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Recurrence of hepatocellular carcinoma 5 years after liver transplantation
in a child with biliary atresia and hepatocellular carcinoma
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FENRETINIDE INDUCES SUSTAINED-ACTIVATION OF INK/p338 MAPK AND
APOPTOSIS IN A REACTIVE OXYGEN SPECIES-DEPENDENT MANNER IN

NEUROBLASTOMA CELLS

Shinya Osone*, Hajime Hosol, Yasumichi Kuwanara, Yoshifumi Matsumoro, Tomoko [enara and Tohru SuGivoTo

Department of Pediatrics, Kyoto Prefectural University of Medicine, Graduate School of Medical Science, Kyoto, Japan

Fenretinide, which mediates apoptosis in neuroblastoma
cells, is being considered as a novel therapeutic for neuro-
blastoma. The cytotoxic mechanisms of fenretinide, how-
ever, have not been fully elucidated. Sustained-activation of
JNK and p38 MAPK signaling has been shown recently to
have a pivotal role in stress-induced apoptosis. Whether fen-
retinide activates the signaling in neuroblastoma cells is not
known. In the present study, fenretinide induced sustained-
activation of both JNK and p38 MAPK in neuroblastoma cells.
Pretreatment with the antioxidant L-ascorbic acid almost
completely inhibited the accumulation of fenretinide-induced
intracelluiar reactive oxygen species (ROS), activation of JNK
and p38 MAPK and apoptosis. Intracellular ROS production
and activation of stress signaling was not altered by fenretin-
ide in resistant neuroblastoma cells, Our study demonstrates
that in heuroblastoma cells, fenretinide induces sustained-
activation of JNK and p38 MAPK in an ROS-dependent man-
ner and indicates that JNK and p38 MAPK signaling might
mediate fenretinide-induced apoptosis. Our results also indi-
cate that suppression of the fenretinide-induced ROS produc-
tive system and the downstream JNK and p38 MAPK signal-
ing pathways causes neuroblastoma cells to become resistant
to fenretinide,
© 2004 Wiley-Liss, Inc.

Key words: fenretinide; neuroblastoma; apoptosis; reactive oxygen
species; JNK,; p38 MAPK

Neuroblastoma (NE) is one of the common malignant solid
tumors in childhood, arising from neural crest progenitors. Despite
progress with multimodal therapies consisting of multidrug che-
motherapy, surgical and radiation therapy, the prognosis of ad-
vanced NB remains poor.! Therefore, new therapeutic approaches
are needed. Retinoic acids (RA), which are vitamin A analogs,
have been shown to induce the differentiation of NB cells into
mature neuronal cells? It has been reported recently that oral
administration of 13-cis RA after consolidated chemotherapy with
stem cell transplantation improved the 3-year event-free survival
of advanced NB patients.® Retinoic acids are expected to be used
as new therapeutic agents against NB, in view of their relatively
low toxicity.

N-(4-hydroxyphenyl) retinamide, also called fenretinide (FR),
has cytotoxic activity against various tumor cells including NB.#
An advantage of FR is that its systemi¢ toxicity is less than that of
RA 3¢ The cytotoxicity of FR is due mainly to its ability to induce
apoptosis, although the mechanism has not been fully elucidated.#
Several studies have shown that, in NB cell lines, FR produced
intracellular reactive oxygen species (ROS).7% In addition, FR
increases intracellular ceramide, which is known as an inducer of
apoptosis, in NB cells 7.10-1L

Mitogen-activated protein kinases (MAPK) are well-conserved
signaling proteins in eukaryotic cells and have essential roles in
deciding cell fate.!2-1> Two members of the MAPK family, ¢-Jun
N-terminal kinase (JNK) and p38 MAPK, are activated by various
stress stimuli including oxidative stress and chemical agents.!2-14
When activated, they phosphorylate downstream transcription fac-
tors of c-Jun and activating transcription factor-2 (ATF-2). Sus-
tained-activation of JINK and p38 MAPK induces cell death.'3.15

In prostate carcinoma cell lines, FR did not activate p38 MAPK,
- but it did activate JNK in an ROS-independent manner,'¢ and the
INK pathway mediated FR-induced apoptotic signaling.'6-!7 Tt has

also been shown that FR activated JNK in A431 epidermoid
carcinoma cells.'® It is not known, however, whether FR activates
INK and p38 MAPK signaling in NB cells, or whether signaling is
essential for FR-induced apoptosis. We examined stress signaling
and apoptosis induced by FR in NB cells. We found that FR
imduced sustained-activation of both JNK and p38 MAPK in NB
cells, indicating that JNK and p38 MAPK mediate FR-induced
apoptosis. We also examined. the relationship between the FR-
induced ROS generation and the INK/p38 MAPK signaling, and
found that their activation is ROS-dependent. Morcover, we demon-
strated that FR failed to produce intracellular ROS and to activate the
kinases in the resistant NB cells, indicating the suppression of FR-
induced ROS production and activation of INK/p38 MAPK is one of
the mechanisms of resistance to FR in NB cells.

MATERIAL AND METHODS
Cell culture

Human NB cell lines KP-N-TK!'? and KP-N-SIFA20 were cul-
tured in RPMI 1640 containing penicillin (100 U/ml), streptomny-
cin (100 pg/ml) and 10% heat-inactivated FBS at 37°C in a 5%
CO, incubator. The medium was changed every 3-4 days. Cells
were sub-cultured into new flasks by trypsinization when in a
sub-confluent state. FR-resistant cells of KP-N-TK, designated as
KP-N-TK (FR-R)}, were established by culturing parental KP-N-TK
cells with increasing concentrations of FR from 0.53-5 pM for 150
days. The cells were then maintained continuously in 5 pM FR.

