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Figure 1 Sensitivity to doxorubicin (Doxo) is heterogenic in wild-type p53 harboring neuroblastoma (NB) cells. One hundred
thousand cells were plated in a 3-cm-diameter culture dish and cultured in 5% CO; for 24h. Doxo was added to the dish at 0.5 ug ml
and the incubation was continued for the indicated times. Mean and standard deviation (s.d.) of the % of cells were calculated for
triplicate samples. (a) Cells were washed with 1 x phosphate-buffered saline (PBS). collected by 1 x PBS 0.5mm EDTA, and stained
with Trypan blue. The results are representative of four independent experiments. (b) After treatment of DNA-damaging reagents, cell
viabilities were analysed by WST-8 assay. The results are representative of at least three independent experiments. (¢) Analysis of the
sub-Giy, Gy [raction was performed as described in Materials and methods. The results are representative of three independent
experiments. (d) Staining with 4'.6-diamidino-2-phenylindole (DAPI) was performed 24 h after Doxo stimulation. Arrows indicate the
condensed or fragmented nucler.
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16G8 as an anti-phosphorylated p53serl5  antibody. DOI antibody showed both nuclear and cytoplasmic
Staining with pAb421 antibody revealed that the punctate  staining before treatment. and remarkable accumulation
cytoplasmic signal was upregulated in both Doxo-sensitive  into the nucleus was induced by Doxo in these four NB
and -resistant NB cells after Doxo exposure (Figure 2c). cell lines. Although serl5 phosphorylation was hardly
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detected before treatment, the phosphorylation was
remarkably upregulated by Doxo in SK-N-SH, NB-9
and NB-19 celis. In IMR32 cells, p53seri5 phosphoryla-
tion was modestly upregulated. The serl5-phosphorylated
pS3 accumulated to a much greater degree in the nucleus
than in the cytoplasm after Doxo treatment. The usc of
several different fixation methods and modification of the
first antibody concentration did not influence the results of
immunofluorcscence. Moreover, p33 wild-type MCF7 cclls
showed similar staining results with these antibodies (data
not shown). To investigate the observed discrepancy of
p33 localization among the three monoclonal antibodies in
the immunofluorescence experiments, we performed cell
fractionation experiments (Figure 2d). All of the p353
signals were detected only in the nucleus before the
treatment, and the upregulated signals induced by Doxo
also accumulated in the nucleus rather than in the
cytoplasm. The controls for fractionation, the nuclear
marker lamin and cytoplasmic marker fi-tubulin, were
detected in the proper fractions and the amounts were not
changed by Doxo treatment. These results show that the
p53-dependent Doxo-stress increased the amount of p53
and induced the accumulation of pS3 in the nucleus in
both Doxo-sensitive and -resistant NB cclls.

Activity of p53 as a transcriptional factor is required for
Doxo-induced NB apoptosis

We then assessed the induction of p53-downstrcam
molecules by Doxo. As shown in Figure 3a. exposure to
Doxo induced remarkable p21¢P"W«" protein accumula-
tion in the sensitive cclls but not in the resistant cells,
and this induction was caused at the transcriptional level
(Figure 3b). HDM2 was similarly induced by Doxo
treatment in the sensitive cells. However, HDM2 mRNA
accumulated in the resistant cells before Doxo treatment
and did not change subsequently (Figure 3b), which is
consistent with its protein accumulation (Figure 3a).
These results indicate that the Doxo-induced cellular
stress can effectively induce the p53 transcriptional
activities in Doxo-sensitive NB cells but not in the
resistant cells.

Doxo treatment induces synthesis of pro-apoptotic Noxa
in the sensitive NB cells but not in the resistant cells

Next, we studied the expression of Bcl-2 family proteins
in the NB cells, because regulation of the Bel-2 family
proteins by p53 is known to be the main component of
pS53-dependent apoptosis (Shen and White, 2001). The
pro-apoptotic Bcl-2 family proteins Bax, Bak and Bok
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were not modified by Doxo in the NB cells (Figure 3a).
Expression of Puma and p33AIPI was also not affected
by Doxo treatment (data not shown). It is intcresting
that Noxa was substantially induced only in the sensitive
cells but not in the resistant cells. Although there was a
considerable difference in the amount of anti-apoptotic
Bcl-2 among the NB cells, its expression secmed not to
be related to the Doxo sensitivity. The other anti-
apoptotic Bel-2 family protein Bel-xL wits not detected
in any of the NB cells (data not shown). To asscss
whether the induction of Noxu is regulated at the
transcriptional level, we performed semi-quantitative
RT-PCR analysis. Consistent with the results of the
western blot analysis, the mRNA amount of Noxa was
clearly upregulated by Doxo trcatment in the Doxo-
sensitive SK-N-SH cclls (Figure 3b). Mcanwhile, the
accumulation of Noxa mRNA expression was detected
in the resistant cells (Figure 3b) and confirmed by
quantitative real-time PCR analysis (Figure 3c). How-
ever, Noxa mRNA was not increased by Doxo treat-
ment in the resistant cells (Figure 3b).

