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Abstract Neuroblastomas show remarkable biological
heterogeneity, resulting in favorable or unfavorable
outcomes. To survey the differences in gene expression
profiles between favorable and unfavorable neuroblas-
tomas, we analyzed ten favorable neuroblastoma sam-
ples from patients whose tumors consequently regressed
or- matured and ten unfavorable tumor samples from
patients who consequently died of disease using the
microarray technique. In each sample, total RNA was
labeled with Cy3 or CyS5 in reverse-trancriptase reaction
and hybridized with our original microarray prepared
with a cDNA library of human fetal brain. Microarray
analysis revealed that 43 genes, including MYCN,
ATERT, NMEI! and cell cycle regulatory protein-coding
genes, were highly expressed in unfavorable neurobl-
astomas, while another 80 genes were detected as highly
expressed in favorable tumors, including neuronal
differentiating genes and apoptotic inducing genes.
Among favorable neuroblastoma samples, highly
expressing genes in regressing tumors were different

from those in maturing tumors. Expression profiling -

data revealed the existence of up-regulated and down-
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regulated gene clusters in favorable and unfavorable
tumors. This cluster analysis is a powerful procedure to
distinguish unfavorable tumors from favorable tumors
as well as regressing tumors from maturing tumors
among favorable tumors. The information obtained
from expression profiling would clarify the key genes
for cell growth, regression or maturation of neuro-
blastoma cells, and these genes will become diagnostic
and therapeutic targets in human neuroblastoma in the
future.

Keywords Neuroblastoma - Microarray -
Outcome - Regression - Maturation

Introduction

Neuroblastomas show remarkable biological heteroge-
neity, resulting in favorable or unfavorable outcomes.
Unfavorable tumors often have several genetic aber-
rations and grow aggressively, while favorable tumors
regress or mature. To predict the malignant grade and
the biological behavior of the individual tumor, several
prognosis-predicting markers such as amplified MYCN
gene, loss of heterozygosity (LOH) in the short arm of
chromosome 1, expression levels of trk A and DNA
ploidy have been proposed [1, 2]. However, each of
these parameters appears to be insufficient to predict
the outcome of each patient completely. Thus, massive
efforts have been made to elucidate the genes affecting
the mechanisms of tumor growth, regression or mat-
uration. Recently, microarray techniques:have been
developed and extensively applied in the cancer field
[3, 4, 5]. These technologies have emerged as indis-
pensable research tools for gene expression profiling
and detection of genetic aberrations. In the present
study, to survey the differences in gene expression
between unfavorable neuroblastomas and maturing/
regressing neuroblastomas, we applied microarray
techniques.
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Table T Neuroblastoma cases.m mpnth, Ad adrenal gland, Ret retroperitoneum, UF unfavorable type, F favorable type, amp amplification,

res resection, DOD death of disease, NED no evidence of disease

Case Age at Primary Stage® Histology® MYCN Surgical treatments Outcome
diagnosis site (INSS) amp (copy) before any other (period)
therapies

Unfavorable neuroblastoma
N1 24m Ad 4 UF 40 Total res (primary) DOD (13 )
N3 72 m Thorax 4 UF 1 Partial res (primary) DOD (15 m)
N4 Hm Ad 3 UF 80 Total res DCD (9 m)
N7 Zm Ad 4 UF 1 Total res (primary) DCD (11 m)
N21 20m Ad 4 UF 25 Total res (primary) DOD (14 m)
N29 9m Ad 4 UF 50 Partial res (primary) DOD (11 m)
N51 3lm Ad 4 UF 1 Biopsy DOD (19 m)
N55 15m Ad 4 UF 200 Total res (primary) DOD (2 m)
N66 15m -~ Ad 4 UF 80 : Biopsy DOD (6 m)
Ne67 62 m Ret 4 UF 1 Biopsy DOD (27 m)

Favorable (maturing neuroblastoma)®
Ni6 7m Ad 3 F 1 Partial reg NED (5 years)
N45 9m Thorax 3 F 1 Partial res NED (12 years)
N57 10m Ret 3 F 1 Partial res NED (11 years}
N141 13m Ret 2A F 1 Partial res NED (11 years)
N166 Sm Thorax 2A - F- o " "Partial fes NED (8 years) . -
-N169 9m : Thorax 3 - F 1 Partial res NED (10 years)

Favorable (regressing neuroblastoma)® ) . L. . o
N9 im Ad 45 F 1 Total res (primary) NED (14 years)
N11 10m Ad 45 F 1 Total res (primary) NED (13 years) .
Nl16o Zm Ad 48 F 1 Biopsy (liver meta) NED (10 years)
N172 9m Ad 48 F 1 Biopsy (liver meta) NED (8 years)

*The disease staging was classified using INSS classification.

Histology was classified according to Shimada’s classification.
“In all six cases described as maturing neuroblastoma, maturation
was confirmed by the pathological findings of biopsy samples,
which were resected later,

Materials and methods

Turnor samples

During the past 2 decades, a total of 212 neuroblastoma cases
whose tumors were obtained before any treatment were diag-
nosed at the Hiroshima University Medical Hospital or consulted
for molecular apalysis from other hospitals in Japan. Among
these cases, ten were selected as unfavorable cases, with the pa-
tients dying of tumor progression (Table 1). In these tumors, six
had MYCN gene amplification. In addition, we selected ten
favorable tumors consisting of four regressing 48 tumor samples
in which the remaining tumors consequently diminished and six
maturing tumor samples obtained at biopsy or partial resection
in which the remaining tumors consequently matured (Table 1),
In the present study, we compared the data among these thres
groups: unfavorable tumors, regressing 4S5 tumors and maturing
tumors.