Antibodies and reagents

Polyclonal antibodies against JNK, p38 MAPK, Thr'®3/Tyr'33.
phosphorylated JNK, Thr!®¢/Tyr'®2-phosphorylated p38 MAPK
were purchased from Cell Signaling Technology (Beverly, MA).
Monoclonal anti-caspase-3 antibody was from BD Biosciences
(San Jose, CA). Monoclonal anti-caspase-9 and anti-poly (ADP-
ribose) polymerase (PARP) antibodies were obtained from Onco-
gene Research Products (San Diego, CA). FR (Toronto Research

Abbreviations: AA, L-ascorbic acid; CM-H,DCFDA, 5(-8)-chlorom-
ethyl-2'-7'-dichlorodihydrofiuorescein diacetate; FR, fenretinide; INK, c-
Jun N-terminal kinase; NB, neuroblastoma; p38 MAPK, p38 mitogen-
activated protein kinase; PARP, poly (ADP-ribose} polymerase; ROS,
reactive oxygen species; TUNEL, TdT-mediated dUTP-biotin nick end
labeling.
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FIGURE 1 - Fenretinide-induced apoptosis, intracellular ROS accumulation and activation of JNK and p38 MAPK in KP-N-TK cells. (@)
TUNEL assay. Cells were incubated with t0 uM FR or DMSO vehicle for 48 hr. Harvested cells were fixed as described in Material and
Methods. After the TdT reaction with FITC labeling, cells were analyzed with a flow cytometer, and the percentage of TUNEL-positive cells
was determined (mean + SD, n = 3). #*p < 0.01 (Student’s r~test). (5) Time-course of cleavages of caspase-9, caspase-3 and PARP. Cells were
. treated with 10 M FR for the times indicated. Lysates were prepared and hmmunoblotted for anti-caspase-9, anti-caspase-3 or anti-PARP
antibodies. This is representative of 3 independent experiments. The band indicated by an asterisk ts a non-specific band. {¢) Time-course of
intraceliular ROS accumutation. Ceils were incubated with 10 pM FR for the times indicated. CM-H,DCFDA was added for 2 hr before cell
harvesting. Flow cytometric analysis was catried out and the mean fluorescence was calculated (mean + SD, n = 7). #%p << 0.01, ***p < 0.00}
{compared to control, Student’s r-test) (/) Time-course of the activation of JINK and p38 MAPK. Cells were incubated with 10 pM FR for the
times indicated. Immunoblotting was carried out using anti-phospho (p)-JNK, anti-INK, anti-p-p38 MAPK or anti-p38 MAPK. This is

representative of 3 independent experimeits.

Chemicals, North York, Canada) was dissolved in dimethyl sul-
toxide (DMSQ) and stored at —70°C in the dark. L-Ascorbic acid
(AA) (Wako Pure Chemical Ind., Osaka, Japan) was dissolved
in distilled water and stored at —20°C. 5(-6)-Chloromethyl-2’-
7'-dichlorodihydrofluorescein diacetate (CM-H,DCFDA) (Mo-
lecular Probes, Eugene, OR) was freshly prepared in DMSO
before use. The final concentration of DMSQ was <<0.2% in all
experiments.

Western blotting

Cells (5 X 10°) were seeded onto 100-mm dishes. When 50—
60% confluence was achieved, cells were treated with [0 uM FR
at 37°C with or without pretreatment of 400 pM AA for 12 hr.
Atter the indicated periods, cells were washed once with ice-cold
PBS. Floating cells were also collected. Cells were selubilized in
RIPA buffer (150 mM NaCl, 50 mM Tris pH 8.0, 1% Nonidet
P-40), 0.5% deoxycholate, 0.1% sodium dodecyl suifate). Protein
concentration was determined using a DC protein assay (Bio-Rad
Laboratories, Hercules, CA). Cell lysates were clectrophoresed on
SDS-polyacrylamide gels, and then transferred to &4 PVDF mem-
brane. The membrane was blocked in Fris-buffered saline (TBS)
with 0.1% Tween 20 {TBS-T} and 5% nonlat skim milk, and
subsequenily probed with the primary antibody. The blots were

washed in TBS-T and weated with the appropriate secondary
antibodies (Amersham, Arlington, IL), and then analyzed using the
ECL chemiluminescence system (Amersham),

Apoptosis assay

Apoptosis was determined using the MEBSTAIN Apoptosis
Detection Kit Direct (Medical & Biological Laboratories Co.,
Nagoya, Japan) according to the manufacturer’s protocol. In brief,
cells (2 »x 10" were plated onto 60-mm dishes. At 50-60%
confluence, cells were treated with 10 pM FR at 37°C with or
without preincubation with 400 pM AA for 12 hr. After 48 hr,
cells were harvested. washed with PBS, and then fixed with 4%
paraformaldehyde for 30 min at 4°C. Subsequently, cells were
permeabilized with 70% ethanol for more than 30 min at —20°C,
and incubated with the mixture of TdT and FITC-conjugated
dUTP for | hr at 37°C. The cells were analyzed with a FACS
Calibur flow cytometer (Nippon Becton Dickinson Co., Tokye,
Japan) and the number of the TUNEL {TdT-mediated dUTP-biotin
nick end labeling)-positive cells was caleulated using Cell Quest
software (Nippon Becton Dickinson Co.).

