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Recent studies on a limited number of pheochromocy-
tomas (PCs) revealed a potential role of telomerase in
the malignant transition of these tumors. Telomerase
is a ribonucleoprotein complex that includes the tel-
omerase RNA component (hTR), the telomerase-asso-
ciated protein (TP1), the telomerase catalytic subunit
(hTERT), and the heat-shock protein 90 (HSP90). The
interactions between these subunits and the activation
machinery of telomerase are still unclear. To test whether
the expression and regulation of telomerase subunits
are reflected in the malignant transition of PCs, we deter-
mined their mRNA and/or protein expression in 28
benign and 9 malignant PCs and compared the results
with telomerase activity. Reverse transcriptase poly-
merase chain reaction analysis revealed that TP1 was
ubiquitously expressed. hTR was found in all malig-
nant (100%) and in 13/28 (46%) benign PCs. By con-
trast, hTERT was clearly associated with aggressive bio-
logic behavior. All the malignant (100%) but only 2/28
benign (7%) PCs expressed hTERT. HSP90 was increased
in malignant PCs but was also expressed at a lower level
in benign tumors. High telomerase activity was measur-
able in only hTERT-positive tissues. Our data indicate
that hTERT, HSP90, and telomerase activity are upreg-
ulated in malignant cells of the adrenal medulla. Over-
expression of HSP90 is an important factor in the activa-
tion of telomerase via hTERT. The common expression
of hTERT and telomerase activity thus represents an
additional prognostic marker that may identify more
aggressive tumors.

Key Words: HSP90; telomerase; pheochromocytoma;
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Introduction

Complex mechanisms regulating cellular life-span have

evolved in mammalian cells. Normal cells show a strictly

limited growth potential and senescence after a defined

number of cell divisions. By contrast, tumor cells often

exhibit an apparently unlimited proliferation potential and

are termed immortalized. It has been proposed that the

progressive shortening of the ends of the eukaryotic chromo-

somes, the telomeres, is an important component of senes-

cence and is involved in the control of the cell cycle. The

conventional DNA replication machinery cannot copy

extreme terminal sequences of the lagging strand during

replication of linear chromosomes; thus, 50–200 bp of

telomeric DNA will be lost during each cell division. This

problem is remedied by production of telomerase, a ribo-

nucleoprotein enzyme-complex that synthesizes and main-

tains telomeric DNA by adding the hexanucleotide repeat

units on the 3' ends of the single-stranded DNA (1).

Telomerases consist of several protein components and

an RNA subunit. The intrinsic RNA component of telom-

erase complex (hTR) displays low sequence homology but

shares a conserved, predicted secondary structure consist-

ing of a stem, a pseudoknot, and a set of stem-loop structures.

Expression of hTR is no predictor of telomerase activity,

because hTR is expressed in all the cells (2). The catalytic

subunit of the telomerase complex is the human homolog

of the yeast Saccharomyces cerevisiae gene EST2, a spe-

cialized reverse transcriptase (RT) that relies on an associ-

ated RNA to provide a template for the synthesis of DNA

repeats. Accordingly, it is designated hTERT (human telom-

erase reverse transcriptase), also known as hTRT, hTCS1,

TP2, and hEST2 (3). The heat-shock protein (HSP) 90 has

been demonstrated to bind to hTERT and is considered a

telomerase subunit (4). Geldanamycin, an HSP90 inhibi-

tor, has been found to reduce the activity of reconstituted

telomerase in cell extracts, demonstrating the role of HSP90

in the holoenzyme complex (5). Besides hTERT and hTR,

which are apparently both necessary and sufficient to form

the catalytic core of telomerase, several other proteins that

form a complex with the core enzyme have been identified

(6). One telomerase-associated protein, TP1, which is pre-

sumably the human homolog of the Tetrahymena telomerase
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p80 gene, is a large, ubiquitously expressed protein (230–

240 kDa) that binds to hTR (7). Telomerase is expressed by

most malignant cells and is normally inactive in most soma-

tic cells, with the exception of proliferative stem cells, male

germ cells, and activated lymphocytes (8). The activation

of telomerase in malignant neoplasms seems to be an impor-

tant step in tumorigenesis in order to gain the ability to pro-

liferate indefinitely and to become immortal.

