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Table 3. Expression of hTERT and N-Myc mRNA in 16 neuroblastomas
No. Age/sex type stage status Shimada class (}:E:I;I:(’f) (r::;i?ge) N-Myc
1 & m/M NB 1i favorable + 146 4.61
2 2 y/F GNB 111 favorable + 76 0.37
3 11 m/M GNB It favorable + 0 0.56
4 7 m/F NB 11 favorable - 0 3.77
5 8 m/M NB 1 favorable - 28 5.8
6 10 m/F NB i favorable + 957 1.45
7 1 y/M GNB i unfavorable + 223 2.56
8 8§ m/M NB I progressive favorable + 55 3.59
9 1 y/F NB IVa progressive unfavorable + 768 66.51
10 1 y/F NB IVa progressive unfavorable + 241 36.57
11 1 y/M NB IVa death unfavorable + 1305 26.77
12 3y/F NB 1Va death unfavorable + 99 3.88
13 4 y/F NB IVa death unfavorable + 714 49.33
14 2y/F NB IVb progressive unfavorable + 164 0.29
15 1 yM NB [Va progressive unfavorable + 539 5.51
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 et al. and Kubota ef al. [9,10] reported that
telomerase activity was a potential marker for malig-
nancy, but Bamberger ef al. [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 easily 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 mRNA [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 communica-
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 mRNA
correlated with the N-myc mRNA expression, a prog-
nostic marker. Hiyama et al. [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 neuroblasto-
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.

— 158 —



52

ISOBE et al.

Acknowledgements

Trust Clinical Pathology Research Foundation of
Japan. We thank Miss Sumiko Nissato for technical

This study was supported in part by a grant from the  assistance.
Tsukuba University Research Project and Charitable
References
1. Meyerson M, Counter CM, Eaton EN, Ellisen LW, 10. Kubota Y, Nakada T, Sasagawa I, Yanai H, Itoh K

6.

Steiner P, Caddle SD, Ziaugra L, Beijersbergen RL,
Davidoff MJ, Liu QY, Bacchetti S, Haber DA,
Weinberg RA (1997) HEST2, the putative human
telomerase catalytic subunit gene, is up-regulated in
tumor cells and during immortalization. Cel/ 90: 785—
795.

Nakamura TM, Morin GB, Chapman KB (1997)
Telomerase catalytic subunit homologs from fission
yeast and human. Science 277: 955-959.

Kim NW (1997) Clinical implications of telomerase in
cancer. Eur J Cancer 33: 781-786.

Shay JW, Bacchetti S (1997) A survey of telomerase
activity in human cancer. Eur J Cancer 33: 787-791.
Falchetti ML, Pallini R, Larocca LM, Verna R,
D’Ambrosio E (1999) Telomerase expression in in-
tracranial tumors: prognostic potential for malignant
gliomas and meningomas. J Clin Pathol 52: 234-236.
Langford LA, Piatyszek MA, Xu R, Schold SC, Wright
WE, Shay JW (1997) Telomerase activity in ordinary
meningiomas predicts poor outcome. Hum Pathol 28:
416-420.

Ducrest AL, Szutorisz H, Lingner J, Nabholz M (2002)
Regulation of the human telomerae reverse tran-
scriptase gene. Oncogene 21: 541-552.

Gupta D, Shidham V, Holden J, Layfield L (2000)
Prognostic value of immunohistochemical expression
of topoisomerase alpha I, MIB-1, p53, E-cadherin,
retinoblastoma gene protein product, and HER-2/neu
in adrenal and extra-adrenal pheochromocytomas.
Appl Immunohistochem Mol Morphol 8: 267-274.
Kinoshita H, Ogawa O, Mishina M, Oka H, Okumura
K, Yamabe H, Terachi T, Yoshida O (1998) Te-
lomerase activity in adrenal cortical tumors and pheo-
chromocytomas with reference to clinicopathologic
features. Urol Res 26: 29-32.

— 159 —

11.

12.

13.

15.

17.

