wi6 e

W - 4l SO 0 NN 10 NW ! S0 (W) 1od ON OWoH anN 95 + IN/6T 13
N+ ¥0 60 £0 NW TO NW 7O L0 (d w) 10y 10Y 0J3H aN LSS + 4109 43
N+ 90 ! SioNW Il NN 0 44 (d'w) 10y 10Y oRIBH aN £6s + W/E | 1€

aN - 80 | 'NW Tl AN 10 ¥ (d 'w) 10v 10y cuaRH aN 8% + IN/B1 o€

W - L0 TIO¥0 NN €6 NW o TO0 I (W) 10y aN owoH anN ¥'SS + W/ST 6T
W+ Ly ¥l ST NW ST NW 0 L€ (W) 10y aN owoH an S19 + 46T 8T

aN - 0 Il S n 60 NW 0 S (W) 109 aN OwoH HOY &) + /O X
aN o+ LT S0 Tl n Ly NW 10 9'g (dw) 10y 10Y oIoH aN s N /S 9T
aN o+ 0 TCT 1S NW §9 NW 0 LS dw) 1oy 10y 0JPH HOY 6'SS + WIS 4
W+ 61 YT 9% N TEL NW 0 viL (dw) 1oy oY olaH aN £96 - W/TI T
W+ S0 BT % N € NW 0 ¥'8 (W) 10y aN owoH aN I'6b + 37601 £
N+ St T 87T NW +¥8 NW 80 76 (W) 1oy aN owoH aN ST8 + Bl w
INEW AN aN aN GN aN aN agN OGN aN (w) 11 aN aN HOM 16— 1L PINE= 1+ 1 P8 17-L1
W aN aN aN ON OGN ON aON ON ON (dw) 101 1071 oseRH HOY 60, + WHT 91

W - 0 60 S0 NW ¥0 NW 0 80 (@ 'w) 101 107 042334 HOY I'e8 + 45T Sl

aN - 0 60 £ n €0 NN 0 ! (W) 107 anN OwoH HOY 1'98 - /91 #
aNn - 0 90 €1 no n 0 L6 W) 101 aN owoH HOY ¥i6 + B4l £l

W aN anN aN aN OGN OGN dN ON ON 53507 aN aN  l 4 ssol 618 + WV 4l
W+ 0 €1 ¥¥ N £ NW 0 I'9 5507 anN owoH || 4y> 5507 8.8 + WILT I
EN‘PN ON aN AN aON dON GN aN dON ON adn anN anN adn 06~ =5+ 14 ‘9N/96—S 0t—+
W+ 0 TIOET O NW YT NN 0 43 adn aN owoH adn 9L + W £

W - 0 60 1T N 0 NW 0 6€ adn aN OwoH adn V6 - /S 14
W+ 0 e L n L4 Nk 90 €1l adn ON OWOH adn 8T8 + 4/8% [
SMEIs YNHW VYNYW  3pd 3€d WEd Fid JNId 33Id YNYW sness 74of HOd-LM  ous [PdY dNS S1d11 594210 LPWRYD xas/, 28y 4aquinu
IGNNLD I19VId  6IH ol 257 HAyzowy, sjuared

sunowny ewolseqoreday 6 Ul uoiBau 6| H-Z49f 943 Jo smEss dnausdide pue dnBuss) | Ijqe )

© 2008 Cancer Research UK

British Journal of Cancer (2008) 99(11), 18911899




Loss of imprinting of IGF2 in hepatoblastoma

S Honda et al
1895
A LOI ROI LOH Normal livers
14 15 34 33 32 2 3 2N 3N 31N Methyl.
B ol S o > RS 2R S 297 bp
B I o L PSP S S - e 197 bp
86.0 86.1 626 64.8 620 922 777 52.8 46.3 511 99.0

Figure | Analysis of IGF2 alterations. (A) Examples of the methylation status of CTCFé analysed by a combined bisulphite restriction assay (COBRA).
Bisulphite-modified PCR products were digested with Mlul. Upper and lower lanes indicate unmethylated and methylated fragments, respectively. Numbers
above lanes indicate the tumour number. Numbers below lanes show the percentage of methylated DNA fragments containing CTCF6. The mean value of
the DNA methylation percentages calculated from three COBRA experiments is shown in Table |. Methyl,, control methylated DNA. The IGF2 status is
shown above the tumour numbers. LO|, loss of IGF2 imprinting; LOH, loss of heterozygosity in the IGF2 region; RO, retention of IGF2 imprinting. (B)
Electrophoretic pattern of genomic DNA PCR products or RT—-PCR products after Avall digestion. Reverse transcriptase —PCR analysis shows LOl in two
tumours and ROl in three tumours.
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Figure 2 Results of quantitative real-time RT—PCR analysis of IGF2 and H/ 9 mRNAs. Relative mRNA (Y axis) of total IGF2 (open rectangles) and H /9
(closed rectangles) is plotted in 3 tumours with UPD, in | tumour with | 1p15 loss, in 3 tumours with LOJ, in I3 tumours with RO, in 2 cell lines, in foetal
liver total RNA and in adjacent normal liver tissues (a mean value of 3 samples). Tumours in each group are arranged in order by the levels of IGF2 mRNA.
Numbers below X axis indicate the tumour number shown in Table |. IGF2 status (UPD, loss of | Ip15, LOI and ROI) and methylation status of CTCFé at
H19 DMR (hypermethylated or normally methylated) are shown above the graph. Nine tumours (nos. | -3, I'l, 1315, 25 and 27) and two cell lines
expressed a minimal amount of H/9 mRNA, which was shown as zero in the graph. Similarly, HuH6 expressed a minimal amount of IGF2 mRNA, which was
shown as zero in the graph.