The cleavages ol caspase-9. caspase-3 and PARP were also
detected by Western blotting as described above.
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FIGURE 2 — L-Ascorbic acid (AA) inhibits FR-induced apopiosis, ROS accumulation and activation of JNK and p38 MAPK in KP-N-TK cells.
Cells were treated with 10 WM FR with or without pretreatment with 400 pM AA for 12 hr. (@) TUNEL assay. Cells were incubated with FR
or DMSO vehicle for 48 hr. TUNEL assay was carried out as described in Figure 1 {mean + SD, # = 3). *%p < 0.01 {Student’s r-test). (&) Time-course
of cleavages of caspase-9, caspase-3 and PARP. Cells were incubated with FR for the times indicated. Immunoblot analysis was carried out as described
in Figure 1. This is representative of 3 independent experiments. (¢} Time-course of iniracellular ROS accumulation. Flow cytometric analysis using
CM-H,DCFDA was carried out as described in Figure | (mean + SD, n = 4). **p < .01 (Student’s /-test, compared to no pretreatment of AA). ()
Time-course of activation of JNK and p38 MAPK. Cells were incubated with FR for the times indicated with or without pretreatment with AA, Western
blot analysis was carried out as described in Figure 1. This is representative of 3 independent experiments.

Determination of intracellular ROS

The intracellular concentration of ROS was measured using
CM-H,DCFDA as a probe. This probe is a non-polar compound
that readily diffuses into cells, where it is hydrolyzed to the
non-fluorescent polar derivative 2’,7'-dichloroflucrescin  and
thereby trapped within the cells. In the presence of a proper
oxidant, 2',7’-dichlorofluorescin is oxidized to highly fluorescent
AN dlch]oroﬂuorescem Cells were plated onto 6-well dishes
(5 X 107 cells /well) and treated with 10 M FR with or without
pretreatment of 400 pM AA as above. Two hours before cell
harvest, 5 uM CM-H,DCFDA was added to the cells. After the
indicated periods, the medium was removed, cells were washed
once with PBS, harvested, and suspended in PBS. The cells were
immediately analyzed with a FACS Calibur flow cytometer; the
excitation and emission wavelengths were at 488 nm and 530 nm,
respectively. The mean fluorescence of 1 X 10* cells per sample
- was calculated using Cell Quest software.

RESULTS
Fenretinide induces apoptosis, intracellular ROS production and
sustained-activation of JNK and p38 MAPK in KP-N-TK NB
cells
We first studied FR-induced apoptosis in KP-N-TK cells. After
48 hr incubation with 10 wM FR, up to 70% of the cells were

TUNEL-positive (Fig. la). The DMSO vehicle did not induce
apoptosis (Fig. la). Cleavages of caspase-9, caspase-3 and PARP
appeared 24 hr after the treatment, and progressed at 48 hr (Fig.
16). We then studied the intracellular ROS production by FR in
KP-N-TK cells. The fluorescence of CM-H,DCFDA increased
gradually during 24 hr of incubation with 10 pM FR (Fig. 1c).
DMSO vehicle alone did not increase the fluorescence (data not
shown).

Fenretinide induced sustained-activation of both JNK and p38
MAPK in KP-N-TK cells (Fig. Id). The phosphorylation of JNK
and p38 MAPK was observed from 4-48 hr after treatment with
10 uM FR, and peaked at 24 hr after treatment. The total amounis
of INK. and p38 MAPK decreased at 48 hr. Short incubation with
FR from 15 min (data not shown} and 1 hr (Fig. 14) did not
activate these kinases. The DMSO vehicle alone also did not alter
their activation (data not shown).

L-Ascorbic acid suppresses fenretinide-induced apoptosis,
intracellular ROS accumulation and activation of JNK and p38
MAPK

KP-N-TK cells were pretreated with 400 pM of the antioxidant
AA and then incubated with 10 pM FR for 48 hr. Pretreatment
with AA almost completely biocked FR-induced apoptosis (Fig.
2a). Fenretinide-induced processing of caspase-9, caspase-3 and
PARP was also suppressed in the presence of AA (Fig. 2b).
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for 2 hr before cell harvesting. Flow cytometric analysis was carried out and the mean fluorescence was calculated (mean * SD, n = 3). #p <
0.05, #%p < 0.01 (compared to KP-N-TK, Stedent's i-test). {b) Time-course of activation of INK and p38 MAPK. Cells were treated with 10
uM FR for the times indicated. Immunoblotting was carried out as described above. This is representative of 3 independent experiments.

Furthermore, preincubation of AA suppressed FR-induced intra-
cellular ROS accumulation in KP-N-TK cells (Fig. 2¢). To deter-
mine whether FR-induced activation of INK and p38 MAPK is
ROS-dependent, we compared the phosphorylation of JNK and
P38 MAPK induced by FR with or without preincubation with AA
in KP-N-TK cells. In the presence of AA, FR-induced activation of
INK and p38 MAPK was suppressed markedly (Fig. 2d).

Fenrefinide-induced intracellular ROS accumulation and
activation of INK and p38 MAFK is decreased in
fenretinide-resistant NB cell lines

To investigate the mechanism of resistance to FR in NB cells,
we generated a FR-resistant KP-N-TK cell line, KP-N-TK (FR-R)
cells. KP-N-TK (FR-R) was highly resistant to FR even at a
coneentration of 10 wM FR (data not shown). When KP-N-TK
(FR-R) was incubated in FR-free medium, its resistance to FR was
preserved (data not shown). KP-N-SIFA cells exhibited complete
resistance to 10 uM FR (data not shown).

To determine whether FR-induced intracellular ROS production
was aitered in the resistant NB cells, we treated FR-resistant
KP-N-TK (FR-R) cells, KP-N-SIFA cells and FR-sensitive paren-
tal KP-N-TK cells with 1 pM FR and compared their intracetiular

ROS levels. Less FR-induced intracellular ROS were generated in
the 2 resistant cell lines than in the sensitive KP-N-TK cells (Fig.
3a).

FR induced little phosphorylation of the kinases in the resistant
KP-N-TK (FR-R} and KP-N-SIFA cells (Fig. 3b). Although phos-
phorylated JINK was present in KP-N-SIFA cells even in the
absence of FR, FR did not increase its level during 48 hr.