(1998) Elevated levels of telomerase activity in malig-
nant pheochromocytoma. Cancer 82: 176-179.
Bamberger CM, Else T, Bamberger AM, Frilling A,
Beil FU, Allolio B, Schulte HM (1999) Telomerase
activity in benign and malignant adrenal tumors. Exp
Clin Endocrinol Diabetes 107: 272-275.

Hiyama E, Hiyama K (2002) Clinical utility of te-
lomerase in cancer. Oncogene 21: 6643-649.

Linnolia RI, Keiser HR, Steinberg SM, Lack EE (1990)
Histopathology of benign versus malignant sympatho-
adrenal paragangliomas: clinicopathologic study of 120
cases including unusual histopathologic features. Hum
Pathol 21: 1168-1180.

Hiyama E, Hiyama K, Ohtsu K, Yamaoka H, Ichikawa
T, Shay JW, Yokoyama T (1997) Telomerase activity
in neuroblastoma: is it a prognostic indicator of clinical
behaviour? Eur J Cancer 33: 1932-1936.

Hiyama K, Hirai Y, Kyoizumi S, Akiyama M, Hiyama
E, Piatyszek MA, Shay JW, Ishioka S, Yamakido M
(1995) Activation of telomerase in human lymphocytes
and hematopoietic progenitor cells. J Immunol 155:
3711-3715.

Ohji H, Sasagawa 1, Ichiyanagi O, Suzuki Y, Nakada T
(2001) Tumor angiogenesis and Ki-67 expression in
phacochromocytoma. BJU Int 87: 381-385.

Elder EE, Xu D, Hoog A, Enberg U, Pisa P, Gruber A,
Larsson C, Backdahl M (2003) Ki-67 and hTERT ex-
pression can aid in the distinction between malignant
and benign pheochromocytoma and paraganglioma.
Mod Pathol 16: 246--255.

Krams M, Claviez A, Heidorn K, Krupp G, Parwaresch
R, Harmsd D, Rudolph P (2001) Regulation of telom-
erase activity by alternate splicing of human telomerase
reverse transcriptase mRNA in a subset of neuroblasto-
mas. Am J Pathol 159: 1925-1932.



March 2004 Biol. Pharm. Bull. 27(3) 315—318 (2004)

Usefulness of Tyrosine Hydroxylase mRNA for Diagnosis and Detection of
Minimal Residual Disease in Neuroblastoma

Rie Ito,” Satoru Asamt,” Shigeki Kacawa,” Shigeyasu Motonashi,? Hiroyuki SHICHING,®

Motoaki CHIN,® Yukihiro Yostipa,” Norimichi Nemoro,® Hideo MucisHiMA,* and Takashi Suzuki*4<
“Clinical Pharmacy, College of Pharmacy, Nihon University; * Chemistry, College of Pharmacy, Nihon University; 7-7~1
Narashinodai, Funabashi, Chiba 274-8555, Japan: “ Department of Pediatrics, School of Medicine, Nihon University;
4 Department of Orthopedics, School of Medicine, Nihon University; * Department of Pathology, School of Medicine, Nihon

University; and ' Department of Advanced Medicine, Division of Cell Regeneration and Transplantation, School of

Medicine, Nihon University; 30-1 Ovaguchikami-cho, Itabashi-ku, Tokyo 173-0032, Japan.
Received October 31, 2003; accepted December 17, 2003

Neuroblastoma (NB) is the most common malignant solid tumor in childhood and, among all childhood ma-
lignancies, is second only to leukemia. NB originates before birth in the neural crest, which develops into the
adrenal medullae and sympathetic ganglia. In the adrenal medulla, tyrosine hydroxylase (TH) is the first enzyme
in the pathway of catecholamine synthesis. We used reverse transcription polymerase chain reaction (RT-PCR) to
examine the expression of TH mRNA in NB and Ewing’s sarcoma cell lines, small round cell tumors (SRCTs)
containing NB, and other clinical tumor samples (ostessarcoma, osteochondroma, and Wilms’ tumor). In total,
we analyzed 33 clinical tumor samples. TH mRNA was expressed in all three NB cell lines examined, but not in
two ES cell lines or in a breast cancer cell line. We detected TH mRNA in 23 of 25 NB tumor samples (92%), but
in none of the SRCTs or other clinical tumor samples. This RT-PCR technique showed a sensitivity for TH
mRNA of one NB cell per 10° negative cells, Based on these results, the detection of TH mRNA is very useful
both as a tumor marker for NB and for detecting minimal residual disease. Therefore, we can use this method to

