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ABSTRACT

Objective: Telomerase is an enzyme responsible for lengthening the telomere, active during the
embryonic development and detected, in the adult life, only at low levels in germinative cells and some stem
cells. Tumor cells need to be immortalized and the reactivation of telomerase activity, or alternative mechanisms
for lengthening the telomeres is necessary for tumor progression. Some studies have correlated telomerase
activity with bad prognostic parameters in prostate cancer. Our objective is to detect telomerase activity in
invasive prostatic adenocarcinoma and to correlate its presence with the stage, histological differentiation, and
volume of the cancer in radical prostatectomy specimens. As well as in PIN adjacent to the cancer.

Material and Methods: Tissue samples from 75 patients submitted to radical prostatectomy for localized
prostate cancer were studied using the telomeric repeat amplification protocol (TRAP).

Results: Telomerase activity was detected in 29% of 21 high grade PIN and in 80% of 54 invasive
cancer. There was no statistically significant difference between the telomerase-positive and telomerase-negative
groups in Gleason grade, tumor volume or tumor stage.

Conclusion: We conclude that telomerase activity is common in prostate cancer and may appear early
in the development of the disease. Its presence is unrelated to classical prognostic parameters.
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INTRODUCTION cell becomes senescent and unable to divide. If the
cell is forced into mitosis by an oncogene, the com-
The enzyme telomerase is important for the plete loss of the telomeres results in massive fusion
immortalization of cancer cells because it maintainsof chromosomes, and the cell dies by apoptosis. This
the telomeres (1). Telomeres cap the ends ofmechanism, which is called the mitotic clock, has been
chromosomes and protect the DNA from implicated in the control of cell proliferation, and is
recombination, fusion, and loss of terminal sequenceselieved to work as a tumor suppressor (4).
during replication. They consist of tandem repeats of Telomerase, an enzyme capable of elongating
a G-rich sequence (TTAGGG in vertebrates) up totelomeres, was discovered in 1985 (5). It is a
15 kilobases long (2). With each round of DNA ribonucleoprotein composed of an RNA primer (3"-
replication the telomeres become 100 base pairs (b pCAAUCCCAAUC-5"), that hybridizes with the end
shorter because the RNA primers that initiate of the telomere, and an enzyme with reverse
polymerization of a new DNA at the 3’ single strand transcriptase activity (5). Telomerase is normally
tail are then degraded, leaving a gap that is never fillecexpressed only by germ cells and, at low levels, by
in (3).When the telomere reaches a critical length, asome stem cells; it is repressed in somatic tissues (6).
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The maintaining of telomere length by the re- was submitted for pathological evaluation of surgical
expression of telomerase has been described in mommargins and extraprostatic infiltration. Serial 3-mm
then 85% of malignant human tumors (1), as well ascuts were taken from each prostatic lobe. The semi-
other alternative mechanism for it (7), and it is nal vesicles and pelvic lymph nodes were also
considered an essential step in tumor progressionsubmitted, and cuts were examined for tumor
promoting cell immortalization. involvement. Extraprostatic infiltration was defined

The re-expression of telomerase is believedas tumor infiltrating the adipose tissue or
to be one step in the transformation of benign prostatimeurovascular plexus. The Gleason score was used
epithelium to prostatic intraepithelial neoplasia (PIN) for histological classification. The tumor volume was
and has been detected in 16% of the cases (8), as wallaluated as described by Humphrey et al. (1). Briefly,
as in benign prostatic hyperplasia (BPH) adjacent toa grid was placed below the slides, on which the area
invasive adenocarcinoma (9,10). involved by the tumor had been previously sketched

There is no definitive prognostic parameter out. The percentage of tumor on a slide was
for prostate cancer. Histological differentiation, tu- determined by dividing the number of squares
mor volume, tumor stage, and DNA ploidy are involved by tumor by the number of squares occupied
important for prognosis, but some cases behavéy the whole section on the slide. Tumor volume was
unpredictably. This lack of predictability is defined as the mean percentage of tumor in the
inconvenient when different therapeutic approachesprostate gland (the percentage of tumor on each slide
should be considered (11,1®2Yelomerase has arole divided by the number of slides from the prostate
in prostate cancer, perhaps its detection could begland). Tumors were staged according to the TNM
useful for prognosis. classification (1992) (15).

