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Comparison of telomerase activity in prostate cancer, prostatic intraepithelial
neoplasia and benign prostatic hyperplasia
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Abstract

BACKGROUND: Telomerase is a reverse transcriptase enzyme that synthesizes telomeric DNA on chromosome ends.
The enzyme is important for the immortalization of cancer cells because it maintains the telomeres.

METHODS: Telomerase activity (TA) was measured by fluorescence-based telomeric repeat amplification protocol (F-
TRAP) assay in prostate carcinoma and benign prostatic hyperplasia (BPH).

RESULTS: TA was present in 91.4% of 70 prostate cancers, 68.8% of 16 prostatic intraepithelial neoplasia (PIN), 43.3%
of 30 BPH*, 21.4% of 14 atrophy and 20% of 15 normal samples adjacent to tumor. There was not any significant cor-
relation between TA, histopathological tumor stage or gleason score. In contrast to high TA in the BPH* tissue from the
cancer-bearing gland, only 6.3% of 32 BPH specimens from patients only diagnosed with BPH were telomerase activ-
ity-positive.

CONCLUSIONS: These results indicate that TA is present in most prostate cancers. The high rate of TA in tissue adjacent
to tumor may be attributed either to early molecular alteration of cancer that was histologically unapparent, or to the
presence of occult cancer cells. Our findings suggest that the re-expression of telomerase activity could be one step in

the transformation of BPH to PIN.
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elomerase is a complex ribonucleopro-

tein enzyme with reverse transcriptase

activity that adds hexanucleotide repeats
to the end of chromosomes and forms te-
lomeres 12. Telomere shortening is correlated
with cell senescence in vitro and cell aging in
vivo. The telomere hypothesis suggests that
telomere length serves as a mitotic clock for
timing cellular replicative lifespan. Expression
of telomerase stabilizes telomere length and
allows for continual replication or cell immor-
tality. The enzyme contains protein compo-
nents that include reverse transcriptase activity
and a RNA molecule that contains the C-rich
strand of telomere repeats in the template re-
gion 34 Transcriptase activity is directly
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involved in telomere maintenance, and its acti-
vation may play a role in cell immortality. It
has been postulated that the immortalization
of tumor cells relies on the aberrant reactiva-
tion of telomerase enzyme. The maintaining of
telomere length by the re-expression of telom-
erase has been described in more than 85% of
malighant human tumors and it is considered
an essential step in tumor progression, pro-
moting cell immortalization 5¢.

Prostate cancer is the most common solid
cancer among men and is the second leading
cause of cancer deaths. Prostate carcinoma is
usually curable if caught in its early stages. The
risk of prostate cancer rises with age and con-
tinues to increase by 3-4% each year as fewer
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men die from cardiovascular disease 78. We
urgently need biochemical and molecular
markers to diagnose malignancy and patho-
logical states of human prostate and detect
prostate carcinoma in early stages °.

There is no definitive prognostic parameter
for prostate cancer. Histological differentiation,
tumor stage, tumor volume, DNA ploidy and
PSA are important prognostic indicators, but
some cases behave unpredictably. This lack of
predictability is inconvenient when different
therapeutic approaches should be considered
1012, The purpose of this study was to deter-
mine and compare telomerase activity in pros-
tate cancer and prostatic intraepithelial neopla-
sia (PIN), benign prostatic hyperplasia (BPH*),
atrophy and normal samples adjacent to tu-
mor. In addition, we evaluated telomerase ac-
tivity in BPH specimens from patients only di-
agnosed with BPH.

Methods

Tissue sampling

Tissue samples were obtained from 70 patients
who underwent radical prostatectomy for
prostatic adenocarcinoma. Specimens had been
stored at -80°C in the tissue bank. The slides
were prepared from the frozen material and
stained with H & E. All samples were his-
tologically characterized as tumor, PIN, BPH*,
atrophy or normal. In addition, 31 BPH sam-
ples obtained by cold-cup technique from non-
cancer patients at the time of transurethral
prostatectomy were analyzed for telomerase
activity. The TNM system was used for tumor
staging 13. The malignancy grade was evalu-
ated according to the Gleason score.

