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Figure 3 Differential expression of antiapoptotic Bel-2 protein. (a)} The indicated neuroblastoma cell lines were cultured in standard
cuiture medinm containing all-trans retinoic acid (ATRA) at a final concentration of 5uM. At the indicated time points after the
treatment with ATRA, whole-cell lysates were prepared, and analysed by immuncblotting with the antibodies against the indicated
Bcl-2 family proteins. Actin expression was examined as a Joading control (bottom). (b) Overexpression of Bel-2. CHP134 cells were
transiently transfected with the expression plasmid for Bcl-2 or with the empty plasmid. Twelve hours after the transfection, cells were
treated with or without 5 uM ATRA, and incubated for additional 3 or 6 days. Whole-cell lysates were prepared, and the expression
levels of Bel-2 (top) and the amounts of the cleaved caspase-3 (middle) were examined by immunoblotting. Actin is shown as a control
for protein loading (bottom). (c and d) Flow cytometry. CHP134 cells were transiently transfected as described in (b). At the indicated
time periods after the treatment with ATRA, cells were collected, fixed and stained with PI. The DNA content of the cells was
examined by flow cytometry. Representative results on day 6 are shown in (¢). The number of cells with sub-G1 DNA content was
counted in triplicate (d). *P<0.01.
1997; van Noesel and Versteeg, 2004). However, certain  inhibited the ATRA-mediated apoptosis, and HA14-1-
neuroblastomas display an RA-resistant phenotype  mediated inhibition of the endogenous Bel-2 in RTBM1
(Reynolds and Lemons, 2001). To further improve the  cells enhanced the ATRA-dependent apoptotic cell
therapeutic effects of RA on neuroblastomas, it is  death. Moreover, studies using primary neuroblastoma
necessary to clarify the detailed molecular mechanisms  tissues showed that ATRA had toxic effect on two out
underlying the RA-mediated neuroblastoma differentia-  of 10 primary cultures, and these ATRA-sensitive
tion andfor apoptosis. In the present study, we have  tumors did not express bcl-2. Thus, it is likely that
found that ATRA causes growth suppression and  antiapoptotic Bel-2 plays a crucial role in the regulation
subsequent neuronal differentiation in human neuro-  of the ATRA-mediated apoptotic response in neuro-
blastoma-derived LA-N-5, RTBM1, CHP134 and NB-  blastomas.
39-nu cells to various degrees. Among them, CHP134 Our present study revealed that neuroblastoma cells
and NB-39-nu cells, which express antiapoptotic Bel-2  can be divided into two groups with respect to the
at extremely low levels, underwent p53-independent ATRA-induced apoptotic response. CHP134 and NB-
apoptotic cell death in response to ATRA. In contrast,  39-nu cells underwent apoptotic cell death in response to
LA-N-5 and RTBMI cells abundantly expressed Bel-2,  ATRA, whereas LA-N-5 and RTBM]1 cells did not.
and we did not detect apoptotic cell death npon ATRA  Consistent with the mitochondria-dependent intrinsic
treatment. Enforced expression of Bcl-2 in CHP134 cells  apoptotic pathway of caspase activation (Degterev
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Figure 4 Bcl-2 inhibitor HA14-1 induces apoptosis of all-trans retinoic acid (ATRA)-treated RTBMI cells. {a) Morphological
changes after HA[4-1 treatment of RTBMI celis. RTBM1 cells were cultured with or without 5 uM ATRA for 6 days in advance, and
then treated with HA14-1, a specific inhibitor of Bel-2, at the indicated concentrations in standard medium for 3 h. Cells were examined
by phase-contrast microscopy and photographed after the treatment. (b and ¢) FACS analysis. RTBM1 cells were treated with ATRA.
and HA14-1 as described in (a). Cells were collected, fixed and stained with PL. The DINA content of the cells was examined by Row
cytometry and representative results are shown in (b). The number of cells with sub-G1 DNA content was counted in triplicate (¢).
*P<0.05. (d} Immunoblotting. Whole-ceil lysates of RTBM1 treated with ATRA and HA14-1 were prepared to examine the amounts
of cleaved caspase-9 and caspase-3. Actin is shown as a loading control.

