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Table 3. Expression of hTERT and N-Myc mRNA in 16 neurobiastomas

hTERT hTERT

No. Agelsex type stage status Shimada class (nested)  (real-time) N-Myc
I 8 m/M NB H favorable + 146 4.61
2 2y/F GNB I favorable + 76 0.37
3 11 m/M GNB II favorable + ] 0.56
4 7 m/F NB I favorable - 0 3.77
5 8§ m/M NB I favorable - 28 58
6 10 m/F NB II favorable + 957 1.45
7 1 y/M GNB 1I unfavorable + 223 2.56
g 8 m/M NB 111 progressive favorable + 55 3.59
9 1 y/F NB IVa progressive unfavorable + 768 66.51

10 1 y/F NB IVa progressive unfavorable + 24] 36.57

11 1 y/M NB IVa death unfavorable + 1305 26.77

12 3y/F NB iva death unfavorable + 99 3.88

13 4 vy/F NB IVa death unfavorable + 714 49.33

14 2y/F NB IVb progressive unfavorable + le4 0.29

15 1 y/M NB IVa progressive unfavorable + 539 551

16 3y/F NB IVa progressive unfavorable + 589 44.95

GNB = ganglioneuroblastoma; NB = neuroblastoma

The three suspected malignant cases, 6, 7, and 8§,
have as yet no malignant clinical manifestation. The
hTERT. mRNA positive cases in the benign samples
may develop metastasis in the future.

Kinosita ef a/. and Kubota et al. [9,10] reported that
telomerase activity was a potential marker for malig-
nancy, but Bamberger ef o/, [11] noted that telomerase
activity was not a suitable marker for malignancy in
the adrenal gland. A potential reason for the different
results may be that telomerase activity casily decreases
in storage and may vary in different regions of a sam-
ple. hTERT mRNA seems to be more stable than the
telomerase activity, but also varies in different regions
of the sample. We could not rule out the possibility
of false positive samples, since lymphocytes always
contain hTERT mRINA [15] and may contaminate the
samples.

A number of markers have been examined as possi-
ble predictors of malignancy, for example, MIB-1, a
monoclonal antibody against the Ki-67 protein. It was
recently reported that the MIB-1 proliferative index
score may be a useful indicator for diagnosing malig-
nant pheochromocytoma [16], and according to Prof.
H Sasano (Tohoku Univ, Japan, personal communjca-
tion), the score correlates with telomerase activity. In
this study, the MIB-1 index was a useful indicator for
discriminating the malignancy and correlated with
hTERT mRNA in the 4 malignant samples. Elder et
al. [17] also reported that in all three patients with

malignant tumors, the tumors were positive for either
hTERT expression or Ki-67/MIB-1 immunoreactivity,
and concluded that combined use of Ki-67 and hTERT
was a very useful tool to identify malignant pheochro-
mocytomas.

In neuroblastomas, the expression of hTERT mRINA
correlated with the N-myc mRNA expression, a prog-
nostic marker. Hiyama et ol [12] reported that in
neuroblastomas high telomerase activity correlated
with poor outcome, while the tumors with low activity
of this enzyme showed favorable outcome. Krams et
al. [17] reported that the presence of full-length
hTERT transcripts detected by RT-PCR. analysis of
neuroblastic tumor samples might help in appraising
the malignant potential in individual cases.

However, we could not discriminate progressive
neuroblastomas from benign ones by the real-time
PCR for the full-length type. The basal expression of
hTERT mRNA seems to be higher in neuroblastomas
than in pheochromocytomas, and that causes the low
sensitivity in discriminating progressive neuroblasio-
mas. We previously examined hTERT mRNA ex-
pression in other tumors: All of 12 mammary gland
tumors, including 2 malignant ones, were positive for
hTERT mRNA, whereas all of 8 parathyroid gland
tumors, including 7 cancers, were negative (data not
shown). Thus basal expression of hTERT mRNA may
vary in these tumors due to their tissue origin, and this
variation may reduce its utility as a prognostic marker.
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Abstract

Purpose: Pituitary adenylate cyclase-activating polypeptide (PACAP), 2 member of the secretin/glucagon/vasoactive intestinal peptide
family, induces the expression of catecholamine-synthesizing enzymes in adrenal medullary cells. In addition, PACAP and its receptor
have been detected in human neuroblastoma tissues and cell lines, though it is not yet known whether PACAP enhances the expression
of genes encoding catecholamine-synthesizing enzymes. To address this question, we analyzed PACAP, PACAP receptor and tyrosine
hydroxylase (TH) mRNAs in neuroblastomas. Methods: The levels of mRNA for PACAP and vasoactive intestinal peptide (VIP), as
well as their receptors and the mRNA for TH were measured by RT-PCR or real-time PCR analysis. Results: VPACIR mRNA was
detected in all of 16 tissues and 3 cell lines that were examined, while VPAC2ZR mRNA was detected in 5 of 16 (31%) tissue and 2 of
3 cell lines. PACIR mRNA was detected in 6 out of 16 (38%) tissues and none of 3 cell lines. mRNA expression of PACAP and TH
were detected in many tissues (10/16 and 16/16, respectively). However, neither in tissues nor cell lines did PACAP mRNA expression
correlate with TH mRNA expression. Conclusion: Our findings suggest that PACAP is not involved in the regulation of expression of

