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tige Histologie auf. Von den 76 Neuroblastomen zeigten 13 (17 %)
einen oder mehrere ungiinstige biologische Faktoren (UF). Von
den 5 therapieresistenten NB hatte 1 Patient 3 UFs, ein weiterer
2 UFs, 1 Patient 1 UF und 2 Kinder keine UFs. Gesamt gesehen
hatten 60% der therapieresistenten NB einen oder mehrere un-
giinstige Faktoren.

Schlussfolgerungen: Von den beim Massenscreening entdeck-
ten Neuroblastomen wiesen 17% einen oder mehrere ungiinstige
Faktoren auf und damit ein hdéheres Rezidivrisiko als Patienten
ohne ungiinstige biologische Faktoren. Allerdings ist die un-
glinstige biologische Konstellation therapieresistenter Fille im-
mer noch unklar, auch wenn die Tatsache auf sehr sensitiven
Analysen beruht. Zumindest ein Fiinftel der beim Massen-
screening entdeckten Fille waren bereits in einem fortgeschrit-
tenen Stadium. Beim kindlichen Neuroblastom ist es deshalb
von grofiter Bedeutung, die biologischen, prognostisch bedeut-
samen Faktoren durch hochsensitive Methoden zu bestimmen,
um eine méglichst frithe chirurgische Intervention zu ermégli-
chen. Seitdem das Screeningprogramm fiir Neuroblastome in Ja-
pan ausgesetzt wurde, ist es notwendig, bei jedem klinisch diag-
nostizierten NB die Mortalitdt im Hinblick auf die charakteristi-
schen biologischen Eigenschaften zu tiberpriifen.
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Abstract

Purpose: To select the optimal treatment according to the grade of malignancy of neuroblastoma (NB),
it is essential to accurately and rapidly identify genetic abnormalities associated with the prognosis. We
have identified BIN/ and neuronatin § as the novel prognosis-related genes for NBs. This study aims to
assess the cormrelation between the combination of the expression level of prognosis-refated genes and
the outcome of NB.

Methods: In 44 NB samples, the expression levels of Trkd, BINI, and neuronatin 8 were determined
using quantitative reverse transcriptase—polymerase chain reaction; furthermore, the correlation between
the expression of these genes’ expression levels and the clinical progression of NB were assessed.
Results: It was possible to classify 44 NBs into 4 groups regarding the grade of malignancy of NB.
These 4 groups were all significantly associated with the clinical stages international NB staging
system as well as the outcomes of the patients (P <.001, according to the trend test by Kruskal-Wallis
exact test).

Conclusion: The combination of the expression levels of these genes using quantitative reverse
transcriptase—polymerase chain reaction is indicated as the effective method to quickly and accurately
evaluate the grade of malignancy of NBs.

© 2007 Elsevier Inc. All rights reserved.

Neuroblastoma (NB) is the most common solid tumor in
children, and its development is still uncharacterized {1]. The

used clinically to predict the patient’s prognosis and to select
the optimal therapy. It is important to select the optimal

prognosis for those with NB tends to vary greatly, and many
studies have demonstrated that both clinical and biologic
factors are correlated with the outcome [2]. Some of these
prognostic factors are known, such as MYCN amplification,
DNA ploidy, or 7rk4 expression [1-3]. These factors are
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therapy according to the property of these tumors. However,
the potential for malignancy in NB cannot be accurately
predicted by these factors {1-3].

BINI (2q14) encodes multiple tissue-specific isoforms of
a myc-interacting adaptor protein that has some character-
istics of a tumor suppressor, including the ability to inhibit
myc-mediated cell transformation and promote apoptosis
{4]. Previous studies hypothesized that BIN7 may function
as a suppressor gene in NB because BINI is highly
expressed in neural tissues and binds myc within a region
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with 100% homology to MYCN [4]. Furthermore, other
reported data cormrelate with the reduced expression of
MYCN-interacting BIN] isoforms with unfavorable features
in primary NB [5L

The neuronatin gene was first identified in 1994, and the
expression of that gene was specifically localized in the fetal
mouse brain [6,7]. The neuronatin gene has 2 expression
forms, neuwronatin o and newronatin B (Nnat B). In the
mouse, its expression appears on the 8.5th fetal day at the
hindbrain and then spreads to the central and peripheral
nervous system and thereafter gradually disappears after
birth. It is also expressed in the svmpathetic nervous system
and adrenal grand on the 15th fetal day [8]. Although the
specific function of this factor is still not known, it is thought
to be a membrane protein based upon its structure [9]. In our
previous study, the expression of newronatin was analyzed in
a number of NB samples, and the results confirmed the
effectiveness of this gene as a prognostic factor by assessing
its correlation to the known prognostic factors and outcome
{10]. Specifically, the expression levels of Nnat f were
significantly lower in all groups with unfavorable prognostic
factors than in the groups with favorable prognostic
factors [10].

In this study, the expression levels of 7¥k4, BINI, and

Nnat B will be determined using quantitative reverse -

transcriptase—polymerase chain reaction (RT-PCR) in 44
NB primary samples. Furthermore, the correlation between
the combination of these genes’ expression levels and the
clinical findings of NB will be assessed.

1. Materials and methods

1.1. Clinical data of patients and biologic data of
NB samples

Patients with NB evaluated at the Department of Pediatric
Surgery, Kyushu University, Fukuoka, Japan, were diag-
nosed and staged according to the international NB staging
system {11]. This study is approved by our institution’s
mnstitutional review board. Forty-four frozen tumor samples
were obtained from untreated patients with NB. The patient
population included 26 males and 18 females, and the age at
diagnosis ranged from 19 days after birth to 11 years. Of the
44 cases, 19 patients were diagnosed at older than 1 year,
whereas the remaining 25 were diagnosed at younger than
I year. Twenty-three patients were identified using an NB
mass screening system. Of the 44 samples, 29 were tumors
from patients who were in stage 1, 2 or 4S, whereas 3 were in
stage 3, and 12 were in stage 4. Thirty-one patients are still
alive, of whom 3 cases are still under treatment, whereas
13 patients have died as a result of the disease. The follow-up
period after treatment ranged from 2 to 12 years. In all
44 samples, the status of MYCN amplification was pre-
viously determined by the Southern blot method. Regarding

the histologic findings, all 44 cases were classified based on
the classification by Shimada et al [12]. Thirty-nine cases
showed a favorable histology, whereas the remaining 15
cases showed an unfavorable histology.

1.2. RNA extraction and complementary
DNA synthesis

Total RNA was extracted from the frozen samples using
Isogen (Nippon Gene, Osaka, Japan), and reverse transcrip-
tion was performed with a first-strand complementary DNA
synthesis kit (Amersham Pharmacia, Uppsala, Sweden)
using random hexanucleotide primers.

1.3. Quantitative RT-PCR

The primers and TagMan probes for the kA, BIN1, and
Nnat 3 were designed using the application-based primer
design software Primer Express (Applied Biosystems [ABI],
Foster City, Calif). The sequences of the polymerase chain
reaction {(PCR) primers and TaqMan probes were as follows:
Trk4—forward primer, 5'-CAT CGT GAA GAG TGG TCT
CCG-3/; reverse primer, 5'-GAG AGA GAC TCC AGA GCG
TTG-3'; TaqMan probe, 5'-AGG AGT GAA ATGGAA GGC
ATC TGG CG-3'; BINI—forward primer, 5'-AAG GCC
CAG CCC AGT GAC-3'; reverse pamer, 5'-GAG CCATCT
GGA GGC GAA G-3'; TagMan probe, 5'-CGC GCC TGC
AAA AGG GAA CAA GA-3'; Nnai p—forward primer,
5-TCG GCT GAA CTG CTC ATC ATC-3/; reverse primer,
5-TTC TGC AGG GAG TAC CTG AAC A-3'; TagMan
probe, 5'-ACA TCT TCC GCG TGC TGC TGC AG-3'. 185
rRNA was used as an internal control gene to analyze the gene
expression. Polymerase chain reaction primer and TagMan
probe for /8s ¥rRNA were purchased from ABI as a kit of
TagMan &8s rRINA Control Regent. Quantitative PCR was
performed in a final volume 25 pl., and each sample was
analyzed in duplicate. Each reaction mixture contained
0.1 pmol/ul. TagMan probe, 0.2 pmol/ul each primer,
1x TagMan PCR master mix, and 10 to 50 ng DNA. Thermal
cvcling was initiated with a 2-minute incubation at 50°C
followed by the 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 (ABI). Genomic DNA from 1 NB
with 90 copies of MYCN, determined by Southern blotting,
was serially diluted to establish the calibration curve.

1.4. Statistical analysis

The expression levels of Trkd (TrkA/#RNA), BIN! (BIN1/
¥RNA), and Nnat B (Nnat f7RNA) in the subgroups were
represented by percentile (50%). A comparison of the
expression in relation to clinical and genetic parameters
was made using Mann-Whitney U test. Kruskal-Wallis exact
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test was used to test the association between the clinical stage
or the patients’ outcome and the combination of 3 prognostic
factors. These methods of statistical analysis were recom-
mend by the medical statistician.

2. Results

2.1. The expression level of TrkA, BIN1, and Nnat
by the quantitative RT-PCR method

The relationship between the Trkd, BINI, and Nnat 3
gene expression levels and prognostic factors are shown in
Table 1.

The level of Trk4 expression slightly decreased in the
samples with unfavorable prognostic factors; however, this
finding was not statistically significant in relation to any
variables except the level of MYCN amplification.

