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Abstract Telomeres consist of short repeated sequences
that are shortened on continuous cell proliferations and
synthesized by telomerase, an RNA-dependent DNA
polymerase. Recent molecular studies have reported that
telomerase is activated in most human cancers, whereas
it is not detected in most somatic cells. These ®ndings
indicate that the positive telomerase activity is closely
related to the malignant potential of human tumors. In
several types of human tumors, including adrenal cor-
tical tumors and pheochromocytomas, it is very di�cult
to predict the malignant potential using conventional
histopathologic examination. To determine whether
telomerase activity is useful as a diagnostic marker, we
examined telomerase activity in adrenal cortical tumors
and pheochromocytomas with special reference to their
clinicopathologic features. Using a highly sensitive poly-
merase chain reaction (PCR)-based detection method,
telomerase activity was demonstrated in one of 13
adrenal cortical tumors and two of seven pheochromo-
cytomas, whereas all seven normal portions of adrenal
gland failed to showed any telomerase activity. Al-
though none of the tumors examined in this study was
associated with metastasis, these three telomerase-posi-
tive tumors were accompanied by clinicopathologic
features suggesting malignant potential. Telomerase
activity might be a potential marker for estimating the
biologic characteristics of adrenal cortical tumors and
pheochromocytomas.
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Introduction

Telomerase is an enzyme that synthesizes telomeric
DNA, shortened on continuous cell proliferations
[4, 12]. Recently evidence has accumulated to suggest
that activation of telomerase is crucial for acquisition of
cellular immortality [2] and that telomerase is closely
related to malignant phenotype. Indeed, more than 80%
of various malignant tumors demonstrate positive telo-
merase activity, contrary to its absence in normal tissues
[1, 3, 5, 7, 9].

It is generally possible to assess the biologic proper-
ties of neoplasms according to empirical criteria, based
on the identi®cation of histopathologic ®ndings that are
signi®cantly correlated with the clinical behavior of
certain tumors. However, there are several types of tu-
mors, including adrenal cortical tumors and pheochro-
mocytomas, in which the conventional histopathologic
examination fails to predict the biologic characteristics
of a given tumor [13]. To test the possibility that telo-
merase activity might be a marker for the malignant
potential of such tumors, we analyzed the telomerase
activity in 13 adrenal cortical tumors and seven pheo-
chromocytomas with special reference to their clinico-
pathologic features.

Materials and methods

Samples and histopathologic examination

The specimens in this study consisted of 13 adrenal cortical tumors
classi®ed into 10 hormonally functional tumors and three non-
functional tumors, and seven pheochromocytomas including two
extra-adrenal tumors. These tumors were mainly obtained from
laparoscopic surgeries. Seven normal portions of adrenal gland
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adjacent to tumor tissue were also examined. All specimens were
immediately frozen in liquid nitrogen after removal and then stored
at )80°C. None of the patients examined showed apparent meta-
static lesions in preoperative or postoperative routine clinical ex-
aminations. The diagnosis of these tumors was performed by a
single pathologist (H.Y.), and at the same time a careful search was
made for the following histopathologic features: di�use growth
pattern, vascular invasion, tumor cell necrosis, broad ®brous
bands, capsular invasion, mitotic index and pleomorphism. These
features have generally been considered to re¯ect the malignant
potential of these tumors [8, 13].

TRAP assay

Protein extracts from surgically obtained specimens were prepared
as described elsewhere [9]. The lysates were prepared using the Bio-
Rad DC protein Assay (Bio-Rad, Calif ). Telomerase activity was
determined by the telomeric repeat ampli®cation protocol (TRAP)
as described elsewhere [9] with some modi®cations. Brie¯y, we used

the 5¢ biotin-labeled primer, instead of 32P-dCTP and 32P-dTTP,
incorporated into polymerase chain reaction (PCR) products. After
the ampli®ed products had been separated on 10% non-denatured
acrylamide gels, they were transferred onto nylon membrane
(Hybond-N+, Amersham, Bucks, UK) overnight by semi-dry
transfer methods. Signal detection was carried out by chemilumi-
nescence methods (Imaging High; Toyobo, Osaka, Japan). The
sensitivity was almost the same as that in the original protocol.
Telomerase activity was considered to be positive when a six-base-
ladder extension was detected. In every reaction, we used the lysate
obtained from the fetal kidney cell line, 293, and lysis bu�er
without cell extract as, respectively, a positive and a negative
control. TRAP was performed at least three times on all samples,
and the replication of results was veri®ed.