Incidences of tumours with CTNNBI1 mutation between
any two groups of tumours classified on the basis of the
IGF2 status

tumours with IGF2-LOH, and between 29 tumours with IGF2-ROI
and 12 tumours with IGF2-LOH.

DNA was available for CTNNBI mutation analysis in 48 of 54 HB

tumours. The results are described in Table 1. There were no
differences in the incidences of CTNNBI mutation between 7
tumours with IGF2-LOI and 29 tumours with IGF2-ROI or 12

© 2008 Cancer Research UK

DISCUSSION

In this study, biallelic and monoallelic IGF2 expressions correlated
with hypermethylation and normal methylation of CTCF6,
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Figure 3 (A) Representative data of RT—PCR analysis of P3 transcripts. (B) Expression levels of P3 transcripts (upper lane) and total IGF2 mRNA (lower

lane) are plotted in 20 tumours, in 2 cell lines, in foetal liver tissues and normal liver tissues (a mean value of 3 samples). Tumours are arranged in order by
total levels of IGF2 mRNA. Numbers below X axis indicate the tumour number. (€) Correlation between levels of P3 transcript (X axis) and total IGF2

mRNA (Y axis).

respectively, in two tumours with LOI and seven tumours with ROI
(Table 1, Figure 1). In addition, the paternal origin of the
duplicated IGF2 loci was confirmed by the hypermethylated
CTCF6 in 10 tumours with UPD. Furthermore, very low expression
levels of HI9 mRNAs and substantial expression levels of IGF2
mRNAs in HB tumours with UPD or LOI, and substantial
expression levels of both IGF2 and H19 mRNA in HB tumours
with ROI were found (Table 1 and Figure 2). Two (nos. 14 and 15)
of three HB tumours with LOI expressed IGF2 mRNA levels
comparable to but not higher than those of IGF2 mRNA in normal
liver tissues. In addition, one cell line, HuH6, with LOI expressed
minimal expression of IGF2 mRNA, although Hartmann et al
(2000) found the moderate expression in the same cell line. These
findings may be explained by the speculation that such tumours
expressed increased levels of IGF2 mRNA at the critical time of
tumorigenesis, but not at the time of surgical resection or after
many passages of cell culture. From these findings, the hypothesis
established for WT that the hypermethylation of maternal H19
DMR causes LOI, and that LOI or duplication of paternal IGF2
(UPD) results in overexpression of IGF2, may be also applied
to HB.

Although the expression levels of IGF2 mRNA were reported to
be higher in WTs with UPD than in WTs with ROI in two series of
WTs (Wang et al, 1996; Haruta et al, 2008), conflicting results were
reported in IGF2 mRNA levels between WTs with LOI and WTs
with ROI (Wang et al, 1996; Ravenel et al, 2001). The present and
earlier studies showed that all HB tumours with UPD and the
majority of HB tumours with LOI or ROI expressed the higher
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levels of IGF2 mRNA than normal liver tissues (Li et al, 1998b;
Gray et al, 2000; Hartmann et al, 2000). This study also showed
that P3 transcripts predominated in total IGF2 mRNAs in HB
tumours irrespective of the IGF2 status (i.e., UPD, 11p15 loss, LOI
or ROI); these findings were similar to those reported in foetal liver
tissues showing elevated expression of IGF2 mRNA with pre-
dominance of the P3 transcript (Li et al, 1998a). Thus, the high
IGF2 mRNA expression of many HB tumours with ROI may mimic
the upregulation of IGF2 expression in embryonic liver tissues,
from which HB may arise.