Noxa accumulation in mitochondria is not sufficient 1o
induce apoptosis in NB cells

A recent report demonstrated that Noxa and Bok were
induced by DNA stress dependent upon the p53 pathway
in the SH-SY5Y cell linc (Yakoviev et al., 2004).
However, only Noxa upregulation was detected in the
present study in the sensitive NB cell lines. Interestingly.
larger amounts of Noxa were observed in the Doxo-
resistant NB lines (IMR32 and NB-19) compared with
the scnsitive lincs (SK-N-SH and NB-9). Since the
organclle-specific amounts of the pro-apoptotic Bcl-2
family protein and its ratio to anti-apoptotic Bcl-2 family
proteins in mitochondria are reported to determine cell
fate in mitochondria-dependent apoptosis (Nakazawa
et al., 2003; Danial and Korsmeyer, 2004), we studied the
amounts of Noxa in mitochondria by cell fractionation/
western blot analysis (Figurc 4A). The amounts of Noxa
in mitochondria were apparently upregulated in the
sensitive cells. Densitometric analysis revealed that the
Doxo-treatment increased the content of Noxa 10.3-fold
in SK-N-SH cells and 16.6-fold in NB-9 cells compared
to that before stimulation. On the other hand. Noxa was
accumulated at higher levels in mitochondria of the
resistant cclls compared with the sensitive cells before
Doxo treatment, and was not further increased by Doxo
treatment. There were no significant differences in the
amounts of Bcl-2 in the presence or absence of Doxo

<

Figure 2 Upregulation and nuclear accumulation of p53 in neuroblastoma (NB) cells. (a) Cells were collected after Doxo stimulation
at the indicated time points (0, 12 and 24 h) and analysed by western blotting with the indicated antibodies (DO-1, pS3ser!5p,
p53ser20p, pS3serd6p and f-tubulin) as described in Materials and methods. (b) Cells were collected after Doxo stimulation at the
indicated time points (0, 1. 2 and 4h): p53 and G3PDH mRNA expression was analysed by RT-PCR as described in the Materials and
methods section. (¢) Cells were analysed by immunofluorescence with the indicated antibodies (pAb421, DO-1 and monoclonal anti-
pS3serl5p antibody: 16G8) 12 h after Doxo stimulation. (d) Cells were collected 12h after Doxo stimulation and subjected to cell
fractionation experiments as described in Materials and methods. Twenty micrograms of the proteins extracted from the organelle was
analysed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)/western blot experiments using the indicated
antibodies. Lamin was used as a positive controf for nuclear localization. and fi-tubulin for cytosolic localization.
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Figure 3 Modulation of p53-downstream proteins by Doxo treatment. The neuroblastoma (NB) cells were incubated with or without
Doxo and collected at the indicated time points. (a) Extracted total cell lysates were subjected to sodium dodecyl sullate
polyacrylamide gel electrophoresis (SDS PAGE) western blot analysis using the antibodies against the indicated molecules as
described in Materials and methods. (b) Total RNA was subjected to semi-quantitative RT PCR analysis as described in the Materials
and methods section. (¢} Quantitative real-time PCR analysis of Noxa mRNA amounts in NB cells as described in the methods section.
Total RNA was extracted [rom unstimulated NB cells.
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Figure 4 Noxa is upregulated in mitochondria by Doxo in the sensitive neuroblastoma (NB) cells. (A and B) Cells were collected 12h
after stimulation by Doxo (A. DX) or etoposide (B. VP) and subjected 1o cell fractionation for mitochondria (heavy membrane
fraction: Mit) and the light membrane cytosol fraction (Cyto). Samples were analysed by sodium dodecyl sulfute polyacrylamide gel
clectrophoresis (SDS PAGE) western blotting with the indicated antibodies. Trifunctional protein (Tri E) and tubulin were controls
for the mitochondrial fraction and cytosolic light membrane fraction. respectively. This is a representative result of three independent

experiments. (C) Semi-gquantitative RT PCR analysis of Noxa mRNA in favorable (stage 1 or 2.

with single copy MYCN) and

unfavorable (stage 3 or 4, with M YCN amplification) NB samples. (D) Quantitative real-time RT PCR analysis of Noxa mRNA in 84
tumor samples from patients with NBs according to the tumor stage. The levels of Noxa were normalized to that of G3PDH. Results

are presented as closed circles (Da) and closed squares (Db) with mean+s.d. bars.
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between the sensitive and resistant cells. Bel-xL was not
detected even by the fractionation experiments (not
shown). The localization of trifunctional protein in
mitochondria (Kamijo ¢r af., 1993) and fi-tubulin in the
cytosol confirmed the reliability of the fractionation
procedures. Importantly, similar results on the Noxa
kinetics in mitochondria were observed after the treat-
ment by etoposide. the other pS53-dependent damage-
inducing anticancer drug in NB cells (Figure 4B).
Consistent with the results of WST-8 assay (Figure 1Ib),
Noxa upregulation in mitochondria was observed in
etoposide-sensitive SK-N-SH, NB-9 and NB-19 cells but
not in IMR32 cells. These results suggest that the ratio of
pro- to anti-apoptotic molecules such as Noxa/Bcl-2 has
a strong impact on the p53-dependent damage-induced
apoptosis in NB cells.

Next, we assessed Noxa mRNA amounts in NB tumor
samples by semi-quantitative RT-PCR (Figure 4C) and
quantitative real-time reverse transcriptional (RT) PCR
(Figure 4D). Consistent with the upregulation of Noxa
mRNA in the resistant cell lines (Figures 3b and ¢). some
unfavorable NB samples expressed large amounts of
Noxa mRNA (Figure 4C). Especially. high levels of
Noxa mRNA expression were significantly associated
with INSS3 and INSS4 samples that were younger than
12 months old (P —0.04) according to the Welch test
(Figurc 4D). In the NB samples that were older than 12
months old. no obvious difference was detected, mainly
due to the high expression of Noxa in INSS | samples.
Although we checked the correlation of MYCN and
Noxa mRNA expression. there was no significant
correlation (data not shown).