The expression level of BIN1 was significantly associated
with 3 of the 5 prognostic factors. Those 3 factors, which
did not include the factors of age and stage, indicate that the
level of BINI expression in association with unfavorable
factors was significantly lower than that in NB with
favorable factors.

The expression level of Nnar § was significantly lower in
all groups expressing cach unfavorable factor (older than
1 year, clinical stage 3 or 4, Shimada unfavorable histology,
and MYCN amplification) and a poor outcome.

Twenty-one of 44 cases were analyzed where the NB was
clinically detected but not detected through mass screening.
The relationship between the expression levels of 7rkd,
BINI, and Nnat $ and the known prognostic factors
demonstrated the same trends as those observed in the
results for all 44 samples.

2.2. Evaluation of the outcome of NBs using the
combination of 3 unfavorable prognostic factors

In the each of genetic factors, the patients who expressed
these factors below the median lever were observed to be
those possessing at least 1 of the unfavorable prognostic
factors. An evaluation of the incidence of the 3 unfavorable
factors demonstrated that the rates of advanced stages (stage
3, 4) were 71% for 7 cases with 3 factors, 41% for 17 cases
with 2 factors, 25% for 8 cases with 1 factors, and 8% for
12 cases with null factor (P <.001, trend test using Kruskal-
Wallis exact test). Fig. 1 shows the survival curves of the
4 groups according to the number of unfavorable prognostic
factors. As the pumber of unfavorable factors increases, the
survival ratio decreases. The S5-year survival rates were
16.6% for 7 cases with 3 factors, 73.2% for 17 cases with

survival rate )
100
90 4
80 {
TO F-oeebe ot Mo 2factors
60
40 1~
30 1~

0

momc o Ofactor
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0 12 24 36 48 60 72 84 92
survival term (months)

fig. 1  The correlation of 3 unfavorable factors (low expression of
Trkd, BIN., and Nnat B) and survival curves. The 5-year survival
rates were 16.6% for 7 cases with 3 factors, 73.2% for 17 cases with
2 factors, 87.5% for 8 cases with 1 factor, and 90.9% for 12 cases
with null factor (P <.001, trend test using Kruskal-Wallis exact test).
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2 factors, 87.5% for 8 cases with 1 factor, and 90.9% for
12 cases with null factor (P <.001, trend test using Kruskal-
Wallis exact test).

3. Discussion

Neuroblastomas express a variety of genetic variables that
might predict their clinical behavior [2]. To select the optimal
treatment according to the grade of malignancy of NB, it is
essential to accurately and rapidly identify any genetic
heterogeneity associated with the prognosis. Regarding the
abemrations in the gene dosages associated with the prognosis,
MYCN amplification, 1p deletion, 17q gain, and 11q loss have
been identified [1-3]. Generally, the gene dosage was
analyzed by Southern blots or fluorescence in situ hybridiza-
tion. We previously reported that the quantitative PCR method
may the most effective method for quickly and accurately
evaluating any aberrations in the gene dosages associated with
the patients’ outcomes [13,14]. Furthermore, the combination
of gene dosages of MYCN and survivin (17q gain) using
quantitative PCR method was substantially correlated with
the clinical stage and the patients’ outcome [15].

Whereas the expression level of the genes was previously
assessed by either a Northern blot analysis or a semiquanti-
tative PCR protocol, in this study, the expression levels of
Trk4, BINI, and Nnat B were determined using a highly
sensitive analysis (the quantitative PCR method) in 44 NB
primary samples. Furthermore, the correlation between the
combination of these genmes’ expression levels and the
clinical observations of NB were assessed. As a result,
the expression levels of 7rkd, BIN1, and Nnat B determined
using quantitative PCR were directly correlated with the
clinical stage and the patients’ outcome. The determination
of the expression levels of these genes using quantitative
RT-PCR is therefore indicated as the most effective method
for quickly and accurately evaluating the grade of malig-
nancy of NBs.

The protocol for NB therapy has been primarily
determined based on the age, clinical stage, and gene dosage
of prognostic related genes, such as MYCN [16]. In the
international NB risk group (INRG) committee of 2006
regarding advanced NB research, the standard criteria for
MYCN amplification is defined as 4-fold more than the
normal MYCN signal determined by 2-color fluorescence in
situ hybridization method and quantitative PCR. In the
present study, the outcome of the group of the cases with
3 unfavorable factors was extremely poor compared with the
other 3 groups. The combination of the gene dosages and the
expression levels of several prognosis-related genes using
quantitative PCR may thus make it possible to classify

neuroblatomas into more accurate groups based on the grade
of malignancy. We recommend that the future protocol for

NB diagnosis should thus be established based on a

combination of the expression levels of prognosis-related
genes using a high-sensitive analysis system as the
quantitative PCR, in addition to the age, clinical stage, and
gene dosage of prognostic-related genes, such as MYCN.
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ORIGINAL ARTICLE

High Expressions of Neuronatin Isoforms in Favorable
Neuroblastoma

Mayumi Higashi, MD,* Tatsuro Tajiri, PhD,* Yoshiaki Kinoshita, PhD,* Kyosuke Tatsuta, MD,*
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Summary: Neuroblastoma is a malignant solid tumor of
children, which derives from the embryonal sympathoadrenal
linage. Clinical cases can vary widely from a favorable to an
unfavorable prognosis according to the presence of genetic
aberrations, such as MYCN amplification. Our cDNA micro-
array analysis which compared the gene expressions between
favorable and unfavorable neuroblastomas showed a high
expression of the neuronatin (Nnat) gene in favorable neuro-
blastomas. Nrat is highly conserved in mammalian species, and
its expression appears in nervous systems from the hindbrain to
the peripherals during the prenatal periods. The Nnar mRNA
expression, investigated in 63 of neuroblastoma samples by
quantitative reverse-transcription polymerase chain reaction,
was found to be significantly higher in the favorable prognosis
groups than in the unfavorable groups. Nnat is an imprinted
gene, and its expression in IMR32 neuroblastoma cell line was
up-regulated by treatment with a demethylating agent. High
expressions of Nnat isoforms induced in an IMR32 neuroblas-
toma cell line changed the cell morphology to the extension of
the neural processes, which thus indicated the occurrence of cell
differentiation. In conclusion, the high expressions of Nnat were
found to be associated with good prognoses in neuroblastoma,
which might indicate tumor differentiation, and its suppressions
in unfavorable tumors are considered to be under epigenetic
control.

Key Words: neuroblastoma, neuronatin, differentiation

(J Pediatr Hematol Oncol 2007;29:551-556)

N euroblastoma is the most frequent extracranial solid
tumor of children, mostly found in cases below 5
years of age. It occurs either in an adrenal grand or in a
sympathetic ganglia, originates from embryonal sym-
pathoadrenal linage, which derives from the neural crest.

Neuroblastoma can show widely varying courses, such as -

Received for publication September 17, 2006; accepted May 21, 2007.

From the Departments of *Pediatric Surgery; and +Surgery and Science,
Graduate School of Medical Sciences, Kyushu University, Fukuoka,
Japan.

Reprints: Dr Mayumi Higashi, MD, Department of Pediatric Surgery,
Graduate School of Medical Sciences, Kyushu University, 3-1-1
Maidashi, Higashi-ku, Fukuoka 812-8582, Japan (e-mail: hgsh@
pedsurg.med.kyushu-u.ac.jp).

Copyright © 2007 by Lippincott Williams & Wilkins

| Pediatr Hematol Oncol » Volume 29, Number 8, August 2007

a spontaneous regression of the tumor or differentiation
into either ganglioneuroma or neuroma, or an aggressive
progression and widespread metastases. Clinically, infant
patients tend to show a favorable prognosis, siow tumor
growth or a spontaneous regression, or a high respon-
sibility to chemotherapies, whereas older patients
often show rapid tumor growth, metastasis, and poor
outcomes despite the administration of multidisciplinary
therapies.!=

These varied malignant potentials are concerned
with several factors, and a number of biologic factors
have been found to be important prognostic factors of
neuroblastoma, such as either MYCN amplification or
chromosome 1p deletion as unfavorable prognostic
factors, and a high expression of trk4 as a favorable
prognostic factor, and other aberrations of chromosomes
or DNA ploidy.'-3 Although these prognostic factors
clinically contribute to the classification of the patient’s
prognostic risk and also help in selecting optimal
therapies, not all the functions of those prognostic factors
in the tumor cells are clear. More analyses are necessary
to reveal the mechanisms of tumorigenesis and the widely
different malignant potentials in each neuroblastoma.

In this study, we first attempted to compare the gene
expressions between tumors with favorable and unfavor-
able properties, regarding the analysis of the genes
concerned with the malignant potentials of neuroblasto-
ma. Among the genes which show a higher expression in
favorable tumors, we focused on.1 gene, neuronatin
(Nnat), as a gene which is related to the development of
nervous systems. Our analysis revealed the pattern of
Nnat expression in clinical neuroblastoma tumors with
either favorable or unfavorable prognostic factors. We
herein show the changes in the Nnat expressions in a
neuroblastoma cell line after treatment with demethylat-
ing drugs, while also demonstrating the morphologic
changes of neuroblastoma cells after Nnat gene induction.
On the basis of these results, we analyzed the function of
Nrat in neuroblastoma.

