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Treatment results of advanced neuroblastoma treated with JANB protocols are
described. The first study, conducted from 1985 to 1991, marked an innovative advance
in the treatment of cases of advanced neuroblastoma with extremely dismal prognosis.
Progression-free survival rates of patients with stage 4 neuroblastoma at 5 and 10
years after initiation of the therapy were 32% and 29%, respectively, with the JANB 85
protocol. MYCN amplified advanced neuroblastoma, which was considered uniformly
fatal, became a curable disease with the JANB 91 protocol. Now treatment with 98 A 3
regimen as an induction chemotherapy followed by high-dose chemotherapy for stage
4 neuroblastoma is under way. Progression-free survival for patients with stage 4
disease who receive megatherapy rescued by stem cell transplant is approximately
60% 3 years after initiation of chemotherapy.
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Abstract. In an effort to clarify the role of telomerase in the pathogenesis of pheochromocytomas and neuroblastomas,
and to test whether its component could serve as a marker of malignancy, we measured telomerase reverse transcriptase
(TERT) mRNA in 31 human pheochromocytoma tissue samples (5 malignant, 23 benign and 3 suspected malignant) and
16 neuroblastoma tissues (9 unfavorable and 7 favorable). All cases were classified by both the clinical course and
histopathological examination. Malignancy was defined as the presence of metastasis and/or extensive local invasion.
TERT mRNA was determined by nested PCR and a real-time PCR system (LightCycler). By nested PCR methods, 5 of
the 5 malignant pheochromocytoma samples were positive (sensitivity = 100%), and 21 of 23 benign pheochromocytoma
samples were negative (specificity = 91%) in pheochromocytomas. Four out of five malignant tumors were positive for
either hRTERT expression or Ki-67/MIB-1 immunoreactivity. In the neuroblastoma tissues, 9 of the 9 unfavorable samples
were positive (sensitivity = 100%), and only 2 of 7 favorable samples were negative (specificity =29%). We also
determined the expression of the hTERT mRNA by real-time PCR to quantitate the mRNA. The mean values of hTERT
mRNA by real time PCR in benign and malignant pheochromocytomas were 2 and 26 arbitrary units (AU), respectively.
The difference was not significant by the U-test. The mean values of hTERT mRNA in favorable and unfavorable
neuroblastoma were 203 and 497 AU, respectively. This difference was also not significant (U-test). N-Myc mRNA
expression correlated with the expression of h'TERT mRNA in the neuroblastoma samples (r = 0.534, p = 0.0317). Thus,
hTERT mRNA might be a potential marker for estimating the malignancy of pheochromocytomas and neuroblastomas.

Key words: hTERT, mRNA, Malignancy, Pheochromocytoma, Neuroblastoma
(Endocrine Journal 51: 47-52, 2004)

TELOMERASE is a ribonucleoprotein complex that
extends and maintains the telomeres by the addition of
telomeric repeats to the ends of linear chromosomes.
The human telomerase complex includes telomerase
RNA (hTR), human telomerase reverse transcriptase
(hTERT) and a number of associated proteins. hTR
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acts as a template for the telomeric repeat synthesis,
and hTERT has reverse transcriptase activity [1, 2]. It
has been suggested that telomerase activity may be a
useful marker in cancer diagnosis because it can be
detected in approximately 85% of the most common
cancers [3, 4]. Moreover, telomerase activity is a use-
ful indicator for determining the degree of malignancy
in several tumors. For example, in meningiomas and
similar tumors, it is difficult to distinguish benign
tumors from malignant ones by histopathological
examinations [5, 6]. In these tumors, the levels of
telomerase activity correlate with the prognosis of
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the patients.

hTR is sometimes expressed in cells without telom-
erase activity; in contrast, the degree of telomerase
activity correlates with the expression of hTERT.
Thus, most somatic human cells lack telomerase
activity because they do not express the hTERT gene,
but most cancer cells express hTERT [7]. Therefore,
detection of hTERT mRNA expression by RT-PCR
analysis is also useful for cancer diagnosis.