(5%

i

detect tumor cell contamination before hematopoietic stem cell transplantation.

Key words neuroblastoma; tyrosine hydroxylase: hematopoictic stem ccll transplantation; minimal residual discasc: reverse

transcription polymerase chain reaction

Neuroblastoma (NB) is a very common malignant solid
tumor in childhood. NB belongs to the small round cell
tumors (SRCTs), which include other solid tumors such as
Ewing’s sarcoma (ES), rhabdomyosarcoma, and malignant
lymphoma.” SRCTs are histologically ambiguous, so it is
necessary to analyze adequate tumor markers for an accurate
diagnosis. Patients who are over the age of 1 year at diag-
nosis usually have poor prognoses.”’

NB is also characterized by elevated levels of cate-
cholamine production. Tyrosine hydroxylase (TH) is very
important as the first and rate-limiting step in the synthesis of
catecholamines.’™® Therefore, we used reverse transcription
polymerase chain reaction (RT-PCR) to examine the expres-
sion of TH mRNA in some cell lines, SRCTs, and other clin-
ical tumor samples, to assess whether we can use it as a
tumor marker and detect cell contamination in hematopoietic
stem cells. Specific TH mRNA could be detected in NB cell
lines and clinical NB tumor samples, but not in other cell
lines and tumor samples. Moreover, the technique had a high
sensitivity of 1/10°,

We think that this method should be used for detecting
minimal residual disease because the prognoses of patients in
NBs depend on being positive or negative for TH mRNA in
bone marrow (BM) samples within 4 months after chemo-
therapy.” Morcover, the risk of relapse after autologous
peripheral blood stem cell (PBSC) or BM transplantation
is high if there is NB cell contamination.*”

Here, we describe a very useful method for detecting mini-
mal residual disease. The method can also be used as a tumor
marker.

# To whom correspondence should be addressed.

c-mail: suzuki@pha.nibon-v.ac.jp

MATERIALS AND METHODS

Cell Lines and Tumor Samples Three NB cell lines
(IMR-32,'"'" SK-N-SH,'"'? and NB-39,'® two ES cell lines
(NCR-EW2,'¥ SCMC-ES1'"), and one breast cancer cell
line (MCF-7'") were examined. They were cultured in RPMI
1640 medium supplemented with 10% fetal bovine serum,
100 U/ml  penicillin, 0.1 mg/ml streptomycin, and 2 g/l
sodium bicarbonate under 5% CO, at 37°C. Thirty-three
clinical tumor samples (25 NBs, 1 ES, 1 osteosarcoma, 1 os-
teochondroma, 1 Wilms® tumor, | malignant lymphoma, and
3 rhabdomyosarcoma) were examined. One of the three rhab-
domyosarcoma samples was from a recurrent tumor. These
tissues had been stored at —80 °C since collection. The clini-
cal diagnoses for these patients were made by histopathology.
Informed consent was obtained from all patients before they
entered this study.