In this study of 54 HB tumours, we found LOH in 12 (22.2%),
LOI in 9 (16.7%) and ROI in 33 (61.1%). Hepatoblastoma tumours
can be classified into those with LOH and those with ROH, and
tumours with ROH can be further classified into those with LOI
and those with ROL For data comparison, the frequencies of LOH
and LOI in the earlier and present series of HB tumours are shown
in Tables 2 and 3, respectively (Davies, 1993; Montagna et al, 1994;
Li et al, 1995; Rainier et al, 1995; Fukuzawa et al, 1999; Gray et al,
2000; Hartmann ef al, 2000; Ross et al, 2000; Albrecht et al, 2004;
Suzuki et al, 2008). Both frequencies of LOH and LOI were similar
between the earlier and present series of HB tumours. When we
compared the frequencies of LOH and LOI between HB and WT,
the frequencies of LOH and LOI are lower in HB tumours than in
WT tumours (Table 4). The present and earlier studies showed that
levels of IGF2 mRNA are higher in normal liver tissues than in
normal kidney tissues, and in foetal liver tissues than in foetal
kidney tissues, but showed similarly high levels in both WTs and
HBs (part of the data not shown) (Hedborg et al, 1994; Haruta
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Table 2 Incidences of LOH of IGF2 in previous and present series of
pPLAG1 hepatoblastoma and Wilms' tumours
GAPDH Total  LOHof No-LOH
34 o a3 11 3 52 14 31 8N References number IGF2* of IGF2 %
Tumours Normal Hepatoblastoma
fiver Montagna et al (1994) 13 3 10 23.4
Fukuzawa et af (1999) 7 2 5 286
Figure 5 Representative data of RT—PCR analysis of PLAG! mRNA. Gray et al (2000) 10 2 8 200
Numbers below lanes indicate the tumour number. Hartmann et af (2000) 24 6 18 250
Albrecht et af (2004) 56 13 43 232
Suzuki et af (2008) 17 4 13 235
et al, 2008), indicating that embryonal kidney tissues might be  Totl number 127 30 97 236
more susceptible to IGF2 stimulation than embryonal liver tissues. ~ Fresent study >4 12 42 22
These findings might be related to higher incidences of UPD or Wilms’ tumour
LOI in WT than in HB. Grundy et al (1996) 260 93 167 358
The IGF2 gene has four promoter regions and each promoter Yuan et al (2005) 62 2 36 419

can initiate transcription producing a distinct IGF2 transcript with
different 5'-untranslated regions with a common translated region
in the 3'-side (Li ef al, 1998a). The IGF2 gene is transcriptionally
regulated in a development-dependent and tissue-specific manner.
In the foetal liver, promoters P2, P3, and P4 are active and
expressed monoallelically; P3 is the most active promoter and P1 is
inactive. However, in the adult liver, P1 becomes dominant and is
biallelically expressed, and P2, P3 and P4 activities are decreased
or lost (Li et al, 1998a). In foetal liver tissues, P3 promoter
methylation is inversely correlated with the P3 transcript
expression. The inverse correlation between P3 promoter methyla-
tion and P3 transcript expression was reported earlier in seven HB
tumours (Li ef al, 1998b). This study confirmed the upregulation of
P2, P3 and P4 transcripts and downregulation of P1 transcript, and
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*Tumours with LOH of | Ipl5, but no informative IGF2 locus are included.

the inverse correlation between P3 promoter methylation and P3
transcript expression in the majority of 20 HB tumours. Although
P2, P3 and P4 transcripts were all correlated to the total amount of
IGF2 mRNAs, the earlier and present studies showed that the P3
transcript was most abundant and seemed to play a major role in
the tumorigenesis of HB (Li et al, 1998b). Increased IGF2
expression with the predominant P3 transcript was reported
earlier in WTs with LOI or ROI (Vu and Hoffman, 1999). This
study also showed that HB tumours with hypermethylated HI19
DMR tended to have an unmethylated P3 promoter, indicating that
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Table 3 Incidences of LOI of IGF2 in previous and present series of
hepatoblastorna and Wilms' tumours

References Total number® LOI of IGF2 ROl of IGF2 %
Hepatoblastoma
Davies (1993) 3 0 3 0
Montagna et af (1994) 5 | 4 200
Rainier et al (1995) 5 i 4 200
Li et af (1995) 3 | 2 333
Fukuzawa et al (1999) 4 1 3 250
Ross et al (2000) 13 3 10 23.1
Hartmann et of (2000) 5 3 2 600
Total number 38 10 28 263
Present study 42 9 33 214
Wilms’ turour
Ravenel et al (2001) 36 15 21 417
Yuan et al (2005) 29 22 7 759

*Tumours with LOH of IGF2 were excluded.

the paternal P3 promoter or the maternal P3 promoter upstream of
the aberrantly methylated HI9 DMR is likely to be unmethylated,
probably because of stimulation of the enhancer signal. In
contrast, the significance of unmethylation in the P3 promoter
found in 4 (nos. 23, 24, 26 and 27) of 13 HB tumours with normally
methylated H19 DMR (ROI) remains unresolved.

PLAGI located in 8qll encodes a developmentally regulated
transcription factor, and positively regulates IGF2. The P3
promoter region of IGF2 contains PLAGI consensus-binding sites,
and PLAGI transactivates the transcription from embryonic IGF2
promoter P3 in HB cell lines, HuH6 and HepG2 (Zatkova et al,
2004). PLAGI mRNA was highly expressed in most HB tumours
compared with normal liver tissues. In this study, HB tumours
with PLAGI mRNA expression showed and tended to show higher
levels of P4 and P3 transcripts, respectively. Thus, the correlation
of PLAGI mRNA expression with increased levels of P3 transcripts
reported by Zatkova et al (2004) may be confirmed; furthermore,
the correlation of PLAGI mRNA expression with increased levels
of P4 transcripts was also suggested.