Knockdown of Noxa effectively reduces Doxo-induced cell
death in NB cells

To definitively establish a role of Noxa in Doxo-induced
cell death in NB cells. both of the sensitive SK-N-SH

>

Figure 5 Noxa knockdown cancels Doxo-induced apoptotic cell
death in sensitive neuroblastoma (NB) cells. (a) SK-N-SH cells
were collected 48 h after small interfering RNA (siRNA) treatment
(lune 1: mock; lane 2: control siRNA: lane 3: Noxa siRNAI: lane 4:
Noxa siRNA2) and subjected 1o cDNA synthesis/semi-quantitative
RT PCR procedure. (b) SK-N-SH cells (lane 3: mock: lane 4:
control siRNA: lane 5: Noxa siRNAI; lane 6: Noxa siRNA2) were
collected 48h after siRNA treatment and 30 g of proteins was
subjected to sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS PAGE)/'western blot analysis. Lanes | and 2 were
nontreated IMR32 and NB-19 cells. respectively. as controls. (c)
Forty-eight hours after the siRNA treatment. cells were treated
with 0.5 yug/ml Doxo. Twenty-four hours after Doxo administra-
tion. SK-N-SH (lanes 1 and 2) and IMR32 (lanes 3 and 4) cells
were collected and subjected to cDNA synthesis semi-quantitative
RT PCR for the analysis of the molecules indicated at the left side
of panel. Lanes 1 and 3 are control siRNA treated. and lanes 2 and
4 are Noxa siRNAT treated. (d and e) Forty-eight hours after the
SIRNA treatment, cells were treated with 0.5 ug'ml Doxo. Twenty-
four hours after Doxo administration. the culture dish-attached
SK-N-SH and IMR32 cells were stained with 4.6-diamidino-2-
phenylindole (DAPI) and nuclear morphology was analysed. The
floating cells were collected and subjected to Trypan blue uptake
analysis. Trypan blue-positive cells were counted as “dead cells.”
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cells and the resistant IMR32 cells were treated with
Noxa small interfering RNA (siRNA) and then the NB
cells had Doxo administered. Preincubation of the NB
cells with the Noxa siRNA but not control siRNA
effectively reduced the Noxa mRNA and also protein
amounts in SK-N-SH cells (Figures 5a and b). Since the
cffectiveness of Noxa siRNAI is better than that of
Noxa siRNA2, we used Nova siRNAIL for later
experiments. The Noxa siRNA1 did not affect the pro-
apoptotic Bel-2 family molecules (Bax and Bak). an
important inhibitor of apoptosis p21<™"W+ and inter-
feron-x (Figure 5c¢). suggesting that the knockdown
scems to have a specific effect on Noxa. The ability of
the Noxa siRNA to reduce the Noxa mRNA amounts
was accompanied by a significant reduction in the
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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 caspasc pathways in NB cells. First, we

investigated the role of mitochondrial membrane
potential in Doxo-induced apoptosis. Mitochondrial
membrane  potential was asscssed 10h  after Doxo
stimulation by staining with the mitochondrion-sclective
dye. MitoTracker. Doxo-sensitive cells cxhibited 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-¢ was clearly released from
mitochondria in the sensitive cclls but not in the
resistant cells (Figure 6b, Doxo-treated cells. ‘Cyto. C
pancls). Nuclear condensation was especially observed
in the cells from which large amounts of cytochrome-¢
were released (Doxo-treated cells, ‘Nuce® panels). These
results suggest that mitochondrial dysfunction plays a
pivotal role in Doxo-induced apoptosis in NB cells.
The central component of apoplosis is a proteolytic
system involving a family of protcases called caspases
(Green, 2000). As shown in Figure 6c. pro-caspase-9
cleavage was observed in the Doxo-sensitive cells, but
not in the resistant cells 12h after exposure to Doxo.
The substrates of the activated caspase-9. pro-caspase-3
and -7 were also cleaved in the Doxo-sensitive cells.
Thesc findings suggest that apoptotic signals induced by
Doxo activate the intrinsic caspase pathway via a
mitochondrial pathway in NB cells, resulting in cell
dcath 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 18¢21 and its
promoter region contains a p33-responsive element
(Oda er al., 2003). The expression of p53 increases
human Noxa mRNA, and ectopic expression of Noxa
effectively induces apoptosis in a BH3-motif-dependent
manner (Oda ¢r «l., 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
Bcl-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 ctopo-
side, and Noxa siRNA trecatment reduced etoposide-
induced cell death in SH-SY5Y NB cells (Yakovlev
¢t al., 2004). Furthecrmore, Obexer et al. (2007) reported
that Noxa and Bim are effectors of FKHRL-1-induced
apoptosis in NB cells. Since we also observed the
uprcgulation of Noxa in mitochondria by Doxo or

ctoposide trcatment, Noxa seems to be onc of the

important cffectors of the pro-apoplotic signaling path-
way in NB cell apoptosis.