MATERIALS AND METHODS

Clinical Neuroblastoma Samples

Tumor samples were preserved in — 80°C either at
the primary operation or at the pretreatment biopsy. The
consent from the parents of patients was obtained before
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surgery for tumor preservation and the biologic analysis.
We analyzed M YCN amplification by Southern blotting
and DNA ploidy by flow cytometry in these samples on
the basis of the methodologies described in previous
studies.*>

RNA Extraction and cDNA Synthesis
for Polymerase Chain Reaction

Total RNA was extracted from tumors by using
Isogen (Nippon Gene, Osaka, Japan) and reverse
transcription was performed with a First-strand cDNA
synthesis kit (Amersham Pharmacia, Uppsala, Sweden)
using random hexanucleotide primers.

cDNA Microarray Analysis

Six neuroblastoma tumors were grouped into 2
types as follows; one is a favorable group composed of 3
samples with favorable prognostic factors (under 1y of
age, MYCN single copy, aneuploid, and a Shimada
favorable histology), whereas the other is an unfavorable
group composed of 3 samples with unfavorable prog-
nostic factors (over 1y of age, M YCN amplified, diploid,
and a Shimada unfavorable histology) (Table 1). Seven
micrograms of RNA extracted from each of 3 tumors
were obtained for a total of 21 pg in each group. RNA
was synthesized to cDNA and labeled with either
Cyanine-3 or Cyanine-5 fluorescent dye, and then they
were competitively hybridized to the microarray probes
(Human 1, 12,814 genes, Agilent Technologies, Inc, Palo
Alto, CA). After hybridization, the microarray plate was
washed and scanned by a scanner using the Gsi Lumonics
Scan Array 4000 (Ontario, Canada). Genes with a
significantly high expression in each group were selected
by a cut-off threshold when the expression was higher
than twice of that of the other group.

Semiquantitative Reverse-transcription
Polymerase Chain Reaction

The Nnat primers for the both Nnat « and Nnat §
were as follows: forward primer: 5'-cgg gat ccc gga tct cgg
"caa acc ctc tt-3'; reverse primer: 5'-ggc gcg gec gea ctg gec
cct cac tga cct tg-3'; and the primers for B-actin as a
control were as follows: forward primer: 5-acg agg ccc
aga gca aga gag-3'; reverse primer: 5'-ctc ctt aat gtc acg
cac gat-3’. Polymerase chain reaction (PCR) were
denaturing at 94°C for 5 minutes, 35 cycles of 94°C for

30 seconds, 60°C for 30 seconds, and 72°C for 30 seconds,
and thereafter, extension at 72°C for 7 minutes.

Quantitative Reverse-transcription PCR

The Nnat expressions in 63 neuroblastoma tumors
were analyzed by quantitative real-time reverse-transcrip-
tion (RT)-PCR. The sequences of primers and probes for
both Nnat isoforms were determined as follows: Nnat o
forward primer: 5-agg gac aca gecc cat tge-3'; reverse
primer: 5'-aca ccg tgt atg cca get tct-3'; and TagMan
probe, 5-aga agt gag gtg ttc agg tac tcc ctg-3'; Nnat f
forward primer: 5'-tcg gct gaa ctg ctc atc atc-3'; reverse
primer: 5-ttc tgc agg gag tac ctg aac a-3’; and TagMan
probe, 5'-aca tct tcc geg tge tge tge ag-3'. TagMan probes
were labeled by FAM at 5’ site and by TAMRA at 3’ site.
The 18s rRNA primer/probe (Applied Biosystems, Foster
City, CA) was used as an internal control. PCR reactions
by ABI PRISM 7000 (Applied Biosystems) were started
at 50°C for 2 minutes and denatured at 95°C for 10
minutes, and then were subjected to 40 cycles of 2-step
PCR reaction at 95°C for 15 seconds and 60°C for 1
minutes. The expressions of Nnat isoforms were quanti-
fied as a relative value to the internal control.

Statistical Analysis

The correlations between Nnat expressions and
clinical or biologic factors (patient’s age, clinical stage,
DNA ploidy, Shimada classification, M YCN amplifica-
tion, or outcome) were examined using the Mann-
Whitney U test, as this method can evaluate groups of
unequal numbers.

Cell Culture and Treatment With
Demethylating Agent

The IMR32 neuroblastoma cell line was cultured in
RPMI1640 growth medium (SIGMA, St Louis, MO)
supplemented with 10% FBS (Gibco BRL, Rockville,
MD) and 1XPSG (SIGMA), and incubated in 37°C with
5% CO,. Next, the cells were incubated in the presence of
2uM of 5-aza-2'-deoxycytidine (SIGMA) for 72 and 96
hours. After incubation, the cells were collected and the
total RNA was extracted, and thereafter it was synthe-
sized to cDNA.

Transfection of Nnat ¢cDNA Into IMR32
The IMR32 neuroblastoma cell line was cultured in
a growth medium of RPMI1640 (SIGMA) supplemented

TABLE 1. Neuroblastoma Tumors Used for Microarray Analysis

Sample No. Age (mo) INSS Ploidy Shimada Classification MYCN Copy Outcome Group

1 23 4 Diploid Unfavorable histology 48 Dead Unfavorable
2 43 4 Diploid Unfavorable histology 32 Dead

3 24 4 Diploid Unfavorable histology 19 Dead

4 8 1 Aneuploid Favorable histology 1 Alive Favorable

5 10 1 Aneuploid Favorable histology 1 Alive

6 8 1 Aneuploid Favorable histology 1 Alive

INSS indicates International Neuroblastoma Staging System.
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with 10% FBS (Gibco BRL) and 1XPSG (SIGMA), and
incubated in 37°C with 5% CO,.

Each Nnat o or Nnat § cDNA was inserted into the
plasmid vector pcDNA3.0 (Invitrogen, Carlsbad, CA) by
BamHI1-Notl fragment. The pcDNA3.0-Nnat a or
pcDNA3.0-Nnat B, or pcDNA3.0 as a control, were
transfected to IMR32 cells using Lipofectamine plus
(Invitrogen). The medium was replaced 24 hours after
transfection, and then 500 pg/mL of G418 (SIGMA) was
added to the medium, and thereafter the cells were
cultured continuously in 37°C with 5% CO.,.

RESULTS

Either favorable or unfavorable group dominant
genes were detected by a microarray, and then their Nnat
expressions were determined. As a result of the microarray
which compared the gene expressions between favorable
and unfavorable neuroblastomas, 40 genes were found to
show a favorable group dominant expression, whereas 400
demonstrated an unfavorable group dominant expression.
Tables 2 and 3 show some of these genes, which are known
to be involved in neurogenesis, cell cycle, or other tumor
activities. The most significant difference was found in the
MYCN expression, which was 18-fold higher in the
unfavorable group than in the favorable group. The Nnat
gene expression was 3-fold higher in the favorable group
than in the unfavorable group. This microarray method
detected the Nnat expressions as a sum of 3 samples in each
group, and then we detected the Nnar expressions of each
sample by semiquantitative RT-PCR. As a result, 2 of 3
samples in the favorable group showed a remarkably high
expression of Nnat § in comparison with other samples.
However, 1 of 3 samples in the favorable group showed
low expressions of both Nnat a and Nnat B. In these
samples, no apparent differences were found in the Nnat «
expression between the favorable and unfavorable group

(Fig. 1).

TABLE 2. Unfavorable Group Dominant Genes Detected by a
Microarray Analysis

Unfavorable/
Gene Favorable
Homo sapiens N-myc 18.43
Lactate dehydrogenase 7.34
RAN, member RAS oncogene family 6.60
Calcyclin binding protein 6.36
Centrin, EF-hand protein, 2 6.35
Serine/threonine protein 1 phosphatase catalytic 5.10
“subunit
RAN binding protein 3 4.82
Insulinlike growth factor 2 (somatomedin A) 4.73
Activator of S phase kinase 4.11
CDC?28 protein kinase 2 4.11
Cyclin-dependent kinase inhibitor 1C 3.99
ATP synthase, H+ transporting 3.36
VGF 3.15
NADH dehydrogenase 3.13

Ribosomal protein —
Heat shock protein 70, 40, 60, and 90 kd —

VGF indicates nerve growth factor inducible.

© 2007 Lippincott Williams & Wilkins

TABLE 3. Favorable Group Dominant Genes Detected
by a Microarray Analysis

Gene Favorable/Unfavorable
Ral guanine nucleotide dissociation stimulator 3.75
Nnat 297
ATPase, H+ transporting, lysosomal 2.85
Cyclin D! 2.61
Tubulin, «, brain-specific 237
Transcription factor AP-2-8 2.37
Secretary granule, neuroendocrine protein 1 2.35
Growth-associated protein 43 234
Neural cell adhesion molecule 1 2.05

Nnat Isoforms, Nnat « and Nnat p Expressions
in 63 Neuroblastoma Samples

On the basis of the detection of the Nnat expressions
in 63 neuroblastoma tumors by quantitative RT-PCR, the
correlations between the Nnat gene expressions and the
prognostic factors or outcomes were statistically ana-
lyzed. All samples were grouped according to their
respective prognostic factors (favorable or unfavorable):
age (<1 or > 1y), International Neuroblastoma Staging
System stage (1, 2, 4S, or 3,4), DNA ploidy (aneuploid or
diploid), Shimada pathologic classification (favorable or
unfavorable), MYCN amplification (present or absent),
and outcomes (alive or dead).

