
Abstract. Human telomerase is a structurally complex ribo-
nucleoprotein that is responsible for the maintenance of
telomeric DNA at the ends of the chromosomes. The enzyme
is proposed as having an important role in cell immortalization
and oncogenesis. A limited number of studies have been
performed on the telomerase system in brain tumors, and
these studies are somewhat conflicting. The relative in-
effectiveness of current therapies for malignant gliomas led
to the need for novel targets for more promising approaches.
In order to clarify the prognostic significance of telomerase
expression in gliomas and to speculate on therapeutic
implications, we examined telomerase activity by the telo-
meric repeat amplification protocol (TRAP) assay in 42
gliomas, (32 multiform glioblastomas, 4 anaplastic astro-
cytomas, 4 differentiated astrocytomas, 1 oligoastrocytoma
and 1 oligosarcoma). Telomerase messenger expression
(hTERT mRNA) was evaluated by reverse transcription-PCR
analysis in the same group of tumors. High telomerase activity
was detected in 21/42 gliomas (50%). The levels of telomerase
in terms of its messenger level expression overlapped the
activity; in fact, a significant association between telomerase
activity and hTERT mRNA expression was found (¯2 test;
p<0.0001). At univariate analysis, advanced age as well as
high telomerase activity and hTERT mRNA levels were seen
to be significant predictors of worse prognosis regarding both
overall survival (p=0.007, p=0.007, p=0.04, respectively) and
disease-free interval (p=0.008, p=0.008, p=0.04, respectively).
All these variables maintained a significant independent
prognostic role in multivariate analysis. Telomerase may
represent an indicator of progression and poor prognosis in
this type of cancer, with interesting therapeutic implications.

Introduction

Human telomerase is a structurally complex ribonucleoprotein
that is responsible for the maintenance of telomeric DNA at

the ends of the chromosomes. Telomerase acts to synthesize
and add a simple six-base motif (of TTAGGG in human cases)
to the ends of the chromosomes, resulting in stable telomere
length that would otherwise be gradually eroded after each
cell replication (1-3). The enzyme is proposed to have an
important role in cell immortalization and oncogenesis (4).
Active telomerase has been detected in a majority of human
cancers and in embryonic and germline cells but not in normal
somatic cells, with the exception of some stem cells, such
as those involved in tissue renewal. The grade and stage at
which telomerase is expressed for each given tumor type are
variable (5-10).

A limited number of studies have been performed on the
telomerase system in brain tumors (11-16) and are somewhat
conflicting (17-20). Little is known concerning the clinical
significance of telomerase expression in the pathogenesis and
progression of intracranial neoplasms; high levels of telo-
merase seem to be associated with a poor outcome in neuro-
blastomas (21), astrocytomas (22) and high-grade gliomas
(23,24).

In this study, we quantified the telomerase activity of 42
gliomas using the polymerase chain reaction (PCR)-based
telomeric repeat amplification protocol (TRAP) assay. We also
compared these results with the expression of the messenger
coding the telomerase catalytic subunit (hTERT mRNA).
The goal of this work was to expand the present knowledge
of telomerase activity in brain tumors, in order to clearly
assess whether telomerase may be a novel prognostic marker
for brain tumors with a high grade of malignancy, such as
glioblastomas.

Materials and methods

Surgical specimens. The study base was a consecutive series
of 42 patients, who had undergone total surgical resection
of glial tumors (32 multiform glioblastomas, 4 anaplastic
astrocytomas, 4 differentiated astrocytomas, 1 oligoastrocytoma
and 1 oligosarcoma) at the U.O. of Neurosurgery, University
of Pisa, from 2001 to 2005. There were 24 male patients and
18 female patients (mean age, 60.85 years; median, 63 years,
range, 28-79 years). The pathologists, based on the criteria of
the World Health Organization (WHO) (25,26) performed the
classification and grading of the tumors. According to tumor
grade, there were 4 Grade II (9.5%), 5 Grade III (11.9%), and
33 Grade IV (78.6%). Data on clinical behavior were available
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in all of the 42 cases (median follow-up, 29 months; mean,
29.9; range, 5-52). Fourteen patients were alive at the time of
analysis and twelve patients had relapsed, in spite of complete
surgical resection, as confirmed by pre- and postoperative
computerized axial tomographies (TAC).