WTs can be classified at least into two groups; one has
intralobar nephrogenic rest that is associated with WT1 abnorm-
ality and the other has perilobar nephrogenic rest associated with
IGF2-LOI (Ravenel et al, 2001). CTNNBI mutation is frequently
found in WTs with WTI abnormality, but rare in WTs without
WT1 abnormality (Maiti et al, 2000). These findings suggest that
WTs with no WT1 abnormality may include a substantial number
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Expression of TSLCI, a candidate tumor suppressor gene mapped
to chromosome 11¢23, is downregulated in unfavorable
neuroblastoma without promoter hypermethylation
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Although it has been well documented that loss of human chromo-
some 1lq is frequently observed in primary neuroblastomas, the
smallest region of overlap (SRO) has not yet been precisely identi-
fied. Previously, we performed array-comparative genomic
hybridization (array-CGH) analysis for 236 primary neuroblasto-
mas to search for genomic aberrations with high-resolution. In
our study, we have identified the SRO of deletion (10-Mb or less)
at 1123, Within this region, there exists a TSLC1/IGSF4/CADM1
gene (Twmor suppressor in lung cancer l/Immunoglobulin super-
Jamily 4/Cell adhesion molecule 1), which has been identified as a
putative tumor suppressor gene for lung and some other cancers.
Consistent with previous observations, we have found that 35% of
primary neuroblastomas harbor loss of heterozygosity (LOH) on
TSLCI locus. In contrast to other cancers, we could not detect the
hypermethylation in its promoter region in primary neuroblasto-
mas as well as neuroblastoma-derived cell lines. The clinicopatho-
logical analysis demonstrated that 7SLCI expression levels signifi-
cantly correlate with stage, Shimada’s pathological classification,
MYCN amplification status, TrkA expression levels and DNA index
in primary neuroblastomas. The immunohistochemical analysis
showed that TSL.C1 is remarkably reduced in unfavorable neuro-
blastomas. Furthermore, decreased expression levels of TSLC!
were significantly associated with a poor prognosis in 108 patients
with neuroblastoma. Additionally, TSLC1I reduced cell prolifera-
tion in human neuroblastoma SH-SYSY cells, Collectively, our
present findings suggest that 7SLCI acts as a candidate tumor
suppressor gene for neuroblastoma.

< 2008 Wiley-Liss, Inc.

Key words: TSLCHIGSF4!/CADMI: neuroblastoma: 11g23: tumor
suppressor

Neuroblastoma is one of the most common solid tumors in
childhood and originates from the sympathoadrenal lineage of
neural crest. Its biological as well as clinical behavior is highly
heterogeneous in different prognostic subsets. Tumors found in
patients under 1 year of age often regress sPomzmeonsly or differ-
entiate and result in a favorable prognosis.” In a sharp contrast to
these favorable neuroblastomas, tumors found in patients over 1
year of age are often aggressive with an unfavorable prognosis de-
spite an intensive therapy. A large nwnber of multiple genomic
aberrations including DNA index. MYCN amplification status,
allelic loss of the distal part of chromosome lp and the gain of
chromosome {7q have been identified in neuroblastoma.”

Alternatively. allelic loss of 11q has been frequently observed
in advanced stage of neuroblastoma with single copy of MYCN.
Indeed, 30% of tumors harbor allelic loss of L1q. and it might be
an independent prognostic indicator, for clinically high-risk
patients without MYCN amplification.”” Aberrant deletions of 11q
often occur in a distal part of its long arm. Although several lines
of evidence delineated the smallest region of overlaps (SRO) of
deletions at 11q, it remains unclear whether there could exist a
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candidate tumor suppressor gene(s) im7plicated in biological and
clinical behaviors of neuroblastoma.” Recently, we have per-
formed an array-comparative genomic hybridization (array-CGH)
analysis using 236 primary neuroblastomas and finally defined the
SRO (10-Mb or less) at 11(123.3' During our extensive search for
the already identified candidate tumor suppressor gene(s) within
this region, we have found that TSLCHIGSF4/CADMI gene is
localized within this region.

TSLC! gene has been originally identified as a putative tumor
suppressor for non-small-cell lung cancer (NSCLC) located at
chromosome 11g23 by functional complementation strategy of a
human lung cancer cell line. The downregulation of TSLCI gene
was frequently detected in varions human cancers including
NSCLC, prostate cancers, hepatocellular carcinomas and pancre-
atic cancers through its allelic loss as well as hypermethylation of
its promoter region. In spite of an extensive mutation search, only
2 inactivating TSLC! gene mutations were detected in 161 pri-
mary tumors and tumor-derived cell lines, suggesting that TSLC/
is rarely mutated in human cancers.” TSLC/ encodes a single
membrane-spanning glycoprotein involved in cell-cell adhesion
through homophilic trans interaction.’® Accumuluting evidence
indicates that TSLC1 is significantly associated with biologicnl
aggressiveness and metastasis of certain types of cancer, 116
whereas the functional significance of TSLCI in neuroblastoma
remains elusive.