TH in neuroblastomas.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Pituitary adenylate cyclase-activating polypeptide (PACAP); Tyrosine hydroxylase (TH); Neuroblastoma

1. Introduction

The neuropeptide pituitary adenylate cyclase-activating
polypeptide (PACAP} is a member of the secretin/glucagon/
vasoactive intestinal peptide (VIF) family of peptides iso-
lated from ovine hypothalamus [i]. PACAP has been
localized by immunohistochemistry to the central nervous
system, digestive tract, and adrenal gland, and was shown to
exhibit a vanety of biological activities.

We previously reported that PACAP stimulated catechol-
amine secretion and synthesis in cultured porcine adrenal
medullary cells [2,3]. We also reported that PACAP mRNA
expression correlated with TH and PNMT mRNA expres-
sion, as well as epinephrine levels in 16 intra-adrenal
pheochromocytomas [4].

* Corresponding author. Tel./fax: +§1-298-53-3054.
© E-mail address: k-isobe@md.tsukuba.ac jp (K. Isobe).

0167-0115/% - see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.regpep.2004.05.011

Neuroblastoma is an embryonal tumor of neuroectoder-
mal cells derived from the neural crest and destined for
the adrenal medulla and sympathetic nervous system.
Neuroblastoma 1s thought to arise from the neurcblast,
but pheochromocytoma is derived from chromaffin cells
during embryonic development, Neuroblastoma is the
most common extracranial solid tumor in children. Its
biological behavior is notoriously unpredictable and com-
prises a spectrum ranging from spontaneous regression to
rapid metastatic spread. Neuroblastomas and pheochromo-
cytomas can produce catecholamines. Dopamine is usually
the major active catecholamine produced, and its produc-
tion leads to elevated concentrations of homovanilic acid
in urine of neuroblastorna patients. Norepinephrine and
epinephrine are the major catecholamines produced in
pheochromocytomas.

It was reported that PACAP and its receptors were
expressed in neuroblastomas and cell lines [5,6], and it
was also reported that PACAP can regulate the prolifera-
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tion and differentiation of neuroblastoma cells in vitro [7-
10]. However, little is known about the relationship
between PACAP and catecholamine synthesis in neuro-
blastomas. Thus PACAP might play a role in the regula-
tion of catecholamine synthesis. To explore this possibitity.
we analyzed the relationship between PACAP, PACAP
receptors, and tyrosine hydroxylase (TH) mRNA levels
in neurgblastomas.

2. Materials and methods
2.1. Tissue samples

Sixteen tissue samples of surgically removed neuroblas-
tomas were analyzed. Informed consent for the experimental
use of the samples was obtained from ail donors. Each of
these specimens was frozen immediately after surgical
resection and was stored at — 80 °C until use.

Patient characteristics and tumor stage [11] are detailed
in Table 1. There were 3 cases of ganglioneuroblastoma and
13 cases of neuroblastomas. Ganglicneuroblastoma is a
malignant tumor composed of immature neuroblasts and
mature ganglion cells. Neuroblastoma is a highly malignant
tumor arising from more primitive sympathoblastic cells.

Total RNA from the adrenal gland was purchased from
Clontech (Palo Alto, CA). This study was approved by the
ethics committee of the Medical Faculty of Tsukuba Uni-
versity, Tsukuba, Japan.

2.2. Cell culnires

The neurcblastoma-derived cell lines, NH12, TGW,
GOTO were obtained from Human Science Research Re-

source Bank (Osaka, Japan). All cell fines are derived from
the adrenal gland.

GOTO cells were cultured in RPMI1640 and Eagle's
MEM (1:1} with 10% fetal bovine serum. TGW cells
were cultured in Eagle’s MEM with 10% fetal bovine
serum. NHI12 cells were cultured in alpha-MEM with
10% fetal bovine serum. All cell lines were cultured at
37 °C in the presence of 5% CO,. Cells were collected
at confluence by trypsinization, rinsed with PBS and
pelleted by a low speed centrifugation. The pellet was
homogenized in guanidine isothiocyanate for RNA
preparation.

2.3. RNA extraction and reverse transcription-polymerase
chain reaction (RT-PCR)

The expression of VIP, PACAP, VPACIR, VPAC2R,
PACIR and GAPDH was determined by RT-PCR as de-
scribed below [12].