All groups of favorable prognostic factors or a good
outcome showed statistically higher expressions in both of
the Nnat isoforms, namely Nnat o and Nnat §, than in
either those with unfavorable prognostic factors or the
tumors of dead patients (Table 4). Although the
distributions of the Nnat expressions actually varied
greatly, a large part of the favorable tumors showed high
expressions, while almost all unfavorable tumors showed
low expressions. As a result, a remarkable pattern was
observed for the Nnat f expression and the difference was
statistically significant. The Nnat o expression showed
significant difference without taking International Neuro-
blastoma Staging System classification and DNA ploidy

Unfavorable group Favorable group

«—Nnat &
N —Nnat f

B actin

Sample No. 1 2 3 4 5 6

FIGURE 1. Semiquantitative PCR analysis for Nnat mRNA
expression in neuroblastoma tumors used for the microarray
analysis. No. 4 and 5 (favorable group) showed a high
expression of Nnat f in comparison with other samples.
However, No. 6 in the favorable group showed low expres-
sions of both Nnat « and Nnat , aithough B-actin also showed
a weak band. No significant differences were found in the
Nnat « expression between the favorable and unfavorable

group.

553

—381—



Higashi et al

| Pediatr Hematol Oncol » Volume 29, Number 8, August 2007

TABLE 4. Quantitative Analysis for Nnat « and Nnat B Expressions in Neuroblastoma Tumors

Nnat o Nnat
Nnat o/18s rRNA Mann-Whitney U test Nnat $/18s rRNA Mann-Whitney U test
n %TILE 50% P %TILE 50% P
Age
<ly 35 <0.01 1.72 < 0.01
>1ly 28 0.36
INSS
1, 2,48 36 . 0.07 1.35 < 0.0l
3,4 27 0.14 0.37
DNA ploidy
Aneuploid 28 0.22 0.19 0.96 < 0.05
Diploid 18 0.14 0.33
Shimada classification
Favorable 38 0.20 <0.05 1.79 <0.01
Unfavorable 19 0.14 0.29
M YCN amplification
(-) 48 0.20 <0.01 1.01 < 0.0l
(+) 14 0.11 0.1
Qutcome
Alive i 44 0.20 <0.01 .11 <0.01
Dead 19 0.10 0.36

INSS indicates International Neuroblastoma Staging System.

into consideration. We also performed a statistical
analysis using an age cutoff of 18 months because some
studies have shown an 18-month cutoff to be a more
appropriate risk classification than 12 months. These
results were also similar to those obtained for a 12-month
cutoff, even though the imbalance in the number between
the groups was more remarkable than the 12-month
cutoff (data not shown). No statistical relationship.
between either the Nnat a or Nnat B expression and the
trk A expression was found (data not shown). Our clinical
samples contained many infant patients because Japan
conducts mass screening at 6 months of age, and most

A B

10 10
P < 0.01

P<0.01
1

L

1- . + .

§ .

- . 0.1 . .
. H 2

0.1 4 . ‘!‘
. . 0.01 1 .
[ ]
0.01 0.001
MYCN (- (+) MYCN (=) (+)
amplification amplification

FIGURE 2. Quantitative RT-PCR results of Nnat expressions in
clinical samples after excluding 33 patients detected by mass
screening. MYCN were not amplified in 17 tumors and were
amplified in 13 tumors. The mRNA expressions were higher in
samples without MYCN amplification than in those with
amplification. A, Nnat « mRNA expressions (B), Nnat § mRNA
expressions. Statistical analyses were performed using Mann-
Whitney U test.
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of favorable tumors were found by mass screening.
However, the statistical results, such as comparing the
findings on the basis of the presence or absence of MYCN
amplification, were similar even when such mass screen-
ing patients were excluded (Fig. 2).

Up-regulation of the Nnat Expressions
in IMR32 Cell After the Administration
of a Demethylating Agent

Before treatment, no expression of Nnat « or Nnat f
was found in IMR32 celis by RT-PCR. However, Nrat
expressions were up-regulated after the 72 and 96-hour
treatment by 5-aza-2'-deoxycytidine, whereas control cells
showed no change (Fig. 3).

Morphologic Change in IMR32 Cells
by Nnat Transfection

After Nnat transfections and selection by G418, the
stable expression of Nnat o and Nnar f was achieved in

T2hr 96hr

4 Nnat a
4 Nnat B

= m B actin

N C 5-aza C S-aza

FIGURE 3. A semiquantitative RT-PCR analysis of Nnat
expressions in IMR32 cell after treatment by the demethylat-
ing drug. C indicates control, cultured with solvent; N, no
treatment, 5-aza, cultured with 5-aza-2’-deoxycytidine. The
Nnat expressions were up-regulated during 96 hours of
treatment by 5-aza-2'-deoxycytidine, whereas the control
cells showed no change.
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FIGURE 4. IMR32 cells with neutonatin
overexpressions. A, Control, pcDNA3.0
plasmid vectors were transfected. B,
Nnat « were overexpressed. C, Nnat
were overexpressed. The expressions of
Nnat « and Nnat B mRNAs were
confirmed by RT-PCR. Extensions of the
neural processes were found in the cells
with Nnat « or Nnat f expressions.

selected cells in which the mRNA expressions were
confirmed by semiquantitative RT-PCR. Morphologic
changes of cells were found at 2 weeks after transfection,
as the extensions of the neural processes were found in the
cells with either Nnat a or Nnat f expressions (Fig. 4).

v DISCUSSION _
Nnat was first cloned in 1994 from a neonatal
mammalian brain.® It is highly conserved in mammalian
species, and is found in the developing mammalian

nervous system. In a study of mice, the expression of .

Nnat first appeared in the hindbrain at the 8.5th fetal day,
and then spread to the central and peripheral nervous
systems, and gradually disappeared after birth. The
expression was also found in the sympathetic neurons
and adrenal grand on the 15th fetal day of the mouse.”
This gene is located at 20q11.2-q12, and is 3973-bp long.
It contains 3 exons and 2 introns and has 2 expression
forms as a splicing variant, Nnat a and Nnat f. The o
form has all 3 exons, whereas the B form has 2 exons
without the middle one of the a form.3° The function of
Nnat in the developing nervous system is not clear.
However, the structure of Nnat was revealed to be a
proteolipid, and it also has a homology to 2 other
proteolipids, PMP1 and phospholamban, which are
transmembrane protein and they function as regulators
of ion channels.!® Therefore, the function of Nnat is
considered to be a regulator of the ion channel.

In this study, we found, for the first time, a high
expression of Nnat in favorable neuroblastomas with
good prognostic factors based on a preliminary micro-
array analysis. From the microarray result, we selected
Nnat among the dozens of candidate genes because it was
expected that some genes which contribute to fetal

© 2007 Lippincott Williams & Wilkins

development may also play some roles in such tumor
development, especially in embryogenic tumors like
neuroblastoma, which originally derives from neural
precursor cells. In recent studies, many genes which
function in the embryonic development of normal tissues

~ for cell proliferation or differentiation were also found to

play important roles in tumor progression. Regarding
neuroblastoma, some prognostic factors, such as MYCN
or trkA, were also found to play an important role in
neural development. The high Nnat expression in favor-
able neuroblastoma may thus play a role in differentiation
or apoptosis.

A further analysis by quantitative RT-PCR with a
large number of samples showed statistically higher
expressions of both of Nrat isoforms, Nnat « and Nnat
B, in the group with favorable prognostic factors and a
good outcome than in those with unfavorable prognostic
factors and a poor outcome. In fact, not all Nnat
expressions were high in the favorable neuroblastomas,
however, almost all the unfavorable neuroblastoma
tumors showed a low Nnat expression, and the difference
was statistically significant. Especially, the Nnat B
expressions were remarkably high in the favorable
groups. The differences in the functions between these 2
isoforms have not yet been clarified, only the Nnat f
expression has been reported to appear in the later phase
of embryos than Nnat «.” No statistical relationship
between either the Nnat o or Nnat  expression and the
trkA expression was found in our analysis. We speculate
that Nnar therefore correlates with the neural develop-
ment in a different way from the trkA. trkA is a receptor
of nerve growth factor, and we suppose that Nnat
correlates with the other signal pathway in neural
differentiation, like Wnt signaling, as described later. In
addition, we also tried to perform a multiple logistic
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regression analysis if the Nnat expressions indicate a risk
of disease beyond MYCN, age, or stage. However, this
analysis was difficult because the parameters were so
different for each factor that we could not perform it in an
appropriate manner.

It is also considered important to mention that Nnat
is a paternal imprinted gene.!! Genomic imprinting
means that one of the alleles inherited either paternally
or maternally is controlled by a different pattern
of methylation. The aberrant epigenetic suppressions of
imprinted genes by methylation are sometimes related
with cell immaturity or tumorigenesis. One well-known
example is a biallelic suppression of H19 gene by CpG
island methylation, and the following biallelic expression
of IGF2 gene in Wilms tumor.!? Regarding Nnat,
Kuerbitz et al'® elucidated the Nnat expression in
hematopoietic progenitor cells, and it was suppressed by
hypermethylation in acute leukemia cells. It is supposed
that the Nnat expression was also regulated by the
methylation of genome DNA in neuroblastoma. IMR32
is a cell line of aggressive neuroblastoma with MYCN
amplification, which thus shows almost no Nnat expres-
sion. In our analysis, the Nnat expressions were up-
regulated in IMR32 cells treated by a demethylating
agent. Although no methylation analyses of either clinical
samples or cell lines were not performed in this study, the
suppression of the Nnar expression in aggressive neuro-
blastoma was suggested to be caused by DNA methyla-
tion. This result suggested the therapeutic effect of
demethylating agent for neuroblastoma differentiation.