Microatray analysis

We prepared target cDNA clones from a hurman fetal brain cDNA
library. A set of 6,272 sequence-verified human fetal brain cDNA
clones was PCR-amplified using M13 forward and reverse primers
and spotted onto 24 poly L-lysine-coated glass slides using a cus-
tom robot arrayer (Genex 2000, Kaken Genetics, Chiba, Japan)
according to the manufacturer’s recommendations. Total cellular
RNA was extracted from tumor samples by the acid-guanidium-
phenol chloroform method. Ten micrograms of total RNA of
.each tumor sample was labeled with Cy3 or Cy5 and hybridized
with the slide. Labeling was peiformed using random primer and
oligo d(T))s primer by Cy 3- or Cy 5-labeled dUTP (Amersham
Pharmacia Biotech Inc., Piscataway, N.L). Hybridization was

9In all four cases described as regressing neuroblastoma, liver
Imetastases spontaneously regressed until 5 years after diagnosis

performed at 65°C for 10 h and then washed using Hybridization
Station (Genomic Solutions, Ann Arbor, Mich.). After hybridiza-
tion, slides were washed, dried and scanned using laser confocal
scanner (Scan Array 5000, GSI Luminics, Ottawa, Ontario). This
microarray analysis of the same sample was repeated using differ- - -
ent fluorescence for validation of expression changes resulting from
Buorescence and hybridization conditions. Hybridization intensity
of each spot was normalized by the mean intensity of all non-
contrel spots for each channel. In addition, the intensity of 16
ubiquitously expressed genes as control cDNA elements deposited
at multiple locations on the microarray was examined. Quant array
software was used for griding and calculation of signal intensities,
The signals were analyzed from scatter plots and clustering using
Software Quantarray (GSI Luminics) and GeneSpring (Silicon
Genpetics, Redwood City, Calif.).

TaqMan analysis

To confirm the difference of expression levels of the genes identified,
we used fluorescent-based quantitative real-time RT-PCR using
TaqMan probe, Each PT-PCR was performed in a 50-pl reaction
mixture containing 25 ut of 2X TagMan Universal RT-PCR master
Mix (Applied Biosystems, Foster City, Calif.), 100400 nM each
primer and 200-400 nM TagMan fuorogenic probe. Amplification -
reaction was carried out in a 96-well reaction plate (Applied Bio-
systemns) in a spectrofluorimetric thermal cycler (AB! PRISM 7700
Sequence Detector, Applied Biosysterns); after reverse transcription
(30 min at 43°C) and denaturation (2 min at 95°C) amplification
was performed with 40 cycles of 15 s at 95°C and 60 s at 60°C, Each
sample was run in duplicate. A threshold cycle (Ct) for each sample
was czlculated by the point in which the fluorescence excesded a-
threshold limit (tenfold the SD of the baseline) and the mean of the
duplicate samples was used for calculation of the expression level.
To normalize the samples for loading total RNA equivalent, the
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Fig. 1 A cluster analysis based
on the expression of 123 genes
that differ between favorable
and unfavorable tumors.
Unfavorable neuroblastomas
showed overexpression of 43
genes and favorable tumors
showed overexpression of
another 80 genes. Among these
80 genes detected in favorable

tumors, 32 and 20 genes were
expressed in maturing tumors
and regressing 48 tumors,

respectively. The dendrogram
indicates the degree of
similarity of the expression
profiles in these genes

32 genes

Maturing
Neuroblastoma

Regressing
Neuroblastoma

20 genes 43 genes

80 genes

second real-time PCR assay was performed targeting 185 ribosomal
RNA gene. PCR conditions were the same as those mentioned
above. A reference curve was made for each gene using a
serial dilution of RINAs extracted from neuroblastoma cell line
(SMS-SAN). Appropriate negative controls (distilled water and no
probe/primers) were included in each set of experiments.

Statistical analysis

Comparison between the signal intensity of the microarray spot
and the data of TaqgMan analysis was calculated according to
Spearman’s rank correlation. A probability of less than 0.05 was
accepted as a significant value.

Results
Array data

The total cellular RNA samples were labeled with Cy3
or CyS5, respectively, and two samples labeled by dif-
ferent fluorescence were hybridized onto the same slide.
To make cut-offs in the analysis for the cDNA micro-
array, we calculated the mean intensity of each spot in
the following two groups: unfavorable (UF, n=10) and
favorable neuroblastoma (F, n=10). The following filter
values were used: the value of the ratio (UF/F or FfUF)
had to be greater than 2.0 and the signal intensity in at
least one dye had to be greater than 10,000. In addition,
we also calculated the mean intensity of each spot in
regressing neuroblastoma (R, n=4) and maturing

neuroblastoma (M, n =6) and compared with that in
unfavorable tumors. If the value of the ratio (R/UF or
M/UF) was greater than 2.0, this gene was analyzed
further. Using these filters, cut-offs selected the number
of clones from 6,727 to 517. The up-regulated clones in
unfavorable or favorable tumors were 212 and 305,
respectively. Among these 517 clones, we excluded un-
known sequences and redundant sequences and ob-
tained 123 previously known genes. Among these genes,
43 genes were overexpressed in the unfavorable tumors,
and 80 genes were in the favorable tumors.

To analyze the correlation among the samples
and genes, we applied a two-dimensional hierarchical
clustering algorithm [6] using the data obtained from the
20 tumors (Fig. 1). Although no single gene could divide
these tumors into three groups, we could divide these
tumors into three groups using this clustering analysis.
In unfavorable tumors, we identified 43 genes in this
cluster including CCND1, hTERT, NMEI, MYCN and
other cell cycle regulatory genes (Table 2). In addition,
we identified 20 genes including apoptosis-related genes
such as CASP & and CASP 9 in regressing tumors
and 32 genes including MMP9 and neuronal growth-
relating genes such as NTRKT and BIRC! in maturing
tumors.

To confirm the difference of expression levels of the
genes identified by microarray we examined TagMan
quantitative real-time RT-PCR. The quantitative RT-
PCR with TaqMan probe for ATERT (human telomer-
ase reverse transcriptase) mRNA expression showed
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Table 2 Genes overexpressed in each group of tumors

Unfavorable neuroblastoma

Favorable neurcblastoma

Bone morphogenetic protein 6

Bone morphogenetic protein 7

P-cadherin

Caveolin 2

CD22 antigen

CD8 antigen polypeptide (p32)

Collagen, type 1V

Cyclin DI(CCNDI})

Cyclin E1 (CCNEI)

Cyclin-dependent kinase 4

Deoxythymidylate kinase

Developmentally regulated GTP-general
transcription factor 1B .