The sequences of synthetic oligonucleotide primers for
VIP, PACAP, and their receptors were as follows:

VIPS, 5-TCACTGACAACTATACCCGCC-¥;

VIPA, 5-ACAGCATATGAAATTGCAGGC-3;

VIPA, 5-ACAGCATATGAAATTGCAGGC-3;
PACAPS, 5-GATCTTCACGGACAGCTACAG-3";
VPACIRS, 5-CCCCCTGCTGGGTCTTCTGC-3;
VPACIRA, 5-ATTCGCTGGTGGCTGCCTTCTCAT-
3

VPAC2ZRS, ¥-CTGCACGGTGCCCTGCCCAAAAGT-
¥,

VPACZRA, 5-GCCCCTCCACCAGCAGCCA-
GAAGA-3;

PACIRS, 5-TTAACTTTGTGCTTTTTATTGGC-3;

Table 1

Expression of VIP, PACAP, VPACIR, VPAC2ZR and PACIR mRNA in 16 neuroblastomas and cell lines

No. Age at diagnosis Sex Type Stage Status vIP PACAP VPACIR VPAC2ZR PACIR
i 8m M NB H _ +++ ++ + _
2 2y F GNB If +++ F++ ++ _ _
3 1lm M GNB i _ ++ ++ _ _
4 7m F NB | + ++ ++ _ B
5 8m M NB I _ ++ ++ _ +
6 10m F NB II ++ ++ _ ++
7 Iy M GNB It _ ++ ++ _ _
8 8m M NB HI progressive _ +4+ ++ +

9 Iy F NB I'Va progressive N + ++ _ _
J{i Iy F NB IVa progressive _ ++ ++ 3 _
11 1y M NB I'a death ++ ++ _ _
12 3y F NB Va death _ + ok ++ +
13 4y F NB Va death _ +++ + + +
14 2y F NB Vb progressive _ ++ ++ + +
5 ly M NB TVa progressive _ + ++ _ _
16 3y F NB Va progressive _ + ++ _ _
NHI2 ++ _ ++ _ B
GOTO _ +++ ++ ++ _
TGW ++ +t ++

GNB: ganglioneuroblastoma, NB: neuroblastama.

Values are arbituary units expressed as the ratio to the GADPH mRNA expression in each sample.
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PACIRA, 5-TCCCTTTTGCTGACATTC-¥,;
GAPDHS, -CGATGCTGGCGCTGAGTAC-3;
GAPDHA, 5-CGTTCAGCTCAGGGATGACC-¥

For the above primers, PCR amplification was performed
in a 25 pl reaction tube. The following program was used
for 30 cycles of amplification in a Gene Amp PCR System
9600 (Perkin Elmer Cetus): 1 min at 94 °C, ! min at 60 °C,
and 1 min 72 °C. The amplified DNA fragments were
electrophoresed in a 4% Nusieve GTG agarose gel (FMC
Bioproducts), and were then stained with ethidium bromide.

The identity of the ¢DNA of PACAP and PACAP
receptors was confirmed by direct sequencing after using
a TA cloning.

2.4. Real-time PCR

The PCR reaction mixture was prepared using a Taqman
PCR master reagent kit (PE Applied Biosystems, California)
according to the manufacturer’s instructions. The thermal
cycling protocol was 2 min at 50 °C and 10 min at 95 °C,
which was followed by 40 cycles of 95 °C for 15 sand 60 °C
for 1 min. Thermal cycling, fluorescence detection, and data
analysis were performed on the ABI PRISM 7700 Sequence
Detector using the software provided with the instrument,

The sequences of synthetic oligonucleotide primers and
probes were as follows:

PACAP: forward primer, CTCCGAGCCACC-
GAAGTCT; reverse primer, GCCCTGCTGGTC-
TATGGGATA

Double dye-labeled probe: 5-FAM-dCGTACG-
CCTCTTCCTCTGGCCTGAT-3'-TMR

TH: forward primer, ATGACGTCTCCCGCTTCCT:
reverse primer, GGACGCGTGGCGGATATAC

Double dye-labeled probe: 5-FAM-TCCGCGTGTTC-
CAGTGCAACCC-3-TMR

For GAPDH detection, we used TagMan GAPDH
Detection Reagents (PE Applied Biosystems),
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Fig. 2. The relationship between PACAP and TH mRNA expression by
real-time PCR analysis. Correlation between PACAP mRNA expression
and TH mRNA expression in 16 neuroblastoma tissues is shown.

2.5. Statistical analysis

Correlations between the different mRNAs were deter-
mined by the Spearman’s test. The significance level was set
at p<0.05.

3. Results and discussion

The results of the RT-PCR experiments in which we
examined the expression of mRNA for VIP, PACAP and
their receptors in 16 neuroblastomas and 3 cell lines are
shown in Fig. 1. PACAP mRNA expression was detected in
all of 16 neuroblastoma tissues. VIP mRNA expression was
detected in only 2 cases of 16 neuroblastoma tissues. The
no, 2 case showed high expression of VIP mRNA and
PACAP mRNA. The finding of Georg and Fahrenkrug [13]
that PACAP stimulated VIP gene transcription in neuro-
blastoma cells supports the notion that PACAP may simi-
larly induce VIP gene expression in neuroblastoma tissues.
However, in 3 neuroblastoma cell lines, VIP mRNA was
only detected in NH12, whereas PACAP mRNA was only