et al., 2003}, ATRA treatment in CHP134 cells caused a
cytoplasmic release of the mitochondrial inter-mem-
brane protein cytochrome ¢, and a sequential proteolytic
cleavage of caspase-9, caspase-3 and its physiological
substrate PARP. Similar results were obtained in NB-
39-nu cells. Our previous observation also demonstrated
that activation and nuclear translocation of caspases

Oncogeneg

were associated with prognosis of primary neuroblasto-
mas (Nakagawara et al., 1997). Therefore, the molecular
mechanism(s) of RA-induced activation of caspases in
neurcblastoma cells needs to be clarified.

In response to a variety of apoptotic stimuli, p53 is
induced to be stabilized and subsequently transactivates
a number of proapoptotic genes that encode Bcl-2
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Figure 5 Primary culture and bcl-2 expression of sporadic
neuroblastomas. (&) Primary tumor cells prepared from 10
sporadically found neuroblastoma tissues were cultured with or
without SuM of ATRA. After 4 days, cells were examined by
phase-contrast microscope, and morphological changes of two
representative cases are shown. (b and ¢} RT-PCR analysis. Total
RNA was purified from the indicated neuroblastoma cell lines (b)
and fresh-frozen tissues of primary neuroblastomas {c), and
sutbjected to RT-PCR using specific primers for &cl-2. N-1 to N-
10 indicates the case numbers, and the effects of ATRA on primary
cultures are described at the bottom of this panel. Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) expression is shown as an
internal control,

family proteins including Bax (Culmsee and Mattson,
2005). It has been well documented that Bax acts on the
mitochondra to induce mitochondrial permeability
transition, and thereby regulating the cytoplasmic
release of cytochrome ¢ (Antonsson, 2001). Neurcoblas-
toma cell lines that we examined in this study carry wild-
type p53. Under our experimental conditions, however,
we could not detect the ATRA-mediated upregulation
of the endogenous p53 as well as Bax. Similarly, the p53-
responsible p21¥AF! and proapoptotic Puma were not
accumulated in response to ATRA. As described
(Nikolaev et al., 2003), p533 might not be functional in
neuroblastoma cells due to its abnormal cytoplasmic
retention. Consistent with this notion, p53 was pre-
dominantly expressed in the cytoplasm of neuroblasto-
ma cells examined in this study (data not shown). We
have previously shown that cytoplasmic p53 is translo-
cated into the nucleus of CHP134 cells in response to
ATRA (Takada et al, 2001);, however, our present
results suggest that translocated p53 was not functional.
Indeed, it is reported that p53 in neuroblastoma cells is
not functional even after its enforced translocation into
the nucleus (Ostermeyer er al., 1996). Thus, it is likely
that the ATRA-mediated apoptotic cell death in
neuroblastoma cells is regulated in a p53-independent
manner.

Among other regulators of mitochondrial pathway of
apoptosis, Bel-2 family proteins are critical determinants