High-mobility group protein I

Apoptosis inhibitor 4 (BIRCS)

Human telomerase reverse transcnptase (hTERT)

Integrin-§

" Interferon-y

Interleukin 1%

Interleukin 8

Keratin 18

Matrix metalloproteinase 15

Metastasis associated 1

Mitogen-activated protein kinase 10

NM23A (NMEI)

NM23B (NME2) |

Neuronal apoptos;s inhibitory protem (BIRCI)

Prefeldin 5

Protease, inhibitor, serine, clade A

Putative chemokine receptor GTP-bmding protein

Ras homolog enriched in brain'2

Rho GTPase activating protcm 4

Rho-GEF 1

Serine (or cysteine) proteinase ml:ubltor

Signal transducer and activator of transcription 1, 91 kD

Small inducible cytokine B subfamily member 13

Supercxide dismutase 1, soluble

Transforming growth factor-a -

TNF superfamily, member 2

TNF receptor superfamily, member &

Tyrosine kinase with immunoglobutia

Epidermal growth factor homology domains

Vascular endothelial growth factor C

N-myc (MYCN)

Ras-related GTP binding pmtelin

(Maturing neuroblstoma)

Aldolase A, fructose-bisphosphate
Ankyrin 1 (ANKI)
BCL2-antagonist/killer 1

CD44 antigen

CD27-binding (Siva) protein

CD8 antigen, beta polypeptide 1 (p37)
Cell division cycle 25A

Chorionic gonadotropin, beta polypeptide
Cytochrome P450, subfamily 1IIA
Early growth response 1

Fas-activated senne/threonine kinase

FGF receptor 1
General transcription factor I1H
Hexokinase 1

‘IGF 2 (somatomedin A)

Insulin-like growth factor binding protein 2
Interferon receptor 1

Interleukin 1 receptor antagonist

Keratin 7

Matrix metalloproteinase 9 (MMPQ)
Mitogen-activated protein kinase 7

NGF receptor (NTRKJT)

Neural precursor cell expressed, developmentally down-regulated 4
NGF1-A binding protein 2 -

pS53-induced protein

Profilin 1

Protein tyrosine kinase 2 beta

Rho GDP dissociation inhibitor (GDI) x
Rho GTPase activating protein 1
Thrombospondin 4

TNF receptor-associated factor 5

Tubulin, alpha, brain-specific

Vascular endothelial growth factor

(Regressing neruoblastoma)
Ancient ubiquitous protein 1
BCL2-antagonist/killer 1

Bone morphogenetic protein recepter; type 11 (serine/threonine kinase)

Caspase 8 (CASPS)

Caspase 9. (CASPY)

Collagen, type VI, alpha 1

Contactin 2 (axonal)

E74-like factor 4 (ets domain transcription factor)
Galactosidase, beta 1

Growth differentiation factor 10 (GDFI10)

High-mobility group (nonhistone chromosomal) protein 1
Human DNA sequence from clone RP11-560A15 on chr 20
Mitogen-activated protein kinase

NGF-2 (NGFA)

Protease, serine, 22

Rho GTPase activating protein 4

TNF-related apoptosis inducing legand (TNFSFI)
Transferrin receptor

Transforming growth factor; beta 1

Tubulin, alpha, brain-specific

that the levels of ATERT mRNA expression were cor-
related with the signal intensity obtained in the micro-
array (Fig. 2). We also used TaqMan analysis in 15
genes among the genes that showed different expression
levels in the microarray analysis and obtained a good
correlation of the expression levels between microarray
analysis and TagMan assay (data not shown).

Discussion

In the present study, we successfully identified 43 genes
that were overexpressed in unfavorable tumors and 80
genes specifically overexpressed in favorable tumors
(Fig. 1). The feasibility of this approach was shown in
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Fig. 2 Validation of ATERT mRNA expression levels in each
tumor using real-time quantitative RT-PCR. A Representative
amplification plots analyzed using the fluorescence of the PCR
products. We prepared five serial diluted standard templates of
hTERT (human telomerase reverse transcriptase) transcript. B
Linearity plots of quantity and threshold cycle (Cr). This assay
revealed a high correlation co-cfﬁclency (0.990). Quantification of
unknown saroples was performed using the equation defined by this
correlation. € Correlation between microarray spot signal and
calculated copy number by TagMan of ATERT mRNA in each
sample. The levels of ATERT mRNA cxpmsmn by these two
different assays were correlated significantly (4*= 0.77, P<0.0001)

the finding that several genes such as MYCN, BIRCS
and ATERT, which are well known to be highly ex-
pressed in aggressive neuroblastoma, were included in
the 43 genes overexpressed in the unfavorable tumors.
In addition, NTRKI was also included in the genes
overexpressed in the favorable tumors. Real-time RT-
PCR analysis revealed that our microarray analysis is
available to estimate the expression levels of each gene.

In unfavorable tumors, the overexpressed genes in-
volved cell-cycle regulation {CCNDIl, CCNEl, EI)
apoptosis-escape (BIRCS, BIRCI), protein synthesis and
transcription factors (Table 2). Moreover, overexpres-
sion of adhesion molecules such as P-cadherin, integrin-
B and matrix metalloproteinase might suggest the infil-
tration capacity of tumor cells [7]. Bone morphogenic
proteins might correlate with a block of neuronal dif-
ferentiation [8). The expression of NME] genes, which
locates at 17q, was up-regulated as the downstream
signal of N-myc [9]. Overexpression of ATERT was
considered to represent activation of telomerase in
aggressive neuroblastoma [10, 11]. Approximately half
of these selected genes have had their functions identi-
fied, but the remaining genes have not. Precise identifi-
cation of the function of these genes will elucidate their
novel functions and signal pathways in neuroblastoma.
Identification of aberrant pathways and signal networks
could lead to new therapeutic strategies in unfavorable
neuroblastoma.
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On the other hand, in favorable neuroblastoma, neu-
ronal differentiation signals such as CD44, IGF2, NTRK1
and ANK] were overexpressed inmaturing tumors[12]. In
regressing tumors, apoptosis-inducing signals (CASPS,
CASP 9, TNFSFI0) were overexpressed. The overex-
pression of these genes was compatible with the biological
behaviors of these tumors. In the maturing tumors,
apoptosis-inducing signals such as Fas-activated kinase
and p53-induced protein were also expressed. In addition,
the regressing tumors showed ovcrcxpressmn of differ-
entiating factors (NGFA and GDF10). These results sug-
gested that maturation or regression of favorable
neuroblastoma depends on the balance of differentiating
signals and apoptosis-inducing signals. i

In the clustering analysis, three groups of tumors,
unfavorable, regressing and maturing, were well classi-
fied. Since no single gene could completely classify these
three groups, the clustering analysis using several num-
ber of key genes is necessary. What kinds of genes and
how many key genes should be analyzed in future
studies need to be clarified.