f vip

PACAP
VPACIR
VPAC2R

GAPDH

e

Fig. 1. RT-PCR analyses of VIP/PACAP and its receptors in neuroblastoma tissues and cell lines, VIP, PACAP, VPACIR, VPAC2R, PACIR and GDPDH
mRNA expression was determined in neuroblastomas. Nos. 1— 16 were neuroblastoma tissues corresponding to the samples in Table 1. Nos. 1719 were

neuroblastoma cell lines corresponding to NHI2, GOTO and TGW, respectively.
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detected in GOTO and TGW. Vetrogen et al. [5] reported
that the neuroblastoma cell lines, SK-N-SH and 5Y-5Y only
produce VIP mRNA but not PACAP mRNA. These findings
suggest that PACAP may not always induce VIP gene
expression in the cell lines.

There are two types of VIP receptors, i.e., VPACIR and
VPAC2R, both of which exhibit high affinity binding to VIP
and PACAP. VPACIR mRNA was detected in all of 16
tissues and 3 cell lines that were examined, while VPAC2R
mRNA was detected in 5 of 16 (31%) tissue samples and 2
of 3 cell lines. At least one PACAP receptor, i.e., PACIR, is
characterized by high affinity binding to PACAP but low
affinity binding to VIP. PACIR mRNA was detected in 6 out
of 16 tissues. PACAPIR mRNA expression was not
detected in 3 cell lines.

In conirast, Vetrogen et al. [Slreported that 95% (21/22)
of neuroblastoma tissues examined and 100% (5/5) of
neuroblastoma cell lines expressed PACIR mRNA as de-
termined by RT-PCR using the same primers as we did. It is
not immediately clear what may have accounted for these
differing results.

We next examined the relationship between PACAP and
TH mRNA expression by real-time PCR analysis in 16
neuroblastomas. As shown in Fig. 2, PACAP mRNA
expression did not correlate with TH mRNA expression in
16 neurcoblastomas. The GOTO and TGW cell lines
expressed PACAP mRNA, but TH mRNA was not
expressed. The NH12 cell line expressed TH mRNA but
not PACAP mRNA. Waschek et al. {10] reported that
PACAP may execute growth-related functions in a neuro-
blastoma cell line. Thus, PACAP may not be associated with
expression of TH mRNA but may be involved in cell
proliferation, as reported [7-10].

Acknowledgements

This study was supported in part by a grant from the
University Research Project and Charitable Trust Clinical
Pathology Rescarch Foundation of Japan.

References

[1} Miyata A, Arimura A, Dahl RR. Isolation of a novel 38 residue-
hypothalamic polypeptide, which stimulates adenylate cyclase in pi-
tuitary cells. Biochem Biophys Res Commun 1989;164:567-74.

(2] Isobe K, Nakai T, Takuwa Y. Ca2-+-dependent stimulatory effects of
pituitary adenylate cyclase-activating polypeptide on catecholamine
secretion from cultured poscine adrenal medullary chromaffin cells.
Endocrinology 1993:832:1757~65.

[3} Isobe K, Yukimasa N, Nakai T, Takuwa Y. Pitvitary adenylate cy-
clase-activating polypeptide induces gene expression of the catechol-
amine synthesizing enzymes, tyrosine hydroxylase and dopamine beta
hydroxylase, through 3,5-cyclic adenosine monophosphate- and pro-
tein kinase C-dependent mechanisms in cultured porcine adrenal med-
ullary chromaffin cells. Neuropeptides 1996;30:167-75.

{4] Isobe K, Tatsuno I, Yashire T, Nanmoku T, Takekoshi K, Kawakami
Y, et al. Expression of mRNA for PACAP and its receptors in intra-
and extra-adrenal human pheochromocytomas and relationship to cat-
echolamine synthesis. Regl Peptides 2003;110:213-7.

[5] Vertongen P, Devalck C, Sariban E, De Laet MH, Martelli H, Paraf

F, et al. Pituitary adenylate cyclase activating peptide and its recep-

tors are expressed in human neurcblastomas. ] Cell Physiol

1996;167:36-46,

Vertongen P, De Clerck P, Fourner JC, Martelli H, Helardot P,

Devalck C, et al. Comparison between vasoactive intestinal polypep-

tide and pituitary adenylate cyclase activating peptide levels in neu-

roblastoma tumor tissues. Neuropeptides 1997;31:409-13.

Deutsch P, Schadlow VC, Barzilai N. 38-Aminoacid form of piti-

tary adenylate cyclase-activating polypeptide induces process out-

growth in human neuroblastoma cells. J Neurosci Res 1993;35:

312-20.

Hoshino M, Li M, Zheng LQ, Suzaki M, Mochizuki T. Yanaibara N.

Pituitary adenylate cyclase-activating polypeptide and vasoactive in-

testinal polypeptide: differentiation effects on human neuroblastoma

NB-OK-1 cells. Neurasci Lett 1993;159:35-8.

Chik CL, Inukai T, Ogiwara T, Boyd H, Li B, Karpinski E, et al.