To exclude the inhibitory e�ects of relatively highly concen-
trated lysates for the TRAP assay, lysates containing serial 10-fold
dilutions of protein from 6 lg to 0.006 lg were prepared in all
cases. In the cases with positive telomerase activity, the activity was
re-evaluated using multiple samples from di�erent parts of the
surgical specimens. Furthermore we con®rmed that all the telo-
merase-positive lysates were sensitive to RNase pretreatment. When
a negative result was obtained, the lysates were re-extracted and the

TRAP assay repeated to con®rm the replication of the negative
result. To exclude false negative results due to inhibitors in the
lysates of telomerase-negative samples, the TRAP assay was per-
formed by mixing the lysates obtained from telomerase-negative
materials with a telomerase-positive fetal kidney cell line, 239.
Furthermore, we also tested the inhibitory e�ects of the PCR step as
described by previously [14]. Two tubes containing only lysate
(0.6 lg of protein) of the 239 cell line with reaction bu�er were
prepared, and the lysates (6 lg of protein) from telomerase-negative
cases added at two di�erent times: at the beginning of the TRAP
assay and just before the PCR step. To con®rm the integrity of the
extracted proteins, we carried out the assay for alkaline phospha-
tase activity as described elsewhere and also tested the quality of
extracted RNA by ribosomal signals on gel electrophoresis.

Results

Telomerase activity was detected in one aldosterone-
producing tumor (case 12) of the 13 adrenal cortical
tumors and in two (cases 17 and 19) of the seven
pheochromocytomas (Table 1). In contrast, all seven
normal samples of adrenal gland failed to showed any
telomerase activity: one was obtained from a patient
with a telomerase-positive pheochromocytoma (case 17)
and the others were from patients with telomerase-neg-
ative tumors (cases 4, 5, 6, 7, 11 and 20). All the samples
obtained from di�erent parts of each telomerase-positive
tumor showed a similar intensity of the telomerase lad-
der. Furthermore, we referred to the histopathology of
all telomerase-positive samples, and con®rmed that the
contamination of blood cells was minimal. Although a
recent report showed that weak telomerase signals were
occasionally detected in mononuclear cells in blood [7],
these results indicated that the telomerase signals in tu-
mor samples were derived from telomerase activity of
tumor cells. We also found some inhibitory e�ects when

Table 1 Telomerase activity in
adrenal cortical tumors and
pheochromocytomas (NF non-
functioning, PTH-RP para-
thyroid hormone related
protein, Csol cortisol, Ald al-
dosterone, CA catecholamines,
Rt right, Lt left, E extra-adrenal
gland, TPF typical pathologic
®ndings, Pleo pleomorphism,
Nec necrosis, less Pleo less
pleomorphism, ND not done)

a The tumors of cases 14 and 15
were obtained from the same
patient

Case no. Hormonal
activity

Age (years)/
Sex

Site Tumor
weight

Pathologic
®ndings

Telomerase activity

Tumor Normal

Cortical tumor
1 NF 75/M Rt <5 TPF ) ND
2 NF 46/F Rt <5 TPF ) ND
3 NF 49/M Lt <5 TPF ) ND
4 PTH-RP 29/F Lt 63 Pleo ) ±
5 Csol 61/F Lt <5 TPF ) ±
6 Csol 48/F Lt 8 TPF ) ±
7 Csol 47/F Rt 8 TPF ) ±
8 Csol 41/F Rt 12 TPF ) ND
9 Ald 57/M Lt <5 TPF ) ND
10 Ald 34/F Rt <5 Pleo ) ND
11 Ald 67/M Lt <5 Pleo ) ±
12 Ald 28/M Rt 10 Pleo/Nec + ND
13 Ald 41/F Rt 11 TPF ) ND

Pheochromocytoma
14a CA 27/M Lt 10 TPF ) ND
15a CA 27/M Rt 64 TPF ) ND
16 CA 59/F Lt 26 TPF ) ND
17 CA 59/M E 29 less Pleo + ±
18 CA 52/M Rt 68 TPF ) ND
19 CA 18/F E 42 Nec + ND
20 CA 56/M Rt 180 less Pleo ) ±
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the TRAP assay was conducted on a large amount (i.e.,
6 lg) of tissue lysate as shown in Fig. 1. However, a
signi®cant inhibitory e�ect that might have caused false
negative results was not demonstrated in any telo-
merase-negative samples by control analyses described
in Materials and methods.

The aldosterone-producing tumor with unequivocal
telomerase activity presented in spite of its small size,
two distinctive histopathologic features: extensive
necrosis and nuclear pleomorphism. Increased mitotic
activity, di�use growth pattern, broad ®brous band,
and capsular or venous invasion were not observed
in any adrenal cortical tumors examined. One telo-
merase-positive pheochromocytoma exhibited necrosis
with hemorrhage, and both the telomerase-positive
pheochromocytomas were considered to be derived from
extra-adrenal tissues. The clinicopathologic features and
telomerase activity status of each tumor are summarized
in Table 1.