DISCUSSION

FR is known to induce apoptosis in NB cells but the mechanism
is not clear. Our results demonstrate that FR induced sustained-
activation of INK and p38 MAPK signaling in an ROS-dependent .
manner, and finatly induced apoptosis in NB cells. Tn FR-resistant
NB cells, FR failed not only to generate intracellular ROS but also
to activate INK and p38 MAPK signaling. Thus, the alterations in
FR-resistant NB cells prevent FR from inducing apoptosis.

ROS are known to induce apoptosis. In KP-N-TK cells, FR
induces prolonged production of intracellular ROS. FR-induced
ROS generation precedes the processing of caspase-9, cuspase-3
and PARP. indicating that ROS generation is upstream of the
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ing in an ROS-dependent manner. The sustained activation of INK and
p38 MAPK activation leads to processing of caspases and apoptosis.

caspase cascade. The antioxidant AA almost completely blocked
apoptosis and suppressed FR-induced intracellular ROS accumu-
lation. Our results show that AA has a more complete inhibitory
effect on FR-induced apoptosis in NB cells than on FR-induced
apoptosis in ether NB cell lines (CHLA-90, SMS-LHN, SMS-
KCNR? and SH-SY5Y$).

IR activated both JNK. and p38 MAPK in FR-sensitive KP-
N-TK.NB cells. In KP-N-TK cells, the activation of JNK and p38
MAPK by FR (starting after 4 hr of FR treatment) preceded the
cleavages of caspase-9, caspase-3 and PARP (starting after 24 hr
of FR treatment), indicating that the JNK and p38 MAPK signaling
pathways are upstream of the caspase cascades, as reported in the
LNCap and PC3 prostate carcinoma cell lines.'6!7 Furthermore,
FR-induced activation of INK and p38 MAPK is sustained for 48
hr, suggesting the possible role of the signaling in FR-induced
apoptosis.’?-15 Interestingly, in prostate carcinoma LNCap cells,
FR activated JNK but not p38 MAPK..'¢

Ouwr finding that FR-induced activation of JNK and p38 MAPK
in NB cells was ROS-dependent is supported by the finding that
AA suppressed FR-induced activation of JNK and p38 MAPK

signating in KP-N-TK cells. In prostate carcinoma celis, Chen er
al 1% found that FR-induced JINK activation was nol affected by the
antioxidant A-acetyl-L-cysteine (NAC). indicating that FR acti-
vated INK independent of ROS. They did not, however, delermine
whether NAC suppressed the accumulation of FR-induced intra-
cellular ROS. In our present study, AA clearly reduced FR-in-
duced intracellular ROS accumulation,

JNK and p38 MAPK pathways have been shown to be involved
in ROS-induced apoptosis.'>'* When ROS production is low, INK
and p38 MAPK are only transiently activated, and cells will
survive.'*'* On the contrary, high ROS production induces sus-
tained-activation of INK and p38 MAPK, and finally leads to cell
death.'3'* The quantity and duration of oxidative stress will de-
termine which MAPK kinase kinases (MAPKKK) are activated,
which will determine the activation pattern of JNK and p38
MAPK, which, in turn, will decide cell fate.!>!4

ROS activate various signaling pathways other than MAPKKK,
including c-Abl tyrosine kinase.'* c-Abl activates both JNK and
p38 MAPK in the response to DNA damage?? and also mediates
ROS-induced apoptosis under some conditions.?? The ¢-Abl-p38
MAPK-p73 pathway is thought to be essential for apoptosis in-
duced by chemotherapeutic agents.®® This pathway might be also
involved in fenretinide-induced apoptosis, although we did not
examine the expression of p73 in these cells.

FR failed to induce intracellular ROS accumulation in the FR-
resistant KP-N-TK (FR-R) and KP-N-S[FA NB cell lines, indicat-
ing that suppression of the ROS-productive system is responsible
for the resistance to FR in NB cells. Similarly, FR produced less
free radicals in FR-resistant SH-SYSY celis.# ROS production in
the FR-resistant A2780 ovarian cancer cell line was not signifi-
cantly different from that in the FR-sensitive parental cells.?! In
FR-resistant NB cells, FR failed to activate JNK and p38 MAPK
signaling. This result further supports the hypothesis that FR activates
JNK and p38 MAPK signaling in an ROS-dependent manner. It also

_indicates that sustained-activation of JNK and p38 MAPK is respon-

sible for FR-induced apoptosis. It is of interest to know whether these
FR-resistant cells are also resistant 10 other cytotoxic agents, espe-
cially ROS-producing ones such as cisplatin. In our preliminary
results, FR-resistant KP-N-SIFA cells were the most sensitive to
cisplatin among the cell lines used in our study (data not shown).
KP-N-TK cells, as well as KP-N-TK (FR-R) cells, were resistant to 20
M cisplatin (data not shown). These data suggest that the mecha-
nisms of FR resistance and cisplatin resistance are different.

In conclusion, we demonstrated for the first time that FR induces
sustained activation of JNK and p38 MAPK in an ROS-dependent
manner in FR-sensitive NB cells {Fig. 4), but not in FR-resistant
cells. Moreover, our results raise the possibility that sustained-
activation of the stress signaling pathway mediates FR-induced apo-
ptosis. Our results also show for the first time that suppression of the
intracellular ROS productive system and the downstream JNK/p38
MAPK pathways are related to FR-resistance in NB cells.
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Clinical Significance of a Highly Sensitive Analysis for Gene Dosage
and the Expression Level of MYCN in Neuroblastoma
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' Keniji Ihara, Toshiro Hara, and Sachiyo Suita
Fukuoka, Japan

Background: The amplification of the MYCN gene is one of
the most powerful adverse prognosis factors in neuroblas-
toma, but the clinical significance of an enhanced expression
of MYCN remains controversial. To reassess the clinical
implications of MYCN amplification and expression in neu-
roblastoma, the status of amplification and the expression
fevel of the MYCN gene of primary neuroblastoma samples
were analyzed using highly sensitive analyses.