Retinoic acid-induced apoptosis in neuroblastoma
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of mitochondrial membrane potential, which controls
the cytoplasmic release of cytochrome ¢ from
mitochondria and thereby regulating apoptotic cell
death (Cory et al., 2003). They are divided into two
subfamilies based on their biological roles. Antiapopto-
tic subfamily includes Bel-2 and Bel-x;, and proapopto-
tic subfamily includes Bax, Bim and Bmf. The balance
between these two groups determines the fate of cells.
Antiapoptotic Bcl-2 is one of the most important
members that inhibits the mitochondria-dependent
apoptotic pathway triggered by diverse cytotoxic
agents through blocking mitochondrial permeability
transition. Indeed, the upregulation of Bcl-2 was
assoclated with the drug-resistant phenotype of
certain human tumors {(Dole e «l., 1994; Lombet
et al., 2001). Most intriguingly, our expression studies
revealed that antiapoptotic Bcl-2 was constitutively
overexpressed in LA-N-5 and RTBMI cells, whereas
its expression levels were extremely low in CHPI134
and NB-39-nu cells. In response to ATRA, Bcl-2 was
slightly induced to be accumulated in NB-39-nu cells;
however, it was maintained at extremely low levels in
CHP134 cells. Furthermore, two primary neuroblasto-
mas on which ATRA had toxic effect in primary culture
did not express bcl-2, stmilar to CHP134 and NB-39-nu
cells. Interestingly, ATRA induced differentiation
in five cases and had undetectable effects on three cases,
but cell death was induced in two cases. Considering
that RA treatment contributed to survival of 17% of
patients with aggressive neuroblastomas (Matthay et al.,
1999), our present results using primary neuroblastomas
seem to be reliable. Taken together, it is likely that
ATRA potentially have toxic effect on certain
neurcblastoma cells (both primary cells and cefl lines)
that express little Bel-2. Our current results also
revealed that enforced expression of Bcl-2 in CHP134
cells inhibited the ATRA-mediated apoptosis in
association with the activation of caspase-3. Further-
more, ATRA treatment of RTBMI1 cells followed
by HAI4-1 exposure underwent apoptotic cell
death through mitochondrial pathway. These observa-
tions also support the importance of Bcl-2 in the
regulation of apoptotic response of neuroblastoma cells
to RA.

Although it is still unclear whether the expression
levels of Bel-2 could be correlated with the prognosis of
neuroblastoma patients (Romani and Lu, 1994;
Gallo et al., 2003; Abel et al., 2005), it is possible
that Bcl-2 plays a key role at least in part in the
regulation of ATRA-mediated apoptotic cell death in
neuroblastoma cells. In this connection, the antisense
RNA-mediated knockdown of the endogeneous Bel-2
has been employed to treat certain tumors (Kim et al.,
2004). Recently, a novel Bcl-2 inhibitor that has an
antitumor effect on solid tumors has been developed
(Oltersdorf e al., 2005). Based on our present findings,
the combination of RA with Bcl-2-specific inhibitor
might provide a novel therapeutic strategy for the
treatment of neuroblastomas, instead of the classical
chemotherapy that frequently has multi-organ side
effects.
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Materials and methods

Cell lines and transfection

Human neuroblastoma-derived cell lines, including LA-N-3,
RTBMI1, CHPI134 and NB-39-nu, were maintained in RPMI
1640 medium supplemented with 10% heat-inactivated fetal
bovine serum, penicillin (50 U/ml) and streptomycin (50 pg/ml)
at 37°C in a humidified atmosphere of 5% CO; in the air. For
transfection, CHP134 cells were transfected with the expres-
sion plasmid encoding huinan Bel-2 or with the empty plasmid
by electroporation using a Nucleofector (Amaxa Biosystems,
Koeln, Germany} according to the manufacturer’s protocol.

Reagents

All-trans retinoic acid was purchased from Sigma (St Louis,
MO, USA) dissolved in dimethylsulfoxisde (DMSO) at a final
concentration of 5mM, and kept at —80°C. Bel-2 inhibitor
HA14-1 was purchased from Sigma, dissolved in DMSO as a
10mM stock solution and stored at —20°C. All reagents were
of the highest quality available,

Proliferation assay

LA-N-5and RTBMI cells were plated in triplicate at a density
of 1 x 10° per well in 12-well culture plates. CHP134 and NB-
39-nu cells were seeded in triplicate at a density of 1 x 10% in
12-well plates. Twelve hours after seeding the cells, cells were
treated with ATRA at a final concentration of 5uM or left
untreated, and medium was replaced every 2 days. At the
indicated time points after the treatment with ATRA, cells
were trypsinized and number of viable cells was directly scored
by using the hemocytometer,

Flow cytometric analysis

Cells were exposed to the indicated concentration of ATRA.
At the indicated time points after the treatment with ATRA,
cells were collected by brief centrifugation, and fixed with 70%
ethanol at —20°C. The cells were washed with phosphate-
buffered saline (PBS), resuspended in phosphate-citrate buffer
(4mM citric acid, 200mM Na,HPO,) and kept at room
temperature for 15min. The cells were then centrifuged and
resuspended in a solution containing 40 ug/ml of propidium
iodide and 0.05% RNase A, and incubated in the dark for
30min. Before performing flow cytometric analysis, cells were
filtered through a 40-pm nylon mesh. DNA content was
analysed by FACScan flow cytometer (Becton Dickinson,
Oxford, UK).