Whercas Yakoviev er 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 cclls, exposure 1o Doxo failed to
increase the expression of Noxa and the other down-
stream molecules in mitochondria, although p53 was
abundant in the nucleus before Doxo exposure and
some of the p53 scrine residues that regulatc pS53
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 pS53 function in the
resistant NB cclls results in the failure of apoptosis, even
under the pressure of DNA damage, such as Doxo
trecatment. [t 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 trcatment.
Alternatively, the inability to upregulatc 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) supportied the
observation of inactivity of accumulated Noxa in the
resistant cells. The accumulation of Noxa in unstimu-
lated NB cells scems Lo be p53 independent, as it was
suggested by our experiments. Although several findings
suggest that Noxa is induced via a pS3-independent
pathway in neuronal cells (Kiryu-Sco er 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
p33 family proteins, for example, p63 and p73 proteins
in NB cells. Actually, p73-alpha is expressed in several
NB cell lines, including IMR32 and NB19 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 protcins on
Noxa expression and Doxo-induced NB cell death seems
to be meaningful for research of NB ccll 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 ctoposide or UV (Shibue e1 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-¢ (Cyto. ¢) 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-k Da 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.
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in the advanced stage (INSS3 and -4, younger than 12
months old) by quantitative rcal-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
p33-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 protcins 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 mcthods), caspase-8 and
P-glvcopratein mRNA cxpression by semi-quantitative
RT-PCR (data not shown). Caspasec-8 was expressed in
NB-9, NB-69, SK-N-SH and NB-1 cells. However,
caspase-8 scems 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-I cclls, but not in SH-SYSY. NB-I,
and IMR32 cells (data not shown), suggesting that p-
glycoprotein scems not to relate to the Doxo sensitivity
of NB cells. Regarding M YCN 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 relatc to the MYCN amplification.
Consistent with our observation, Bell ¢ al. (2006)
reported that MYCN amplification corrclates with
attepuated p21<#Y™% induction in p53 wild-type NB
cells. The analysis of the molccular mechanism between
MYCN amplification and p53 inactivation in NB cells
may be important for NB studics.

Taken together, our findings indicate that the pS3
pathway regulates NB cell apoptosis via pro-apoptotic
Noxa kinetics and loculization 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 paticnts.

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]cieliven
mouse monoclonal antibody (clone F-5) und anti-Bad mouse
monoclonal antibody (clonc C-7) were from Santa Cruz
Biotechnology Inc. (Santa Cruz. CA. USA). Anti-cyto-
chrome-c mouse monoclonal antibody (clone 7HE.2CI12).
anti-Bcl-xL mousc monoclonal antibody (clone 2H12), anti-
caspase-3 rabbit polyclonal antibody. anti-caspase-7 mouse
monoctonal antibody (clonc B94-1) and anti-Bid rabbit
polycional antibody were from BD PharMingen (San Dicgo,
CA, USA). Anti-phospho-p53 rabbit serum (p53serl5p.
p53ser20p and pS3serd46p) and anti-phospho-p53sertS 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
{Lakc Placid, NY, USA). Anti-p53 mousc monoclonal anti-
body (clonc pAb42l). anti-p53 sheep polyclonal Antisera
(Ab-7) Kit and anti-Noxa mouse monoclonal antibody (clone
114C307, for immunofluorescence analysis) were from Onco-
gene Rescarch 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 (clonec 5B4) was from MBL (Nagoya.
Japan). Anti-lamin monoclonal antibody (clone JOL2) was

from Chemicon (Temecula, CA. USA). Anti-fi-tubulin mouse.

monoclonal  antibody (clone KMX-1) was from Roche
Diagnostics (Manheim, Germany). Anti-trifunctionil protein
serum was prepared by rabbit immunization and affinity
sclection with purified trifunctional protein (Kamijo ¢ al.,
1993). Anti-HDM2 monoclonal antibody (clone 2A10) was a
generous gift from Dr Arnold } 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 p33 pathway in drug resistance mechanism of NB cells.
SK-N-SH, NB-9, NB-19 and NBG9 were obtained from Riken
Cell Bank (Tsukuba. Japan). IMR32 and NB-1 were from Cell
Resource Center for Biomedical Rescarch Institute of Deve-
lopment, Aging and Cancer, Tohoku University. The wild-type
p53-expressing SH-SY3Y line was purchased from ATCC
(Manassas. VA, USA). The wild-type p53 status was demon-
strated in previous reports (IMR32: Hopkins-Donaldson er al..
2002: SK-N-SH: Wolff ¢r 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-SYSY. 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 copics. respectively (data not shown). The cells
were rowtinely maintained with DMEM supplemented with
10% fetal bovine serum (FBS) and | x penicillin/streptomycin
(Invitrogen. Carlsbad. CA. USA).

Tumor samples

Fresh. frozen tumor tissues were sent to the Division of
Biochemistry, Chiba Cancer Center Rescarch Institute, from
various hospitals in Japan with informed consent from the
patients” parents. All sumples 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 tissucs. Studies were approved by the
Institutional Review Board of the Chiba Cuancer Center.

Cell proliferation assay

NB cells were seeded in 96-well plates at a density of 10* cells/
well in a final volume of 100pul. Twenty-four hours after
sceding. the medium was removed and replaced with fresh
medium or with medium containing 0.5 jg/ml of Doxo or
20 um etoposide in a final volume of 100 ul. The culture was
maintained in the 5% CO- for 24h and then 10 pul 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 ubsorbance of the formazan product formed was
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Fable 1 Sequence of primers for PCR experiments
Gene Forward primer sequence Reverse primer sequence Accession mumher
p53 cagecaagieigtgactigeacgtac ctalglegaanagtgtitetgicate NM_(00546
p2lcietiven gacaccactggagggtgact ggeptiiggagigalagaua 125610
HDM2 tagtagcattatatagcagee agagaagaaatclatglgaatigag 212020
Noxa agagetggaagtegagigt geuccticacaticetete DY0070
Bax ttgettcagggtiteate cagligaagttgeegtcaga BCO14175
Bak| geettigeagtiggactete gegligppagcangteicta NM_001188
IFN-21 caatatctacgatggectege agagatggetggagectictg NM_024013
Caspase-8 gggacaggaatgeaacacac gecatagatgatgeectigt AF009620
P-glycoprolcin gastelggaggaagacatlgace tecaattigtenccaatice NM_000927
G3IPDH accacagtocatgecateac tecaccacceigtigetgta NM_002046

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

Maorphological analysis of apoptosis and analysiy of sub-G,/G,

Sfraction

Cells were obscrved using a phase-contrast microscope o asscss
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 {ragmentation, after fixation with 3.7% (v/
v) formaldchyde/l x phosphate-buffered saline (PBS). Analysis
of sub-Gy/G, fraction was performed by using the method
described in the previous report (Nakazawa er al., 2003).