Discrimination between benign pheochromocytoma (BP)

and malignant pheochromocytoma (MP) and, in particular,

prediction of malignancy remain highly difficult tasks.

With the exception of the demonstration of distant metas-

tases, there are no clear-cut criteria that distinguish between

benign and malignant tumors in the adrenal medulla. Both

capsular invasion and focal vascular invasion are insuffi-

cient criteria since both may be observed in BPs as well.

According to the long-term follow-up studies of Linnoila

et al. (9), Goldstein et al. (10), and John et al. (11), the fol-

lowing features are more frequent in malignant tumors:

male predominance, extraadrenal location, greater tumor

weight (<80 g), confluent tumor necrosis, and the presence

of vascular invasion and/or extensive local invasion. Hya-

line cytoplasmic globules were found in 59% of benign and

in 32% of malignant tumors. Extraadrenal location, coarse

nodularity of the primary tumor, confluent tumor necrosis,

and the absence of cytoplasmic hyaline globules were most

predictive of malignancy. Similarly, employing immuno-

histochemical or molecular markers still remains an incon-

clusive means in predicting malignant behavior. Thus far,

only the MIB-1-labeling index (<3%) has been proven

important (12). Thus, the diagnostic dilemma of determin-

ing the nature of pheochromocytoma (PC) still needs to be

resolved. This is particularly important, because approx

10–15% of PCs are probably malignant (13).

There is a steadily growing interest in the potential appli-

cation of telomerase as a diagnostic and prognostic marker.

For this reason, the aim of the present investigation was to

analyze the dynamics of various genes (TP1, hTR, hTERT,

and HSP90) of the telomerase ribonucleoprotein enzyme-

complex in PCs and to study whether the expression of these

genes and telomerase activity could serve as a diagnostic

marker distinguishing benign from malignant neoplasms.

Furthermore, the mechanism of activation and regulation

between the telomerase subunits was investigated.

Results

Clinicopathological Data

Comparing demographic with clinical data, we found the

following pattern: the mean age of the BP group was 54.3.

The patients of the MP group with poorer clinical progno-

sis were, on average the older (mean age: 60.4 yr; p = 0.067;

Table 2). The MP group consisted of 20 males and 8 females,

whereas 6 males and 3 females constituted the BP group (p

= 0.786; Table 2). Of 28 patients with BP, 24 were still alive

and 4 died of another disease after a 44.8-mo follow-up

(range: 24–72 mo). Neither recurrences nor metastases were

detectable during this time. In the MP group, eight of nine

patients had tumor metastasis after a tumor-free time of

17.8 mo (ranging from 0 to 42 mo). Only one patient (no.

34; Table 1) was tumor free after 37 mo. Two patients (nos.

36 and 37) had metastases (lymph nodes and liver) at the

time of surgery. Four of nine MP patients died of disease.

Proliferation Study

The mean tumor weight in BPs (80.5 g) and MPs (94.5

g) was not statistically different (p = 0.12). By contrast,

MPs had a substantially higher proliferation rate than BPs

(10.8 vs 1.3%; p < 0.001). Considering MPs and BPs as one

group, there is no significant correlation between prolifer-

ation rate and tumor weight (p = 0.09). In MPs alone, how-

ever, proliferation rate correlates significantly with tumor

weight (p = 0.02).

Telomerase Genes and Activity in PCs

TP1

The mRNA coding for telomerase-associated protein

was ubiquitously and equally expressed in all BP and MP

(Fig. 1, Table 1).

hTR

The intrinsic RNA component of telomerase complex

showed a different expression pattern. RT-polymerase chain

reaction (PCR) revealed that hTR was expressed in 13 of

28 BPs (46%) and in all 9 MPs (100%; Fig. 1 and Table 1).

No statistically significant correlation was observed between

hTR expression and age (p = 0.54), sex (p = 0.78), tumor

size (p = 0.67), or proliferation index (p = 0.11) in BPs.

hTERT

The expression of mRNA for the catalytic subunit hTERT

was associated with malignancy. hTERT was expressed in

only 2 of 28 BPs and in all of the 9 MP (p < 0.01; Fig. 1 and

Table 2). In the two hTERT-positive BPs (nos. 27 and 28;

Table 1), there was a strong infiltration of lymphocytes,

suggesting chronic inflammation. These two tumors were

also found among the largest PCs in BPs and derived from

the oldest patients. In addition, the proliferation index was

elevated. Complete agreement was found between mRNA

and protein expression. Protein expression was only detec-

table in mRNA-positive cases. In these cases, the share of

stained nuclei was 28.1% for BPs and 72.1% for MPs (p <

0.001) (Fig. 2 and Table 1).