RNA Extraction Total RNA was extracted from the six
cell lines using the acid-guanidium-phenol chloroform
method after treatment with Catrimox-14™, Total RNA from
the 33 clinical tumor samples was extracted by TRIZOL
reagent (GIBCO BAL) based on the acid-guanidium-phenol
chloroform extraction method.'®

Reverse Transcription Polymerase Chain Reaction
Total RNA (1 ug) was reverse-transcribed in a 10 ul reaction
mixture with a first strand ¢cDNA synthesis kit (Rever Tra-o-
TM, TOYOBO). RT was performed with Oligo-dT. The mix-
ture was annealing at 42 °C for 20 min, followed by incu-
bated at 99 °C for 5 min, and then held at 4 °C. PCR amplifi-
cation was carried out in 10X reaction mixture containing
1.2 pmol of the respective primers. We used a HOT START
PCR kit from KOD-Plus- (TOYOBO)."" ' The PCR condi-
tions were one cycle of template denaturing at 94 °C for

© 2004 Pharmaccutical Socicty of Japan
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Table 1. PCR Primers
Gene Sequence Location
TH sensc 5'-TGT CAG AGC TGG ACA AGT GT-3’ Exon 8
TH anti-sense 5'-GAT ATT GTC TTC CCG GTA GC-3' Exon 9
GAPDH sense 5-TCC TCT GAC TTC AAC AGC GAC ACC-3' Exon 5
GAPDH anti-sense 5“TCTCTC TTC CTC TTG TGC TCT TGG-3' Exon 8

2 min, followed by 28 cycles of denaturing at 94 °C for 15s,
annealing at 60 °C for 90s, extension at 68°C for 20, and
then holding at 4°C. We used glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) as an internal marker and IMR-32,
NB-39, and SK-N-SH neuroblastoma cell lines as positive
controls, NCR-EW2, SCMC-ESI, and MCF-7 were exam-
ined as negative controls. The primer sequences are listed in
Table 1.°” The primers for TH are located in exons that are
not affected by alternative splicing. To avoid contamination
with genomic DNA, the reverse primers for both TH and
GAPDH were located in successive exons.

Analyses of PCR Products The PCR products were
electrophoresed through 2.0% agarose gel, stained with
ethidium bromide (WAKO), and visualized under a UV
lamp. We used a Bioanalyzer (Agilent Technologies) to accu-
rately determine band sizes.

Detection for Sensitivity A NB cell line (IMR-32) was
examined as a positive control and an ES cell line (NCR-
EW?2) as a negative control. We counted the number of each
cell type and diluted them to make suspensions containing
one NB cell per 10 ES cells, one per 10°, one per 10°, one
per 10, one per 10°, and one per 10°. We investigated the
sensitivity of this RT-PCR technique for detecting TH
mRNA.

RESULTS AND DISCUSSION

We analyzed six cell lines for detecting a specific TH
mRNA with the RT-PCR technique. The electrophoresis and
Bioanalyzer results are presented in Figs. 1A and 1B. The
band size for TH was 299bp, and the internal marker
GAPDH was 209bp. TH mRNA was detected in three NB
cell lines (IMR-32, NB-39, and SK-N-SH), but it was not de-
tected in the ES cell lines (NCR-EW2, SCMC-ES1) or the
breast cancer cell line (MCF-7).

We investigated 33 clinical tumor samples by the same
method as that used for the cell lines. The electrophoresis
and Bioanalyzer results are presented in Tables 2 and 3. In 23
of 25 NB tumor samples (92%), TH mRNA could be de-
tected, but it was not detected in the T1 and T2 samples
(Table 2). TH mRNA was not detected in the osteosarcoma
(T26), osteochondroma (T27), Wilms’ tumor (T28), and
SRCT (T29—T33) samples (Table 3). The rhabdomyosar-
coma from a recurrent tumor (T33) also did not express TH
mRNA.

We examined the sensitivity for detecting minimal residual
disease by this RT-PCR technique. We used a NB cell line
(IMR-32) as a positive control and an ES cell line (NCR-
EW2) as a negative control. The electrophoresis and Bioana-
lyzer results are presented in Figs. 2A and 2B. On the elec-
trophoresis, a TH mRNA band could be seen in samples with
concentrations down to one NB cell per 10° ES cells, but not
at a concentration of one NB cell per 10° ES cells (Fig. 2A).