The detected genes in the present study; including
cell-cycle regulatory, apoptosis-escape, protein synthesis
and transcription factor genes as highly expressed in
unfavorable tumors, would be candidates for new
prognosis-predicting factors to decide therapeutic regi-
mens and for new therapeutic targets in aggressive
neuroblastoma. The detected genes including neuronal
differentiation and apoptosis signals in favorable tu-
mors would be the candidates for new regression/mat-
uration-predicting factors and for new targets in
differentiation-inducing therapy in neuroblastoma.
Expression profiling is a powerful procedure to distin-
guish unfavorable tumors from favorable tumors in
addition to regressing tumors from maturing tumors
among favorable tumors. Genes whose expression cor-
related with outcome should be useful in risk assessment
and as potential therapeutic targets in neuroblastoma.
Prompt estimation of microarray data is required to
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diagnose tumor biology of individual tumors and to
enable appropriate therapy to be performed in each
patient, : :
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High expression of telomerase is an independent prognostic
indicator of poor outcome in hepatoblastoma

E Hiyama™'"?, H Yamnaoka?, T Matsunaga®, Y Hayashi®, H Ando®, § Suita’, H Horie®, M Kaneko?®, F Sasaki®,
K Hashizume?, A Nakagawara®, N Ohnuma® and T Yokoyama®

'Natural Science Center for Basic Research and Deveioprment, Hiroshima University, Hiroshima, Japan; 2Department of Surgery, Graduate School of
Biomediical Sciences, Hiroshima University, Hiroshima, japan; Jjoponese Study Group for Pediatric Liver Tumor, jopan o

Telomerase, an enzyme related with celluar immortality, has been extensively studied in many kinds of malignant tumours for clinical
diagnostic or progrostic utilities. Telomerase activity is mainly regulated by the expression of hTERT {human telomerase reverse
. transcriptase). which is a catalytic component of human tefomerase. To evaluate whether the levels of ATERT mRNA provides a
molecular marker of hepatoblastoma malignancy, we examined hTERT mRNA expression levels in the primary hepatoblastorna
tissues by fluorescent RT-PCR using LightCycler technology and followed up the clinical outcomes in 63 patients listed in the
Japanese Study Group of Pediatric Liver Tumor between 1991 and 2002. The hTERT mRNA expression was detected in 6| (96.8%)
specimens and their expression fevels ranged between 0.1/1000 and 745.1/1000 copies of PRGD gene that was used as an internal
control. Among these cases, frozen 39 tumour samples and |4 adjacent noncancerous liver tissues were. analysed for semiquantitative’
telomerase assay. In the 39 tumour samples, the levels of telomerase activity ranged between 0.1 | and 2709 TPG and 12 (30.7%) had’
high telomerase activity (> |00 TPG), whereas only nine of 14 noncancerous liver tissue samples showed telomerase activity which
was less than 1.0 TPG. The levels of telomerase activity were significantly correlated with the levels of ATERT mRNA expression
(P<0.00T). The frequency of high hTERT mRNA expression and/or high telomerase activity did not significantly associate with the
clinicopathological factors except for stage of disease. The prognosis of the patients with high hTERT mRNA. expression was
significantly worse than that of others (P<0.01), as was the patients with high telormerase activity {P<0.01). Multivariate analysis
indicated that high levels of hTERT mRNA expression as well as telomerase activity are independent prognosis-predicting factors in
patients with hepatoblastoma. '
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many patients. In other instances, some tumours grow aggressively

Hepatoblastoma is one of the common paediatric tumours and

more than 70% of the tumours are diagnosed in children less than
2 years old (Weinberg and Finegold, 1983). This tumour, which is
derived from hepatic precursor cells, is morphologically similar to
immature hepatocytes and the prognosis of the patients is various.
In the previous reports, tumour distribution, stage of tumour, and
complete tumour resection were proposed to be the prognostic
indicators in hepatoblastoma (Brown et al, 2000; Fuchs et al, 2002),
The prognosis of children with hepatoblastoma has been improved
significantly during the past two decades. Several multicentric
trials such as the International Society of Pediatric Oncology
(SIOP), United States-Intergroup, and our JPLT (the Japanese
Study Group for Pediatric Liver Tumors) group studies, revealed
that the successful reduction of large hepatoblastoma tumours by
preoperative chemotherapy and complete resection are possible in
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regardless of the use of preoperative chemotherapy. The latter
tumours are considered to have high-grade malignancy. In
advanced tumours with a low malignant grade, standard
chemotherapeutic regimens are effective to reduce the primary
tumour and to diminish metastatic tumours, resulting in patients’
long survival, while new aggressive chemotherapy such as high-
dose chemotherapy with stem cell transplantation is needed to
cure the tumours with a high-grade malignancy (Nishimura et al,
2002). Thus, evaluation of the malignant grade of hepatoblastoma
is necessary to improve the outcome of patients with advanced
hepatoblastoma. Several molecular markers have been analysed to
identify hepatoblastomas with high malignant potential: loss of
heterozygosity (LOH) of chromosome 11p15.5, which is often
affected in nephroblastoma and rhabdomyosarcoma in children,
may contain a putative tumour suppressor gene for hepatoblas-
toma (Albrecht et al, 1994), but is unlikely to be a prognostic
marker (Samuel et al, 1999; von Schweinitz et al, 2002). The
mutation or deletion of the f-catenin gene exon 3 is frequently
detected in hepatoblastoma, suggesting overactivation of the
wingless/WNT signal pathway (Koch et al, 1999). This plays an
important role in the pathogenesis of hepatoblastoma, but is not



considered to be a good molecular marker to distinguish high-risk
tumours from others (Takayasu et al, 2001; von Schweinitz et al,
2002).

In Japan, JPLT was opened to enrollment in 1991 and more than
150 patients were treated by JPLT protocols (Sasaki et al, 2002),
The event-free survival (EFS) rate of patients with advanced stages
was under 50%. Except for stage of disease, there are few markers
to predict the prognosis of patients or to evaluate the malignant
grade of hepatoblastoma. Elucidation of the useful prognosis-
predicting factors is necessary to improve the prognosis of patients
with hepatoblastoma.