Imrunoblot analysis

Cells were washed twice with ice-cold PBS, lysed in a sodium
dodecyl sulfate (SDS)-sample buffer containing 10% glycerol,
5% fB-mercaptoethanol, 2.3% SDS and 62.5mM Tris-HCl, pH
6.8, and then boiled for 3 min. The protein concentrations were
determined using Bio-Rad profein assay dye reagent (Bio-Rad
Laboratories, Hercules, CA, USA). Bovine serum albumin
(BSA) was used as a standard. Aliquots (20 pg) of whole-cell
Iysates were separated by SDS-polyacrylamide gel clectro-
phoresis and electrophoretically transferred onto polyvinyli-
dene difleoride membranes (Immobilon-P, Millipore, Bedford,
MA, USA). The membranes were blocked with 0.3% non-fat
milk in Tris-buffered saline containing 0.1% Tween-20 and
incubated with appropriate primary antibodies at room
temperature for 1h followed by incubation with the horse-
radish peroxidase-conjugated secondary antibodies (Cell Sig-
naling Technology Inc., Beverly, MA, USA). Immunoreactive
bands were visualized by using ECL system (Amersham
Biosciences, Uppsala, Sweden). The primary antibodies used

Oncogene

in this study were as follows: polyclonal anti-caspase-12
(Cell Signalling Technology Inc.), polyclonal anti-caspase-3
{Calbiochem, San Diego, CA, USA), polyclonal anti-PARP
(Cell Signaling Technology Inc.), polyclonal anti-PUMA
(ab9643; Abcam, Cambridge, UK), polyclonal anti-p2]WAF!
(H-164; Santa Cruz Biotechnology), polyclonal anti-Bim
(Cell Signaling Technology Inc), polyclonal anti-Bmf
(Cell Signaling Technology Inc.), polyclonal anti-actin
(20-33; Sigma), monoclonal anti-caspase-8 (5F7; Medical &
Biological Laboratories, Nagoya, Japan), monoclonal anti-
caspase-9 (5B4; Medical & Biological Laboratories),
monoclonal anti-p33 (DO-1; Oncogene Research Products,
Cambridge, MA, USA), monoclonal anti-Bax (6A7;
eBioscience, San Diego, CA, USA), moncclonal anti-Bel-2
(100; Santa Cruz Biotechnology); and monoclonal anti-Bel-xp
(H-5; Santa Cruz Biotechnology) antibodies.

Tmmunofluorescent staining

CHP134 cells were grown on coverslips in standard culture
medium in the presence or absence of 5uM of ATRA for 4
days. Cells were washed with ice-cold PBS, fixed with 3.7%
formaldehyde in PBS for 30min, permeabilized with 0.2%
Triton X-100 in PBS for 5min and then blocked with 3% BSA
in PBS for 1k at room temperature. After blocking, cells were
incubated with a monoclonal antibody against cytochrome ¢
(6H2.B4; BD PharMingen, San JYose, CA, USA) or with a
normal mouse IgG for 1h at room temperature, followed by
the incubation with fluorescein isothiocyanate-conjugated
secondary antibody against mouse IgG (Santa Cruz Biotech-
nology). The cell nuclei were stained with DAPL. The
coverslips were mounted onto glass slides, and the stained
cells were examined by using a confocal laser scanning
microscope (Olympus).