. GAPDH

A
400 bp —pi

TH 200 bp —~§

299 bp

209bp

400 bp———
- 300 bp—

N —299 bp

200 bp— e

RT-PCR Products Detected in Cell Lines

(A) Bands detected by electrophoresis. Lane 1, marker; lane 2, IMR-32; lane 3, NB-
39: lane 4. SK-N-SH; lane 5, NCR-EW2; lane 6, SCMC-ESI; lane 7, MCF-7. (B)
Bands detected by Bivanalyzer. Lanes are as for electrophoresis. A 299bp RT-PCR
product for TH was seen by both electrophoresis and Bioanalyzer, and a 209 bp product
for GAPDH was also seen.

Fig. 1.

Table 2. NB Patients’ Clinical Profilc and TH mRNA Bands Detected by
Electrophoresis and Bioanalyzer

Tissuc Sex Age Diagnosis  TH mRNA
Tl F ly NB -
T2 F 0m NB -
T3 M 10m NB +
T4 M 10m NB +
Ts M 9m NB +
T6 M 3y NB +
T7 M Tm NB +
T8 M 4m NB +
TS F 10m NB +
T10 F ly NB +
T11 F Gy NB +
Ti2 F ly NB +
T13 F §m NB +
T14 F 6m NB +
T1S M 4y NB +
T16 F 3y NB +
T17 M 4y NB +
T18 F 10y NB +
T19 M 9y NB +
T20 F 7m NB +
T21 F 9m NB +
T22 F 10m NB +
T23 M 3y NB +
T24 M Sy NB +
T25 F Sy NB +

NB: neuroblustoma.

Similarly, using the Bioanalyzer, TH mRNA could be de-
tected at one NB cell per 10° ES cells but not at one NB cell
per 10° ES cells (Fig. 2B).

Abnormal amplification and expression are well known for
MYCN'"™ tk-4*""" and protein gene product 9.5
(PGP9.5)™ in NB. However, these markers are not very use-
ful for diagnosis. Recently, by using monoclonal antibodies
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Table 3. Other Tumor Patients’ Clinical Profilc and TH mRNA Bands De-
tected by Electrophoresis and Bioanalyzer

Tissuc Sex Age Diagnosis TH mRNA

T26 M 13y 0S -
T27 F 12y ocC -
T28 M 8m WT -
T29 F 6m ML -
T30 M 3y ES -
T31 M Ity RMS -
T32 F 3y RMS -
T33 M 4y RMS

OS: osteosarcoma, OC: osteochondroma, WT: Wilms’ tumor, ML: malignant lym-
phoma, ES: Ewing’s sarcoma, RMS: rhabdomyosarcoma.

A
- 299 bp
GAPDH — 209 bp
B
400 bp e
™ 300 bp = s e L s —299 bp
200 bp
Fig. 2. Sensitivity of RT-PCR Technique for TH mRNA

Lane 1, marker; lane 2. one NB cell per 10 ES cells; lane 3. one NB cell per 10° ES
cells; lane 4, one NB cell per 10° ES cells: lane 5, one NB cell per 10° ES cells: lane 6,
one NB cell per 10° ES cells: lane 7. one NB cell per 10° ES cells. (A) Bands detected
by electrophoresis. (B) Bands detected by Bioanalyzer. The 299 bp RT-PCR product for
TH was detected by both electrophoresis and Bioanalyzer, and a 209 bp product for
GAPDH was also scen.

that react selectively to cells of neuroectodermal origin, the
diagnostic usefulness has been improved. However, the mon-
oclonal antibodies often produce false positive results,?**"
and the clinical importance of detecting positive cells as evi-
dence of infiltration is still debated.®"” As NB has a specific
catecholamine metabolism, it may be more useful to detect
TH, which is the first and rate-limiting enzyme of cate-
cholamine synthesis. We found that TH mRNA was ex-
pressed in all NB cell lines (100%) and in 23 of 25 (92%)
clinical NB tumor samples. On the other hand, it was not ex-
pressed in any of the other cell lines and clinical tumor sam-
ples.