Characterization of pituitary adenylate cyclase-activating polypepti-

de38(PACAP38)-, PACAP27-, and vasoactive intestinal peptide-stim-

ujated responses in NIE-115 neuroblastoma cells. ] Neurochem
1996:67:1005-13.

[10] Waschek IA, Dicicco-Bloom EM, Lelievre V, Zhou X, Hu Z. PACAP

action in nervous systemn development, regeneration, and neuroblas-
toma celf proliferation. Ann NY Acad Sci 2000;921:129-36.

(6

and

{7

—

8

—

[9

I

[11] Brodeur GM, Pritchard J, Berthold F, Carlsen NL, Castel V, Castel-

berry RP, et al. Revision of the international criteria for nenroblastoma
diagnosis, staging. and response to treatment. J Clin Oncol 1993;
11:1466-77.

[12] Granoth R, Fridkin M, Gozes L. VIP and the potent analog, stearyi-
Nlel 7-VIP, induce proliferation of keratinocytes. FEBS Lett 2000;
475:78-83.

[13] Georg B, Fahrenkrug J. Pituitary adenylate cyclase-activaling peptide
is an activator of vasoactive intestinal polypeptide gene transcription
in-human neuroblastoma cells. Mol Brain Res 2000;79:67-76.

— 103 —



RS

28
IR B RIS ARE CH DT
&R, ALRMIESHELER— 70 IS
FDEFRNZ ST« THEMIEN, A
[CRBIELDRBEEE S\ K SHEBD
EEDESN, —F, ETREFECE,

L EE 85 U0 kO CEFAICENEDS

WWYRAVABRESIU. 91 TOMI—
TlE, N-myc BIEFITER LI IHSAET
CARREOEEOESIUT. 98LYXYT
&, TORISLEBDICRET BT EHE

O BECENOBHBFED. BEF ST
A EERC U E B A USRI

L BRELTIORI-UABREHEINTLS.

B Kcy Words

- a'dﬁancéd ’ neu;fdblastoma
. infantile neuroblastoma
- group study '
N—_myc'am;ilification _
hematpp(iietié stem cell transplantation

L
S
B
i

(-
NI

FHH X T RRAERERRENR

[FLsIC

MRESFELNREREEL LTh > L b E
FEL, FPEFELOTHFERERLSNTE
723, 1SR\ TOEFRBFMO N, BARRKE
SEEINTW, F2TC, HAETIEI1985F
PoHEBEHATIR - A2 )=y (L
T, YALBET) PREITSNA. FOBR, B
ERBE 2B EE R o/ds, FoRIhRY
OBEFGEMBFIBRE SR I, FRTORER
HEADRER, v ATMEFEORLERL T
LB IR EDD, bFEOMIEEE
TAR2004 E3ATHIET B &k oiz, <
ABABOETMEF BRI N
EEIREAET, BT LR svy—
A Y T4 BT hERELT BT

FIRTHR, BITHEERLHLICIINITO
BREESHRODBELELHBARD, BAENRIGEL Y
AT TIHREL-OT, #nEBREN/

Ly,
ettt R R P e S e P S e SR e S e B e

RIS IES KUTRRMHE T E

1. ¥ AFEREN

AR AFLMEFERERESOFR 155 11
B OIE TiX, 1976 ~ 2001 ST ATHER,
ST HRIENE L 2,393 BT, Bl TIELE 160

| 0386-9806/04/¥100/H/ICLS

NBEVEER - 2004 - 45 (67) | 583

— 104 —



~ 180 ZHATHER &1, 5,000~ 6,000 AT 1 HD
ZHEBRTHo7. WP R THRERFEENSI,
0, VSHEEDT6%% 5D, vAERAT
BRI OBERED LW Eps BIFREE
1295%% 5%, NmycBELIT- 721,875 %l
DB 3L ERBIRIE3SH (1.9%) THo.

GREBRET A7 V—TAY 74 [1ERE
TRR SN HRERERRESD b2 — V] Ok
i Ehb, BELoTRICEATHE. Th
HEDH 72,1130 5 B AETFIR 2,080 1
(97.6%) LEDLDTRIFTHo7. Lanl, 5
T BHDOHRE AL LEERIZLT 26T,
16 BIASIGEEAETE, 3P RA AR E DR
TThotz, T, BHEETLEHBELRER
BEOHED AbNI,

2. AREEFEDSE

BINIFBE T CHLILRREIEATEN, FH
TY U EEEDE AT T/, BHRE
Eh o BPGEMPBE S hEFAOBRSR L,
INFE TOREIFE & SRR 5 EYEOREED
ECB#E N, #2T, 1994 FIEIE R IGHE
ZEASMCT A Z L R BRI BRI E
H—7a b 2= AR FE TR S L.
N-myc HIED R WIHH 1 3FF 0L, Tk
gL L & 78 James (regimen A} @ random-
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JANB 85 vs 91, Stage 4 N-myc amplified, RFS
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Progression-free Survivals (4 #a)
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B S APHERHERTE TREHFEDE VE
ERESEITI N0, N 7o a—A TR
CCG 3891 O & > MRS I & 2 iB AR
PR A LIRTERI ST,