In the present study, we have further delineated the SRO of l1q
deletion in primary neuroblastoma by array-CGH analysis and
finally identified TSLCI gene within this region. In contrast to the
other cancers, hypermethylation of TSLCI promoter region was
undetectable in neuroblastoma. Intriguingly, the expression levels
of TSLC1 gene were highly associated with clinical stage, Shima-
da’s pathological classification, MYCN amplification status, TrkA
expression levels and DNA index in primary neuroblastoma.

Additional Supporting Information may be found in the online version
of this article.

Abbreviations: array-CGH, array-comparative genomic hybridization;
BAC, bacterial artificial chromosome; LOH, loss of heterozygosity; PARP,
poly(ADP-ribose) polymerase: SRO. smallest region of overlap; STS,
sequence-tagged-site; TSA, trichostatin A; TSLC1, tumor suppressor in
lung cancer 1.
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Material and methods
Patients, tumor specimens and cell lines

One hundred and eight tumor specimens used in the present
study were kindly provided from various institutions and hospitals
in Japan (see Supplementary Information). Informed consent was
obtained at each institution or hospital. All tumors were diagnosed
clinically as well as pathologically as neuroblastoma and staged
according to the Intemnational Neuroblastoma Staging System
(INSS) criteria.!” Twenty-seven patients were Stage 1. 15 Stage 2,
36 Stage 3. 23 Stage 4 and 7 Stage 4S. The patients were tredled
by the standard protocols as described prevmusly ® MYCN
copy number, TrkA mRNA expression levels and DNA index
were measured as reported previously.”” Our present study was
approved by the Institutional Review Board of the Chiba Cancer
Center (CCCT7817).

Human twmor-derived cell lines were cultured in RPMI 1640
medium (Nissui, Tokyo. Japan) supplemented with 10% heat-
inactivated fetal bovine serum (FBS, Invitrogen, Carlsbad, CA)
and 50 pg/ml penicillin/streptomycin (Invitrogen) in an incubator
with humidified air at 37°C with 3% CO,.

Array-comparative genoniic hybridization

Array-CGH analysis was performed using UCSF BAC array
(2464 BACs, ~1 Mb resolution) with 236 primary neuroblasto-
mas. Detailed experimental prouedures dnd the criteria for losses
and gains were described previously.™ =2

LOH analysis

Genomic DNA prepared from neuroblastomas and bloods was
amplified by PCR-based strategy using the primer set, one of
which was labeled with fluorescent dye CYS5. The amplified frag-
ments including 3 polymorphic STS markers encompassing
TSLC1,D11S4111, D1182077 and D115188S, were separated by
6% polyacrylamide gels containing 6 M urea using an automated
ALF express DNA sequencer.

Semiguantitative and quantitative reverse
transcription-PCR analysis

Total RNA was prepared from the indicated primary neuroblas-
tomas, various human normal tissues and tumor-derived cell lines
were subjected to serniquantitative RT-PCR using SuperScript 11
reverse transcriptase and random primers (Invitrogen). according
to the manufacturer’s instructions. Oligonucleotide primer set used
to amplify TSLC/ by semiquantitative RT-PCR was as follows: 5
CATTTTGGAATTTGCCTGCT-3' (sense) and 3-GGCAGCAG-
CAAAGAG TTTTC-3' (antisense). Quantitative real-time PCR
was carried out using TagMan(R) Gene Expression Assay Svstem
(Applied Biosystems, Foster City, CA) as described prevlouslv
In brief, expression levels were calculated as a ratio of mRNA level
for a given gene relative to mRNA for GAPDH in the same cDNA.
The oligonucleotide primers and TagMan probes, labeled at the 5'-
end with the reporter dye 6-carboxyfluorescein (FAM) and at the
3-end with 6-carboxytetramethylrhodamine (TAMRA), were pro-
vided by Applied Biosystems (Hs00942508_m1).

Imnnmohistochemistry

A 4-pm-thick section of formalin-fixed, paraffin-embedded tis-
sues were stained with hematoxylin and eosin and the adjacent
sections were immunostained for TSLCI using polydondl anti-
TSLC1 antibody (CC2) as described prewouslyl The Bench-
Mark XT immunostainer (Ventana Medical Systems. Tucson, AZ)}
and 3-3' diaminobenzidine detection kit (Ventana Medical Sys-
tems) were used to visualize TSLC1. Appropriate positive and
negative control experiments were also performed in parallel for
each immunostaining.

ANDO ET AL.

Small interfering RNA

TSLCI siRNA (GUCAAUAAGAGUGACGACUUU) and
Stealth RNAi Negative Control Duplex were purchased from
Sigma-Aldrich (St. Louis, MO} and Invitrogen, respectively.

Transfection

Neuroblastoma-derived SH-SYSY cells were transfected with
the indicated combinations of expression plasmids or with siRNA
against TSLCI using LipofectAMINE 2000 or Lipofect AMINE
RNAIMAX transfection reagent (Invitrogen), according to the
manufacturer’s recommendations.