Thus, we found that TH mRNA is expressed specifically in
NB, and this specific expression can be use to distinguish NB
from SRCTs. TH mRNA can also be used as a tumor marker
for the accurate diagnosis of NB.

The expression of TH mRNA did not correlate with the
patient’s age or sex, and it might not be a prognostic factor
for NB patients.

Another important problem is determining whether tumor
cell contamination exists when a patient’s PBSC or BM is
used for autologous transplantation. Our method can detect
contamination of one cell in 10°,

In future, our method may be very useful for diagnosing
NB patients and detecting minimal residual disease in clini-
cal samples.
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Clinical Significance of a Highly Sensitive Analysis for Gene Dosage
and the Expression Level of MYCN in Neuroblastoma

By Shinji Tanaka, Tatsuro Tajiri, Shin-ichi Noguchi, Kumiko Shono,
Kenji lhara, 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
level 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 neuroblastoma sampies were determined. In all 66
samples, the status of MYCN amplification has been deter-
mined previously by the Southern blotting method. Of the 64
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], nonmass screening [P = .0003], ad-
vanced stage [P < .0001], diploid or tetraploid [P < .0001],
and a Shimada unfavorable histology [P < .0001]). MYCN
gene dosages of more than 2.0 were significantly associated
with a high expression of MYCN (P = .0459). However, the
expression level 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 ampilification. In
this highly sensitive analysis, MYCN amplification (MYCN/
p53 = 2.0) was reconfirmed to be a strongly unfavorable
factor, whereas the expression level of MYCN does not
appear to be an independently significant prognosis factor.
J Pediatr Surg 39:63-68. © 2004 Elsevier Inc. All rights
reserved.

INDEX WORDS: Neuroblastoma, MYCN, quantitative poly-
merase chain reaction, FISH.

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 abnormalities 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
tumors, 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.3¢ However, the clinical significance of MYCN ex-
pression in children with neuroblastoma
controversial.”-!"

The amplification of the MYCN status has been mainly
analyzed for the whole tumor using the Southern blotting
method, but this method is not able to detect intratumor
heterogeneity. We previously reported our findings for a
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highly sensitive analysis for MYCN amplification in
neuroblastoma 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 neuroblastoma 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 implication 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 biology of neuroblastoma.

MATERIALS AND METHODS

Clinical Data of Patients and Biological Data of
Neuroblastoma Samples

Neuroblastoma in patients evaluated at the Department of Pediatric
Surgery, Kyushu University was diagnosed and staged according to the
International Neuroblastoma Staging System (INSS).' Sixty-six frozen
tumor samples were obtained from untreated neuroblastoma patients.
The characteristics of the patients 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 | year of age, whereas the
remaining 41 cases were diagnosed in patients younger than | year of
age. Thirty-six patients were identifiecd by a neuroblastoma mass
screening system. Of the 66 samples, 39 were tumors that were stage I,
2, or 4S, whereas 9 were stage 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 period after
treatment ranged from | month to 12 years. In all 66 tumors, the MYCN
amplification status was analyzed by the quantitative PCR system, and
the expression level of MYCN was analyzed by the quantitative RT-
PCR system in the 56 tumors. In all 66 samples, the status of MYCN
amplification was also previously determined by the Southern blotting
method.'® In 23 of 54 cases with a single copy identified by Southern
blotting, the MYCN amplification status was examined using the FISH
methods. DNA ploidy was examined previously using flow cytometry'e
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.'” Forty-five cases
showed a favorable histology, whereas the remaining 19 cases showed
an unfavorable histology.