Pheochromocytomas are tumors arising most often
from the adrenal medulla. There is no tumor excretory
profile that is predictive of malignancy. Reliable
prediction of malignant behavior on the basis of histo-
pathology is also notoriously difficult. DNA ploidy
can be a helpful indicator, although aneuploidy per
se is not considered to be a specific marker of malig-
nancy. Mutations in the p53 gene have been reported
to occur frequently in cases of benign pheochromo-
cytoma [8]. Kinoshita e al. and Kubota et al. [9, 10]
reported that analysis of telomerase activity is a
powerful tool for the diagnosis of malignant pheo-
chromocytoma. On the other hand, Bamberger ef al.
[11] reported that telomerase activity may not be a
suitable marker for malignancy in the adrenal gland.

Neuroblastoma is an embryonic tumor of neuroecto-
dermal cells derived from the neural crest and destined
for the adrenal medulla and sympathetic nervous sys-
tem. Neuroblastoma is the most common extracranial
solid tumor in children. Its biological behavior is
notoriously unpredictable and comprises a spectrum
ranging from spontaneous regression to rapid meta-
static spread. Hiyama ef al. [12] reported the clinical
utility of telomerase as a prognostic marker in neuro-
blastoma.

In this report we present our study of the expression
of the hTERT mRNAs in pheochromocytoma and
neuroblastoma tissues.

Materials and Methods
Tissue samples

Freshly excised samples of pheochromocytoma
tissues and neuroblastic tumors were snap-frozen in
liquid nitrogen and stored at —80°C.

A total of 31 pheochromocytoma tissues (5 malig-
nant, 23 benign, and 3 suspected malignant) and 16
neuroblastoma tissues (9 unfavorable and 7 favorable)

were obtained. All cases were classified by the clini-
cal course and the histopathological examination as
reported by Linnolia e /. [13]. Malignancy was
defined as the presence of metastasis and/or extensive
local invasion. A signed informed consent was obtained
from patients wanting to participate in the study. This
study was approved by the ethics committee of the
Medical Faculty of Tsukuba University, Tsukuba,
Japan.

The no.5 sample of pheochromocytomas was
diagnosed as malignant by the clinical course after
the detection of hTERT mRNA. Cases 6, 7 and § are
suspected malignant based on pathological criteria, but
they did not have metastases during the study period.

Two regions of the samples were assayed by nested
PCR.

RNA isolation and reverse transcriptase-polymerase
chain reaction (RT-PCR)

Total RNA was isolated from frozen tumor samples
by the guanidine thiocyanate-phenol-chloroform meth-
od, using isogen reagent (Wako Pure Chemical Indus-
tries, Ltd., Osaka, Japan). Total RNA (1 pug)was used
for the synthesis of single-strand complementary DNA
(cDNA) with random primer and reverse transcriptase
(Takara, Tokyo, Japan) in a total volume of 20 pl, and
then 1 pl was used as a template for PCR. The primers
used in this study for h"TERT mRNA are shown in
Table 1. As positive controls for PCR, the primers for
GAPDH were used. For hTERT, nested PCR methods
were performed with the inner primers. The designed
primers are as reported by Nakamura er al. [2]. The
thermal cycler profile consisted of an initial denatur-
ation at 94°C for 3 min, followed by 35 cycles with a
30 s denaturation at 94°C, a 30 s annealing of primers
at 55°C, and 60 s extension at 72°C. The second steps

Table 1. Primers and probes used in this study
Name Sequence (5'-39)
hTERT-of AGC CAG TCT CAC CTT CAACCGC
hTERT-or GGA GTA GCA GAG GGA GGC CG
hTERT-if GCT GGG AGG AAC ATG CGT CG
WTERT-ir GGG AGG CCG TGT CAG AGATG
N-Myc-891F  CGA CCA CAA GGC CCT CAGTA
N-Mye-1031R  ACA GCC TTG GTG TTG GAGGA
N-Myec-probe  5-FAM-TCA TCT GAA TCG CTC AGG

GTG TCC T3-TMR
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of nested PCR for hTERT were performed using 1 ul
of products from the first PCR according to the same
program. After PCR, 5 ul aliquots of the products
were subjected to 2% agarose gel electrophoresis and
stained with ethidium bromide.