Cases were enrolled after surgical removal of the lesion
and pathological confirmation but prior to radiation therapy.
Tumor samples, obtained at surgery, were partly paraffin-
embedded for histological processing and partly immediately
frozen in liquid nitrogen. Because contamination from lympho-
cyte infiltration in the tissue may account for a false-positive
telomerase, a histological review of all the samples was
performed.

Telomerase assay. The development of a sensitive and efficient
PCR-based telomerase activity detection method, TRAP
(Telomeric Repeat Amplification Protocol) (27), has made
possible large-scale surveys of telomerase activity in human
cells and tissue. The TRAPeze®Kit is a highly sensitive in vitro
assay system for detecting telomerase activity. The method-
ology used in the TRAPezeTelomerase detection kit is based
on a one buffer-two enzyme assay using polymerase chain
reaction (PCR). In the first step of the reaction, telomerase
adds a number of telomeric repeats (GGTTAG) onto the 3' end
of a substrate oligonucleotide (TS). In the second step, the
extended products are amplified by PCR using the TS and RP
(reverse) primers, generating a ladder of products with 6 base
increments starting at 50 nucleotides: 50, 56, 62, 68, etc.
Additionally, each reaction mixture contains a primer (K1)
and a template (TSK1) for amplification of a 36-bp internal
standard. Incorporation of this internal positive control makes
it possible to quantify telomerase activity more accurately
and to identify false-negative samples that contain Taq poly-
merase inhibitors.

The TRAP assay measures telomerase activity in sample
lysates by telomerase-mediated extension of the TS oligo-
nucleotide, followed by amplification, electrophoresis and
visualization of extended products. A TRAP assay is considered
valid when all of the following conditions are met: no visible
product, except the 36-bp internal control band, in the negative
control; the 36-bp internal control band and a ladder of
products with 6-bp TTAGGG repeats on the TS oligo-
nucleotide, producing a 6-base incremental ladder of TRAP
products, in the positive control; and no visible product in
heat-treated samples, except the 36-bp internal control band. 

Telomerase positive samples showed an identical pattern
to the positive control, while samples without telomerase
activity did not display this characteristic ladder.

To obtain valid quantitative values of telomerase activity
using the TRAP assay, we included a quantity control template
TSR8. Using a CCD imaging system and image analysis
program, we evaluated the densitometric signal of the gel
lane corresponding to the TRAP product ladder bands from
all samples, including non-heat-treated (x) and heat-treated
sample extracts (x0), negative control (r0), and TSR8 quantity
control (r). We also evaluated the signal from the internal
standard in non-heat-treated samples (c) and TSR8 quantity
control (c0). The amount of telomerase product was quantified
using the following formula: TPG (units)= (x-x0)/c | (r-r0)/
cr x 100 (if 0.1 amole of TSR8 is used).

Each unit of TPG (total product generated) corresponds to
the number of TS primers (in 1x10-3 amole or 600 molecules)
extended with at least 4 telomeric repeats by telomerase in
the extract in a 10-min incubation at 30˚C. The assay has a
linear range of 1-300 TPG, which is equivalent to telomerase
activity from approximately 30-10000 control cells.

PCR analysis of hTERT. Total RNA was extracted from normal
and neoplastic frozen tissues, and was primed with random
hexamers to synthesize complementary DNA (cDNA) using
AMV reverse transcriptase. PCR was carried out in a Perkin-
Elmer Thermal Cycler, as described above (28). To examine
hTERT mRNA expression in detail, we performed RT-PCR
using primers for the reverse transcriptase domain of the
transcript (TERT-2164S and TERT-2620A). The full-length
product was 457 bp. Two potential splice sites are within the
region spanned by this primer set: the first splice site determines
a 36-bp deletion (· deletion; bases 2186-2221) with consequent
inactivation of reverse transcriptase. The second splice site
causes a 182-bp deletion (·+ß deletion; bases 2342-2524)
resulting in a nonsense mutation, encoding a truncated protein
lacking vital reverse transcriptase motifs. 