In adults, Nnat protein was found in adipose tissue
from the pancreas and pituitary grand. In a study of
adipocytes, Nnat was found to be located on the
endoplasmic reticulum and regulating intracellular cal-
cium ion, while it is also associated with adipogenesis.'4
In the course of embryogenesis, the intracellular calcium
concentration can play a role of the signaling cascade.
For example, an Inositol 1,4,5-trisphosphate (IP3) up-
regulate intracellular calcium concentration through the
receptor on the endoplasmic reticulum, and thereafter the
protein kinase C is activated, such as one of the Wnt
signaling cascades: namely, Wnt5a and the downstream
pathway Nnat may be a factor concerning such cascades
and, as a result, it may thus regulate neurogenesis. In this
study, Nnat transfected cells showed an extension of the
neural processes; however, no further notable changes in
differentiation were found. There is a paradoxical report
about Nnat and neural cell differentiation, which reported
the Nnat o expression to be down-regulated in PC12 cells
treated by nerve growth factor.!> One more thing puzzled
us was that we detected the Nnar mRNA expressions in
some ganglioneuromas or neuromas: the differentiated
neuroblastoma lineage, and which thus showed either
moderate or relatively low expressions in comparison
with other favorable neuroblastoma samples (data not
shown). Therefore, Nnat is supposed to play a role in
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nervous differentiation, thereby regulating the intracellu-
lar calcium concentration, and some more factors are thus
needed for complete differentiation. However, a high
Nnat expression in neuroblastoma cells may tend to
indicate differentiation.

In conclusion, we found high expressions of Nnat in
favorable neuroblastomas after comparing the gene
expressions between favorable and unfavorable neuro-
blastomas. Both Nnat isoforms showed higher expres-
sions in the favorable neuroblastoma group than in the
unfavorable group, and the difference was remarkable in
Nnat B expressions. Although no detailed analysis was
performed in this study, the expressions of Nnat were
suggested to be regulated by DNA methylation, and thus
were considered to be related to the differentiation of
neuroblastoma. Further analyses of other development-
related genes, similar to Nnat in tumors is thus expected
to help elucidate the mechanism of both tumorigenesis
and embryogenesis.
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CR, VGPR, PR, MR, NRICDWTREFRICENSWEATNTORBGEF L TWBILHPVLETH B,
PDICBL TRERIGEARNS W VWThIDBEEH L LAREBTH B,

IhFEFCRBOBRAKXNARESE
% B % % B, Evans sysytem, St. Jude Children’s
Research Hospital and POG classification 75 £ 23 &
NT &7, B EFMaEEERYSE (Intema-
tional Neuroblastoma Staging Systerm/INSS) (& 1) 25
Axhs, RPZBEICIOZR CORRBEEOILID,

INEAFE vol.

(Brodeur GM, et al: J Clin Oncol 11 (8): 1466-1477, 1993)

Y @R, g, 23 VIIARFEOFREPN T
H B RREMBEDOBEEE IR - BN DEBS OB BN E
THY, THICRRELFD XHE CT MRI ETH 3,
EHIEBIUBHESODRENHAT, I metaiodo-
benzylguanidine (MIBG) ¥ > F 7 5 7 4 8L UL ®*TcF
YUFTI7 4 BRETHSE, BHEBOREICIE, B

38 1&TIS 2006
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570 X\v. Sy (EHES)

BEHR OB E L L T International Neuroblastoma
Response Criteria (INRC) (k 2) AV 35 &ICIXE
20O ETCOBREFARSIRE LERA 2 ADE
BRSO ELIN TS,

DL P s aes, B, RE2NNEL,
DFEVENFR L EICE D E L FERBELS, 20
T-OBRBEEIROHENE L L ¢, REIBHILI SItWL 20
DFHETFEHASHEY A7 FEOLBEEHRI X
nTnw3, VA7 FREDBEEICL HEY XV, ¢
MIUVRAZB &V RAIBCAET I 8B TH S,
HNEFTIRAMRKCHEDY R 7HEBREINTE,
s, RIEEBEN2H-oBoBRs Sl I NEHEI n
Tw3, REMLEY RI73ETHS COG DY RITH
T, FEREL INSS RS 8, INPC 08, MYCN 3¢
BOHEES X U DNAindex KX WRIDEIHIITHBEL
Tw3,

T V5, Ewing WE7 7 3 ) — &
B, BRUHPIRE & MRS, HE R X 3 EEHIE
TRENIREELIGELH D, NS DEREBEZEIFL T
NI ATV B, ThS OEFNCIIERD
ZuidEHESEZHIAL CRIELECE FHERERE D
20T TFEVEIBREL BT T o0E8H S, /-,
WHhwLEREe—-A—Lt LTOMEATFa LTIV
° VMA, HVA 2 E 2 HERR 9 2 2 E0H%TH 5, NSE 14
MNIHBEE CROITNOBEETL RT3 E085H
%5, $-FERBUISBEENSEAICIIEFEL EOBE
REZEOENOULETHS,
FREHET LR OEELEFIIBY) LR
LORFETH D, Zo-ORETCRERDLHIIZY RS
SHICE BIBEEEDOBIRICO W THEMICHEZI N T Y
5, VAITHIRROEEERBOEZLTRS 20, SHBE
FEREDERICIIBEL T bDLEZONS, —
B, 1M EDBERTFEABEEZ STV 3,
¥ 7= stage4 & B\ 1k MYCN H3688 L T 2T MRS
BoFkix, BHBEENKELIRELToTH 3FEH
WELFRIZ 20~40%BICTE R, ERERERZE
HVIIBHMEETHE, BEZA) AT COGDY
AV EIELEFEREY A7 BT 0%,
TRV R 7BET 70~90%, i) X 7 BT 30%48 & #HER L
T3, HELEkE LTOBEREIRBAS TRk,
EL 0P MRFEBRBILEIL DY R 7 IcED
T IBREBEITOh TE -, BED COG DREHEHIZ
Y 27 BTIIARYIREEBERE, Y X 78Tl
SRR LBE OLEEER, &Y A7 B TIIEENIEE
DBHEE LY, AR Iz BEEE bk L KB
Lk + BaaMdRBSEs L TBERERETH 5,
AXCBOTHHUET X Y IFIZREOBEFHBEFEONT
V3,
SEFTRICE

ERop=l-ophi® REHXRTITbOTYL

&3 COGYRIAE

AV &/
1. BEOFEHERDTINSS 1 4
2. 1EEXEHDINSS2A AL Ur 2B #
3. 1/LLET, FHGOINSS2A i &1 2B HB
4. 1RELULET, N-MYCHEL LD INSS2A B LT
2B i
5. 1EEKEBT, N-MYCIERLE L, »DFHG, D8
f&4k DNA T& 3 INSS 4S #A
fEY Xy
1. 18XEB T, N-MYCHEEL LD INSS3
2. 1ELUULET N-MYCIIEL L, »D FHG O INSS3 ]
3. 1EKHET, N-MYCHEEL LD INSS 4 1
4. 1EEKHET, N-MYCHEL L, »DOFHICHEN
DNA 0 INSS 4S #A
5. 1EFXMT, N-MYCHEIEL L, H D UFHG @ INSS
4S #
SYX7
1. 1RELET, N-MYCHEEH 4, » D UFHG @ INSS
AL U 2B H#A
. BEOEREMDOT, N-MYCHIESH V) D INSS3H)
. 1B LET, UFHG O INSS 3 #
. 1EERAT, N-MYCH8EH V) D INSS 4 1B
. 1L ED INSS 41
6. 1EKRET, N-MYCIHEES v) D INSS 4S #f

n b 0N

FHG: INPC T favorable histology group, UFHG: INPC T

unfavorable histology group
REOLEWEBRARITH S,
(Castleberry RP: Eur J Cancer 33: 1430-1437, 1997)

A5 A7 HOBEEKIL, ZHIRICIIERESLEE
TEBRFAMBIIEAERVIE, BLXUE, BHEBEH
BE L EP L 2R EOBBSLETHE I D
5, VEFHRIZHBNOERICE DS, BREA
B L TOERE R R a—- X To 78, Bk
L TR L ORISR 2 A& Y
BTETV, Z20%RLL (LB ED 5 »Iid BREEN
KELEEEIC L 2MEOBEEETI) bOTH 5, ER
BASEEELTE, SATI9FY, PRAVAS—EI

THEH, PUFSHL Y URER, Y xFy,

Y70k R77IFDILH5 3~5 BROEHZHHA
EbE - SHAEES—BNICTbH T3, 1BERE
BB ABFRCBRAEREBELRUE T 5~7TRRE
TN 5HE»SS », SARHEEO TR & BE DOV
E&IZOLTRERVBOINTE D, ERBTT0EAEY,
EFE IV RBEEHARRETH H, SRIZEBMHS
N ATH RN L MR R R RICRE W IER D fTTh T
ZIENEFLWVEEZI OGNS,

INRRE Vol. 38 RIS 2006
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WRYABROBRIADES

& 3 I
| —HRRSEEAO T —

BE W tHF Bz #kn BH-

(Jpn J Cancer Chemother 34(2):167-174, February, 2007)

Neuroblastoma Trial to Overcome a Rare Malignant Disease: Takashi Fukushima*!, Hiroyuki Shichino*? and Masaaki
Kumagai*® (*'Dept. of Pediatrics, Graduate School for Comprehensive Human Sciences, University of Tsukuba,
*?Dept. of Pediatrics, Nihon University School of Medicine, **Division of Hematology, National Center for Child
Health and Development) :
Summary