DNA or RNA Extraction and cDNA 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 transcription (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/p53)."* The p53 gene is a tumor
suppresser gene in which mutations or deletions are found in a variety
of malignant tumors. However, no aberration of the p53 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 normal individual lymphocytes was 1.00. The mean = 2 SD of
gene dosage of 20 normal individual lymphocytes was 1,00 == 0.58. In
this study. we evaluated that the MYCN-amplified cells apparently
present in the samples with a corrected gene dosage (MYCN/p53) of
more than 2.0. The information on the MYCN gene and the p53 gene
sequences was obtained from a GenBank database search. The primers
and TagMan probes for the MYCN gene and the p53 gene were
designed to be located on intron 2 of MYCN and exon | of the p53 gene
using the application-based primer design software Primer Express
(Applied Biosystems, Foster City, CA). The sequences of the PCR
primers and TagMan probes were as follows: MYCN: 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’; p53: forward
primer 5'-GCC CTT ACT TGT CAT GGC GA-3', reverse primer
5'-ATC CCA CAA CCC CTG CG-3', TagMan probe 5'-TGT CCA
GCT TTG TGC CAG GAG CC-3'. Quantitative PCR was performed
in a final volume of 25 L. 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 cycling was started with a 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 ABT 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 MYCN mRNA were designed to
be located on exon 2-3, thereby avoiding the amplification contami-
nating genomic DNA. GAPDH was used as an internal 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
GAPDH Control Regent and Predeveloped TagMan Assay Regents
Control Kit. The measurement of MYCN c¢DNA was based on 2
reporter dyes, namely, FAM for MYCN and VIC for GAPDH. The
quantitative RT-PCR system was performed in the same manner as that
for the quantitative PCR. The corrected expression level of MYCN
(MYCN/GAPDH) was obtained based on the assumption that the value
of one primary tumor sample (12 copies of MYCN by Southern
blotting) was 1.00.

FISH Analysis of the MYCN Gene

Fresh tumor single cells were suspended in potassium chloride. The
nuclei were denatured immediately before hybridization in 70% form-
amide and 2 times standard saline citrate (§SC) at 75°C for 2 minutes
and then were dehydrated through ethanol. The hybridization buffer,
which contained 10 ng aliqour 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 pL of antifade solution. The signals
representing the MYCN gene were countered for 100 cells on one slide.
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Fig1. The comparison between the quantitative PCR method and
Southern blotting method for the status of MYCN amplification in 66
primary neuroblastomas. @, stage 3, 4, O, stage 1, 2, 4S.

The images were photographed using a fluorescence microscope
(Olympus, BX60, Tokyo. Japan) and Provia 400 (Fuji. 1SO 400.
Tokyo, Japan).

Statistical Analysis

Fisher Exact test was used to test the association between MYCN
amplification (MYCN/p53 = 2.0) or no amplification (MYCN/p53 <
2.0) and other prognostic factors. The expression levels of MYCN
(MYCN/p53) in the subgroups were represented by Percentile (50%
[25%. 75%1). A comparison of the gene dosage and expression in
relation to clinical and genetic parameters was made using Mann-
Whitney U test.

4.0 -

3.0

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-

1.0 |

MYCN gene dosage ( MYCN /p53)

00 O X0 GID
O
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RESULTS

The Gene Dosages of MYCN by the Quantitative PCR
Method

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

Of the 54 samples with a single copy of MYCN based
on the Southern blotting method, 46 samples showed the
corrected gene dosage (MYCN/p53) 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). Bighteen 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 these 2 cases (case 1 and 2) contained a small
number of MYCN amplified cells at rates of 15% and

case 1

@ casel

@ casel

OO0

tively. @, MYCN-amplified cell {+)
by FISH; O, MYCN-ampilified cell
(—) by FISH.

stage 1, 2,48
(n=18)

stage 3,4
(n=5)

— 171 —



66

Table 1. Gene Dosage of MYCN in Relation to Clinical and Biological Prognostic Factors

TANAKA ET AL

Gene Dosage of MYCN (MYCN/p53)

Category Number <2.0 =2.0 P Value*
Age
<1 year of age 41 37 (90.2%) 4(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 1,2,4S 39 38 {97.4%) 1(2.6 %) <.0001
Stage 3,4 27 8 (29.6%) 18 (70.4%)
DNA ploidy
Aneuploid 31 30 (96.6%) 1(3.4 %) <.0007
Diploid or tetraploid 15 4{26.7%) 11 (73.3%}
Shimada
Favorable 45 41 (91.1%) 4(8.9 %) <.0007
Unfavorable 19 5 {26.3%) 14 {73.7%})

*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-
ical 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 | year
at diagnosis (P < .0001), nonmass screening (P =
.0003), advanced stage (£ < .0001), diploid or tetraploid
(P < .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 amplification (MYCN/p53 < 2.0), the
MYCN expression levels in the samples from patients
less than 1 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 < 2.0), the
majority of patients less than | 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.