TRAP assay

Telomerase activity was assessed by using a
modified version of the fluorescence-based te-
lomeric repeat amplification protocol (F-TRAP)
as described 51415, Briefly, tumor samples were
lysed in 100 pl of freshly prepared CHAPS
buffer (10 mmol/L) Tris-HCl (pH 7.5), 1
mmol/L MgCl2, 1 mmol/L EGTA, 10% glyc-
erol, 0.5% 3-[(3-cholaunidopropyl) dimethyl-
ammonio]-1-propane sulfonate (CHAPS), 1
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mmol/L 4-(2-aminoethylbenzenesulfonyl fluo-
ride (AEBSF) (Sigma, Hamburg, Germany)), 1
mmol/L dithiothreitol (DTT), and 1 pl (100 U)
RNase inhibitor (MBI Fermentas, St. Leon-Rot,
Germany) for 30 minutes on ice. All other re-
agents were purchased from Merck (Darm-
stadt, Germany) unless stated otherwise. After
centrifugation (20,000 x g) for 30 minutes at
4°C, the supernatants were divided into 20-pl
aliquots for further use and storage. Protein
concentrations were measured using Bradford
assay (BioRad, Munich, Germany). TRAP as-
say was performed in two steps 1617. In the
elongation step, 5 ug protein was incubated in
a final volume of 50 ul of assay buffer contain-
ing 20 mmol/L Tris-HCI (pH 8.3), 63 mmol/L
KCl, 1.5 mmol/L MgCl2, 0.005% Tween 20, 50
pmol/L of each deoxynucleoside triphosphate
(MBI Fermentas), and 10 pmol N,N,N'N'-
tetramethyl-6-carboxyfluorescein ~ (TAMRA)-
labeled forward primer TS (Eurogentec, Se-
raing, Belgium) for 30 minutes at 30°C. The
samples were extracted once with phenol-
chloroform and once with chloroform alone,
followed by ethanol precipitation. The pellets
were then re-dissolved in 50 pl of assay buffer
(as above) supplemented with 10 pmol fluo-
rescein-labeled reverse primer CX-ext (Euro-
gentec), 2 U Tag-polymerase (MBI Fermentas),
and 0.01 attomole of an internal amplification
standard (ITAS) prepared as described 8. This
internal standard is necessary for reliable
quantification of telomerase activity in differ-
ent tissue extracts because the polymerase
chain reaction (PCR) amplification of telom-
erase products may be influenced by variable
protein concentrations and the presence of in-
hibitors. Samples were transferred to a ther-
mocycler for 30 cycles of PCR amplification (30
seconds at 95°C, 30 seconds at 50°C, and 30 sec-
onds at 72°C) and subsequently analyzed by
capillary electrophoresis (ABI prism 310;
Perkin-Elmer, Foster City, CA). The number of
cycles was optimized using the cell line 1428 17.
Integrated values were added up for all telom-
erase products containing five (one repeat be-
yond the primer dimer size) to 9 telomeric
hexamer repeats and calibrated by dividing by
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the value obtained for ITAS. Different concen-
trations (500, 250, 100, and 50 cells/50 pl assay,
corresponding to 200, 100, 40, and 20 ng pro-
tein/assay, respectively) of the highly telom-
erase-active cell line 1428 served as positive
controls. Negative control was predigestion of
extracts from a positive control with RNase A
(0.5 pg for 10 pl extract, 15 minutes at 37 °C).
These were analyzed analogously and used to
generate a calibration curve. In this way, te-
lomerase activity of the samples under investi-
gation can be expressed in terms of cell equiva-
lents (CE) corresponding to multiples of the
activity of one L428 cell. All telomerase assays
were done at least in duplicate. When the ITAS
product became undetectable in the presence
of exceedingly high relative telomerase levels,
dilution steps were performed until quantita-
tion became possible.

The significance of the differences among
proportions was evaluated using the chi-
square test. The correlation between telom-
erase activity and other clinicopathological
characteristics was determined using t-test. P
values less than 0.05 were considered as statis-
tically significant.

Results

Of the 70 prostate cancer tissue specimens
evaluated, 64 tumors (91.4%) were positive for
telomerase activity. The pathological stage was
pT1-2 for 46 (65.7%) patients and pT3-4 for 22
(34.3%) patients. Twenty-five (35.7%) patients
had high-grade tumors (Gleason>7), and 45
(64.3%) had low-grade tumors (Gleason<7).
The enzyme activity was positive in 96%
(24/25) of high-grade tumors (Gleason>7) and
in 88.9% (40/45) of low-grade tumors (Glea-
son<7). There was no correlation between te-
lomerase activity, histopathological tumor
stage, or Gleason score (>0.05).

Telomerase activity was present in 11 of 16
(68.8%) PIN cases, 13 of 30 (43.3%) BPH* cases,
3 of 14 (21.4%) atrophy cases, and 3 of 15 (20%)
normal samples adjacent to tumor.

In contrast to the BPH* tissue from cancer-
bearing gland, only 2 of 32 (6.3%) BPH speci-
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mens from patients diagnosed with BPH were
telomerase activity-positive (’<0.05).

Since regular amplification of the ITAS was
seen with all specimens, lack of telomerase ac-
tivity was not attributable to the failure of as-
say (e.g. because of the presence of inhibitors)
(figure 1).