Colony formation assay

SH-SY5Y and SK-N-AS cells {1 x 10 cells/plate) were seeded
in 6-well cell culture plates and transfected with or without the
increasing amounts of the expression plasmid for TSLCI (0, 250,
750 or 1,000 ng). Total amounts of plasmid DNA per transfection
were kept constant (I pg) with the empty plasmid (pcDNA3.1-
Hygro (+); Invitrogen). Forty-eight hours after transfection, cells
were transferred into the fresh medium containing hygromycin (at
a final concentration of 200 pg/ml) and maintained for 14 days.
Drug-resistant colonies were then stained with Giemsa’s solution
and numbers of drug-resistant colonies were scored.

Cell growth assay

SH-SYSY cells (6 X 107 cells/dish} were seeded in 10-cm di-
ameter cell culture dish and transiently transfected with siRNA
aoamst TSLCL (240 pmol). Thirty-six hours after transfection, 2
X 10% cells were transferred into 6-well plates and transfected
with 60 pmol of siRNA against TSLCI. At the indicated time
points after transfection, number of viable cells was measured
using a Coulter Counter (Coulter Electronics, Hialeah, Finland).

Bisulfite-sequencing

Sodiwm bisulfite-mediated modification of genomic DNA was
performed using BisulFast Methylated DNA Detection Kit
(Toyobo, Osaka, Japan), according to the manufacture’s instruc-
tions. Modified genomic DNA was subjected to PCR-based ampli-
fication with a primer set as described previously.” The PCR
products containing the promoter region of TSLC/ gene were puri-
fied by PCR Purification Kit (Qiagen, Valencia, CA) and their nu-
cleotide sequences were determined by using a 3730 DNA Ana-
lyzer (Applied Biosystern).

Statistical analysis

Fisher’s exact tests were employed to examine possible associa-
tions between TSLCI expression and other prognostic indicators
such as age. The difference between high and low expression lev-
els of TSLC1 was based on the mean value obtained from quantita-
tive real-time PCR analysis. Kaplan-Meier survival curves were
calculated, and survival distributions were compared using the
log-rank test. Cox regression models were used to investigate the
associations between TSLC! expression levels, age, MYCN ampli-
fication status, INSS and survival. Differences were considered
significant if the p-value was less than 0.05.

Results

Array-comparative genomic hybridization analysis identifies the
smallest region of overlaps of deletion in neuroblastoma at 11¢23

We have previously performed array-CGH analysis using
UCSF BAC array (”464 BACs. a1-Mb resolution) and 236 pri-
mary neuroblastomas.” *In our array-CGH study, 66 tumors were
revealed to have partial deletion of 11q as shown in Figure la,
whose SRO were approximately 10-Mb long at 11q23 (from phys-
ical location of 110,979 to 119,806 kb in UCSC database, May
2006). To date, the data base analysis demonstrated that there
could exist approximately 100 genes within this region. Of inter-
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FiGure 1 — Identification of the SRO of deletion at 11q in primary neuroblastoma. (a) Array-CGH analysis. Blue color indicates the position
of the deleted area in each case. The smallest region of overlaps (SRO) of deletion at 11q is also shown. (b) The schematic drawing of the rela-
tive positions of 3 independent polymorphic markers at 1123 used in the present study and 7SLC/ gene on human chromosome 11. (¢) Repre-
sentative electropherograms obtained from LOH analysis. Genomic DNA prepared from primary tumors (T) and their corresponding blood (C)
was subjected to LOH analysis. Allelic losses are indicated by arrowheads. NI, not informative.

est, TSLCI gene which has been considered as a putative tumor
suppressor for human lung as well as other cancers™ locates within
this region (Fig. 1b). These observations prompted us to perform
loss of heterozygosity (LOH) as well as expression studies of
TSLCI gene in primary neuroblastoma.

LOH at the TSLC1 locus is frequently detected in primary
neuroblastoma

According to the previous observations,”*" tumor-specific
downregulation of TSLC gene might be largely attributed to loss
of one allele in association with the hypermethylation of its pro-
moter region in the remaining allele. To address whether LOH of
TSLC1 locus could be frequently detectable in primary neuroblas-
toma. we carried out LOH analysis using 3 independent fluores-
cently labeled polymorphic microsatellite markers (D11S1885,
D1182077 and D11S4111) surrounding TSLCI gene (Fig. 1b). In
accordance with the previous results,” " the incidence of 11¢23
LOH was 22% (7 of 32) and 45% (18 of 40) in favorable neuro-
blastomas (Stage 1 or 2) and unfavorable ones (Stage 3 or 4),
respectively (data not shown). Statistical Fisher’s exact test analy-
sis revealed that the presence of LOH at this locus is associated
with unfavorable neuroblastomas (p = 0.0493; data not shown). It
is worth noting that LOH is detectable at D//5/885 but not at
DI1184111 in Case 3 tumor (Fig. l¢), indicating that a putative
chromosome breakpoint might exist between these loci.