Telomeres, which are specialised structures containing unique
guanine-rich hexameric repeat sequences at the ends of human
chromosomes (Blackburn, 1991), cannot be completely synthe-
sised (referred to as the end-replication problem} with each cell
division (Watson, 1972) and it is proposed that the loss of telomere
eventually induces antiproliferative signals that result in cellular
senescence {Shay, 1995), Telomerase is activated to maintain
telomere length to compensate for the end-replication problem in
germlines and immortal cells, but repressed in almost all human
somatic cells. The activation of telomerase and the stabilisation of
telomeres appear to be concomitant with the attainment of
immortality in cancer cells (Harley et al, 1994; Kim et al, 1994;
Shay, 1995). Telomerase activity has been found in approximately
85% of the cancer tissues examined, covering 2 large variety of
cancer types including neuroblastoma, Wilms’ tumour, and
retinoblastoma (Hiyama et al, 1995a; Gupta et al, 1996; Dome
et al, 1999; Hiyama and Hiyama, 2002). In some kinds of tumours,
in which telomerase activity increases according to tumour
progression, such as in neuroblastoma, non-small lung carcinoma,
and colorectal cancer, the level of telomerase activity is a useful
prognostic marker of the patients (Tatsumoto et al, 2000; Hiyama
and Hiyama, 2002, 2003). Major components of telomerase are the
RNA template (human telomerase RNA component: hTR) and the
catalytic subunit (human telomerase reverse transcriptase:
hTERT). hTR is expressed in the tissues with or without telomerase
activity and is not correlated with the detection of telomerase
activity, while hTERT expression is correlated with the detection of
telomerase activity (Naito et al, 2001; Hiyama and Hiyama, 2002).
Although ATERT transcripts show several splicing variants which
have no telomerase activity {(Wick et al, 1999), a system to detect
full length-hTERT mRNA alone has been developed.

To evaluate whether the levels of hTERT mRNA provides a
molecular marker of hepatoblastoma malignancy, in the present
study, we examined A”TERT mRNA expression with this system and
telomerase activity in hepatoblastoma specimens and compared
the levels of their expression and the clinicopathological features
and outcomes of the patients.

MATERIALS AND METHODS

Tissue samples

Hepatoblastoma tissue samples were obtained at surgery,
immediately frozen, and stored at —80°C in the Tissue Bank of
the JPLT or in the Hiroshima University Medical Hospital. In
all, 63 tumours having total RNA samples available were enrolled
in this study. The patients with these tumours were treated in
the various hospitals or institutes under the framework of the
JELT between 1991 and 2001. Most patients were treated in
the JPLT-1 study (Sasaki et al, 2002), which consisted of
two different protocols: protocol 91A for patients with stage I
or II hepatoblastoma and protocol 91B for patients with stage III
or IV tumours. In these cases, 39 tumour samples with
14 corresponding normal liver tissues were stored at ~80°C as
frozen tissues and the remaining 24 samples were stored as total
RNA samples.
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Clinical course and disease status

The clinicopathological parameters and outcomes for these 63
patients were analysed. The clinical stages of disease were
determined at the time of initial biopsy or resection according to
the classification of the Japanese Society of Pediatric Surgeons,
which was based on the number of liver segments involved, the
extent of local invasion, the extent of regional lymph node
involvement, and the presence of distant metastases (Hata, 1990).
The PRETEXT system (intrahepatic tumour extension) is based on
hepatic surgical anatomy which is divided into four sectors,
namely anterior and posterior sectors on the right and medial and
lateral sectors on the left (Brown et al, 2000). Histological subtypes
were diagnosed according to the classification of Haas et al and the
Japanese Society of Pathology (Haas et al, 1989; Hata, 1990). Their
criteria classified the tumours into four subtypes: a well-
differentiated (fetal}, a poorly differentiated (embryonal), imma-
ture (anaplastic) and other (including macrotrabecular pattern)

types.

Quantification of telomerase activity

Extraction of telomerase protein and evaluation of its activity were
done by the TRAP (telomeric repeat amplification protocol) assay
as described earlier (Kim et al, 1994; Piatyszek et al, 1995). Briefly,
50-100mg of tumour or noncancerous liver tissues were
homogenised in approximately 50-100 ] of CHAPS lysis buffer.
After 25 min of incubation on ice, the lysates were centrifuged at
16 000 g for 20 min at 4°C and the supernatant was rapidly frozen
in liquid nitrogen and stored at —80°C. An aliquot of extract
containing 0.5 ug of protein was used for each assay. The levels of
telomerase activity was measured using a commercial kit, the
TRAPeze XL kit (Serological Co., Gaithersburg, MD, USA), which
is a quantitative fluorescent-labelled PCR systemn for the estimation
of relative telomerase activity with the use of a PCR internal
control. The PCR product was measured in the fluorescent plate
reader (Wallac, Perkin-Elmer, Wellesley, MA, USA) to detect the
levels of fluorescein and sulphorhodamine by using the appro-
priate excitation and emission filters. The levels of telomerase
activity were quantified by the ratio of the fluorescein intensity of
the entire TRAP ladder to the sulphorhodamine intensity of the
internal control after the correction of each fluorescent intensity
for the negative control and the background, respectively, and
were expressed as Total Product Generated (TPG) units.

Quantification of hTERT mRNA expression

Using the acid-guanidium-phenol-chloroform method (Chrom-
zynski and Sacchi, 1987), total cellular RNA was extracted,
Quantitative detection of hTERT mRNA was performed with the
LightCycler TeloTAGGG hTERT Quantification Kit (Roche Diag-
nostics, Mannheim, Germany) using the LightCycler instrument
(Roche Molecular Systems, Alameda, CA, USA). For each sample,
100 ng of total RNA was prepared in a 20 ul mixture containing 2 ul
of reaction mix, 0.1 ¢l of reverse-transcriptase, and 2 ul of hTERT
or porphobilinogen deaminase (PBGD) detection mix. RT~-PCR
for the mRNA encoding the housekeeping gene PBGD was equally
processed in a separate tube as a reference for relative quantifica-
tion of ATERT mRNA expression. The mixture without template
was examined as the negative control. These mixtures were
reverse-transcribed for 10 min at 60°C, followed by denaturation
{30s at 95°C) and amplification of the 198-bp fragment of the
ATERT mRNA sequence in 40 PCR cycles (0.5s at 95°C, 10s at
60°C, and 10s at 72°C) using specific primers in a one-step RT-
PCR. To establish a standard curve, five standards with in vitro-
transcribed hTERT mRNA containing five different copy numbers
were included in each experiment. The copy number of ATERT
mRNA in each sample was normalised on the basis of its PBGD
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mRNA content according to the formula: h'TERT mRNA expres-
sion level = hTERT mRNA copies/1000 PBGD mRNA copies.