HSP90

All of the BPs expressed the HSP90 protein in the cyto-

plasm and, sporadically, in the nuclei at a similarly low

level. The Remmele-Score ranged between 3 and 6 (mean:

4.50). Patients 27 and 28 with positive hTERT expression

also showed a low HSP90 expression (Remmele-Score: 4;
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Table 1

Clinical and Tumor-Specific Data,

Expression of Telomerase-Related Genes (TP1, hTR, hTERT, HSP90), and Telomerase Activity in BP and MP

                       Expression of

Case no./ Age Tumor Proliferation Tumor-free

biologic (yr)/ weight index                   
              hTERT

Telomerase survival

behavior sex (g) (%) TP1 hTR RT-PCR IHCa HSP90c activity (mo)b

1 BP 50 f 12 0.1 + � � 0 6 � 48 (AL)

2 BP 27 f 13 0.1 + � � 0 4 � 56 (AL)

3 BP 38 m 27 0.3 + � � 0 4 � 24 (AL)

4 BP 65 m 28 1.1 + � � 0 4 � 37 (AL)

5 BP 64 f 32 0.5 + + � 0 3 � 60 (AL)

6 BP 58 m 38 0.3 + + � 0 4 � 71 (AL)

7 BP 67 m 44 1.2 + + � 0 6 � 28 (DAD)

8 BP 63 m 50 1.0 + � � 0 6 � 54 (AL)

9 BP 48 m 51 2.2 + + � 0 4 � 62 (DAD)

10 BP 62 f 54 0.3 + + � 0 6 � 38 (AL)

11 BP 35 m 58 0.7 + � � 0 4 � 34 (AL)

12 BP 37 f 62 0.4 + � � 0 4 � 46 (AL)

13 BP 48 m 68 0.2 + � � 0 4 � 28 (AL)

14 BP 51 m 72 1.1 + � � 0 6 � 39 (AL)

15 BP 64 m 78 1.4 + + � 0 3 � 50 (AL)

16 BP 59 m 81 0.1 + + � 0 4 � 72 (AL)

17 BP 61 m 88 0.5 + � � 0 4 � 29 (DAD)

18 BP 64 m 92 0.7 + + � 0 6 � 48 (AL)

19 BP 53 m 93 2.3 + + � 0 4 � 42 (DAD)

20 BP 61 f 94 1.2 + + � 0 6 38 (AL)

21 BP 33 m 108 2.2 + � � 0 6 � 44 (AL)

22 BP 37 f 117 1.4 + � � 0 3 � 46 (AL)

23 BP 48 m 134 1.1 + � � 0 3 � 28 (AL)

24 BP 65 m 138 2.5 + � � 0 4 � 37 (AL)

25 BP 64 f 152 1.8 + + � 0 4 � 60 (AL)

26 BP 58 m 163 2.7 + � � 0 6 � 71 (AL)

27 BP 68 m 132 5.2 + + + 30.2 4 � 28 (AL)

28 BP 72 m 177 3.3 + + + 25.9 4 �  35 (AL)

29 MP 63 m 43 3.6 + + + 30.9 12 + 42 (MET/AL)

30 MP 61 f 54 2.4 + + + 88.3 9 + 18 (MET/AL)

31 MP 53 m 62 6.2 + + + 63.1 9 + 14 (MET/AL)

32 MP 47 f 63 7.2 + + + 44.0 12 + 36 (MET/AL)

33 MP 67 m 70 24.3 + + + 59.0 12 + 8 (MET/DOD)

34 MP 66 m 98 11.1 + + + 90.8 12 + 37 (AL)

35 MP 62 f 122 3.8 + + + 95.3 9 + 5 (MET/DOD)

36 MP 59 m 147 12.9 + + + 94.1 9 + 0 (MET/DOD)

37 MP 66 m 192 25.8 + + + 83.2 8 + 0 (MET/DOD)

aIHC, immunohistochemistry. Numbers under IHC represent percentage of immunopositively stained nuclei.
bAL, alive; DAD, died of another disease; DOD, died of disease; MET, metastasis.
cHSP data = Remmele-Score.