Methods: Using a quantitative polymerase chain reaction
{PCR} method {TagMan}, the gene dosages {MYCN/p53} of 66
primary neurcblastoma samples were determined. In all 66
samples, the status of MYCN amplification has been deter-
mined previously by the Southern blotting method, Of the 54
samples with a single copy of MYCN based on the Southern
blotting method, 23 samples were analyzed for MYCN am-
plification using the fluorescence in situ hybridization (FISH)
method. The expression levels {MYCN/GAPDH) of 56 sam-
ples were determined by a quantitative reverse transcriptase
(RT}-PCR method.

Results: Of the 54 samples with a single copy of MYCN based
on the Southern blotting method, 46 samples showed MYCN
gene dosages of less than 2.0, whereas the remaining 8
samples with dosages of more than 2.0 were tumors from
patients with advanced-stage disease. The results of FISH
supported the fact that these 8 samples contained a small

number of MYCN-amplified cells. The cases of MYCN gene
dosages of more than 2.0 were significantly associated with
all other unfavorable prognostic factors (an age of >1 year at
diagnosis [P < .0001], honmass screening [P = .0003], ad-
vanced stage {P < .0001], diploid or tetraploid [P < .0001],
and a Shimada unfavorable histelogy [P < .C001H. MYCN
gene dosages of more than 2.0 were significantly associated
with a high expression of MYCN (P = .0459). However, the
expression tevel of MYCN was not significantly associated
with any other prognostic factors.

Conclusions: Quantitative PCR may thus be a useful modality
for performing a highly sensitive and accurate assessment of
the amplification and expression levels of the MYCN gene. In
particular, the combination of the quantitative PCR system
and the FISH method is considered to be a highly effective
method for evaluating the status of MYCN amplification. In
this highly sensitive analysis, MYCN amplification (MYCN/
p53 = 2.0) was reconfirmed to be a strongly unfavarable
factor, whereas the expression level of MYCN does not
appear to be an independently significant prognosis factor.

J Pediatr Surg 39:63-88. © 2004 Elsevier Inc. All rights
reserved.
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EUROBLASTOMA is a tumor derived from neural
crest origin, which arises in the adrenal medulla or
paraspinal sympathetic ganglia. The prognosis in neuro-
blastoma tends to vary greatly, and many studies have
found both clinical and biological factors to be closely
correlated with the outcome.!?2 To select the optimal
treatment according to the degree of malignancy of
neuroblastoma, it is essential to accurately and rapidly
identify any genetic abnommalities associated with the
prognosis using several molecular biological methods.
The amplification of the MYCN gene is strongly associ-
ated with rapid tumor progression.*# An amplification of
the MYCN gene occurs in approximately 25% of primary
tumeors, and this factor is known to be one of the most
unfavorable prognostic factors in neuroblastoma.’# We
assume that an enhanced expression consequent to the
gene amplification of proto-oncogene contributes to tu-
morigenesis. Regarding the MYCN gene, it is easy to
consider that the amplification of MYCN gene results in
an enhanced expression of MYCN, which activates the

Journal of Pediatric Surgery, Vol 39, No 1 (January), 2004: pp 63-68

transcription of genes associated with the cell prolifera-
tion.>* However, the clinical significance of MYCN ex-
pression in children with neuroblastoma remains
controversial.’-!!

The amplification of the MYCN status has been mainly
analyzed for the whole tumor using the Southern blotting
method, but this method 15 not able to detect intratumor
heterogeneity. We previously reported our findings for a
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highly sensitive analysis for MYCN amplification in
neurcblastoma based on the FISH (fluorescence in situ
hybridization} method.'? Furthermore, we reported pre-
liminarily the quantitative polymerase chain reaction
{PCR} method (TagMan) to be useful as a quick and
accurate modality for evaluating for the status of MYCN
amplification in 25 ncuroblastoma samples. '

In the current study, the status of MYCN amplification
in more neuroblastoma samples was evaluated using the
quantitative PCR method and the FISH method to reas-
sess the clinical wnplication of MYCN amplification in
neuroblastoma, Furthermore, the expression level of
MYCN was analyzed also by the quantitative PCR
method to elucidate the correlation between MYCN ex-
pression and the biclogy of neuroblastoma.

MATERIALS AND METHODS

Clinical Data of Patients and Biclogical Data of
Newroblastoma Saniples

Neuroblastoma in patieats evaluated at the Deparument of Pediatric
Surgery, Kyushu University was diagnosed and staged according 10 the
[nternational Neuvroblastoma Staging System {INSS). ™ Sixty-six frozen
rumor samples were obtained from untreated neuroblastoma patients.
The characteristics of the patienis were shown to be as follows; the sex
of the patients was 39 boys and 27 girls, and the age at diagnosis ranged
from 19 days after birth to 11 years of age. Of the 66 cases, 25 cases
were diagnosed in patients greater than 1 year of age, whereas the
remaining 41 cases were diagnosed in patients younger than 1 year of
age, Thirty-six patients were identified by a neuroblastoma imass
screening system. Of the 66 samples, 39 were tumars that were stage 1.
2. or 48, whereas 9 were s1age 3, and 18 were stage 4. Fifty-three
patients are still alive, of whom. 5 patients are still under treatment,
whereas 13 patients have died of the disease. The follow-up peried after
treamient ranged from 1 month to 12 years. In afl 66 numers, the MYCN

amplification status was anatyzed by the quantitative PCR systern. and

the expression level of MYCV was analyzed by the quantitative RT-
PCR system in the 56 tumors. In all 66 samples, the status of MYCNV
amplification was alse previously determined by the Southern blotling
method.'¥ In 23 of 54 cases with 2 single copy identified by Southern
blotting. the M¥CN amplification status was examined using the FISH
methods. DNA ploidy was examined previously using flow cytometry*®
in 46 cases. Thirty-one cases were triploid, whereas 15 cases were
diploid or tetraploid. Regarding the histologic findings, 64 cases were
classified based on the Shimada classification.'’ Ferty-five cases
showed a favorable histalogy. whereas the remaining 19 cases showed
an unfavorable histology.