Dovnregulation of TSLC1 expression is frequently observed in
unfavorable neuroblastomas

Based on the previous observations,"' ™ the expression levels

of TSLC1 were significantly reduced in advanced stages of tumors
as compared with those in early stages of tumors. We then exam-
ined the expression levels of TSLC/ in 16 favorable neuroblasto-
mas without MYCN amplification and 16 unfavorable ones with
MYCN amplification. As clearly shown in Figure 2a, TSLCI was
expressed at lower levels in unfavorable neuroblastomas relative
to favorable ones as examined by semiquantitative RT-PCR. To
ask whether there could exist a possible relationship between
downregulation of TSLCI and MYCN amplification, we examined
the expression levels of TSLC/ in various neuroblastoma-derived
cell lines bearing single copy of MYCN or MYCN amplification.
As shown in Supplementary Figure la, a significant downregula-
tion of TSLC1 expression was detected in 2 of 6 neuroblastoma
cell lines carrying single copy of MYCN (OAN and CNB-RT) and
in 4 of 21 (CHP134, KP-N-NS, SK-N-DZ and NMB) bearing
MYCN amplification as examined by semiquantitative RT-PCR. In
addition, there was no obvious correlation between the expression
levels of TSLCI and loss of 11q except OAN, SK-N-DZ and
NMB. Next, we checked the expression levels of TSLC/ in various
human adult and fetal tissues. As seen in Supplementary Figure
1h, TSLC1 was highly expressed in normal neuronal tissues, adre-
nal gland, testis, prostate and liver. Our present results suggest
that TSLC! is expressed in normal neuronal tissues and its expres-
sion levels might be regulated in a MYCN-dependent manner in
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FiGure 2 — Expression levels of 7SLC/ in primary neuroblastomas. (@) Expression of TSLC/ in 16 favorable neuroblastomas bearing single
copy of MYCN (Stage 1, higher expression levels of 7rkA) and 16 unfavorable ones carrying MYCN amplification (stages 3 and 4. lower expres-
sion levels of TrkA). Total RNA was prepared from the indicated neuroblastoma tissues, reverse transcribed and amplified by PCR to examine
the expression levels of TSLCI. GAPDH serves as an internal control. () Kaplan-Meier survival curves of patients with neuroblastomas based
on higher or lower expression levels of TSLCI. Expression levels of TSLC/ in 108 primary neuroblastoma samples categorized by their clinical
stage were examined by a quantitative real-time PCR. Relative expression levels of 7SLC/ mRNA were determined by calculating the ratio
between GAPDH and TSLC1. (¢) Immunohistochemical analysis. Tumor samples derived from Case 5 (favorable neuroblastoma bearing single
copy of MYCN). Case 11 (unfavorable neuroblastoma with MYCN amplification) and Case 14 (unfavorable neuroblastoma carrying single copy
of MYCN) were fixed and stained with polyclonal anti-TSLC1 antibody.

primary neuroblastoma but not in neuroblastoma-derived cell
lines.

TABLE 1 - CORRELATION BETWEEN TSLC/ EXPRESSION AND OTHER
PROGNOSTIC FACTORS OF NEUROBLASTOMA

TSLC1] expression

Terms High TSLC Low TSLC] p-Value

Lower expression levels of TSLC1 are associated with poor (n = 40) (1= 68)
outcome of neuroblastoma Age (year)

To evaluate whether there could exist a possible relationship <15 23 29
between TSLCI expression levels and clinicopathological factors 1.5 17 39 0.1646
of neuroblastoma patients, we have performed a quantitative real- Tumor origin
time PCR. For this purpose, total RNA prepared from 108 primary Adrenal grand 20 36
neuroblastoma samples was subjected to a quantitative real-time Others 20 30 0.6915
PCR. According to the mean values of its expression levels Slalge" 4s 2 55
obtained from a quantitative real-time PCR: these patients were 34 16 13 0.0274
divided into 2 groups including 40 patients with tumors expressing Shimada pathology
higher levels of TSLC (High TSLC1) and 68 patients with tumors Favorable . 31 35
expressing lower levels of TSLCI (Low TSLC1). As shown in Ta- Unfavorable 6 22 0.0227
ble I, the significant differences were detectable between the MYCN copy number
above-mentioned 2 groups with respect to INSS stage, Shimada’s Single 38 51
pathological classification, copy number of MYCN, TrkA expres- Amplified 2 17 0.0086
sion levels and DNA index. In contrast, no significant differences T"l‘i_’l". el.\pressmn 5 5
were observed between them with respect to their age, tumor ori- L:)%Vl I§ ;? 0.0090
gin and LOH on TSLCI locus. DNA index - N '

We then examined whether there could exist a possible correla- Diploidy 8 39
tion between the expression levels of TSLC/ in primary neuroblas- Aneuploidy 28 19 <0.0001
tomas and the survival of patients with neuroblastomas. The log- LO(H) i ”
rank test showed that lower expression levels of TSLC/ signifi ) 9 16 50.9999

cantly correlate with unfavorable outcome (p = 0.007) as shown
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TABLE 11 - IMMUNOHISTOCHEMICAL ANALYSIS OF ISLCI EXPRESSION IN PRIMARY NEUROBLASTOMAS