Fig. 2 and Table 1). By contrast, MPs were very strongly

immunopositive for HSP90 (Remmele-Score: 8–12; mean:

10.22; p < 0.01; Fig. 2, Table 2).

Telomerase Activity

All 28 BPs were negative for telomerase activity. By con-

trast, T-activity was detectable in all MPs (p < 0.001) (Fig.

3, Tables 1 and 2). Telomerase activity was only measurable

in tissues that expressed the catalytic subunit hTERT (p <

0.001). In BPs, expression of hTERT does not lead to acti-

vation of telomerase.

Discussion

In the last few years, telomerase has attracted consider-

able interest as a discrimination marker and a possible tar-

get for therapeutic intervention of malignant tumors. In

colorectal and gastric carcinomas (14,15), breast tumors
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(16), thyroid carcinomas (17), and liposarcomas (18), tel-

omerase activity has been described as a marker that cor-

related significantly with malignancy and progression of

the clinical tumor stages. However, recent studies reported

that telomerase activity was also expressed in normal non-

neoplastic tissues and nonneoplastic hyperproliferative

lesions (16,19). Analysis of the components of the human

telomerase complex indicates that their expression often

does not correlate with telomerase activity. This applies to

the RNA component hTR, which is expressed irrespective

of the immortalization status (20), and to TP1, which is

ubiquitously expressed (7). However, the newly cloned puta-

tive telomerase subunit hTERT may indeed be a marker for

immortalization (21,22). hTERT was shown to be expressed

in tumor cell lines and in a number of tumors. By contrast,

no expression was detected in normal fibroblast-derived

Table 2

Uni- and Multivariate Analyses

of the Demographic, Tumor-Specific, and Experimental Dataa

BP (n = 28) MP (n = 9)

Factor (mean ± SD) (mean ± SD) p Value

Age (yr) 54.29 ± 12.36 60.44 ± 6.64 0.067

Tumor weight (g) 80.57 ± 45.79 94.56 ± 49.97 0.441

Proliferation (%)  1.28 ± 1.172 10.81 ± 8.784 <0.01

HSP90 (score)  4.50 ± 1.380 10.22 ± 2.710 <0.01

Positive for n (%) n (%)

TP1 28 (100) 9 (100) n.i.

hTR 13 (46) 9 (100) <0.01

hTERT 2 (7) 9 (100) <0.01

Telomerase 0 (0) 9 (100) <0.01

Sex/male 20 (71)  6 (67) 

Sex/female 8 (29)  3 (33) 0.786

Factor Confidence interval Risk p Value

hTERT 1.085–39.012 6.506 0.040

aMultivariate analysis (logistic regression) with biologic behavior as dependent factor, and

age, sex, tumor weight, proliferation index, HSP90 expression, and hTR and hTERT alterations

as independent factors. Telomerase and TP1 were excluded. After statistical reduction, only

hTERT was identified as an independent prognostic marker. n.i., noninformative because no

differences were found.

Fig. 1. Examples for expression of telomerase-related genes in PC tissue of 10 patients. Patient’s 23–28 had BP; patient’s 29–32 had MP.
For further clinical data see Table 1.
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Fig. 2. Detection of hTERT and HSP90 protein expression in PCs. (A) Ninety-three percent of BPs were immunonegative; only two cases
showed positivity (inset = patient no. 28). (B) By contrast, all MPs were immunopositive for hTERT with strongly stained nuclei. (C)
All the BPs expressed HSP90 at a similarly low level. In addition, patient 28 with positive hTERT expression showed a low HSP90
expression (inset, Remmele-Score = 4). (D) MPs had a very strong immunopositivity for HSP90 (Remmele-Score = 9–12).
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mortal cell lines or in normal tissues, such as heart, brain, pla-

centa, liver, skeletal muscle, breast, ovary, and prostate (2).