3.9 7afka—0

91 79 b a— N EDBITNV—TRAF 7T+ D
2,

1) N-myc BIEREFIZ U THIHATEE % dose
escalation 5 Z LIz k0, REREOH EHE
shizZ &,

2) N-myc BRI T, FHBHEEE9LAL
LT HIBEREOM ESE szl Z L,

3) BB X 2 BEOBA TS
BEFIh3ERAcb- 22 E,

REER LT, 9870 b 3—TH,

O N-myc EIEOFEIZ b 53, FIEHEE
HOLAZRERICLABAZ ZUHT»E 60—
AWEFTE B,

@ ifosphamide DB L T2 2T 2
7z N-myc EiEG TR MEERED 4 a—-A B
ifosphamide %#& A 72 regimen * &3 3,

C QUIHIRE 4 3 —ABIRE S THRENE 2 Y

FL, FRZIDLUBOBELEZ 3,

@ N-myc FEEIEORN 3  RBEIBEL S

ATEERITD RV,
BRERBFELE 98 70 b a—nER R R,
HAER 7 74 BMMThbhTnwa, £, A7 48
LThBOT, FHLENERERRTEIERE
Ty, LHL, 87atra—nhsBonik

20

BIsHCHEELALELLT Yy —%@&
Wi EEI O 2 fHERER T Es ¥ 2 k
MTEL LI TN EERBTHL, &
TR, a2 NBETEROERT -5 &
ol BRERO—E2REL, 8 70 b a—
W BETHEFEREORE L MESEHSH
T b,

98 7a b a—-NVOBHEFME LT 200343 A
FTCRBHINLOIZ 16 FMTH >, HEBID
progression free survival #F 5 iR L7, JREA
343 16 @I, 453116 BT, JEHA 3 DEERIBHID %
$, TOREREL COREATRTRTHS, L
L, RE4 W 2EEFESY SFEEERR
SI%EWMETREBRVBONA TS, BHH
it 6 h HERASN 2 EF DM, BIZ—EFEDHK
ETHSNIz, PIHRGBECET2RICTIE (2002

(%)
100

804

| | I 1.1l H

60

40 4

0 T T T T
0 12 24 36 48 (A)

2EEFE=68.4%

5 BHBRIRSIEANETT U foimH 4 BE OSBRI
SEEGE TR EB/ATE Z L REHET 3.

& PHEAR (L) AR 20023 R

£ BT EBIT

T o ) g o PEEERE
+CR 36 27 1
- VGPR 10 6 2
+ PR 42 28 1 2
«NC 6 3 3
- PD
+CR—FD
-PR—-PD 1 1
- EEn L 16 16
Hal 1nz 8l 4 5 10
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F£ 3 AEH RO 57 96 By, 36 HMKELE
fi#, 10 133 VGPR (very good partial response),
42 #1153 PR CHERHIE 37.5%, BRIFEL 92.7% T,
AR T 3R LTHER I DD EHZ
Bz, T2, 12— T 5 HOIEBEITH A
ST OB T ORPFEEFELI RS ZFR L
EZohiz (). 4Bt 2 FlHs RS ik, 1H07
ARNVF VAL, o 1 FIEMETH - 72,
1 E®% 7 ATAL 2ET fud 2@t
BAIHKRESI T, BEL I—AHOHRFEVY
AVERNPTH S,

98 A3 EEENIE, BEEDIDH 53— B
SRREDIBIT L CHTT 5 2 L 3RE R
b, TDIz®, 6 A—AMTINEZWERND 5,
63— AMEHT Lz DA 33 L, 52—l
OB, 4 I—AB2UFTH -7, BWER
D7z CDDP & L2 D, CBDCA R ZHE S
TRERA S DEreTHY, T/, BIERBKIEDI:
HFDEET IR AN, Z2VTFovD
V73w ATHIBEER, BREEFESHEL LI
DHREIML 72, VIEIEEOHERR ThITHE
HlBEEC L 28 EC I REEEES X,
TBI S UHABE TR EQ CERNLEEEZ
5h30DT, HEIWBAIZORE Y —1#, CDDP
OREE, HWHEROFFAGRE %YL IR
DOEETVTON TV 3, ZhE CETHEFED
LY dose escalation 12 &k DIEESHR AT T
X753, 98 A 3 i, dose intensity 3FEEIZFH O
T, HENRLHEVIBIERIIC L D% OEFT
Tara—-NEBYORTHRETH L OB
P oTz, TDDERE2TELLTRBREL
W TEH L DEFIZ, 1EEAYORRTEITIEE
%, T b protocol violation EJ/NEK U
BEe7a bt a—nic T~ BETRTH 2,
FRAC BRI S & HHE L B IEB ST 91 7
TN EERTER. B T2 -
TR Zh % T 13 PloBEBEESERE S hioh,
#®d 3 B 3L preconditioning iz ZET- L 72,
BHEECFET U 1080 5 & RESHES 7 6%
Gz, [FIFEREER i 2B S0
BEEOBRED, H25VIEBHIES+SRIRT S
Bl rtEzbhb, INLHHREZ S+