Inmunofluorescence

Fixation was performed with 3.7% (v/v) formaldehyde/
I x PBS for 30min and the permeabilization was done with
0.1% (v/v) TritonX-100/1 x PBS for Smin at room tempera-
ture. Cells were then stained for Th with the first antibody
followed by a 30-min exposure lo an appropriate second
antibody conjugated with fluorescent dye (Alexad88 or
Alexas94). DNA was visualized with DAPI or propidium
iodide. Analysis by confocal laser microscopy was performed
with an LSM510 system (Carl Zeiss. Oberkochen, Germany).

Cell fractionation and direct western blotting .

For the isolation of the hcavy membrane faction (Mito) in
Figures 4A and B. 2 x 10° cells were subjected to the fractiona-
tion procedure described previously (Nakazawa ¢r al., 2003).
The resulting supernatant after isolation of Mito was referred to
as the cytosol plus light membranc (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,
10 mm KCIL 1.5mM MgCls. 0.5mM DTT, 0.4 um PMSF), and
incubated on ice for 20min. After vortexing for | min at the
maximum setting, cclls were centrifuged at {5000r.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, 420mM NuCl. 1.5mMm MgCly, 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 15000 r.p.m. for
2min. and then the supernatant was kept as nucleus (Nuc).
Direct western blotting was performed according 1o the
previous report (Nakazawa er al., 2003).

Preparation of mRNA and analvsis of RNA expression

Total RNA was extracted from NB cells using Isogen (Wako,
Tokyo. Japan), and cDNA was synthesized from | g of total
RNA templates according to the manufacturer’s protocol
(RiverTra-Ace-2- RT-PCR kit, TOYOBO, Osuka, Japan).

Oncogene

PCR amplification of cither p53 or Noxa was performed using
previously reported primers (for p53: Paull and Whikchart,
2005: for Noxa: Ohtani er al.. 2004). The other primer
sequences arc listed in Table 1. RT-PCR products (~.5kb)
were detected by direct cthidium bromide staining after
clectrophoretic separation on agarose gels. RT- PCR analysis
of GIPDH mRNA cxpression was performed as a positive
control for these experiments according to the manufacturer’s
protocol (RiverTra-Ace -2- RT-PCR kit). Semi-quantitative
RT-PCR analysis of tumor samples was performed according
to the previous report (Machida er 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 11 reverse
transcriptase (GibcoBRL) from 15 ug of primary tumor total
RNA. Noxa and GAPDH primers and probes were purchased
from Applicd Biosystems (Noxa Assay 1D: Hs00560402_ml:
GAPDH: Pre-Developed TagMan Assay Reagents Human
G3PDH). Quuntitative real-time PCR analysis was performed
by AB17700 Prism scquence detector (Applicd Biosystems.
Foster City. CA, USA), according to the manufucturer's
instructions using 1 x TagMan 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
annealingfextension at 60°C for | min. A quantification of Noxa
mRNA in cach sample was performed by comparing with the
standard curve, which was generated by reacting the plusmid
containing human Noxa (Hijikata er 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:
S-TCAGTCTACTGATTTACTGG-3: Noxa siRNA2. Lece
el al.. 2005: -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 interferecnce 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 analvsis

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 (Abucus Concepts



Inc.. Cheltenham. UK). Statistical significance was declared if
the P-value was <0.05.
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The Ewing’s sarcoma family of tumors (ESFT) are bone and soft tissue sarcomas
that occur in children and young adults. Specific chromosomal translocations found in
ESFT cause EWS to fuse to a subset of ets transcription factor genes (ETS), generat-
ing chimeric EWS/ETS proteins. These proteins are believed to act as an aberrant
transcriptional regulator and play a crucial role in the development of ESFT. The
mechanisms responsible for the EWS/ETS-mediated tumorigenesis are well studied
but remain uncertain. This review highlights recent advances in the molecular biology

of ESFT.
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Duplication of the Paternal IGF2 Allele in Trisomy | |
and Elevated Expression Levels of IGF2 mRNA

in Congenital Mesoblastic Nephroma of the Cellular
or Mixed Type

Naoki Watanabe,'? Masayuki Haruta,' Hidenobu Soejima,’ Daisuke Fukushi,' Kinji Yokomori,*
Hisaya Nakadate,* Hajime Okita,* jun-ich Hata,* Masahiro Fukuzawa,* and Yasuhiko Kaneko'**

'Department of Cancer Diagnosis, Research Institute for Clinical Oncology, Saitama Cancer Center, Ina, Saitama, Japan
2Department of Pediatrics, Juntendo University, Nerima Hospital, Nerima-Ku, Tokyo, Japan

*Department of Biomolecular Sciences, Faculty of Medicine, Saga University, Saga, Japan