Neuroblastoma is one of the main causes of children’s deaths in Japan and many developed countries, although
it is a rather rare pediatric cancer. Many clinical studies have been carried out and reported. The clinical study
system of Japan is much different from the systems of the other countries. In Japan, the main hospitals, where
clinical study including clinical trials have been conducted, are not only national centers but also many regional
or prefectural centers. Progression-free survival has been achieved in over 80% of fow-risk patients, and in about
40% of high-risk patients. These are the same as the outcomes of neuroblastoma patients in European countries
and North America. Further clinical studies and translational research should be planned especially regarding
high-risk neuroblastomas. Key words: Neuroblastoma, Risk factors, Dose density, Supportive care, Corresponding
author: Takashi Fukushima, Department of Pediatrics, Graduate School for Comprehensive Human Sciences,
University of Tsukuba, 1-1-1 Tennodai, Tsukuba-~shi 305-8575, Japan

B2Y NEEEEREOREZTHI2MEFEL FIKBTLHI, MNABKBERBOHECETE, EATHAEEDH
BTLEEULOZHEPRETEZ IS C LI RFERPRILMNOFREEX*»ERTCELAXOEE Y, DEBRTEYL
LIBCKTOFERETE, HEVCHLEENED, LHLALIERERE IS, BEVWORERIRELS > HEE,
BETHRKTHEY A7 FE 80%ALE, BY X 783 0%RIBOEEELERNER SN, SBEOERRERIE VA
BOWBEBRERALTH S, EFMRROBLLIEAOER BRI —RERT 2 RELARICER T, 20T
KBBRENTVB,

i C &I

INRDBAFZEDRBETH > TIRVEBTH 388, /I
RFBCES+HBEL B o7 BEB X UBCKEEDIZ &
AERCBVT, MNEROFETERE U TTEOERIZ XS
B &5 2, NEEBEEOZ» T, HEFEIZKE
BRRSHEETDH S, ZOMEFEERIRT 37201251
BN TELTREZORE, SBROBE IOV TR
~3, .

EKTIE 7,000 HE KL 1 ADEIE, $2bb 10.4
A/100 FAN/EOFEE SN 3, ZOEE*BAICY

TR®ZE, TRARIY —= T E2HITL RWIBEOH
BEEOFEEBUIER 180~200 ABRE LIRS h 3,5
TR, W, RAESLL REARFORR SFER
B Lic X o TRBIHLE N 2 OB Y A 7 B,
TCREFELESOBULEZR L T3, —HT, &Y R
2R, bR - BERUENAE LS QRS
BEEE (BB BEB I USREOES B L U4
FRAESHSHEREE 1 L ORFTEEO IR IC L D BER
BOUEBAOND LIRS 0D, IEMBELE
FHEIR 20~40% B E ¥R, BEILIGE A EOBR
¥ &L CHBIREEITPITHS Y,

* BERFEFER - MNRH
* ENBREERY s — - mEE

EERSE: T 305-8575 DK WHRES 1-1-1  * HWEKFRERAMGERIEHZER - NERYE

BB %=

0385-0684/07/ ¥ 500/3@>2/JCLS
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= 1 HESFEMEEERASE (International Neuroblastoma Staging System/INSS)

A

EE

1

2A

2B

4S5

REtEE T, ARORSESYTR., 8202 EERTFETE, B0 Y o ficd
BFEUREBRYEDRV, (FREZCEL, —BoRahi ) "HEBEH-T
b W)

REMEE T, ARMKTFESUR, EREECEL ZVEEY 8 BsEa
EBEREDITV,

FEREEE T, HBNICSES R ITESYIR, EREECELZWERY >/ EHic
HEFNCEBR 2D 5, WHIO Y »ENCEREFEDH R,

VIR EED FrEMEEE T, ERE CHE#GER) 282 (RE. REORRY >/
DEBRTH, /o), FEREORBEEE Tl S HERERD 5. £21,
FEhFEEOEECHEGEEZ -mERE CIBRTEE) », WY A HERERD
%,
WHhRBZEREETHIMICEDbS Y, ERY Vo8 RO/, B OBE O
KR, oS EL Twb, (S IiEkkR<)

FREHEE GGH1, 2A, 2B) ¢, BERLE kU/37:1, B BfEcE>Hh3
QABERBOBEDS), BHDPOEEERIEFHO 10%KHT, ThllLizEl

BtBHE

4TH3, MIBG ¥ > F2fTbh 3 % o i XFH~OER BT,

1. FHEFRENRS

FEIPAIPIRP A 72 7 3 HREE O, [17F NSE
BEREH»S, BRZHIZEETIIZ W I L0505
RAERF OREMBEZHIINEATH 5, HERETuY Y
M B IR DAL ER S N 5B I HER
BETH 30, TSN OBECIBERIGES 70—
YA PA M) ik BHURRH, R RBEOEEICE
EHoFwF A 7 BEFOERBAREFENRELE
DNA/RNA Z#¥ % F\» ¢ small round cell cancer O
W BHERE R 2BEDDH DY,

. BHSEE, BLUtnfn) RI/EF

1990 SERLARE, [EEEROLEY L SRS E, W
EAEICBEL T# ¥ International Neuroblastoma
Staging System(INSS, 1987, 1991 OEELE THE,
# 1)*9, International Neuroblastoma Pathology Clas-
sification (INPC)* D EBRMEEMSRIL 120 BHEZ
T, BRERWINICBWTH INSS HEHB & INPC i@
EO BT R oM, REFH, MYCN BEOHE,
DNA index ZZ ¥W{ DOLORFEEIIC ) X 7 5EPBR
ENTE, BEOEBEE TR, FFEFERRZX
BICID AN, REABZK OB LENNCE L 27
MCHFLZY A7 EOBFBRENLTVLE LW,

. &ROBHHE

BHEDOVRAZAFICL->THEAL 2T, MYCN iR
DRWI ERY, OOV R 7EFBEVLHEEIZIXE
D2 7B HEINS, T TR ZOEOEFESEIT 80%LL
FIZEL T3, 1960 ERLIBERA S N T3 James

913 vincristine & cyclophosphamide & O #fFE#E &%
THD, BETHEY R 7 WESFECT 2 FEWFED
HRBIRTH Bo |

— BRI EERNRET HZPEY A 7EHIIZ, E
A 7ENRBEREYLOEME, BY A7HNRERY
LOEMEMBBELTEEN, FRIEVRI7HLET
BEVRAIELOEL OLIEHEIRLEIDEED T
B ETH 5,

ARMOKRH 4s 2B ZRERH, XU MYCN
D10fE (X7 465 ULEEEHFSIRNS RA2 %
TEHBLEVIBRDHZ) OflR, BYAZHCIE
Ahd, ZOBCNL TR, SRAALERES IUE
sEmespMiasEEE: (BaEmBMaRERE) £X
LT, SERGE, BEREEZ AL IZEEN
BESTbN S, ZOBKE, oMy eXFFEEND
BAThHb, BLAFNLTHELEV->THBRFT TRV,
BEORBE TR 7—X 2k, $RBERCIDE
RAMI LTV ACE TS HHEPTRIN TV S, H
SHFHEKAROES 2 S0, HERINIZZFRFREDON
A RIAVHBTRICEEZIDLEND S,

IV. &Y R OBREFRICNT /a5

SEMRTAAZY —Z v SEERIEOR, FUET
oS FEEN, BVA/EBOBEIROEER
F-2Thb, SEREOBRRITEOLBITH S, K
3, 4 DEFTIYVIEOFHTORER L IEETDH
D, LB ZFNICX 2BERIBOREBEREIIC L > TN
BrbRoT %L, BHENOERICEED SR
%5, ZOB, FERENTOLHEBOEBREBRGEL T 5
RIEEHEL DD, ZO—HPUHPEWMTE RV E V) YEEL
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K2 BEEEAVI AV EEREAR
. , A
MReR  FAME o BRMASEL VA RSN sm
ZE (%)
POG-8104-A 1981~1984 70 day 1~7 CPA 150 mg/m?/day (po) 21HZ & X5 59 35)
day 8 DXR 35 mg/m?
POG-8104-B  1981~1984 64 day 1 CDDP 90 mg/m? 2082 & X5 64 35)
day 3 teniposide 100 mg/m?
CCG321P2 1985~1989 207 day 1 CDDP 60 mg/m? 8HIZ &X5~7[= 76 33)
day 3 DXR 30 mg/m?
day 3, 6 VP-16 100 mg/m?
day 4, 5 CPA 900 mg/m?
POG-8742-1 1987~1991 111 day 1~5 CDDP 40 mg/m? 28T X5E 77 30)
day 2~4  VP-16 100 mg/m?
day 22~28 CPA 150 mg/m?/day (po)
day 29 DXR 35 mg/m?
POG-8742-2 1987~1991 115 day 1l CDDP 90 mg/m? 21BZ & X5[H 93 30)
day 2 VP-16 100 mg/m?
day 3~10 CPA 150 mg/m?/day (po)
day 11 DXR 35 mg/m?
CCG-3891 1991~1996 539 day 1 CDDP 60 mg/m? 28HZ L X5 78 34)
day 3 DXR 30 mg/m?
day 3, 6 VP-16 100 mg/m?
day 4, 5 CPA 900 mg/m?
JANB-85-A1 1985~1990 301 day 1 VCR 1.5 mg/m? 28HZ & X6 93 10)
day 1 CPA 1,200 mg/m?
day 3 THP-ADR 40 mg/m?
day 5 CDDP 90 mg/m?