DNA or RNA Extraction and ¢DNA Synthesis

DNA was extracted from the frozen tumor samples using proteinase
K and phenol. Isogen LS (Nippon Gene. Osaka. Japan) was used to
extract total RNA, and reverse wanscription (RT) was performed with
a First-strand ¢cDNA synthesis kit (Amersham Pharmacia, Uppsala,
Sweden) using random hexanucleotide primers.

Quantitative PCR (TagMan)

As described previously, the p53 gene was used as an internal control
gene to obtain the gene dosage (MYCN/p33).'3 The p33 gene is a umor
suppresser gene in which mutations or deletions are found in a variety
of malignant tumors. However. ne aberration of the p33 gene in
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neuroblastoma has ever been found. and the gene status in neuroblas-
toma is known to be stable.'* The corrected gene dosage of the MYCN
gene was obtained based on the assumption that the mean gene dosage
of 20 nornial individual lymphocytes was 1.00. The mean & 2 5D of
gene dosage of 20 normal individual lymphoeytes was 1.00 + 0.58. In
this study. we evaluated that the MYCN-amplified cells apparently
present in the samples with a corrected gere dosage (MYCN/B33) of
more than 2.0, The information on the MYCN gene and the p353 gene
sequences was obtained from a GenBank database search. The primers
and TagMan probes for the MYCN gene and the p33 gene were
designed to be located on intron 2 of MYCV and exon 1 of the p33 gene
using the application-based primer design software Primer Express
(Applied Biosystems. Foster City, CA). The sequences of the PCR
primers and TaqMan probes were as follows: MYCA: forward primer
5'-CCC AGC GTG GTA GTC AAT GA-3'. reverse primer 5'-TTA
ATG ACA AAG CCA TAA TCC ACA G-3', TagMan probe 5'-AGA
ATG CGC ACA TGA TGC TAC ACG TTT CT-3'; p33: forward
primer §5°-GCC CTT ACT TGT CAT GGC GA-Y', reverse primer
5'-ATC CCA CAA CCC CTG €G-3'. TagMan probe 5°-TGT CCA
GCT TTG TGC CAG GAG CC-3'. Quantitative PCR was performed
in a final volume of 25 uL, and each sample was analyzed in duplicate.
Each reaction mixture contained 0. pmol'nl TagMan probe, 0.2
pmol 'zl each primer, 1x TagMan FCR master mix. and 19 1o 50 ng
DNA. Thermal cycling was started with 2 2 minute incubation at 50°C.
followed by a first denaturation step of 10 minutes at 95°C. and then 40
cycles of 2-step PCR consisting of 95°C for 5 seconds and 60°C for 1
minute. The quantification of the MYCN gene was achieved by means
of the ABI Prism 7700 Sequence Detection System {Applied Biosys-
tems). Genomic DNA from one neuroblastoma with 90 copies of
MYCN by Southern blotting method was serially diluted to establish the
calibration curve.

Quantitative RT-PCR (TagMan)

The primer and TagMan probe for WYCN mRNA were designed 10
be lecated on exon 2-3. thereby avoiding the amplification contami-
nating genomic DNA. GAPDH was used as an inlemal control gene to
analyze the MYCN gene expression (MYC/GAPDH). The sequences of
the PCR primers and TagMan probe were as follows: MYCN: forward
primer 5'-GAC CAC AAG GCC CTC AGT ACC-3', reverse primer
5'-TGA CCA CGT CGA TTT CTT CCT-3', TagMan probe 5'-CCG
GAG AGG ACA CCC TGA GCG A-3'. PCR primer and TagMan
probe for GAPDH were purchased from ABI as a kit of TagMan
GAPPH Control Regent and Predeveloped TagMan Assay Regents
Control Kit. The measurement of MYCYN cDNA was based on 2
reporter dyes, namely, FAM for MYCN and VIC for GAPDI. The
quantitative RT-PCR system was performed in the same manner as that
for the quantitative PCR. The corrected expression level of MYCN
(MYCNAGAPDH) was obtained based on the assumption that the value
of one primary tumor sample {12 copies of MYCN by Southem
blotting) was 1.00.

FISH Analysis of the MYCN Gene

Fresh tumor singte cells were suspended in potassiwm chioride. The
nuclei were denatured immediately before hybridization in 70% form-
amide and 2 times standard saline citrate (88C) at 75°C for 2 minutes
and then were dehydrated through ethanol. The hybridization buffer,
which contained 10 ng aligour of the MYCN probe was denatured for
5 minutes at 75°C, chilled on ice, and then applied to the slide.
Hybridization was performed overnight at 37°C. After the slide was
washed by formamide, SSC, and Triton, the nuclei were counterstained
with 30 L of DAPI containing 5 wL of antifade solution. The signals
representing the M¥CN gene were countered for 100 cells on one slide.
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Fig 1. The comparison between the quantitative PCR method and
Southern blotting method for the status of MYCM amplification in 66
primary neuroblastomas. @, stage 3, 4; T, stage 1, 2, 4S.

The images were photographed using a fluorescence microscope
(Olympus, BX60. Tokyo. Japan) and Provia 400 (Fuji, ISO 400,
Takvo, Japan).

Statistical Analysis

Fisher™ Exact test was used to test the association berween MYCN
amplification (WYCN/p33 = 2.0} or no amplification (MYCN/p33 <
2.0) and other prognostic factors. The expression fevels of MVCN
(MYCN/p53) in the subgroups were represented by Percentile (50%
[25%. 75%]). A comparison of the gene dosage and expression in
relation te clinical and genetic parameters was made using Mann-
Whitney U test.