Because an accurate method for diagnosing malignant

PC does not exist, telomerase activity, which indicates the

presence of immortal cells, and the catalytic subunit of

telomerase, might represent useful diagnostic tools. The

present study is the first for which a sufficiently large num-

ber of samples were available. It demonstrates that hTERT

was clearly and highly significantly associated with differ-

entiation, whereas the telomerase RNA component (hTR)

was found in all malignant and in almost half of BPs. In

addition, telomerase activity was measurable only in the

hTERT-positive tissues, suggesting that these markers rep-

resent an important addition to prognostic markers in PC.

Our data now clearly demonstrate that telomerase is not

expressed in benign PC cells. To date, only telomerase activ-

ity has been investigated in a few studies, and the results

achieved were equivocal. In one study, low mean telom-

erase activity was found in eight of eight BPs and in two of

three MPs. Telomerase activity was high in only one MP

(23). Two other studies yielded divergent results, showing

that, based on a highly sensitive PCR detection method,

telomerase activity was detected in 1/13 adrenal cortical

tumors and in 2/7 PCs; these telomerase-positive tumors

were found to exhibit pathologic features suggesting a malig-

nant potential (24). Similarly, in another study, telomerase

activity was detected neither in normal adrenal medulla nor

in BPs, whereas all three MPs showed elevated telomerase

activity (25). Thus, our data clearly exceed the data, reported

in previous studies, demonstrating the importance of both

telomerase activity and hTERT expression. From these data,

it now appears to be clear that the study of multiple com-

ponents of the telomeric complex is necessary to discrimi-

nate between these two types of PCs.

Our data confirm that TP1 is ubiquitously expressed in

benign and malignant tumors (7), as well as in BP and MP.

The expression of hTR showed a very different picture. hTR

expression does not correlate with telomerase activity. Inter-

estingly, telomerase activity is also measurable without

hTR expression, and hTR is also expressed in telomerase-

negative cells, an observation that has already been described

in other cell systems (2,19). In these cases, the restoration

of telomerase activity through ectopic expression of hTERT

leads to telomere lengthening with a significant extension

of life-span. This definitively excludes TP1 and hTR as mark-

ers distinguishing between BP and MP.

The expression of hTERT was associated with malignancy.

Only two benign neoplasms (7%) showed positivity. How-

ever, these cases had no telomerase activity in the telomer-

ase repeat amplification protocol (TRAP) assay. At first,

we could not explain this phenomenon. The critical re-

analysis of these positive cases revealed that they contained

extensive lymphoid infiltrates with germinal centers, which

was also observed in other studies (26,27). Recent studies

investigated other binding proteins (i.e., molecular chaper-

one p23, HSP90) of the telomerase complex (28). HSP90

has been demonstrated to bind to hTERT and contribute to

telomerase activity (4). To investigate this fact in PCs, we

conducted an HSP90 protein expression study. Although

HSP90 was detectable in all tissues, significant up-regula-

tion was found in the telomerase-positive MPs. The two

hTERT-positive BPs and all the other BPs showed only low

protein expression. In a p23 study (data not shown), no dif-

ferences were found between MP and BP.

HSP90 and p23 have been identified as a component of

progesterone and glucocorticoid receptor complexes. Sub-

sequently, it was found that the presence of both molecules

is required to maintain these receptors in a ligand-binding

state (29). These observations led to the concept of a molec-

Fig. 3. Nonradioactive TRAP assay in BPs and MPs. BPs (cases
26–28) without telomerase activity only showed the 50-bp incre-
ment and the 36-bp internal control, whereas the high-positive
MPs (cases 36 and 37) showed a ladder-like pattern of PCR prod-
ucts. BPs 27 and 28 were immunopositive for hTERT, but tel-
omerase negative.
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ular chaperone machinery or foldosome that mediates the

assembly of a biologically active protein complex. Simi-

larly, HSP90 and p23 in the telomerase complex may also

serve this foldosome function in assembling the active holo-

enzyme. This mechanistic model and our results indicate

that overexpression of not only hTERT but also HSP90 is

strongly associated with the activation of telomerase. Only

the nine malignant PCs were telomerase positive in the TRAP

assay. These tumors expressed hTERT and overexpressed

HSP90. In addition, hTR and TP1 were detectable in the MPs.