*Japan WilmsTumor Group Study, Itabashi-Ku, Tokyo, Japan -

In a metaphase comparative genomic hybridization and fluorescence in situ hybridization study of 13 congenital mesoblastic
nephroma (CMN) tumors, trisomy || was found in seven cellular or mixed type tumors, disomy || with other chromosome
changes in two cellular type tumors, and no chromosome changes in four classical type tumors. Reverse-transcription
(RT)-PCR analysis detected the ETV6-NTRK3 fusion transcript in all eight cellular or mixed type tumors examined, but not in
four classical type tumors. All seven tumors with trisomy || showed duplication of the paternal IGF2 allele, and six cellular or
classical type tumors with disomy | | showed one paternal and one maternal allele of IGF2, analyzing the methylation status of
the sixth CTCF site of the H/ 9-differentially methylated region. Allelic expression study using the Apal/Avall polymorphism site
at exon 9 of IGF2 showed retention of imprinting in all seven tumors examined. Quantitative real-time RT-PCR analysis showed
higher expression levels of IGF2Z mRNA in three of three cellular type tumors with trisomy 11, in one cellular type tumor with
disomy |1, and in three of four classical tumors than in fetal kidneys or normal kidney tissues. Thus, duplicated paternal IGF2
resulted in elevated IGF2 mRNA levels, and may provide CMN or its precursor cells with a proliferative advantage. The mecha-
nism explaining that some cellular or classical type tumors with disomy |1 also showed elevated IGF2 mRNA levels remains
unresolved. IGF2 clearly plays an important role in the tumorigenic process of CMN, although it is difficult to assess its exact

role.  © 2007 Wiley-Liss, Inc.

INTRODUCTION

Congenital mesoblastic nephroma (CMN) is a
spindle cell tumor of the kidney occurring in new-
borns or young infants; it is subclassified into cellu-
lar, mixed, and classical types. Cellular type CMN
shows increased cellularity with high mitotic activ-
ity, and classical type CMN displays moderate cel-
lular proliferation of fibroblastic cells, whereas
mixed type CMN shows admixtures of the two
patterns (Schofield et al., 1993; Knezevich et al.,
1998a). Molecular and cytogenetic studies of cellu-
lar or mixed type CMN have demonstrated that
they are characterized by an E7V6-NTRK3 fusion
gene and that trisomy 11 is frequent, while the
characteristics of classical type CMN remain
obscure (Schofield et al., 1993; Knezevich et al.,
1998a; Rubin et al., 1998; Watanabe et al., 2002).

Active growth-promoting genes or mutated
oncogenes are expected to reside on the duplicated
chromosome 11 in CMN. A prime candidate is the
IGF2 gene, because the overexpression of /GF2

© 2007 Wiley-Liss, Inc.

mRNA was reported in CMN, and one study
reported that an intact IGF signaling axis is essen-
tial for in vitro ETV6-NTRK3-mediated transforma-
tion (Sharifah et al.,, 1995; Morrison et al., 2002).
IGF2 is subjected to imprinting and is expressed
from the paternal allele. /GF2 is located in 11p15.5
and encodes a fetal polypeptide growth factor.
Loss of heterozygosity (LOH) of IGF2 resulting
in the loss of the maternal allele and duplication of
the paternal allele or loss of imprinting (LOI) of-
IGF2 is present in a majority of Wilms tumors,
another embryonal kidney tumor (Yuan et al.,
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TABLE I. Clinical and Molecular-Genetic Findings in |3 Congenital Mesoblastic Nephroma Tumors

mCGH ﬁhdings

“No. of chr. % methylated  IGF2 status by  Relative quantity

Patient Age/sex ETV6/NTRK3 11 by FISH CTCFé allele RT-PCR of IGF2 mRNA
Cellular or mixed type (n = 9) '

| 5d/F Positive enh(I 1) 3 66.1 ROI 6.2

2 15d/F Positive enh(l1) Not done 76.6 ROI 22

3 24d/M Positive enh(l1) Not done 62.9 ROI Not done

4 Im/M Positive enh(8,11) 3 65.8 _ Not informative 24

5° Im/M Positive ' enh(l 1) 3 ©64.2 ROI Not done

6 Im/M Positive enh(I1) 3/4 66.9 ROI - Not done

7 Sm/F Not done enh(l 1) Not done 87.1 Not done Not done

8 7m/F Positive enh(12p|3-q24), dim(|5q23-qter) 2 51.4 Not informative 2.6

9° 13m/F Positive enh(17q).dim{(X) 2 543 Not informative 0.1
Classical type (n = 4)

10 7d/M Negative No changes Not done 50.8 Not informative 2.9

I 23d/M . Negative No changes 2 523 ROI 6.3

12 4m/M Negative No changes 2 511 Not informative 4.6

13 2m/F Negative No changes Not done 49.3 ROI 05
Human fetal kidney total RNA ' 1.5
Normal kidney tissues (N1, 6m; N2, 21m, N3, 21m) 0.3,0.1,01

mCGH, metaphase CGH; chr.11, chromosome 11; d, days; m, months; F. female; M, male; enh, enhanced; RO, retention of imprinting.
*This tumor was classified as the mixed type, and the other eight as the cellular type.
PA CMN cell line established from a tumor resected from the patient was studied.

2005; Watanabe et al., 2006). The status of /GF2 in
previous studies of CMN tumors is controversial.
Becroft et al. (1995) found LOI of IGFZ in one tu-
mor, whereas Watanabe et al. (2002) found reten-
tion of imprinting (ROI) of /GFZ2 in 2 tumors. In
addition, Speleman et al. (1998) reported LOH at
11p15 in one tumor in their study. Another study
mentioned, without providing data, that an extra
copy of chromosome 11 was paternally derived in
two CMN and congenital fibrosarcoma primary
tumors (Morrison et al., 2002).

In the present study, we performe¢d metaphase
comparative genomic hybridization (mCGH) and
examined the LOI or LOH status of /GF2, the
methylation status of CTCF6 at H/9-differentially
methylated region (DMR) that represents the pa-
rental origin of the /GF2 allele (Takai et al., 2001),
and the quantity of /GF2 mRNA in the three types
of CMN. Our results showed a paternal origin of
the duplicated chromosome 11 and an elevated
expression level of /GF2 mRNA in all cellular type
tumors with trisomy 11 and in some cellular or clas-
sical type tumors with disomy 11.