We wanted to determine the frequency of Before telomerase activity was assessed a
telomerase expression in samples of PIN and invasiveection of the frozen prostate fragment was stained
cancer from 75 prostate cancer patients submitted tavith hematoxylin and eosin and examined
radical prostatectomy, and to examine the relationshipmicroscopically by the pathologist in order to confirm
of telomerase expression to prognostically importantthe presence of invasive cancer or PIN. Tenua0-
tumor characteristics (stage, histological diffe- sections of the frozen prostate fragment were cutin a
rentiation, and tumor volume). To this purpose, we cryostat and used for the telomerase assay.
used the telomeric repeat amplification protocol The TRAPeze Telomerase Detection Kit
(TRAP) (13), a very sensitive method based on a(Intergene, Purchase NY, USA) and the methods
polymerase chain reaction, to detect telomerasalescribed in the kit were used for detection of

activity. telomerase activity. To extract RNA and protein, the
samples were incubated for 30 minutes on ice in 200
MATERIAL AND METHODS uL of CHAPS (3-[(3-cholamidopropyl) dimethyl-

ammonio]-1-propanane sulfonate) lysis buffer (10

Seventy-five patients with prostate cancer, MM Tris-HCI, 1 mM MgCl, 1 mM EGTA, 0.1 mM
clinically staged T1c-T2 were submitted to radical benzamidine, 5 mM R-mercaptoethanol, 0.5%
prostatectomy at the Sirio Libanes Hospital from CHAPS, and 10% glycerol) containing RNase
March 1998 to March 1999. Immediately after the inhibitor (RNAguar®, Pharmacia Biotech, Uppsala,
gland was removed it was sent to the laboratory, andSweden) at 200 units/mL. The samples were then spun
a thin, 1-crisquare fragment of glandular tissue was in a microcentrifuge at 12,0009 for 20 minutes’at 4
frozen at —8@C in liquid nitrogen. After this, the and the supernatant was retained as the extract.
prostate was fixed in formalin for 4 hours, surgical To detect telomerase activity, the TRAPeze
margins were stained with India ink, and the whole kit follows the telomeric repeat amplification
gland, including the bladder neck and prostatic apexprotocol (13), except that it does not require a wax
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barrier hot start. For each samplgl20f the RNA-
protein extract was added to a @B-reaction
mixture containing 10X TRAP Buffer (200 mM Tris-
HCI, 15 mM MgCl, 630 mM KClI, 0.5% Tween 20,
and 10 mM EGTA), 50X dNTP mix, TS primer (5"-
AATCCGTCGAGCAGAGTT-3"), TRAP primer
mix (RP primer, K1 primer, and TSK1 template), .
Taq polymerase (Amersham Pharmacia Biotech, : Tt
Uppsala, Sweden), and distilled water. The reaction v & . Yy 9 - '
mixture also contained a 36-bp positive control to " b= ‘
allow recognition of false negatives, which could ! : ! | ! i ¥
result if an inhibitor of Tag-polymerase were present. Figure - Detection of telomerase activity in extracts of invasive

All measures to prevent RNA degradation were prostate cancer. Lane 1, ladder 50bp. Lanes 2, 4 and 6, show

. telomerase activity characterized by a ladder pattern with 6bp
taken. In a thermocycler block (Perkin Elmer increment in bands. Lanes 3 and 5 show 2 negative cases. Lanes
GeneAmp Thermal Cy(_:ler 9_6001 F_OSter City, 7 and 8, have the positive and negative control, respectively.
California, USA), a 30-minute incubation at°G0

was provided in which telomerase (if present) could formalin until bands developed. Placing the gel
hybridize with and extend the TS primer. Then ain 10% glacial acetic acid for 2 minutes stopped
polymerase chain reaction was run for 30 cycles ofreduction, and the gel was then placed in distilled
30 seconds at 9¢€, 30 seconds at 39, and 30 water. Samples that exhibited a ladder beginning
seconds at P2 to amplify the first extension, adding at 50 bp with 6-bp increments were considered
6 base pairs per cycle. positive (Figure). Since the telomerase is a heat
To identify a positive or negative assay, sensitive enzyme, the negative control is one tu-
20pL of the amplification product was submitted mor sample submitted to a heat treatmenf (35
to electrophoresis for 2.5 hours at 200 V on a 10%for 10 minutes.
nondenaturing polyacrylamide gel in 0.5X Tris- The relationship between stage and
borate-EDTA (TBE) buffer was used. The gel was telomerase activity was analyzed with the Pearson
then silver-stained according to the method of Chi-square test. The Gleason score and tumor volu-
Budowle et al. (16). Briefly, the gel was placed in me of patients with or without telomerase activity
10% ethanol for 5 minutes, oxidized in 1% nitric were compared using the Mann-Whitney test because
acid for 3 minutes, placed in 0.012 M silver nitrate of the non-normal distribution of the numbers. P-
for 30 minutes, and reduced in a solution values less than 0.05 were considered statistically
containing 0.28 M sodium carbonate and 0.019%significant.

Table- Gleason score, tumor volume and tumor stage for carcinomas telomerase-positive and telomerase-
negative.