In summary, our data, obtained from a representative

number of BPs and MPs, show that telomerase activity is

upregulated in neoplastic cells. The data also show that the

concomitant expression of hTERT and telomerase activity

and overexpression of HSP90 are potential prognostic mark-

ers for the identification of invasive tumors but may also be

used as additional diagnostic markers for the classification

of PCs.

Materials and Methods

Ethical Approval

The studies involving the use of human tissues described

in this article were approved by the local ethical commit-

tees, and all patients gave their written consent.

PC Tissues

PC tissue was obtained from 37 patients undergoing sur-

gery between 1994 and 2000. All tumors showed the “clas-

sic” histology and the typical immunohistochemical pattern

(positive immunoreactivity for vimentin, chromogranin,

synaptophysin, and S100). To predict the malignant poten-

tial of these tumors, we used four validated criteria from

long-term follow-up-studies: metastasis, vascular invasion,

MIB-1 labeling >3%, and tumor weight >80 g. A PC was

considered to be malignant if metastases were found or all

of the other three criteria were applied. According to these

criteria, there were two clinically defined subject groups:

28 benign and 9 malignant intramedullar PCs. The benign

group consisted of tumor samples obtained from 8 females

and 20 males (median: 52.2 yr; range: minimum of 27 yr,

maximum of 72 yr; follow-up: median of 44.8 mo; range:

minimum of 24 mo, maximum of 72 mo). The MP group

consisted of three females and six males (median: 60.4 yr;

range: minimum of 47 yr, maximum of 67 yr; tumor-free

survival time: median: 17.8 mo; range: minimum of 0 mo,

maximum of 42 mo) (Tables 1 and 2).

RNA Isolation and RT-PCR

RNA was isolated from frozen PC tissues using the Trizol

reagent (Gibco, Munich, Germany) according to the manu-

facturer’s recommendations. cDNA was synthesized from

total RNAs using a Superscript II-Kit (Gibco).

PCR primers were as follows: TP1: 5'-TCAAGCCAAA

CCTGAATCTGAG-3' (sense) and 5'-CCCGAGTGAAT

CTTTCTACGC-3' (antisense), amplicon 264 bp; hTR: 5'-

CCTAACTGAGAAGGGCGTAGGC-3' (sense) and 5'-C

TAGAATGAACGGTGGAAGGCG-3' (antisense), ampli-

con 273 bp; hTERT: 5'-CGGAAGAGTGTCTGGAGCAA-

3' (sense) and 5'-GGATGAAGCGGAGTCTGGA-3' (anti-

sense), amplicon 145 bp; GAPDH: 5'-CATCACCATCTT

CCAGGAGCG-3' (sense) and 5'-TGACCTTGCCCACA

GCCTTG-3' (antisense), amplicon 443 bp.

A negative control without cDNA was included in each

experiment. PCR products were resolved on ultrathin native

polyacrylamide gels crosslinked with piperazine diacryl-

amide, baked on GelBond Pag (FMC, Rockland, ME), and

visualized by silver staining. Bands were directly quanti-

fied by laser densitometry VDS (Amersham Pharmacia

Biotech, Denver, CO). Expression was evaluated by esti-

mating the intensity ratio among the TP1, hTR, and hTERT

signal, and the corresponding GAPDH signal. Normal pla-

centa tissue was used as a negative control, and its expres-

sion level was defined as normal. In comparison with the

placenta, threefold or more intensified signals were regarded

as increased expression. The expression levels were classi-

fied as follows: �, no expression; +, low expression (3- to

10-fold); ++, high expression (more than 10-fold). Tissue

from an expanded endometrioid ovarian carcinoma with a

three- (TP1), three- (hTR), and fourfold (hTERT) increased

expression was used as a positive control. To ensure consis-

tency, each PCR reaction was carried out twice.