Case Age/Gender MYCN INPC Primary site Stage (INSS) TSLC1
4 6 m/M NA NBL. Poorly diff., Low MKI. FH Mediastinum Stage 1 (+)
5 7 m/M NA NBL. Poorly diff., Low MKI, FH Adrenal Stage 1 (+)
6 9 m/M NA NBL. Poorly diff.. Low MKI, FH Adrenal Stage 1 (+)
7 25 m/M NA NBL, Differentiating, Low MKI, FH Adrenal Stage 4 (+)
8 29 m/M NA NBL, Differentiating, Low MKI. FH Mediastinum Stage 2 (+)
9 13 m/M A NBL. Poorly diff., High MKI, UH Adrenal Stage 4 (—)

10 13 m/M A NBL. Poorly diff., Low MKI, UH Abdominal Stage 4 )
11 18 m/M A NBL, Poorly diff.. Low MKI, UH Adrenal Stage 3 (—-)
12 8 v/M NA NBL, Poorly diff., Low MKI. UH Adrenal Stage 4 (+)
13 8 m/M NA nGNB (NBL. poorly diff., Low MKI). UH Mediastinum Stage 2 ()
14 20 m/M NA NBL. Poorly diff., Low MKI. UH Adrenal Stage 3 (+)

m, months: y. years: M. male: NA. not amplified: A. amplified; NBL, neuroblastoma; nGNB, nodular ganglioneuroblastoma: MKI. mitosis-
karyorrhexis index: FH. favorable histology: UH, unfavorable histology: (+). positive: (—), negative.
"Neuroblastoma component showed negative of TSLC1 signals, whereas ganglioneuroma showed positive of TSLC1 signals.
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FiGUre 3 — Bisulfite-sequencing analysis of TSLCI gene promoter in neuroblastoma-derived cell lines and primary neuroblastomas. () Nu-
cleotide sequence spanning from —464 to —339 relative to the translational initiation site (+1). Six CpG sites are shown. Primer sequences
used for PCR-based amplification are underlined. (b) Bisulfite-sequencing analysis. Sequencing histograms showing the methylation status of
CpG sites (#1, #2 and #3) are depicted. Asterisks indicate the positions of the methylated cytosine residues at the indicated CpG sites. H1299
cells were used as a positive control. [Color figure can be viewed in the online issue. which is available at www.interscience.wiley.com.]

in Kaplan-Meier cumulative survival curves (Fig. 2b and Supple-
mentary Table I). Additionally, multivariable Cox analysis dem-
onstrated that only clinical stage and MYCN amplification are sig-
nificantly associated with their survival (Supplementary Table ID),
suggesting that TSLC! expression levels strongly correlate with
these factors.

To further confirm the expression levels of TSLCI in primary
neuroblastomas, we employed immunohistochemical staining of
TSLCI in 1 primary neuroblastomas, including 5 favorable neu-
roblastomas bearing single copy of MYCN, 3 unfavorable neuro-
blastomas carrying single copy of MYCN and 3 unfavorable neuro-
blastomas with MYCN amplification. As shown in Figure 2c,
TSLC1 appeared to be detectable at the cell-cell boundary of the
tumors (cases 5 and 14) but not in Case 11. The immunohisto-
chemical data were summarized in Table II. TSLC1 was detecta-
ble in tumors with favorable histology bearing single copy of
MYCN (cases 4-8), whereas cases 9-11 with unfavorable histol-
ogy carrying MYCN amplification did not express TSLCI. In addi-
tion, Case 13 was a nodular ganglioneuroblastoma whose ganglio-
neuroma and neuroblastoma components were TSLCl-positive
and -negative, respectively. Of note, TSLCI was detected in

tumors with unfavorable histology bearing single copy of MYCN
(cases 12—14). These observations indicate that there exists an
inverse relationship between the expression levels of TSLCI and
MYCN amplification in primary neuroblastomas.

No promoter methylation of TSLCI gene in neuroblastoma cell
lines and primary neuroblastomas

Based on our present results, lower expression levels of TSLC/
gene in unfavorable neuroblastomas might not be due to allelic
loss of TSLC1 locus. Since accumulating evidence strongly sug-
gests that the downregulation of TSLC/ in several cancers is asso-
ciated  with l_{)‘)ct hypermethylation  of its  promoter
region. 222629 e sought to examine whether the hyper-
methylation of TSLCI promoter region could be detectable in
unfavorable neuroblastomas. For this purpose, we directly exam-
ined the methylation status of 6 cytosine residues of CpG sites
within a putative TSLCI promoter region (Fig. 3a) by bisulfite-
sequencing in 27 cell lines and 115 primary neuroblastomas. So-
dium bisulfite modification of genomic DNA converts unmethy-
lated cytosine residues to uracil residues but does not affect meth-
vlated cytosine residues. Unexpectedly, methylated cytosines