MATERIALS AND METHODS

Patients and Samples

Tumor samples were obtained from 13 Japanese
infants with CMN ranging in age from newborn to
13 months (Table 1). Some data from 5 of the 13
patients were previously reported (Watanabe et al.,
2002). Eight tumors were classified as the cellular

Genes, Chromosomes & Cancer DOI 10.1002/gce

type, one as the mixed type (No. 5), and the other
four as the classical type by pathologists at each
institution or the Japan Wilms tumor study group
pathology panel according to the classification pro-
posed by the Japanese Pathological Society (1988).
One tumor tissue (No. 9) was obtained from a cell
line (MN-JRC-24) established from a CMN tumor
by one (KY) of the authors. The patient was a 13-
month-old girl who presented with a right abdomi-
nal tumor of stage 2, according to the NWTS stag-
ing system (D’Angio et al., 1989). She received the

- NWTS-3 protocol regimen K after surgery, but

developed metastasis to the thoracic vertebrae, the
ilium and the right humerus, and died of the dis-
ease 15 months after the start of surgery and chem-
otherapy. The tumor sample obtained at the time
of surgery was used to establish the cell line. All
but one (No. 9) patient showed no evidence of the
disease at the last follow-up.

Metaphase Comparative Genomic Hybridization
and Fluorescence In Situ Hybridization Analysis

A metaphase comparative genomic hybridization-
(mCGH) analysis was performed on all 13 tumors
to evaluate chromosome gains and losses as
described (Kumon et al., 2001). Interphase fluores-
cence in situ hybridization (FISH) was performed
in eight tumors using probes, including a YAC
probe (964c10) covering the ETV6 locus on 12p13,
a BAC probe (RP11-2851-14) covering exons 13-18
of the NTRK3 gene on 15q26 (GenBank accession
number: AC011966), and a BAC probe (ATCC
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65438) covering the centromeric region of chromo-
some 11.

RT-PCR of ETV6-NTRK3 mRNA and Quantitative
Real-time RT-PCR of IGF2 mRNA

Frozen tumor tissues were extracted from 12
tumors, first-strand ¢cDNA was synthesized, and
PCR was performed with primers: ETV6/541 (5'-
CCTCCCACCATTGAACTGTTGCACC-3") lo-
cated in exon 5 and NTRK3-exl4r (5/-CGCA-
CACTCCATAGAACT-3) located in exon 14.
RT-PCR products were purified and directly
sequenced on a sequencer (Applied Biosystems,
IFoster City, CA). :

Quantitative real-time RT-PCR was performed
to evaluate /GFZ mRNA levels in nine tumors,
human fetal kidney total RNA pooled from 34
spontaneously aborted fetuses (Clontech, Ohtsu,
Japan), and three normal kidney tissues adjacent to
Wilms tumors using LightCycler TagMan Master
on the LightCycler Carousel-Based System (Roche
Diagnostics, Alameda, CA). The three patients
whose normal kidney tissues were used were six
months, 21 months, and 21 months of age. As
described previously (Ravenel et al., 2001) with
slight modifications, we used 5'-CCCCTCCGA-
CCGTGCT-3 (forward primer), 5-TCATATTG-
GCAAGAACTTGCCCA-3 (reverse primer), and
FAM-5'-CCGGACAACTTCCCCAGATACCC-3/-
BHQ-1 as primers and a TagMan probe, Each sam-
ple was analyzed in triplicate with GAPDH as the
inner control, and the mean value of /GF2 mRNA
was calculated.

Allelic Expression Analysis of IGF2 and LOH
Analysis of the | 1pl5 Region

The Apal/Avall polymorphism site in exon 9 of
IGF2 was used to evaluate the allelic status and
expression of /GF2. PCR with genomic DNA from
tumor tissues and the identification of heterozy-
gous specimens after Apal digestion were per-
formed as described previously (Watanabe et al,,
2002). LOH analysis of the 11pl5 region was per-
formed using microsatellite markers as described
previously (Watanabe et al., 2006).

Combined Bisulfite Restriction Assay of the CTCF6
Site in HI9-DMR

To clarify the parental origin of IGF? alleles on
duplicated chromosome 11, we performed com-
bined bisulfite restriction assay (COBRA) of
CTCF6 in H/9-DMR (Xiong and Laird, 1997,
Takai et al., 2001; Satoh et al., 2006). Genomic

Figure |. Summary of CGH findings obtained from nine patients
with congenital mesoblastic nephroma of the cellular or mixed type.
Gains are shown on the right side of the chromosome ideogram and
losses on the left side. Lines represent regions of chromosomal gains
and losses.

DNA from 13 tumor samples was treated with so-
dium bisulfite and subjected to PCR using primer
sets: 5-GAGTTYGGGGGTTTTTGTATAGT:3
and 5-TAAATAATACCCRACCTAAAATCTAA-
3" designed to amplify the region including
CTCF6. Normal lymphocyte DNA treated with
8ssI methyleransferase (New England Biolabs, Ips-
wich, MA) was used as a control for methylated
templates, and lymphocyte DNA without Sssl
treatment as a control for a methylated and unme-
thylated template ratio of 1:1: M/ul recognizes the
methylated but not the unmethylated acgegt
sequence located in the vicinity of the sixth CTCF

‘sequence of cgegeggeg; the methylation status of

the former sequence closely reflects that of the lat-
ter sequence. PCR products digested with M/l
were run on 2% NuScieve agarose gel (FMC Bio-
products, Rockland, ME) and visualized after ethi-
dium bromide staining. The intensity of methyl-
ated and unmethylated bands was examined using
a fluoro-image analyzer, FLA-3000G (Fujifilm, To-
kyo). The size of the unmethylated band was 279
bp, and there were two methylated bands; 197 bp
and 82 bp. Only the larger band was evaluated
because the smaller one was too faint in intensity
to be evaluated in all samples. The experiments
were performed three times, and the mean value
of the DNA methylation percentages was calcu-
lated. The hot-stop COBRA method was used to
confirm the data detected by the standard COBRA
method (Uejima et al., 2000).