Statistical analysis

Correlations between the hTERT mRNA expression and telomerase
activity levels or each of the other factors were analysed using
Wilcoxon’s t-test, x*-test, or Fisher’s exact test where appropriate.
The overall survival curves for each group of patients were
estimated by the Kaplan-Meier method and the resulting curves
were compared using the Cox-Mantel test. Multivariate survival
analysis using the Cox proportional hazard regression model was
carried out to assess the independent contribution of each variable
to disease-free survival. Differences were considered significant at
P<0.05. A Computer program package (StatView 5.0; Abacus
Concepts, Berkeley, CA, USA) was used for all of the statistical
testing.

RESULTS
Clinicopathclogical findings (Table 1)

Among the 63 patients studied, the ages at diagnosis ranged
between 0 and 13 years (mean 3 years and 6 months). They
included nine stage I cases, 17 stage II, 13 stage IIIA, 10 stage IIIB,
and 14 stage IV cases. Overall, 39 (61.99%) cases underwent curative
surgery. Surgical resection was considered curative when no
distant metastasis was evident and the clearance of cancer was
complete as determined by standard histological analysis. The
remaining 24 cases underwent noncurative surgery due to distant
metastasis or extensive occupation of primary tumour. Totally, 34
cases underwent preoperative chernotherapy and all cases under-
went postoperative chemotherapy.

In histological classification according to the pathological
criteria of the Japanese Society of Pathology, 33 were classified
as the well-differentiated type, 27 as the poorly differentiated type,
two as immature and the remaining one case as other types. Serum
levels of alpha-fetoprotein (AFP)} ranged between 5 and
3657247 ngml™! and 56 cases showed more than 1000 ngmi™ of
AFP.

Among these patients, 11 died of disease, two showed recurrence
of tumour and 50 are alive disease free. The survival periods
ranged from 0 to 288 months (mean 74 months).

Out of 39 cases whose frozen tumour samples were available
included six stage I cases, 13 stage II, five stage IIIA, eight stage
ITIB, and seven stage IV cases. Among them 30 (75.9%) cases
underwent curative surgery. Clinicopathological findings in these
39 cases were not significantly ‘different from those in the whole
cases (Table 1), :

]

{ o
Levels of hTERT mRNA expression and telomerase activity
in hepatoblastoma specimens

Among the 63 primary hepatoblastoma specimens obtained, 58
(92%) specimens displayed apparent ATERT mRNA expression
using the quantitative hTERT mRNA expression assay (Figure 14 -
C). The levels of h'TERT mRNA expression ranged from 0.008 to
745.1 (mean 49.5) copies IOOO;COPiES-]' of the PBDG mRNA. In

these 58 cases, 24 (38.1%) showed high levels of hTERT mRNA

expression (more than 10 ATERT mRNA copies 1000 copies™" of
the PBDG mRNA). In the 14 noncancerous liver specimens
examined, only two samples derived from two patients under 1-
year old showed hRTERT mRNA expression, but their levels were
low (0.42 and 0.78). Among these cases, telomerase activity was
examined in 39 cases. Using quantitative TRAP assay (Figure 1D),
telomerase activity ranged between 0.11 and 2669 TPG (mean 432.7
TPG). As previously described (Tatsumoto et al, 2000}, more than
100 TPG was defined as high telomerase activity. Overall, 12 cases
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Table | Patients and turmour characteristics

hTERT Telomerase
mRNA activity
(Cases) {copies) (Cases) (TPG)
Sex
Male 44 61,744 13094 27 4458+7925
Femnale 19 374845080 12 403448096
Age
0—It1 months 12 272846294 7 458.1 £950.0
12~23 months 18 578549772 12 7223412143
2-3 years 20 211414834 10 1228 £269.1
4-14 years 3 130.32+21093 10 687.5+6898
PRETEXT
| 6 2564488 5 101542073
It 22 5602416007 15 1844 +514.1
Il 0 6284 +£9001 8 624.4 +998.1
v 1] 6555+ 10682 9 579.7 410456
Unknown 4 2576+ 5009 2 630.1 £8906
Stage - ‘ .
i -9 1.83+4.03 [ 86441890
[ 17 17.49+46.34 13 174.1 +545.8
[HA 13 396316147 5 3331 17067
ns 10 10550+ 13493 8 2150+ 10720
v 4 10441 £197.70 7 729919696
Histology s
Well 33 5863%13863 20 574548782
Poorly 27 S1.21 #9600 7 3128+£7043
Others 3 3574337 2 3414837
Preoperative chernotherapy
Yes 34 6361+ 14%.14 193 486618027
No™ ' 29 7 40.184-85.40 20 381.6+7897
Curative surgery
Yes 39 S691 413029 30 . 397447588
No 24 46,13 +9638 9 550319146
Prognosis : E T -
Survived with 50 3325%7211 30 252746042
evidence-free )
Recurrence/died of K] 128.11+207.25 9 10328+ 1046.0
disease ’ '

(30.8%) showed high telomerase activity, Figure 1E shows the =
correlation between hTERT mRNA expression levels and telomer-
ase activity levels. There was a significant correlation between

-these two expression levels (y =0.87, P<0.01).

Levels of hTERT mRNA expression or telomerase activity

and the clinicopathological features of the patients

Table 1 shows the correlation between RTERT mRNA expression-
or telomerase activity levels and the clinicopathological features of
the patients. Regarding age at diagnosis, the levels of hTERT
mRNA expression and of telomerase activity were high in the elder .
patients, but not significantly. In histological classification, there- -
was no significant difference of the levels of ATERT mRNA
expression or telomerase activity between well- and poorly
differentiated types. In PRETEXT classification, the levels of
KTERT mRNA expression increased in PRETEXT 2, 3, and 4
tumours but not significantly (P=10.116). The levels of telomerase
activity in the PRETEXT 2, 3, and 4 tumours were significantly
higher than in the PRETEXT 1 tumours (P =0.023). The levels of
RTERT mRNA expression and telomerase activity significantly
increased in advanced stages (stages IIIA, IIIB, and IV, P=0.0146