Primary culture

RPMI 1640 medium supplemented with 10% heat-inactivated
fetal bovine serum, penicillin (50 U/ml), streptomycin
(50 ug/ml) and 100 pg/ml of OPI (Sigma) was used as a
standard medium for primary culture. Primary tumor cells
were prepared from fresh human neuroblastoma tissues
by a standard method. A total of 5 x 10° cells of each sample
were resuspended in 1ml of the standard medium, and
seeded on 24-well tissue culture plates precoated with collagen.
The cells were treated with or without ATRA at a final
concentration of SuM for at least 2 weeks. The effects of
ATRA on the growth and neurite extension of primary
neuroblastoma cells were examined by phase-contrast micro-
scope.

RNA extraction and RT-PCR

Total RNA was prepared from fresh-frozen tissues of primary
neuroblastomas or cultured cells by using RNeasy Mini Kit
(Qiagen, Valencia, CA, USA). Total RNA (2 ug) was reverse
transcribed by using random primers and SuperScript II
reverse transcriptase (Invitrogen, Carlsbad, CA, USA). The
resultant cDNA was subjected to PCR-based amplification.
The oligonucleotide primers used in this study were as foilows:
bel-2, 5-GAGGATTGTGGCCTTCTTTG-3 (forward) and
5-ACAGTTCCACAAAGGCATCC-¥ (reverse), and glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH), 5-ACCTGA
CCTGCCGTCTAGAA-3 {forward) and 5¥-TCCACCACCC
TGTTGCTGTA-3' (reverse). PCR products were electrophor-
ctically separated on 1% neutral agarose gels and visualized by
ethidium bromide staining.

— 260 —



Acknowledgements

We are grateful to the hospitals and institutions that provided
us with surgical specimens. We thank Hideki Yamamoto and
Atsushi Kawasaki for valuable discussions, and Yuki Naka-
mura for excellent techmical assistance. This work was

References

Abel F, Sjoberg RM, Nilsson S, Kogner P, Martinsson T.
(2005). Eur J Cancer 41: 635646,

Antonsson B. (2001). Cell Tissue Res 306: 347-361.

Balmer JE, Blomholf R. (2002). J Lipid Res 43: 1773-1808.

Brodeur GM, (2003). Nat Rev Cancer 3: 203-216.

Brodeur GM, Nakagawara A, (1992). Am J Pediatr Hemato!
Oncol 14: 111-116.

Cory 8, Huang DC, Adams JM. (2003). Oncogene 22
8590-8607.

Culmsee C, Mattson MP. (2005). Biochem Biophys Res
Commun 331: 761-777.

Degterev A, Boyce M, Yuan J. (2003). Oncogene 22:
8543-8567.

Dole M, Nunez G, Merchant AK, Maybaum J, Rode CK,
Bloch CA ef al. (1994). Cancer Res 54: 32533259,

Encinas M, Iglesias M, Llecha N, Comella JX. (i1999). J
Neurochem 73: 14091421,

Freemantle SJ, Spinella MJ, Dmitrovsky E. (2003). Oncogene
22: 7305-7315.

Gallo G, Giarnieri E, Bosco S, Cappelli C, Alderisio M,
Giovagnoli MR er al. (2003). Anticancer Res 23: 777-784.
Kim R, Emi M, Tanabe K, Toge T. (2004). Cancer 101;

2491-2502.

Lee MH, Nikolic M, Baptista CA, Lai E, Tsai LH, Massague
1. (1996). Proc Natl Acad Sci USA 93: 3259-3263.

Lippman SM, Lotan R. (2000). J Nutr 130: 4795-482S.

Lombet A, Zujovic V, Kandouz M, Billardon C, Carvajal-
Gonzalez S, Gompel A er al. (2001). Eur J Biochem 268:
1352-1362.

Lopez-Carballo G, Moreno L, Masia S, Perez P, Barettino
D. (2002). J Biol Chent 277: 25297-25304.

Maden M. (2001). fnt Rev Cytof 209: 1-77.

Matthay KK, Villablanca JG, Seeger RC, Stram DO,
Harris RE, Ramsay NK e al. (1999). N Engl J Med 341:
1165-1173.

McCaffery PJ, Adams J, Maden M, Rosa-Molinar E. (2003).
Eur J Neurosci 18; 457-472.