Quantitation of hTERT mRNA

The numbers of hTERT (+a+f3) mRNA molecules
were determined using 0.05-0.1 ug of total RNA from
each sample by real-time RT-PCR using the Light-
Cycler and LightCycler TeloTAGGG hTERT Kit from
Roche Molecular Biochemicals according to the
manufacturer’s instructions. The primers and fluo-
rescent probes in this assay are designed so that only
the potentially functional +o+p form of hTERT is
measured. The assay allows determination of the rela-
tive telomerase expression levels by comparing them
to the expression level of the housekeeping gene
porphobilinogen deaminase (PBGD). The unit shows
hTERT mRNA expression divided by PBGD mRNA
expression.

Quantitation of N-Myc mRNA

The PCR reaction mixture was prepared using a
Tagman PCR master reagent kit (PE Applied Bio-
systems, CA) according to the manufacturer’s instruc-
tions. The thermal cycling protocol was 2 min at 50°C
and 10 min at 95°C, which was followed by 40 cycles
ot 95°C for 15 s and 60°C for | min. Thermal cycling,
fluorescence detection, and data analysis were per-
formed on the ABI PRISM 7700 Sequence Detector
using the software provided with the instrument. The
sequences of synthetic oligonucleotide primers and
probe are shown in Table 1. The expression of N-Myc
mRNA was normalized by the expression of the
housekeeping gene GAPDH. For GAPDH detection,
we used Tagman GAPDH Detection Reagents (PE
Applied Biosystems, CA).

Immunohistochemistry

Immunohistochemical analyses of the proportion of
Ki-67/MIB-1 immunoreactive cells were performed
using a Simple-stein method (Nichirei, Tokyo, Japan)
according to the manufacturer’s instructions. Paraffin
sections 5 um thick were incubated overnight at +8°C
with monoclonal antibodies against Ki-67 (clone MIB-

1, diluted 1:200; Immunotech, Marseille, France). To
intensify the immunoreaction, the sections were auto-
claved at 121°C for ten minutes. Known positive
samples of breast cancer tissue were included as posi-
tive controls.

The proliferative activity, given as the percentage of
Ki-67/MIB-1 immunoreactive cells, was calculated with
the aid of an 10 x 10-square ocular grid. To estimate
the cell density of each tumor section, the total number
of cells (positive and negative) was counted in one row
of the grid (10 squares) and multiplied by 10. Then the
total number of immunoreactive cell nuclei was
recounted at 10 different locations in the areas with
the highest proliferative activity.

Statistical analysis

Statistical significance was determined by the
Mann-Whitney U-test and Pearson’s correlation test.
The significance level was set at p<0.05.

Results
hTERT mRNA expression in pheochromocytomas

The tumor weights or sizes, malignancy, the expres-
sions of hTERT mRNA and Ki-67 and follow up peri-
ods in 31 pheochromocytomas are listed in Table 2.

By the nested PCR methods, 5 of the 5 malignant
samples were positive (sensitivity = 100%), 21 of 23
benign samples were negative (specificity = 91%) for
hTERT mRNA detection.

We also determined the expression of the hTERT
mRNA by real-time PCR. The mean values of hTERT
mRNA by real time PCR in benign and malignant
pheochromocytomas were 2 and 26 AU, respectively.
The difference was not significant by the U-test.