L EEETEESD Y, FOESTHPIERE
EHEBHRTH B, :

B TCHRLAZBIODWTEDFRE2S
%L, IR 4 OER TIHRBHGE 2 FoEfFRN
65%, 3 FLAEY 60% L BIFTHD, CORE%
ABE, LBHCERE IV M-V L TEaRE
EETE T D, L THHEBEL VI
BT T 20V RERERLLCEETH 50
BEETE L5, 98 70 b a—VOEFIFF Tk
FARaRE R O B DIRREDS VGPR, PR ThHik
BHRERRIFT, L5 CROEMLD L wET
Hb, TOEEG > ERENCBTT 2 12 BIEF
RO R £S5 T2 0BEBTHY, A%
bo THESBRELHE L -rOBTSEE TSR
DOHRETH S,

N-myc 358 & FRICEL TRBERE T2 E—
BEID 3 FETHERBC 2 BVuiERD 5hi
Wy, ZhAS, N-myc HiEEIZ T 5 ifosphamide
EEARDVIAYRELZNE I DIESHROK
HETH D,

EhYIiC

CNFETOHERETHRESBE N —FR Y7 1
DREREPHE LTz, TOHRBEEIESERED Y
DTHY, TORMRERL THEROERCOT®
Wokwn, Ldl, Ihzlzfo CEEMRCER
ECTELHPLEMTLE, F—FOHE, Faba—
NER I PEROEELY A5 2 TRIUO/M
BREERTW5, Bhi-gERC L s8N
AR & U CERN 2R aE - 2~ HiZ %18
Faked, EREECESLIIN—FATTF 4
BRBETHL AR OFHEFLTHBDT,
T —-OEBDOD LITEBAL LK
HEE IO Tzoknwl, 5 LTk
HELBEABRITL TR INAZVLERTH 2,
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Department of Pediatvic Surgery, Institute of Clinical Medicine, University of Tsukuba
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Treatment results of advanced neuroblastoma treated with JANB protocols are

described. The first study, conducted from 1985 to 1991, marked an innovative advance
in the treatment of cases of advanced neuroblastoma with extremely dismal prognosis.
Progression-free survival rates of patients with stage 4 neuroblastoma at 5 and 10
years after initiation of the therapy were 32% and 29%, respectively, with the JANB 85
protocol. MYCN amplified advanced neuroblastoma, which was considered uniformly
fatal, became a curable disease with the JANB 91 protocol. Now treatment with 98 A 3
regimen as an induction chemotherapy followed by high-dose chemotherapy for stage
4 neuroblastoma is under way. Progression-free survival for patients with stage 4
disease who receive megatherapy rescued by stem cell transplant is approximately
60% 3 years after initiation of chemotherapy.
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Evaluation for progressing risk of neuroblastomas
with biological markers

H k", ®|E HFY, #HH A2, 2k &Y
KE AT, BEH 0OEY, &F EXP, B =R
Takeo TANAKA ", Tomoko IEHARA *', Hajime HOSOI ®, Tohru SUGIMQTQ
Sachiyo SUITA ¥, Tadashi SAWADA »', Michio KANEKO ¥, Yoshiaki TSUCHIDA

B S
BRRZH SN 164 HIOMEFET IMYCN # £ T HIE (MYCN #i8) 0f &)

lnternational Neuroblastoma Pathology Classification (INPC) i & & iR BT &, Ha-
ras/trk ATIBE TR (HARHE)) 2HREE U THEEER Y AV 2FMEL k. FERR
PEfFiEE 2% IMYCN #ilE: [INPC T unfavorable histology(UH)] H/t {53
DENFNOETFEARINIHT ZRHEL40%, 51%, 55% THVBERETE L0 TiE R
Hofe. UL EEEZHBEOWTIA—D2 8T 5EES (5 A rwdsE, SEHEd
5EEPEARHO 83% MR T&E /. —F% MYCN 3E#8ig; T TINPC T favorable
histology (FH)| BXU HABRE) O 3EEL TR BEREAD® 91% I1EET
BERIFT RV A HEHE) EUTHET A ENTERL Bz 2WR0EEEER
BB ) A08R3%E) BLU R A7 MEHE) OBKERICEST2ETCH
ST EBERINE,
Key words : fEE3FIE, FRIFE FETH, BEHN BE

neuroblastoma, prognostic factor, outcome prediction, specificity,

sensitivity

| RC e A SNHIIEOHEFE ML DB AN & R SFEED
ZirtEBEENCET 2EENRE AN TE

1980 4 RIS T A M FHIMITF BN RRAE 7=V TMYCN # =T HE MYCN #ig)) ? 138
HHROEREEL THRKTEHWSHTHnSD,
FERESFRESE T RER ORI L i a e, &

1) ENFRERERE Y — NER BRFAR

2) RIBHES AR RS BHERRECRERBEFORSSBEIRTY
3) BT HEFELELERST Y. SEIEMFNREORAEBIURED
1) Department of Pediatrics and Division of Clinical Research, = : = = 5

National Hospital Kure Medical Center, Kure Hiroshima, Japan ﬁn_j < %E__&CD E%i%}gﬁ%—: Y fbwﬁ#ﬁi@ @
2) Japanese infantile neuroblastoma cooperative study group BU 2t WET 2.