Melino G, Thiele CJ, Knight RA, Piacentini M. (1997).
J Neurooncol 31: 65-83.

Morishima N, Nakanishi K, Takenouchi H, Shibata T,
Yasuhiko Y. (2002). J Biol Chem 277: 34287-34294,

Nagai J, Yazawa T, Okudela K, Kigasawa H, Kitamura H,
Osaka H. (2004). Cancer Res 64: 7910-7917.

Retinoic acid-induced apoptesis in neuroblastoma
H Niizuma ef a/

supported in part by a Grant-in-Aid from the Ministry of
Health, Labour and Welfare for Third Term Comprehensive
Control Research for Cancer, and a Grant-in-Aid for Scientific
Research on Priority Areas and a Grant-in-Aid for Scientific
Research (C) from the Ministry of Education, Culture, Sports,
Science and Technology, Japan.

Nakagawa T, Zhu H, Morishima N, Li E, Xu J, Yankner BA
et al. (2000). Nature 403: 98-103.

Nakapawara A. (1998). Hum Cell 11: 115-124,

Nakagawara A, Arima-Nakagawara M, Scavarda NJ, Azar
CG, Cantor AB, Brodeur GM. (1993). N Eng! J Med 328:
847-854.

Nakagawara A, Azar CG, Scavarda NI, Brodeur GM. (1994).
Mol Cell Biol 14: 759-767.

Nakagawara A, Nakamura Y, fkeda H, Hiwasa T, Kuida K,
Su MS et al. (1997). Cancer Res 57: 4578-4534,

Nakamura Y, Ozaki T, Koseki H, Nakagawara A, Sakiyama
S. (2003). Biochem Biophys Res Commun 307: 206-213.

Nikolaev AY, Li M, Puskas N, Qin I, Gu W. (2003). Cell 112:
29-40.

Okuno 8, Saito A, Hayashi T, Chan PH. (2004). J Neurosci 24:
7879-7887.

Oltersdorf T, Elmore SW, Shoemaker AR, Armstrong RC,
Augeri DI, Belli BA et al. (2005). Nature 435: 677-681.

Ostermeyer AG, Runko E, Winkfield B, Ahn B, Moll UM.
(1996). Proc Natl Acad Sci USA 93: 15190-15194.

Piacentini M, Annicchiarico-Petruzzelli M, Oliverio S, Piredda
L, Biedler JL, Melino G. (1992). fn¢ J Cancer 52: 271-278.

Puthalakath H, Villunger A, O’Reilly LA, Beaumont JG,
Coultas L, Cheney RE et al. (2001). Science 293: 18291832,

Reynolds CP, Lemons RS. (2001). Hematol! Oncol Clin N Am
15: 867-910.

Romani P, Lu QL. (1994). J Pathel 172: 273-278.

Schor NF. (1999). J Neurooncol 41: 159-166.

Shi L, Gong S, Yuan Z, Ma C, Liu Y, Wang C e al. (2004).
Neurosci Lett 375: 7-12.

Takada N, Isegai E, Kawamoto T, Nakanishi H, Todo S,
Nakagawara A. (2001). Med Pediatr Oncol 36; 122-126.
Teitz T, Wei T, Valentine MB, Vanin EF, Grenet J, Valentine

VA er al. (2000), Nat Med 6: 529-535,

Thiete CJ, Reynolds CP, Israel MA. (1985). Nature 313: 404-406.

Van Noesel MM, Van Bezouw S, Voute PA, Herman JG.
Pieters R, Versteeg R. (2003). Genes Chromosomes Cancer
38: 226-233,

Van Noesel MM, Versteeg R. (2004). Gene 325: 1-15.
Villablanca JG, Khan AA, Avramis VI, Seeger RC, Matthay
KK, Ramsay NK er al. (1995). J Clin Oncol 13: 894-901.
Wang JL, Liu D, Zhang ZJ, Shan S. Han X, Srinivasula SM

et al. (2000). Proc Natl Acad Sci US4 97: 7124-7129.

5055

Oncogene

— 261 —