MIB-1/Ki-67 Immunoreactivity in pheochromocytomas

All of the benign and suspected malignant tumors
showed <1% proliferative activity, as measured by
Ki-67/MIB-1 staining (Table 2). Four of 4 tumors
classified as malignant showed >1% proliferative
activity.  However, strongly increased proliferative
activity was observed in only one sample.
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Table 2. Expression of h\TERT mRNAs in the 31 pheochromocytomas

No. Age/Sex Diagnosis weight (g) or size (cm)  pathology 23;5; Ki-67 POI(I]?;/)‘UP Relapse location
1 15/M  pheo 39g,5x4%x35cm M + 1% death local recurrence
2 27/M  pheo 193 g M + 5% death liver, bone
3 51/M  para $2 cm M + 22% death liver
4 76/M  pheo 4 cm M + ND death local recurrence
5 6l/F  pheo 700 g, 125 % 10x 11 cm 7 + 7% 73 liver
6 48/M  para, vRH 55%50x%x3.0cm ? - <1% 83
7 49/M  pheo 643 ¢,11.0x7.5x3.5¢cm ? + <1% 35
8 33/F  pheo 16g,3.6x40x25¢cm ? - <1% 27
9 72/M  pheo 53 g, ¢3.5¢cm - <1% 56

10 62/F  pheo Sx55%x6cem + <1% 116

11 55/M  pheo 18.5g,40%x22cm - <1% 61

12 37/F  MENIA 7x4x3cm - <1% 76

13 70/M  pheo, diabetes 5x4x3cm - <1% 37

14 49/F  pheo, hypertension  5.5x 50 x4.5cm - <1% 45

15 33/F  para 92 cm - <1% 30

16 24/M  para 58g,75x%x6.5%25cm - <1% 128

17 47/M  para, diabetes 5x6cm - <1% 49

18 50/F  pheo 120 g,7.5x 5.0 x 4.5 cm - <1% 86

19 61/F  pheo 30g,50x35%x40cm - <1% 78

20 23/F  pheo 17,28 %x3.0%x2.5cm - <1% 70

21 58/M  pheo 572,26 x43x58cm + <1% 70

22 61/M  pheo 4.5x25%x35cm - <1% 68

23 36/F  pheo 3x3x2cm - <1% 50

24 30/F  pheo 80 g, 4x5x6cm - <1% 50

25 28/M  pheo 50g,35x53x40cm - <1% 41

26 49/M  para 49 ¢,3.0x3.6 x4.0cm - <% 41

27 51/M  pheo Sx5x6cm - <1% 39

28 67/M  pheo 18g,3.3 x2.5x2.8cm - <1% 29

29 42/F  pheo - <1% 24

30 30/M  pheo, diabetes 7.5%x6.0x3.8cm + <1% 24

31 41/M  pheo, hyperlipidemia 18 g,4.0 x 3.0 x2.5cm - <% 23

pheo = pheochromocytoma; para = paraganglioma; vRH = von Recklinghausen disease; M = malignant; ND = not done

hTERT mRNA expression in neuroblastomas

Age at diagnosis, status, Shimada classification, the
expressions of hTERT mRNA and its isoforms, and N-
myc mRNA in 16 neuroblastomas are listed in Table 3.
Eight of 9 unfavorable neuroblastomas were diagnosed
in patients older than one year.

By the RT-PCR methods, 9 of the 9 malignant sam-
ples were positive (sensitivity = 100%), and only 2 of
7 benign samples were negative (specificity = 29%) in
the neuroblastoma tissues we examined.

We also determined the expression of the hTERT
mRNA by real-time PCR in the samples. The mean
values of hTERT mRNA by real time PCR in benign
and progressive neuroblastoma were 203 and 497 AU,
respectively. This difference was not significant (U-
test).

N-Myc gene amplification is a prognostic marker
[14], so we examined the correlation between the
expressions of N-Myc mRNA and hTERT mRNA.
The N-Myc mRNA expression correlated with hTERT
mRNA expression(r = 0.534, p = 0.0317).

Discussion

The hTERT mRNA detection by the nested PCR
was satisfactory for discriminating malignant tumors
in the pheochromocytomas we examined, but the full-
length type of hTERT mRNA by real-time PCR was
less informative because of lower sensitivity.

The no.5 case of pheochromocytoma was diag-
nosed as malignant due to development of metastasis
after the examination of hTERT mRNA expression.
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