© 2004 Cancer Research UK
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Figure | Detection of hTERT mRINA (A, B) and telomerase activity (C, D) and their relationship (E, F) in hepatoblastoma. (A} Amount of hTERT mRNA
was measured by real-time RT-PCR analysis using LightCycler system in three representative hepatoblastoma samples (LB8, 21, and 25) with five external
RTERT mRNA standards (a—e) and a negative control (f). (B) hTERT mRNA levels of three representative samples were calculated by the standard curve of
the external hTERT RNA standards (a—e). (€) Detection of telomerase activity was done using the TRAPeze XL kit (Serological Co. Gaithersburg, MD,
USA), which is a quantitative flucrescence-labelled PCR system for the estimation of relative telomerase activity with the use of a PCR internal control {IS),
Positive controls included serial diluted control template (R8), cligonucleatides with eight telomeric repeats AG(GGTTAG)7, to produce a standard curve.
(D) The levels of telomerase activity were quantified by the ratio of the fluorescein intensity (AFL) of the entire TRAP ladder to the sulphorhodamine
intensity (AR) of the internal control, and were expressed as Total Product Generated units (TPG). Levels of telomerase activity in the three representative
samples (LE8, 21, and 25) were calculated by the standard curve using AFL/AR of the external standard R8. The levels of telomerase activity in LBS, 1B2.
and LR25 were caltulated as 31.1, 0.37, and 7617 TPG, respectively. (E. F) The correlation between the levels of hTERT mRNA expression normalised to
the internal control PBDG and those of telomerase activity in overall 39 hepatoblastoma samples (E) and those with low telomerase activity (F). Thereisa
significant correfation between these two parameters (P <0.0001).
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and 0.0234, respectively) and in tumours with distant metastasis
(stage IV vs others), but not significantly. The levels of hTERT
mRNA expression (mean 49.9, n=22) and telomerase activity
{mean 369.1 TPG, n=14) in tumours obtained after preoperative
chemotherapy did not significantly differ from those in tumours
obtained without any therapies (mean 54.4, r = 42 and mean 435.4,
TPG, n=25, respectively). There was no significant correlation
between the levels of serum AFP and hTERT mRNA expression or
telomerase activity.

Correlation between hTERT mRNA expression and
prognosis of the patients -

The median follow-up in the series of patients examined was 74 -

months (range, 1-288 months). Kaplan - Meier event-free survival
(EFS) curves of all patients (Figure 2A) show that the 10-year EFS
rate in the patients with high ATERT mRNA expression (=10
copies 1000 copies™! of the PBDG gene) was 38%, while that in the
remaining patients was apprommately 90%. The prognosis of the
patients with high expressmn of hRTERT was significantly worse
than that of other patients (y* =23.40, P<0.0001). Since the levels
of hTERT mRNA were significantly correlated with advanced
stages of tumour, the correlation between hTERT mRNA expres-
sion and prognosis was examined in tumours in early stages (stage
I or II), and those in advanced stages (stage III or IV), separately
(Figure 2B). The prognosis of the patients with high levels of
hTERT mRNA expression was significantly poor in advanced
tumours {¥* =26.03, P<0. 0001)1 In 26 patients with early tumours,
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all 20 patients with low levels of A-TERT mRNA expression are alive
disease free and two out of six patients with hxgh levels of hRTERT
mRNA expression showed poor prognosis (y? =3.291, P =0.046).

Correlatlon between the levels of telomerase actlnty and
prognosis of the patients

This study atternpted to determine the effect of telomerase actmty
and ATERT mRNA expression on the prognosis of patients with
hepatoblastoma. Telomerase activity was investigated in only 39
cases becanse frozen tumour -tissue was unavailable in the
remaining 24 cases. Kaplan-Meier EFS curves of these 39 patients
-(Figure 2C) show that the 10-year EFS rate.in the patients with high
telomerase actmty (TPG >100) was approximately 40%, while
that in the remaining patients was approximately 90%. The
prognosis of the patients with high telomerase activity (TPG
>100) was significantly worse than that of other patients
(P =0.0003). Since the levels of telomerase activity were signifi-
cantly correlated with advanced stages of tumour, the correlation
between telomerase activity and prognosis was examined in the
tumours in early stages (stage I or II) and those in advanced stages
(stage III or IV), separately (Figure 2D). The prognosis of the
patients with high telomerase activity was significantly poor in
advanced tumours (¢*=27.12, P<0.0001). In early tumours, one
of two patients with high telomerase activity showed poor
prognosis, while all patlents with low teIomerase actmty are alive
disease free, : ‘
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‘Figure2 Kaplan—Meier cumulative survival spots for patients with hepatoblastoma. (A) Survival according 1o the levels of' hTERT mRINA expression. High

hTERT: HTERT mRNA, 2 10 copies 1000 copies™' of the PBDG genes, low hTERT: hTERT mRNA < 10 copies 1000 copies™' of the PBDG genes. The patients
with tumours with high hTERT mRNA expression showed significantly worse survival (P<0.0001). {B) Survival according to the levels of hTERT mRNA
expression and stages. Early stages: [ and [I, advanced stages: Il and IV in the stage classification of the Japanese Society of Pediatric Surgeons. Patients having
advanced tumours with high h(TERT mRNA expression showed significantly worse survival (P<0.0001). {€) Survival according to the levels of telomerase
activity. High ‘telomerase: TPG value 2100, low telomerase: TPG value <100, The patients having tumours with high telomerase activity showed
significantly worse survival (P <0.0001). (D) Survival according to the levels of telomerase activity and stages. The patients having advanced tumours with
high telomerase activity showed significantly worse survival (P<0.0001).
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Prognostic factors

By univariate analysis, we analysed clinical parameters such as
PRETEXT classification, distant metastasis, stage classification,
serum levels of AFP, histological classification, preoperative
chemotherapy, and total surgical resection, for the correlation
with prognosis of the patients, PRETEXT 2, 3, and 4 tumours and
the tumours with distant metastasis showed poorer prognosis, but
not significantly. On the other hand, advanced stages (stages 3 and
4) were significantly correlated with poor prognosis of the patients
(P =0.022). Thus, both telomerase activation and advanced stages
were correlated with poor prognosis of patients.