30 |

20 ¢

Fig 2. The gene dosage of
MYCN based on the quantitative
PCR and the status of MYCN am-
plification by the FISH method in
23 neuroblastomas with a single
copy of MYCN based on the
Southern blotting method. The 2
cases {cases 1 and 2} contained a
small number of MYCN-amplified
cells at rates of 15% and 29% of
the cells with a nuclei, respec-
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RESULTS

The Gene Dosages af MYCN by the Quaniitative PCR
Method

Regarding the status of MYCN amplification, the find-
ings of a comparison between the quantitative PCR
method and the Southem blotting method are shown in
Fig 1.

Of the 54 samples with a single copy of MYCN based
on the Southemn blotting method, 46 samples showed the
corrected gene dosage (MYCN/p33) to be less than 2.0,
whereas the remaining 8 samples with more than 2.0 had
tumors from patients with an advanced stage of disease
{(stages 3, 4). Of the 8§ samples with a dosage of more
than 2.0, 3 patients died of the disease.

In 23 of 54 cases with a single copy of MYCN based
on the Southern blotting method, the status of MYCN
amplification was also examined by the FISH method
(Fig 2). Eighteen of the samples were tumors from the
patients with a nonadvanced stage, whereas the remain-
ing 5 samples were those from patients with a advanced
stage. The patients with a gene dosage of more than 2.0
(MYCN/p53 = 2.0} and a single copy of MYCN by the
Southern blotting method, only 2 patients had an ad-
vanced stage. Furthermore, the FISH analysis showed
that thesc 2 cases (case 1 and 2) contained a small
number of MYCN amplified cells at rates of 15% and

case 1

® cascl

case 2

o0

tively. @ MYCN-amplified cell (+}
by FiISH; C, MYCN-amplified eell
{~} by FISH.

stage 1,2, 48
{n=18}

stage 3, 4
{n=5)
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Table 1. Gene Dosage of MYCHN in Relation to Clinical and Biological Prognostic Factors

Gene Dosage of MYCN {MYCN/pE3

Category Number <20 z2.0 . P Value*

Age

<1 year of age 41 37 190.2%) 41(9.8 %} <0001

=1 year of age 25 9 (36.0%) 16 (64.0%) ’
Mass screening

Mass positive 36 32(88.9%) 4§11.1%} 0003

Sporadic 30 " 14 {46.7%) 16 (53.3%} ’
Stage .

Stage 1,2,48 38 38 (97.4%) 1{2.6 %) <.0001

Stage 3.4 27 8{29.6%} 19 (70.4%)
DNA ploidy

Aneuploid 31 30 {96.6%) 1(3.4 %) <0001

Diploid or tetraploid 15 4 {26.7%} 11 173.3%) !
Shimada

Favorable 45 41 (91.1%) 4(8.9 %) <.0001

Unfavorable 19 5 (26.3%) 14 173.7%) ’

*P value was determinated by Fisher's Exact test.

29% of cells with a nuclei, respectively. These findings
suggested that these samples showed intratumor hetero-
geneity with respect to MYCN amplification,

In 9 cases of more than 2 copies of MYCN based on the
Southern blotting method, the corrected MYCN gene
dosages by the quantitative PCR were all more than 10.0
(Fig 1). In the majority of these cases, the analytic value
based on the quantitative PCR was shown to be a higher
than that based on a Southern blotting analysis.

The relationship between the MYCN gene dosage and
the known prognostic factors {age, mass screening, clin-
tcal stage. DNA ploidy, Shimada classification) is shown
in Table 1. The cases of a gene dosage of more than 2.0
were strongly associated with an age of more than 1 year
at diagnosis (P < .0001), nonmass screening (P =
.0003), advanced stage (P < .0001), diploid or tetraploid
(P <C.0001), and a Shimada unfavorable histology (P <
0001, which are all unfavorable factors.

The Expression Level of MYCN by the Quantitative
RT-PCR Method

The dot graph of gene dosages and expression level of
MYCN gene in 56 neuroblastomas is shown in Fig 3. As
for the expression level of MYCN (MYCN/ GAPDH), the
median value was 0.295. Of 14 cases of MYCN ampli-
fication (MYCN/p53 = 2.0), 10 cases showed to be more
than the median value {0.295). On the other hand, the
cases of no amplification {MYCN/p53 < 2.0) showed a
variety of expression levels of the MYCN gene.

The relationship between the MYCN gene expression
level and prognostic factors are shown in Table 2. The
level of MYCN expression in cases of MYCN amplifica-
tion (MYCN/p53 = 2.0} was significantly higher than
that of cases of no MYCN amplification (MYCN/p53 <
2.0; P = .0459). However, the expression level of MYCN
was not significantly associated with any other prognos-

tic factors (age, mass screening, clinical stage, DNA
ploidy, Shimada classification).

Figure 4 shows the relationship between the MYCN
gene expression level and age at diagnosis in subsets of
tumors with or without MYCN amplification. In the cases
of no MYCN ampilification (MYCN/p53 << 2.0). the
MYCN expression levels in the samples from patients
less than | year of age (n = 35, 0.28 [0.06, 1.24]) were
significantly higher than those from patients older than 1
year of age (n = 7, 0.02 [0.02, 0.15]; P = 0.014). In the
cases of no MYCN amplification (MYCN/p53 <2 2.0), the
majority of patients less than 1 year of age showed an
early clinical stage and a good prognosis in spite of an
expression level of the MYCN gene, whereas the majority
of patients older than 1 year of age showed an advanced
clinical stage even if the level of MYCN expression was
very low.