Discussion

We found one telomerase-positive adrenal cortical
tumor that showed extensive necrosis and nuclear
pleomorphism. There has been a series of reports dis-
criminating adrenal cortical carcinomas from adenomas
based on the clinical and histopathologic features.

Hough et al. analyzed seven pathologic features in both
metastasizing and non-metastasizing adrenal cortical
tumors [8, 13]. These features were di�use growth pat-
tern, vascular invasion, tumor cell necrosis, broad
®brous band, capsular invasion, mitotic index and
pleomorphism. In their study, tumor cell necrosis and
pleomorphism were observed in 86% (12/14) and 93%
(13/14) of the metastasizing tumors but only in 11%
(3/27) and 33% (9/27) of non-metastasizing tumors.
Although tumor cell necrosis, di�use growth pattern,
vascular invasion and broad ®brous band are the most
signi®cant features, no single factor is completely de-
®nitive for predicting metastasis. The authors concluded
that the summation of statistically weighted positive
parameters is useful for predicting metastasis. Weiss
reported a similar analysis of nine pathologic features in
43 adrenal cortical tumors [17]. He proposed a simpler
system: that is, when the number of positive pathologic
criteria is four or more it is a reliable marker for
metastasis.

In our present study there were three other adrenal
cortical tumors with nuclear pleomorphism but without
telomerase activity. Interestingly these three tumors did
not show any other pathologic features suspicious of
carcinoma, such as con¯uent tumor necrosis. Because of
the absence of metastatic lesions and the lack of dis-
tinctive histologic criteria, all adrenal cortical tumors in
our study were diagnosed as benign tumors. According
to the recent hypothesis that the reactivation of telo-
merase is associated with the acquisition of immortality,
the tumor with positive telomerase activity might have
more aggressive biologic properties than the telomerase-
negative tumors.

We noted that telomerase activity was also detected
in two (29%) of the seven pheochromocytomas. One
was accompanied by a large area of necrosis with ex-
tensive hemorrhage, and the other exhibited less nuclear
pleomorphism. Although there is controversy regarding
the relationship between pleomorphism and malignant
potential of pheochromocytomas, some pathologists
have proposed that less nuclear pleomorphism is often
observed in malignant pheochromocytomas [10]. In
addition, it is noteworthy that both the telomerase-
positive pheochromocytomas apparently arose from
extra-adrenal tissues adjacent to the normal glands.
Approximately 10% of pheochromocytomas are derived
from orthosympathetic-related paraganglia, and extra-
adrenal pheochromocytomas are reported to show
malignant potential at a higher frequency than those
derived from the adrenal gland [16]. Our observations
may re¯ect the di�erence between adrenal and extra-
adrenal pheochromocytomas in terms of pathogenesis or
biologic properties.

Telomerase activity has been proposed to be impor-
tant in the proliferation of malignant cells and is closely
correlated with the malignant phenotype [9]. Recent
reports, however, have demonstrated telomerase activity
in more than 80% of colorectal adenomas [15] and
in almost half the ®broadenomas in young women [6].

Fig. 1 Telomerase activity in adrenal cortical tumors and pheochro-
mocytomas. Telomerase activity was positive in the tumors (T) in
cases 12, 17 and 19, in contrast to the negative result in the normal
adrenal gland (17 N). The fetal kidney cell line, 293, and lysis bu�er
without cell extract (LB), were used as a positive and a negative
control, respectively. The assay using 0.06 and 0.006 lg of lysates, and
the sensitivity test to RNase pretreatment (R+), were conducted in all
cases (only representative data are shown)
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According to these observations, this enzyme might
be reactivated in the earlier stage of tumorigenesis in
certain speci®c tumors regardless of whether they are
benign or malignant. Although we clari®ed the fact that
a subset of adrenal cortical tumors and pheochromo-
cytomas showed positive telomerase activity, additional
studies on a larger number of tumors or metastatic
lesions are required to elucidate the exact role of
telomerase reactivation in tumorigenesis and in the
progression of these tumors.

With the advances in diagnostic and treatment tech-
nology, adrenal tumors have become detectable at an
early stage of development, and also easily removed by
less invasive techniques such as laparoscopic surgery
[11]. In this context, more reliable markers for deter-
mining the biologic potential of adrenal tumors are re-
quired to decide the strategy for treatment or follow-up.
Telomerase activity might be a potential marker for
estimating the biologic characteristics of adrenal cortical
tumors and pheochromocytomas.
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