To identify which independent factors had a significant
influence on survival, multivariate survival analysis using the
Cox proportional hazard regression model was performed. In this
multivariate analysis, we assessed the prognostic value for event-
free survival of the parameters that were significant in univariate
analysis: stage and RTERT mRNA expression. For this multivariate
analysis, variables with P-value lower than 0.30 in the univariate
analysis were also selected: gender, age at diagnosis, curative
surgery, stage/PRETEXT classification, histology, and hTERT/
telomerase activity. As stage classification was significantly
associated with PRETEXT and distant metastasis, we used stage
classification in this multivariate analysis. As the levels of hTERT
mRNA expression were significantly correlated with the levels of
telomerase activity, and telomerase activity could not be analysed
in 24 cases, we analysed these two factors separately in different
multivariate analysis sheets. In the multivariate analysis including
hTERT mRNA expression and the other five factors for 63 cases,
KTERT mRNA and poorly differentiated histology were indepen-
dent predictors of EFS. The hazard ratios were 50.0 (95%
confidence interval of 5.07—492.9, P=0.0008) and 5.11 (95%
confidence interval of 1.16—22.5, P=0.031). In the multivariate
analysis including telomerase activity and the other five factors for
39 cases, the level of telomerase activity was also an independent
predictor of EFS. The hazard ratio of telomerase activity levels was
17.7 (95% confidence interval of 2.16-120.1, P=0.0032). In
advanced stages, the hazard ratios for hTERT mRNA and
telomerase activity levels were 9.221 (FP=0.043) and 5.248
(P =0.188), respectively.

DISCUSSION

Clinical investigation revealed that the prognosis of children with
hepatoblastoma correlates with multifocal growth in the liver,
invasion of blood vessels, distant metastasis, and either very low or
high levels of serum AFP (von Schweinitz et al, 1997; Brown et al,
2000). Survival rates of children with more than twe of these
factors were less than 10%. Thus, these findings discriminate a
subgroup of hepatoblastoma with more aggressive biological
properties, which correlate with a poor prognosis. However, these
factors are not sufficient to predict the prognosis of children with
hepatoblastoma. Recently, high-dose chemotherapy with stem cell
transplantation has become effective in some patients with
aggressive hepatoblastoma with metastasis (Nishimura et al,
2002). Thus, to identify such high-risk patients with hepatoblas-
toma, we need additional useful prognostic markers for evaluation
of aggressive biological properties.

Telomerase activity has been reported in many kinds of
malignant tumours, including gastric cancer (Hiyama et al,
1995b), hepatocellular carcinoma (Nouso et al, 1996; Nakashio
et al, 1997), pancreatic cancer {Hiyama et al, 1997b; Iwao et al,
1997), and colorectal cancer (Chadeneau et al, 1995; Naito et al,
2001). Approximately 80 -90% of these malignant tumours showed
telomerase activity (Shay and Bacchetti, 1997). In some kinds of
tumours, high telomerase activity has been reported as a marker of
tumour aggressiveness and poor prognosis (Hiyama et al, 1995a,b;
Shay et al, 1997; Marchetti et al, 1999). In childhood tumours,
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telomerase activity and ATERT mRNA expression were also
detected in a majority of cases of neuroblastoma, retinoblastoma,
and nephroblastoma. In neuroblastoma, we have already reported
a significant correlation between high telomerase activity and poor
outcomes of patients (Hiyama et al, 1995a, 19972). In retinoblas-
toma, telomerase activity was detected in about 50% of the
tumours and such tumours showed a high recurrence rate (Gupta
et al, 1996). In the present study, hTERT mRNA expression and
telomerase activity were correlated with poor prognosis of
patients, indicating these factors are useful prognosis-predicting
factors in hepatoblastoma. Thus, activation of telomerase may
correlate with malignant potential in most childhood malignant
tumours including hepatoblastoma, neuroblastoma, and retino-
blastoma. 1

This is the first report to show an association between the levels
of hTERT mRNA expression or telomerase activity and patient
prognosis in hepatoblastoma. In the multivariate analysis, activa-
tion of telomerase, stage of disease, and histological type were
significantly correlated with the outcome of patients. In these three
independent parameters, the risk of hTERT mRNA or telomerase
activation was highest, indicating that telomerase reactivation is
the most useful prognosis-associating factor in hepatoblastoma. In
the present study, four (15.4%) of the 26 cases with early stage
hepatoblastoma showed recurrence of tumours, and all four cases
showed high telomerase activity (TPG 2100 or hTERT mRNA
> 100 copies). In contrast, three (16.7%) of the 18 advanced cases
with high telomerase activity remain disease-free; Since all stage 4
cases underwent different chemotherapeutic regimen in the JPLT
study (Sasaki et al, 2002}, one explanation for this result is that the
high-dose chemotherapy might have been effective in preventing
recurrence in these four early cases. Thus, in early stage tumours,
selection of patients for high-dose chemotherapy based on high
telomerase activity (TPG 100) might be an effective method to
improve the prognosis of this category of patient. Moreover, the
exclusion of low-risk patients from postoperative chemotherapy
could spare some of its serious side effects. In advanced
hepatoblastoma with low malignancy, complete resection and
chemotherapy should be performed, but in such tumours with
high malignancy, complete resection and chemotherapy might be
insufficient and new aggressive strategies should be implemented.
The observations in our study suggest that telomerase inhibition is
an effective strategy for the reversal of tumour growth. Since most
somatic cells do not have detectable telomerase activity and
telomerase shows a tumour-specific expression in general,
telomerase is an important target for new anticancer therapy. A
number of different approaches have been} developed for
telomerase inhibition in human cancer. Different components
and type of inhibitors targeting various regulatory levels have
been regarded as useful telomerase inhibitors and seem to be

most efficient when combined with conventional chemotherapy -

(Saretzki, 2003). Telomerase inhibition, which may be invelved in
triggering apoptosis, may be a new strategy for curing hepato-
blastoma in the future.

In the present study, we analysed the clinical variables of
hepatoblastoma cases, but did not find significant correlation
between the levels of hTERT mRNA or telomerase activity and
these variables except for PRETEXT system and disease-stage. It is
well-known that prognosis of the cases with pure-foetal histology
is good (Finegold, 2002). In the present study, we had only two
pure-foetal subtypes in 33 well-differentiated tumours. Although
the levels of h”TERT mRNA or telomerase activity in them were
relatively low, further study with large number of this subtype is
necessary to analyse statistically.

Some noncancerous childhood liver tissues showed low levels of
telomerase activity and hTERT mRNA expression. In childhood
liver tissue infiltrating lymphocytes, multipotential stem cells, and
their daughter cells might have telomerase activity, resulting in
positive results by the contamination of lymphocytes and stem
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