Telomerase-positive  Telomerase-negative

Gleason score (median-range) 6.3 (4-10) 6.2 (4-9) p=0.733
Tumor volume % (median-range) 19 (0.3-56) 12 (0.7 - 53) p=0.193
Stage
pT2 25 (58%) 7 (64%) p =0.990
pT3 18 (42%) 4 (36%)
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RESULTS explained by technical problems, since the authors,
different from all previous studies, have found much
The pathological stage was pT2 for 49 (65%) lower telomerase activity in carcinoma, also (69%).
patients and pT3 for 26 (35%) patients. Only one They claim the presence of non- neoplastic cells,
patient presented lymph node metastasis, and watelomerase negative, interfering in the results, and
staged T3cN1. The mean Gleason score was 6, anguggest that the microdissection of the specimen could
the median 5. Twenty-seven (36%) patients had high€enrich the sample with tumor cells, telomerase
grade tumors (Gleasan7), and 48 (64%) had low- positive, increasing the frequency of telomerase
grade tumors (Gleasan6). positive lesions. Currently there is no way to identify
For 21 patients the specimen submitted to thepatients with PIN who will progress to invasive cancer
TRAP assay contained only high grade PIN. For theor who already have invasive cancer that was not

remaining 54 patients the assayed specimen containgi@ached by the biopsy. We cannot assess from our
only invasive adenocarcinoma. study whether telomerase activity in a PIN specimen
Telomerase activity was found in 43 (80%) predicts prostate cancer, because all of our cases had
of the invasive cancer specimens. There was ndnvasive cancer. We can, however, point out that the
correlation between Gleason score and Telomeras@bsence of telomerase activity in a PIN specimen
activity. The enzyme activity was positive in 81% (26/ certainly does not rule out cancer elsewhere in the
32) of well differentiated tumors (Gleason 4-6), in prostate gland.
80% (4/5) of Gleason grade 7 tumors and in 76% (13/ Other cancer precursors, such as oral
17) of poor differentiated tumors. The results of leukoplakias, express some telomerase activity, as
telomerase activity detected in the invasive carcino-does some normal lung tissue from lung cancer
ma and tumor stage, tumor volume and Gleason scorpatients and its detection has been useful for
are shown in Table. Telomerase activity was found insurveillance of these patients (17,18). It has also been
6 (29%) of the PIN specimens. The characteristics ofsuggested that telomerase detection by the TRAP
the invasive carcinoma adjacent to those PIN areagissay could be used for early detection of cancer in
were: The median of Gleason score was 5 for eitheforushings, fine needle aspiration biopsy specimens,
group, telomerase-positive and telomerase-negativeor voided urine (19-21).
The median of tumor volume was 11% for telomerase- Telomerase activity has been detected in 11%
negative PIN and 3.5% for telomerase-positive PIN.to 38% of biopsies containing only benign tissue
Seventy three percent and 100% of telomerase{22,23). The presence of telomerase activity in BPH
negative and telomerase-positive cases, respectivel@djacent to cancer suggests that this information could
were staged pT2. The presence or absence olfe used to indicate patients who are more likely to
telomerase activity in PIN did not correlate to the tu- have cancer elsewhere in the prostate or to develop it
mor stage (p = 0.429), tumor volume (p = 0.310) orlater. Since the TRAP assay is extremely sensitive,
Gleason score (p = 0.619) of the invasive carcinomaand can detect very few cells telomerase-active, we

adjacent to the PIN lesion. assume that the recovering of telomerase activity

occurs previously to morphological alterations, and

DISCUSSION should be a marker for patients potentially vulnerable
to develop prostate cancer.

Our results show that the re-expression of Telomerase activity was detected in 80% of

telomerase occurs early in the development of prostat@Uur invasive adenocarcinoma samples, and we were
cancer, since we found telomerase activity in one thirdunable to correlate the re-expression of telomerase
of the samples of PIN. Koeneman et al. (8) foundWith the Gleason grade, tumor volume or tumor stage.
telomerase activity in 16% of 25 cases of PIN, a Telomerase activity has been reported in 84
frequency much lower than ours, that can be partiallyto 90% of prostate cancer (9,10). Sommerfeld et al.
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(9) who were the first to detect telomerase activity in telomeric G-quadruplex inhibiting telomerase and
prostate cancer described the presence of it in alpreventing elongation of the telomere (39wever,
lymph node metastasis and the absence of it in 4 cathere are tumors without telomerase activity in which
ses with organ-confined disease, suggesting that thereelomeres are maintained by some alternative
could be a relationship between telomerase activitymechanism (7). Therefore, it will be important to
and unfavorable prognosis. Lin et al. (10) unlike usidentify those cancers that depend on telomerase for
were able to correlate telomerase activity with immortalization, as it is only these cancers that may
histological differentiation: they found telomerase be vulnerable to telomerase inhibitors.

activity in 38% of well-differentiated prostate cancers, In conclusion, our results demonstrate that
and in 91% of poorly differentiated prostate cancers.the re-expression of telomerase is an early and
Also, they found strong telomerase activity in frequent event in prostatic carcinoma, with telomerase
metastatic prostate cancer in lymph nodes and bonesctivity present in 29% of our PIN specimens and
Our study is the larger and strictly standardized. We80% of our invasive cancer specimens. We could not
included only surgical specimen obtained by radical found any correlation between telomerase activity and
prostatectomy, performed by the same team (MS) histological differentiation or tumor stage, parameters
examined by the same pathologists (KRML, LHCL), that reflect cancer behavior. The prognostic value of
and the whole gland was submitted for the evaluationtelomerase activity remains open for further
of the prognostic parameters. The lack of correlationinvestigation.
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