hTERT Immunohistochemistry

For immunohistochemical evaluation of hTERT on paraf-

fin-embedded sections, a new staining procedure was devel-

oped, because the antibody used has only been applied to

frozen tissue. Sections (3 µm) were pretreated in a micro-

wave (5 min at 600 W and 15 min at 450 W) in Glycabuffer

(pH 3.0) after deparaffinization and rehydratation. Endog-

enous peroxidase activity was inhibited with a 3% solution

of H2O2 in pH 7.5 phosphate-buffered saline (PBS) for 15

min. Normal horse serum diluted 1:20 with PBS and con-

taining 1% bovine serum albumin was incubated with the

samples for 20 min to suppress nonspecific binding. Tissue

sections were incubated with the polyclonal antibody TRT

(H-231; Santa Cruz Biotechnology, Santa Cruz, CA) at a

1:100 dilution for 1 h at 37°C. After washing in PBS, the

samples were incubated with a 1:200 dilution of biotiny-

lated antigoat secondary antibody (Vector) for 30 min at

room temperature. The detection of the bound antibody was

accomplished by the avidin-biotin complex method (Vecta-

stain Elite ABC Kit; Vector). A 0.1% solution of 3,3'-di-

aminobenzidine (DAB) (5 min) (Sigma) was used as chro-

mogen. Specificity of immunostaining was checked by

omitting single steps in the immunohistochemical proto-

col and by replacing the primary antibody with nonimmune

serum. Three sections of each tissue were examined by two

independent reviewers blinded to their identity. In 10 high-
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power fields of each section (six peripheral and four central

high-power fields [HPF]), positively stained nuclei were

counted and represented as a percentage.

HSP90 Immunohistochemistry

Immunohistochemical studies for HSP90 also employed

the avidin-biotin complex method. The 3-µm-thick paraf-

fin-embedded sections were rehydrated step-by-step with

descending concentrations of ethanol before the staining

procedure. Endogenous peroxidase was blocked by incu-

bation in methanol containing 0.3% H2O2 for 35 min. After

washing in 0.01 M PBS, the slides were incubated with 10%

normal goat serum for 60 min to block nonspecific binding

sites. Normal goat serum was removed and followed by

incubation with the specific polyclonal antibody HSP90

(H-114; Santa Cruz Biotechnology) at a 1:100 dilution over-

night at room temperature, with subsequent staining as

described for hTERT. Immunostaining was repeated on at

least one occasion, and the results were assessed by consid-

ering both the scoring intensity of staining and the propor-

tion of maximally stained cells as recommended by

Remmele et al. (30). Maximally stained cells were propor-

tionally distributed as follows: missing = 0, <10% = 1, 11–

50% = 2, 51–80% = 3, >80% = 4. Staining intensity was

classified as negative = 0, slight = 1, abundant = 2, or

strong = 3. The product of staining intensity and percent-

age of positive cells describes the score (0–12). A score of

0–2 was regarded as negative or low, 3–6 as moderate, and

>6 as strong.

Telomerase Assay

For telomerase activity analysis, a commercially avail-

able Telomerase PCR ELISA-Kit (Boehringer Mannheim,

Germany) was used. This is a photometric enzyme immu-

noassay utilizing the TRAP assay with nonradioactive detec-

tion, which is an extension of the original method described

by Kim and Wu (31). The assay procedures were done as

described in the kit manual. All determinations were per-

formed in triplicate.

Proliferation Study

To detect the proliferation rate, an immunohistochemi-

cal study for the Ki-67 antigen was done on representative

paraffin sections with the use of appropriate positive and

negative controls throughout. The monoclonal antibody

anti-Ki-67 (Mib-1, 1:50; Dianova, Hamburg, Germany) was

used. The alkaline phosphatase antialkaline phosphatase

method was carried out on 4-µm-thick tissue sections, pre-

viously deparaffinized with xylene for 15 min, and treated

in a microwave oven using 0.01 mol/L of citrate buffer (pH

6.0) for 30 min. Incubation was done with the primary

antibody at 37°C. After washing, the sections were incu-

bated for 30 min at room temperature with a biotinylated

horse antimouse antibody and an avidin-biotin peroxidase

complex (Vectastain Elite ABC Kit; Vector). The final

reaction product was shown by incubation with DAB (0.1%

solution, 5 min) (Sigma), and the nuclei were counter-

stained with Gui’s hematoxylin. Positively stained nuclei (10

HPF/section) were counted and represented as a percentage.

Statistical Analysis

Telomerase activity, expression of the different telom-

erase genes, and the clinical parameters including pathologic

data were tested for statistical significance by Student’s

t-test and uni- and multivariate analysis. Values of p < 0.05

were considered to be statistically significant.
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