12345678910NP

Figure 1. Telomerase activity in prostate car-
cinoma and other associated tissue histolo-
gies. Lines 1 and 2: Prostatic Intraepithelial
Neoplasia (PIN); lane 3: Atrophy; lane 4 and 5:
Prostate Cancer; lines 6 and 7: Normal; lines 8
and 9: Benign Prostatic Hyperplasia (BPH);
line 10: BPH adjacent to tumor (BPH*); line N
corresponds to RNase A pretreated sample and
line P corresponds to a positive control.

Discussion

Using the telomeric repeat amplification proto-
col (TRAP) assay, a number of studies have
demonstrated telomerase activity in a variety
of malignant tumors, irrespective of tumor
type. Thus, telomerase activation is likely an
essential component of sustained malignant
growth. The present study demonstrated de-
tectable telomerase activity in 64 (91.4%) of 70
prostatic carcinomas, which confirms the

* BPH: BPH adjacent to tumor

Journal of Research in Medical Sciences July & Aug. 2006; Vol 11, No 4. 231

WwWw.mui.ac.ir


http://www.mui.ac.ir

Telomerase activity in prostatic diseases

high frequency of telomerase-positive prostatic
tumors in earlier reports 791922, These findings
suggest that telomerase activation may be cru-
cial in the pathogenesis of human prostatic
carcinoma.

We found no correlation between telom-
erase activity, histopathological tumor stage,
or Gleason score. This result is in accordance
with the study on prostatic tumors in which no
significant correlation was found between te-
lomerase activity and Gleason grade, tumor
volume or tumor stage in 75 prostate cancer
patients 2. Sommerfeld et al reported their
findings in 25 prostatic carcinomas, emphasiz-
ing that all four telomerase-negative tumors
were strictly organ-confined and did not ex-
hibit either capsular infiltration or capsular
penetration °. This result contrasts with the re-
port of Lin et al, who found that the level of
telomerase activity in prostate cancer corre-
lated with the primary Gleason pattern (al-
though not with the total Gleason score) using
a semiquantitative dilution technique %°.

PIN is a pre-malignant lesion. The preva-
lence of PIN is significantly higher in prostates
harboring cancer (33-100%) than it is in pros-
tates that do not contain invasive cancer (4-
18%) 2. PIN can precede carcinoma by 10 years
or more 2¢. The molecular pathogenesis of this
precancerous lesion is still obscure.

Kim et al > reported telomerase activity in
three of five cases of PIN and Leite et al re-
ported TA in 6 of 21 cases (29%) of high-grade
PIN 12,

We detected telomerase activity in 11 of 16
cases (68.8%) of PIN. The presence of telom-
erase in a high proportion of PIN cases sup-
ports the hypothesis that this lesion is a pre-
cursor of prostate cancer and harbors early
molecular alterations leading to malignancy.
Telomerase activity was detected in 43.3% BPH
cases, 21.4% of atrophy cases, and 20% of nor-
mal tissue samples adjacent to tumor. All of
the telomerase-positive non-cancerous tissue
samples were derived from glands bearing
cancers that were also telomerase-positive. The
high proportion of telomerase-positive non-
cancerous tissue is in accordance with data
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supplied by Wullich et al, who described TA in
45.9% of BPH* cases and 3 (33.3%) of 9 normal
epithelium specimens, both from cancer-bearing
glands 2L It is also in agreement with data from
other reports 7. However, it contrasts with stud-
ies of Sommerfeld et al ® and Lin et al 1 identify-
ing TA in only 10-12% of BPH* samples.

Most of (93.7%) BPH specimens from pa-
tients who were only diagnosed with BPH
were telomerase activity-negative. This con-
trasts with TA-positive BPH* from tissues ad-
jacent to tumor. It is possible that occult cancer
cells deep to the histologically characterized
surface of the benign-appearing cores account
for the high frequency of telomerase activity in
this tissue. Pathological characterization
merely evaluates the surface of the core. The
TRAP assay is sensitive enough to detect te-
lomerase activity of 1-10 telomerase-expressing
cells 2. This data could also be explained by
the provocative hypothesis that early in the
development of prostate cancer, telomerase
activation may occur before histological altera-
tion. Activation of telomerasein benign-
appearing tissue may correlate with continued
proliferation beyond the limits of the normal
finite prostatic epithelial lifespan. This would
represent an important step in the pre-
malignant progression toward prostate can-
cers. This observation also raised the possibil-
ity that telomerase detection could provide a
more sensitive means than conventional his-
tology for the detection of infiltrating cancer
cells in benign-appearing tissue. Conversely,
the absence of telomerase activity in histologi-
cal prostate cancer may portend a very favor-
able biological phenotype and provide a ra-
tionale for conservative management. Our re-
sults suggest that the re-expression of telom-
erase activation may be one step in the trans-
formation of BPH to PIN.
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