RESULTS

An mCGH study showed enhanced whole chro-
mosome 11, indicating trisomy or tetrasomy 11 in
seven of nine cellular or mixed type tumors; one of
these seven cases also showed enhanced whole
chromosome 8. The remaining two cellular type
tumors showed a normal intensity of chromosome
11, indicating disomy 11; one (No. 8) had
enhanced 12p13-12923 and dim 15q23-15qter
regions, and the other (No. 9) had enhanced 17q
and dim whole chromosome X. The mCGH pat-
tern is summarized in Figure 1. Subsequent cyto-

Genes, Chromosomes & Cancer DOI 10.1002/gec
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genetic and FISH study of the latter tumor (No. 9)
showed the karyotype 45,X,-X,t(12;154p13:q26),
der(14)t(14;17)(q32;q12). Four classical type tu-
mors had normal intensity in all chromosomes and
two (Nos. 11 and 12) of the four showed a normal
karyotype (Table 1). The results of FISH analysis
of eight tumors using the chromosome 11 centro-
mere probe were consistent with those of mCGH
analysis (Table 1).

ETV6-NTRK3 fusion mRNA was detected in all
eight cellular or mixed type tumors examined, but
not in all four classical type tumors (Table 1). All
cight tumors showed the same breakpoints at
ETV6 exon 5 and NTRK3 exon 13, as reported pre-
viously (Knezevich et al., 1998b). Interphase FISH
analysis showed the ETV6-NTRK3 fusion signal in
all six cellular or mixed type tumors (Nos. 1, 4=6,
8, and 9) examined, but not in two classical type
tumors examined (Nos. 11 and 12). The results of
the FISH study were consistent with the RT:PCR
study. .

Twelve tumor samples were available for the
allelic expression study of IGF2, and all seven with
the heterozygous Apal site showed the mono-
allelic expression of /GF2, indicating the retention
of imprinting (ROI) of /GF2 (Table 1 and Fig. 2).
These seven tumor samples retained heterozygos-
ity at the /GF2 locus. Of the remaining five tumors
with the homozygous Apal/Avall site, four showed
heterozygosity at least in one of three 11p15.5 loci;
i.e. D118§922, TH, or D118932, and the other tumor

1 2 11

Figure 2. Examples of allelic expression analysis using the Apal poly-
morphism site at exon 9 of IGF2. Electrophoretic pattern of genomic
PCR products after Apal digestion shows heterozygosity in tumors 1, 2,
I3, and I I, and RT-PCR products after digestion show monoallelic IGF2
expression, indicating the retention of imprinting in all four samples,

Cellular or mixed type
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(No. 9) showed homozygosity at all three loci: the
presence or absence of LOH was not determined
because normal tissue was not available. One tu-
mor (No. 7) with- no RNA available showed hetero-
zygosity at the TH and D118922 loci. These find-
ings indicate that all but one tumor retained heter-
ozygosity at the 11p15 loci.

COBRA showed that the mean methylation per-
centage of Sssl-untreated lymphocytes was 49.0%.
Seven tumors with trisomy 11 showed a mean
methylation percentage ranging from 62.9% to
87.1%, indicating a paternal origin of the dupli-
cated chromosome 11. Six tumors with disomy 11
showed a methylation percentage ranging from
49.3 to 54.3%, indicating ROI of IFG2, but not
LOH or LOI of /IGF2. The results are summarized
in Table 1 and Figure 3. The results of COBRA
analysis using the hot-stop method for 13 tumor
and two peripheral blood samples were consistent
with those of standard COBRA analysis (data not
shown). '

Quantitative real-time RT-PCR analysis showed
almost no expression of /GF2 mRNA in two nor-
mal kidney tissues obtained from 21-month-old
patients (N2 and N3) and in one cultured sample
established from a cellular type tumor with disomy
11. Small amounts of /GF2 mRNA were found in
normal kidney tissue obtained from a 6-month-old
patient (N1) and in a classical type tumor (No. 13),
and moderate amounts were found-in human fetal
kidney total RNA. All three cellular type tumors
with trisomy 11, one cellular type tumor with dis-
omy 11, and three classical type tumors showed
higher expression levels of /GFZ mRNA than three
normal kidney tissues or human fetal total RNA
(Table 1 and Fig. 4).

DISCUSSION

Histological studies have suggested that cellular
and classical type CMN tumors are related to con-
genital fibrosarcoma (CFS) and infantile fibromato-
sis (IFS), respectively (Schofield et al., 1993, 1994;
Knezevich et al, 1998a). Moreover, molecular

Classical type

Figure 3. Examples of the methylation status of CTCF6 analyzed by a
combined bisulfite restriction assay (COBRA). Bisulfate-modified PCR
products were digested with Mlul. Numbers above lanes indicate the tu-
mor number. Upper 279 bp and lower 197 bp bands show unmethylated
and methylated DNA fragments containing CTCF®, respectively. PB, lym-
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PB Methyl.

phocyte DNA without Sssl treatment; Methyl, methylated lymphocyte
DNA with Sss| treatment. The percentage of methylated DNA calculated
from the bands above is shown below each lane. The mean value of the
DNA methylation percentages calculated from three COBRA experi-
ments is shown in Table |,