CCG: Children’s Cancer Group, JANB: fiE3E o33 2 BEAEE B AHER SIS, POG: Pediatric Oncology Group

BOSATWS, BEGAREL L TOLERET T —
AfT-o etk RFEER L U CRFEERBLNE L B
BAEEHEASDOE T, 5l&KEVT, AL i(bEE
D5 VI BHBRAARBLEREC L puEDEE %
751219, BRI EOEFMGFETERD S 2480
NE3EH LY, ZOBRHDPELRDIS I~S5FibloTAHS
n3dY, REEEDOTLRIC X > TREEBILOBRITHE
YL, B BHBSERBMALEZ-S TV,
1. WREALSEE
1960 S LAE D BL DGR ODERE B E 2
T, #REEM X3 2 BEE A SR ¥ L T, cisplatin,
FRAVAS—CHIEER, 7 79427 U REH,
vincristine, cyclophosphamide @3 % 3~5 F| & A&
HA T OHERENS =R TH 5, 5~7 BREEYOREL,
Z DM BIFMCBEHRER TR Z Losdv, AXK
TIRBESS ARSI L 2R L L GETHE
TR 2WENITONRTED, 1985 £ 6 DEOE
fEHEOTR (JANB-85 Bf%8) TREI A AL VI AV
cyvclophosphamide + vincristine 4+ pirarubicin +cis-
platin O 4 FIBFRFETH Y, TOVY AV Z 28 HI L
WK6H A 7 NVIT-TERIEAFRELTZHDTH

pelesn  Zh ik, BEZ T EHERN T PR
(BFEXRHE) TH, LEBVIAVOBEERELTHE
AL Tw3, —ATikko Children’s Cancer Group
(CCG)-3881 Bf % T W cisplatin +doxorubicin+
etoposide+cyclophosphamide D A SH ¥ I L 5 %
Aot EEE 21TV, CCG-3891 F3ETiX 3881 @
etoposide & cyclophosphamide & Z3E& LT, &5
ifosfamide £2MA 7 VYA EZ28B I 547N
BT, REMRLVY XY E2E2IRT, '
CR, VGPR, PRA B ERL B OERIEAE
X, Jtkd Pediatric Oncology Group (POG), CCG %
E DR TIid 59~93%%%7%9, I —ua v O HFPFE
European Neuroblastoma Study Group (ENSG) Tl
68~96%THY, Iho LHEL THRTREOER
BERSE (JANB-85 B3E) T 93%, 1991 EnsD1rHE
FRHERTZE JANB-91 #%8) T9R2% & Wih b RIEFLER
FARTH B, BERBEAEREH 5 L, 1985 FELRED
BEOBREDEIIERICKEREZIT RV, ZhTHOER
g3, BREAROHEASEDL D LicEMERcHY), b
PEOVY X VEFLFERICEE - O BRI TEAT
&, 351, BFBMEEREDVI A ZDHDDHE
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BAUSEEL

£ 3 MEC (CEM) v ¥ X B 3R8FHOBHEHS

o PBSCT CCG COoG GPOH

&7 mEs 3891 A 3973 (SIOP)

Melphalan 200 mg/m? 180 mg/m? 210 mg/m? 210 mg/m? 180 mg/m?
2 days 2 days 2 days 3 days

Etoposide 500 mg/m? 800 mg/m*  640mg/m? 1,352mg/m?> 1,200 mg/m?
5 days 4 days 4 days 4 days

Carboplatin 1,500 mg/m? 1,600 mg/m?

5 days 4 days

1,000 mg/m? 1,700 mg/m? 1,500 mg/m?

4 days 4 days

MECHEE: —ORERBELTH, BEKIBEHOREND S,

ExLF2X0s, LAV X VERRET 2EEEA
REZBY M L CHEREEL LIP3 2 ek > THER
BERLEDE I EEERBIPN TS,

ZOWERT, BERMEEELTFEHNGE OB & B
DFREHEIMOBERIC D 5°7, F7-HRIEILZZH» -
TR OREREELD 7  uO-—XT7y 7E N3 0[EEN D
W INb6DT-FREL, AL LD/ TR
DENDRAEPERIN TV 3,

2. KE(FEE L AREMHMEBE (BREME

imiEsR) Ak

=Y R 7R S E O EER E LT, B
BRAREMEREOEYHRIZ, BFETLIL CCG T &
LEERBIF S X VEER Sz, IBRODWBERA Y
Va—-nTiR, BHEBENAKEERESHBEDRERE L
L TEENCERAIATWL S,

FHEEORKEEEREZL AL L TR LE L FH
3 T & 7203 melphalan+ etoposide +carboplatin @
HAHEb¥IC X 5 MEC (HIMEC) vy 2y ({LkTid
CEMVZAy) Thd, ZOMCHRET IR TwE DI
cisplatin +melphalan+ etoposide ® busulfan-+mel-
phalan, thio-TEPA +melphalan, melphalan+etopo-
side +carboplatin+doxorubicin 7 ¥ TH 5V, HE Tt
EFHUISRLSR MEC 832K S T 521998, FEEkIc
SoTRZENUADVY XU FEAESR TS, Tz,
R MEC (CEM) O#i&&b¥TH, non-TBI L ¥
Y EERA L T3 COG-A 3973 HF55*9% GPOH B«
T3 etoposide DEBITbONL TV B (F3I),

—7, BOHRRE S EREFEICN U TEOIRERIR
R CERTTEHSHTHD Y, 1980 FALIE, £HW
SHRERST (TBD %4FA L - BREER K BILEEEEIC &
2 BREMBHABKERREOREER T 2729, 8
DR T O 723344, Z h & OEERITFEDORER,
TBI A L1 KEERELV Y X OBHEITRYE
ENIzb D0, TBHIC &5 2H¥FERICIA T, RRESE,
MAWEE, GRE, SR2SA R EOBREEE S »
ZE N, GHAM BN & L CIix, Matthay & O$ReG

TTBIETIFEOBEE 18%, BIEMM L2 10%,
VOD 239% % 5T 3342, TBI 2% 7z 16 Fl T
Z5FBROBREN-2.0SDTH-7*Y, 20X 5 hEY
F—F,e, IWER non-TBI V¥ X i X 3 B
FRBLERE + BRENBERBERE LB LB
D TR E N T L5300,

& S I BFEMBAREORERIZ DOV T b TRHBSLEYR
BaEVH 5, —RELKIBMEEFER (FHETHEZO
SBHEBAIERICT 72 v—Y A%2TD) TRTS TR
éﬁﬁf‘% 7z \> poor mobilizer #3, B L& BEHEE
EHOTHEL G Y A7HTHICERENS, ZDX
5 RIGEIX, BREWMCYIVEZ 55, G-CSF B
S s8MREE LT 72V — Y A X o> TS %M
faBoe BRI TH %4,

3. AMEE

HEREABREIEANO EORRC BT T 50, EE%:
EOREYRR (W) 75rL03 2008ENH 5,

HNEFEEORITRIHIE DW»Tid, Bt EESH
HEANDHEIBHERPLRFEHBTbA TV, B
#£ X delayed primary surgery B3—B#8TH 5, T4
by, EHEFOETMHEFEIEINOEEPLERER
BHY, TEHMEEDITERIZILL, EROATD
RETHBEVI ARV TRERS—HKL T3, L
o LEREEHT ORE LRI DL TOH—REIT %
{, 3~5 3 —RADMIZHITENS Z LHH W,

—7, EEOYIRRICEE L T gross total ' resection
(GTR) /complete resection #H EFTHHET DD,
zht b AEBBREOREE 2L, ThlBobFER
B E 3RS O RIRR BT 20w, ME
AHEL 0L EORRBEIFAEL TH L v (partial
resection: PR) > & V> 5 Eean'h 5, GTR HEDE 5 034

EBPENTWS LT 238ES, GTRTHPR TS
EBFRREZRDOLVETIHETVERH D W E
HarkHTwiv, EEALEREOML, BEmEE
HIAE{LEEEOMLE L VRFTREEREOME R Y
Wk AEFHEE LT 5 2 212 & 5 T, delayed pri-
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3L HE2H 207424

mary surgery # OEF NS R I RIICV R, L B
ARESEOBREER/NBICT 5 2 LN ROEERER
LEEBRT 2L LI REERIA T LB H B LEZ S
nhs,

4. BFTRSHECE

HEITARSFRE I U T, BRSS9 % TR IRE &
BEBEANOREHEREGN 5~30GCy # AT 5 L1
&V RAREIEIZENES E 1Y,

1980 £, AMALENM 2B v WLIEEOBEELET
X, POG staging system C (I RU EOFETRE) O
LR OTMH & € o 3 BEMUAOMERE (1 &MU
L2 E it 24Gy/3:80, 2RI Ei& 30 Gy/3~4 38
) #7522k, HELIKTFELIEEL 25,

1990 QU KIHEFIE T AV 2 X Sk s &, itk
WA 35 & CHERBIRA 10 Gy/5 SEIBH 217w, %
DEHOHERA £ i & Lz TBI (12 Gy/6 448 %17
DT KD THE SIIBFES NI, YIBKFORES
WL MELRIGE & ¥ 2 WK 20Gy UL THE
FKEB W% TH-71257, £/, HERBH 100Gy DA TIE
BAEREENL2%EEL, TBI%# 100Gy Mz 52 Lic k&
DEFMBREN2UETEEIE HLLE -
7259,