1000.0 |
5 .
% 1000 -
bt}
~
z @ ¢
» 10,0
.
= o *
I S5e
£ .
g 1e oF o . 3
a .
g
P 0 - o *
N~ 0@% :
= odo *

(1R} - L ] ..
] 1.8 10.0 1000 100N

MYCN gene dosage (MYCN/pS3 )

Fig3. A dotgraph of the gene dosages and the exprassion leve! of
the MYCHN gene in 56 neuroblastomas. @, stage 3, 4; C, stage 1,2, 45.
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Tahle 2. MYEN Expression in Relation to Clinical and Biological
Prognostic Factors

MYCN/GAPDH
Category No. % TILE 50% [25%, 75%] P Value*
Age
<1 year of age 39 0.31[0.08,1.24] 4983
=1 year of age 17 0.25 [0.03,1.00}
Mass screening '
Mass positive 34 0.31[0.10,1.26] 3739
Speradic 22 0.24 [0.04,0.95]
Stage
Stage1,2,45 37 0.15(0.04,1.12] 0805
Stage 3.4 19 0.78 [0.18,1.53]
DNA ploidy
Aneuploid 23 0.22{0.68,1.14] 3867
Diploid or tetraploid 9 0.1G [0.03,0.45]
Shimada
Favorable 43 0.25 [0.06,1.16] 4797
Unfavorable 13 0.52 [0.05,1.19] ’
MYCN/p53
<2.0 a2 0.19 (0.04,1.12} 0459
=2.0 14 0.75 [0.28,3.19])

*P value was determinated by Mann-Whitney U test.

DISCUSSION

The amplification of the MYCN gene is the most
powerful unfavorable prognostic facter in neuroblas-
toma.>4 In the Study Group of Japan for Advanced
Neuroblastoma (JANB), 2 chemotherapeutic regimens
for advanced neuroblastoma have been destigned based
on the MYCN amplification status (more than 10 copies
of MYCN or less than 10 copies of MYCN) since 199119
As a result, it is essential for the treatment of neuroblas-
toma to accurately and rapidly identify the status of
MYCN amplification. The quantitative analysis of the
MYCN gene has so far been mainly analyzed tor whole
tumnors by the Southemn blotting method, but this method
is not able to detect intratumor heterogeneity. The FISH
method is able to evaluate the status of MYCN amplifi-
cation in individual neuroblastoma cells; however, it is
difficult to determine the copy number of the MYCN
oncogene using the FISH method. The quantitative PCR
system is a new technique,®® which is able to overcome
the demerits of both the FISH and the Southern blot
methods.

In the current study, the combined analysis of the
quantitative PCR and the FISH method suggested that
approximately 15% (8 of 54) of all cases with a single
copy by the Southern blotting method might have a small
number of MYCN amplified cells in those tumors. The
quantitative PCR system may be able to detect a small
number of MYCN amplified cells, which could not be
found by the Southern blotting method. The combination
of the quantitative PCR systemn and the FISH method is
considered to be highly effective for evaluating the
amplification of the MYCN status in neuroblastoma.

&7

However, it remains unclear as to which treatment
should be selected mn tomors with a smail number of
MYCN-amplified cells. Further studies based on this
combined analysis should lead to the development of
new therapeutic strategies. In addition, the quantitative
PCR system is also available for small amounts of
samples. Therefore, the guantitative PCR system com-
bined with the microdisection technique?! is considered
to be more effective for evaluating the status of MYCN
amplification.

As mentioned previously, the clinical significance of
MYCN expression in children with neuroblastoma re-
mains controversial. Bordow ¢t al” reported that in pa-
tients older than | year of age with MYCN nonamplified
tumors, high levels of MYCN expression correlated with
poor outcome, On the other hand, a poor survival rate has
been observed in patients older than | year with ad-
vanced-stage tumors that lack MYCN amplification, even
if the MYCN was expressed at low levels.2? In addition,
several researchers reported that the MYCN expression
was not predictive of a poor prognosis.® In the current
study, MYCN gene dosages of more than 2.0 were sig-
nificantly associated with a high expression of MYCN.
However, the patients with no amplification (MYCN/
p33 < 2.0) showed various expression levels of MYCN
gene. In addition, no statistically significant difference
between the MYCN expression and other prognostic
factors (age, mass screening. DNA ploidy, Shimada
classification} could be found. These findings suggest
that the only gene dosage of MYCN does not always
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Fig 4. The relationship between the MYCN gene expression leve}
and age at diagnosis in the subsets of tumors with or without MYCN
amplification. MYCN amp, WYCN/p53 = 2.6; MYCN no amp, MYCAY/
p53 < 2,0. @, stage 3, 4, O, stage 1, 2, 4S; bar, 50%tile; NS, not
significant.
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contribute to the level of MYCN expression in neuroblas-
toma. Furthermore, moderately high levels of MYCN
expression in patients less than | year of age were shown
to not be a poor prognostic factor, whereas the low levels
of MYCN expression in patients greater than 1 year of
age were not shown to be a favorable prognostic factor.
These results are consistent with the results previously
reported by Matsunaga et al?* who showed the enhanced
expression of MYCHN in cases detected by mass screen-
ing.?* Taken together, the expression level of MYCN
does not seem to be an independently significant prog-
nostic factor in this highly sensitive analysis.

An cnhanced expression of MYC has been shown to

TANAKA ET AL

confer growth potential to cells in vitro as well as in vivo:
however, the MYC family of oncogenes are aiso strong
inducers of apoptosis in conditions in which their expres-
sion is deregulated from mitogenic signaling pathways. 2+
Several investigators have reported a correlation between
MYCN and apoptosis in neurcblastoma in vitro.2* MYCN
may thus be considered to play an important role in both
the cellutar proliferation and apoptosis of neuroblastoma
in vivo, and MYCN coordinately induces cellular prolif-
eration and apoptosis through different pathways. Fur-
ther studies on MYCN-related proteins should provide an
explanation for the mechanism of cellular proliferation
and spontaneocus regression in neurcblastoma.
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