3) Japanese advanced neuroblastoma cooperative study group

(71)
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I MR EFTE

FEHIT 1988 £ D Haras BT ORBEE
RFEOBE] OW|EY LAKZMED [EEER
AL R TG 7 E OEIRIERE, MYCN #ig
D %) Haras/trk A W&z THE (H/t Bi8) )
RENENAMIIL = FREERT TS 2EEH
HELTELEYYY?, SRR IS OBER
[ International Neurcblastoma Pathology
Classification (INPCY| 12 & 2 B [Favorable
Histologv(FH) .~ Unfavorable Histology(UH)])
EMAREG U, WRITERKZET S Nz ke 5
GE AMRESFRE) 164 HIT T2EEH (Evans
78 ROTEHHABR TR I AL IMYCN
iR, TINPCRIR) TH/t 33 2 DOWTHREL
7o, BAREF, ALEMEFETZZIY 2T
RREFILSEIORFTNSFRAL 2.

164 FlOERRERRIE 2 ELLE O ERAETFH 97
#, BREETHBICRECH 67HTHYO T£H
EEESEREEROBEEE B FEAIRNL .

m # 8
1. BIRIRRICL DU A V7T

MYCN g1 104 EEFITRETZH, BigQ0

JE—LLE) IEEES 22 ik 17 4] (77%) iL B %
PETHLINVEFRCOFETREIERTH o .
[INPCFF RS 13 164 I THREINUH Th o
55 Bl 34 ] (62%) WERETH BV ILEH
THol. HAEEN 164 FTHNSHERR
FE 3% 56 Filh 37 Bil (66%) S HREITH B W IEFELT
FITHolz ZTHNSBEELEMNOBIRERFR
E O RS (specificity) Amanizss, FhE
NOBEMRRINEHTORFECHICHNT SE
HEEIE I OBIE (R : sensitivity) 13 TMYCN
1 WE At 40%(17/43), TINPC FF R UH) 7%
51%(34/67), TH/LEFEEL A% 55%(37/67) TdH -
7o, HIS 2N FNOEERMTRERAEROFER
BIEFL MFPRITELWERTH -/

2. BREIEEBICLSBRENY A2FARER LD

RATRETE
1) TINPCHFR & TH/UEE OfAHHY

%1 INPC &5 E5X 0 Haras/trk ABETRER
& AR IEE IR O Bk ‘

[INPC(The Shimaa system) |

Ha-ras/trk A

“Favorable

"Unfavorable

expression histology" histology" Total
we gn | 50/57% 6/13 T0cases
High PFS88% PESATS | /PFS80Y
"Inter- 15/24 7/14 38cases
nediate” PFS62% PF$30% /PFS58%
v ow | 11728 8/28 S6cases
Low PFS39% PFS20% /PFS34%
109cases 5ocases/
Total | /ppszoy PFS38%

it Number of Progression [ree survivor/subtolal number of cases in each categosy
PFS: progression free survival

# 12 (INPCRR; RO TH/t #H) kb
164 % 6 BICHEL, &# O progression-free
survival(PFS) 23l L R %2 =Y.

[NPC TFH) & HABRH THEIh5
JEFIEED PFS X 57 #lb 50 7l (88%) ELFEDT
BIFRIERF#TH 7. UL TINPC A FH)
THoTh THAKRER BEEEFD PFSIT 28
i 11 1 (39%) Thoiz. £ H/t BRE
fEE S [INPC A% UH) ThiuE, PFSIZ 13 il

B (46%) THD, TS DO0EEOHAS

LEVICEDBEREROZ BERER) 2205
WaRTENRTER BRATEREERZFRT
MINPCAf UH) & TH/t{K3EHE) Th DIEBES
@ PFSIZ 28 It 8 (29%) TH-oi. HE&
D [INPCFTR) B&LT TH/t B 3@Emk

 IRTREETH S ENER SN

(72)

2) ZHRECL DERRRTHORE, HEM

MYCN #18) NNPCFrR) TH/A 5| 0=
B I EEIL 14 EFTHD, ZDhT
BRETH RORTH OBREK FER BT 42 F)
ThHhotk, EMHEREEETS IMYCN HiE)
INPC T UH) H/t{EREHR OwgFhh—D%F
T2 WU AHEFE B35FTHD, 28
RERAR 42410 83% £ 5D “HHEO#HAED
WIZLDER ) X0 TRIORERENE L /.

37, TN 104 FEHTIMYCN JEBSE | TIINPC
AMFH] BLW THABRBR OZHEE2TE
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