RECFEFREANOEE LR T B0, BETRIEEETE
KEMBMEBERERITONE I EBH W, T XY
A D COGHETIZ, BHEHEFE L TLEREW X OHE/N
LIcEEREREXGTV EL, EBEERIam~e—Y %5
U, ¥0I2R0 Y o EEREICIZERER 1.5 cm,
Hlem ==Y 5BIF7-CTV, 251 0.5cm~v—3
Y %I PTV 2T 21 Gy/14 58 (RIBBREER I
B9Gy 7—RX FBEH) %1To T3, 13-cis-retinoic
acid I X BT RER1TO &, 2HEPGRITERE
T%WMZ 2 Z EHBTET,

{LEREEFMERG SERBTE, BERCOAESH
THILEDUREMPERTE EFEF LY —6
MeV 10~12 Gy i TEBSHNRFEEIFHE AT
%5‘).60)n

MR IGC T LT, TBI1 Gy CRERBITERE
2 31% LKL o0, EBRMASSERES 21 Gy/14
SE/T R ATTS & L CTRITBRERL 1.7% L TiFs 2
& DIk A 1257,

5. % A i

CCG-3891 WFACC L » T, RBLFEER TRICERE
FE & L € 13-cis -retinoic acid % IR & ¥ 2 \{EAZT
R 2170, 1 UL LD stage 4 DEGEZRE2H
0% EL Iz L MESNTW B8, Z0ROEWHHEAE
EROBEIFILND,

171

V. BRICEIT2H U X OBEREFEICNT 2R
DR

E&d (BROEBE£FEE) OWRBIRIC L 25 L
U 1985 FEEOEMEN, 1991 £+ HERM, 1998 ££
FERHMEZTHEBINTE T, ThORERABRE WS
L DEREBN LI TRRREI AT E 12D, BAOE
PRABR DB & BB B T & e vns, Tz O
ErF i,

85 EEHFE (JANBS85) T, A1V ¥ x> & L TCcyclo
phosphamide 1,200 mg/m? vincristine 1.5 mg/m?
pirarubicin 40 mg/m?, cisplatin 90 mg/m?%®EL 7=,
HA/NBAEIFESSED stage HL, IV A 1 BB 21TV,
R AL 93%, stage LD 4 FEEE 75%, stage IV
D4 FEEFEINN L, YEFOBND 5OFEEKEL L
Bl 57z, 2004 FZ&THHE L7z 85 EMFEDORET
X, stage 3 @ 5 £E progression free survival (PFS) i
75%, staged O 5F PFS 13 32%TH -1z, —HOFER
2k, TBI ftAEKEnBRARBEIHFRA LN, Z05
FEFRIT 45.6%TH -7,

91 FE W% (JANBI1) T &, cyclophosphamide %
1,200 mg/m?X2 iZ, % 7= cisplatin % 25 mg/m?X5 IiZ
®44#, vincristine O Y 1T etoposide 100mg/m?X 5 i
ZHE L, pirarubicin 40 mg/m2i35| Z&E XA LI A3
VY X UERERLUL, £ Al vineristine % eto-
poside 100mg/m?*X5 iZZ B L 72 H D % new Al (91A1)
VYRV ELT, ZORER, EEEARIZ 2% LIFRE
TH- 19, /2 MYCN 3EIEHID 5 £ event free sur-
vival (EFS) i, 85 FM9eD A 1 B TIZ 23.2% Th -
Tos, 91 EMFE T ASEEET-> LTI 49.0%,
new A 1#k+ BREMEFAEBERERETIZ 37.0%,
new A 1+FFHSRIEMEBAIBHERER IS 47.0% L s
L7z, Ly L, MYCN FEEIRHID 5 & EFS i, 85 4
T3 33.3%, 91 FEWSETD 32.2% LAERAE SN
edpolz, £ 91 EWFE T3 etoposide BE L E 2 S5 h
3 XM IMK/ BRI RERELSRE L1,

1998 EN SHAE F TITO T &1z B EHHETIE, MU
TOFEAVEEIWI, T7%2bb, 1) INSS ORI E
PHAL, 2) VA#EE O MYCNIEEIED stage 3, @
MYCN I8 @ stage 3 8 X U MYCN LB D stage 4
(moderately poor risk group), @ M YCN HEig D stage 4
(extremely poor risk group) D 3BT CHELE
BlMEL, 3) 91 EEHFE TR L 7z etoposide % vincris-
tine KR L 7z, 98 EFRDEEBE D LT IRBREE
B, SEEHEELHEITHTH 5,
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172 BAS#E
x4 12-AFEBINZERORBEOHE (HXHER)
1985~ 1991~ =
CCG-321P2 JANB 85 CCG-3891 JANBO91* COG-A 3973* JANB 98*
CDDP 60x1 day 90X1day| 60x1 day 25%5 days 50x4 days 25X5 days
CPA 900X 2 days 1,200X1day| 900x2 days 1,200X2 days | 2,100X2 days 1,200X%2 days
DXR/THP**| 30X1 day 40X1day] 30x1 day 40X 1 day 25X 3 days 40X1 day
VP-16 100X 2 days - 100X 2 days 100 X5 days 200X 3 days —
VCR — 1.5X1 day — — 0.67 X3 days 1.5%1 day

*WINb A3 VI AR, **: THP 2 JANB & THH, EHEBEOELM VT H mg/m?, *: VCR+
DXR+CPA & CDDP+VP-16 B # 3 B K XAEHE T %, OV A 3T XT28HZ L,

VI B 1R OBICHT BEMEI L SRR

8 FE/E (BOM) 157 PloBEEERIZ, [MERED
500/mm*R i 12 L 7= s 52 F (33%), M/NMRE I %
EHL72F0 105 8(67%), BEOHMERENAE B X Ul
BRER Ui FH 102 B1(65%), 40 mL/5/m*>KiD 7 v
TF=2 o) T ADET 2RO B3 33 61(21%),
LERZLIR (6%), BREE 26 (1%) THo72%,

9 ERFDOFEIRE T, A Vv A rORSHICH
TEZOOEESABREINLY, —D2ik1a2—-XH®D
{EERER R OBEEERT T, hIIRFOEFIZE
% X 168 Bt 541 (3.0%) TH - 72259, 5% 2 filix RS
U AN ARBESTECIHRRA T, {LEER D REis]
CHREBRRBETERVDL OO, 28L b RERAE
WRHREBREIR DI A 5T Wiz, DD 36IE, BSAEH
B X 2K, 7 ARAMEN A%, DIC 046
I X BFETHS 1B, BUmAEtES 3 v 2 14, SEEAHMm
1BICH o702, iz, THESNDEEBEEET X5 5
2 —AHORIME 1 DB TH -T2, F12—AhOE
B RREEBEE & LT, RS VA VABRER &
NEBSHENCRET2EBRE2SD T, Ba/NREE
R E X 5 IHIET 3 L ETH B,

bI—DODOMIEHIBEEE THY, 7Vv7F=2V
75 YA 0mL/43/1.73 m3k§ & 2o HERE LD
30% 1 ko2 BEEC £ 3FBEHIRA SR b o s,
TP DBOFEREEZBREL 729,

BREEWCEL T, cisplatin DRE & OEEISRE X
h3, AX01@E% 3 HROBEKIBRICB VT, BREEA
BREAVWONIZEROBEREDHR R4 IR
Ts BEZODFRIZBNT, BLTHEADV S X VD
BEO5UEHETHY, B cisplatin WEHETHE 2 &
BEIID, — 7, 53D COG-A 3973 & JANB®B A 3D
EETi, 1V YA > ORRIE COG-A 3973 284 Tk
HoTwb, 7L, BR585 L URERE CHET
% &, cisplatin ®#4 JANBO8 237 1.5 5% w2 L a%b
P2, VYA EBIAREEP2I-—AEE LR

BEES Y, BREFEQA VYA BT 2HER]
BTES53T50»5 BEACAT200), VYA TED
Wk (B5EE), BRED: O OMBEE, EWRHE
FEHEOBAZE - BREXERORTFHEELTWS
bOEEZ LN, SHOBED—DOTHhH5b,

{LZFEEY 2 2 v OREMRBERIRE R D G (BE
EEZED?) LTHREREOR L ETH#H=5H
BHTaZ LY, ERRBII T iGEEED
HELLD, bhbhOBER LU L CEIHENERL
TEEEL DL, CORBEEEXRD S 70 a—1ig,
SBEOBKRARTRIEEI NI RE LD TH 55, FHRTE
REEBDEE, MR LEE, (B)BEEHGLX EOXE
BEEVOTOHATEZHHAEEL T I EBNE
ThHdLEZLND,

V. BAMREBI YT 17— (INBSG) OREE

ki, ARSI CERMRS DI V-TI2k 3
BRI ENEE TH -8, MRFEBERFZE 2 HS
3o THESE - RES B 37201, 2006 5 5 B i HAME
FEBAY T 4 7—7 (JNBSG) eEHEBE LTHL
Uiz, hIUREZHE - S FEZHRBE S AT A, Bkt
VI — (FEERAL VY B & VELKEER
vy R, TSk —Farituo—nrker
& — (EL2S ALY 5 —HRIFENRBA T —5 v
7 —), BEMRBSL R RA, XBOERII B
KMEBIO IS YAV -y a ) 9—F 258K -
BESEMICSTEE - L, TRFEORERL X ER
B EEL (HESEMT 22 L2 BHELTWS, ¥
RERE LT, &FEEX GUERFENRSED 32006 F
5 Qi xh, BERIEERREXRFNEH, B
029-853-3219, FAX 029-853-3214, tksfksm@md.tsu-
kuba.ac.jp) #HELEL T3,

R TBB7E & £ LERARARFRFRA RS FEM
ERVNRARZES FERBRCEHH VI LETS,
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