1600.0
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~
z o) e
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MYCN gene dosage (MYCN/p33 )

Fig3. A dot graph of the gene dosages and the expression level of
the MYCN gene in 56 neuroblastomas. ©, stage 3, 4; O, stage 1, 2, 4S.
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Table 2. MYCN Expression in Relation to Clinical and Biological
Prognostic Factors

MYCN/GAPDH
Category No. % TILE 50% {25%, 75%] F 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

Sporadic 22 0.24 [0.04,0.95] ’
Stage

Stage1,2,4S 37 0.15 [0.04,1.12] 0805

Stage 3,4 19 0.78 {0.18,1.53] ’
DNA ploidy

Aneuploid 28 0.22 {0.06,1.14] 3667

Diploid or tetraploid 9 0.10 [0.03,0.45] ’
Shimada

Favorable 43 0.25 [0.06,1.16]

4727

Unfavorable 13 0.52 [0.05,1.19}
MYCN/p53

<2.0 42 0.190.04,1.12]

=2.0 14 0.75[0.28,3.19] 0459

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

DISCUSSION

The amplification of the MYCN gene is the most
powerful unfavorable prognostic factor in neuroblas-
toma.3* In the Study Group of Japan for Advanced
Neuroblastoma (JANB), 2 chemotherapeutic regimens
for advanced neuroblastoma have been designed 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 for whole
tumors by the Southern 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 system and the FISH method is
considered to be highly effective for evaluating the
amplification of the MYCN status in neuroblastoma.

67

However, it remains unclear as to which treatment
should be selected in tumors with a small 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 quantitative 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 et 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 1 year with ad-
vanced-stage tumors that lack MYCN amplification, even
if the MYCN was expressed at low levels.?? 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/
p53 < 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

10000 | P= 0.014 l | P= NS |
©
100.0
=
2
g C]
g 10.0 , ®
@ @
3 : . g
§ 1.0
= O
=
—g 3 . .
01 -
% e ®
(=]
——
0.01 @]
(n=35) (n=7) (n=4) (n=10)
(Age) < 1 year = lyear < 1 year 2 lyear
MYCN no amp. MYCN amp.

Fig 4. The relationship between the MYCN gene expression ievel
and age at diagnosis in the subsets of tumors with or without MYCN
amplification. MYCN amp, MYCN/p53 = 2.0; MYCN no amp, MYCN/
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 | 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 MYCN 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 enhanced 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 also strong
inducers of apoptosis in conditions in which their expres-
sion is deregulated from mitogenic signaling pathways.?*
Several investigators have reported a correlation between
MYCN and apoptosis in neuroblastoma in vitro.>> MYCN
may thus be considered to play an important role in both
the cellular 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 spontaneous regression in neuroblastoma.
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INPC/Category AAREYS Shimada
and Subtype MEBESEEES Classification
Neuroblastoma(NB) AR 2 NB(Stroma-poor)
undifferentiated FHEBRIRE + (iR e R B undifferentiated
poorly differentiated TE TR AR AR A p Al
differentiating 1076 + Rt i3 E - (R R differentiating
Ganglioneuroblastoma R 2R, R AT GNB/GN
intermixed/Ganglioneuroma (GN) (Stroma-rich)
GNB TR A N
intermixed Rinit! GNB intermixed
GN
maturing PR B S B+ T iR GNB, well differentialed
mature P GN
Ganglioneuroblastoma, TRERET SRR - JRRR Y GNB, nodular
nodular
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