The hTERT cDNA amplification used TERT-2164S
(GCCTGAGCTGTACTTTGTCAA) and TERT-2620A
(CGCAAACAGCTTGTTCTCCATTACTTTGTCAA)
oligonucleotides with an initial heating at 94˚C for 90 sec,
followed by 35 cycles at 95˚C for 25 sec, 68˚C for 50 sec,
and 72˚C for 50 sec.

The presence of a 412 PCR band amplified with specific
primers for GAPDH with the same cDNA was used as an
internal control. PCR primers for GAPDH cDNA were as
follows: forward primer, 5'-CGATGCTGGCGCTGAGTAC-3';
reverse primer, 5'-CGTTCAGCTCAGGGATGACC-3' (29).
The amplification products were separated on 1.5% agarose
gels and visualized by ethidium-bromide staining. No band is
detected when no cDNA is added to the PCR mixture. We
calculated the ratio between hTERT and GAPDH densitometric
values as relative hTERT mRNA expression. 

Statistical analysis. All statistical analyses were carried out
using Statistica software (Stat-soft). A ¯2 test was used to
analyze the associations between the different variables.
Survival was calculated from the time of the initial operation
until the patient died or until the final analysis. Survival rates
were determined by the Kaplan-Meier method and differences
were analysed by the Cox-F test. Multivariate analysis was
carried out using the Cox proportional-hazard model. The
a priori level of significance was set at p<0.05.

Results

Clinico-pathological features. The clinico-pathological features
of brain tumors are given in Table I. The prognostic importance
of age, sex, grade, relapse and histotype was studied. The
median age of the patients was 63 years; 22 patients were
<63 years. Younger age was associated with a significantly
better prognosis (p=0.01 for overall survival and p=0.012 for
disease-free interval); thus, age was included in the multivariate
model. No statistical significance was found for sex, grade,
relapse and histotype.
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Telomerase activity. In the present study, telomerase-positive
extracts produced a characteristic 6-bp ladder. An extract was
considered positive for telomerase activity when a 36-bp
internal control band and a ladder of PCR produced with 6
base increments, similar to that of the telomerase-positive
control lane, were present (Fig. 1A). By normalizing the
signal intensity of the telomerase ladder to that of the internal
control, sample-to-sample variation due to PCR amplification
efficiency was minimized, thus allowing for semi-quantitative
analysis. Levels of telomerase activity were expressed as TPG
units: the mean ± SD of the TPG units was 13.9±9.1, while
the median value was 14 TPG units.

The median value was assumed as the cut-off value to
distinguish gliomas with low from those with high telomerase
activity. High telomerase activity was detected in 21/42 glial
tumors (50%); the presence of polymerase chain reaction or
Taq inhibitors in negative TRAP reactions seems unlikely,
because negative extracts retested at higher diluitions remained
negative. No significant difference was found between telo-
merase levels in low-grade gliomas (II and III) in comparison
to high grade. 

We also analyzed the survival time of our glioma patients,
comparing the two groups with low and high telomerase. A

significant difference in overall survival as well as in disease-
free interval was found between patients with low telomerase
and those with high; that is, the survival time of patients with
high telomerase activity was shorter than that of those with
low telomerase (Fig. 2).

Expression of hTERT mRNA. Final quantified telomerase
messenger levels were expressed as a ratio to GAPDH
expression. Fig. 1B shows an example of RT-PCR analysis
of hTERT messenger in gliomas. Based on evidence that
only full-length hTERT transcripts code an active reverse
transcriptase and that no telomerase activity is expressed
without full-length hTERT message, we considered our samples
as positive and then quantified telomerase expression when
the full-length product was detected.

Assuming a median value of 0.75 (mean 0.73±0.77) for
relative telomerase expression as the cut-off value, we
distinguished gliomas with low from those with high hTERT
messenger levels. High hTERT mRNA levels were found
in 13/39 (33.3%) of glial tumors (for three samples, not
enough tissue was available). A significant correlation between
telomerase mRNA and enzyme activity levels was found
(¯2 test; p<0.0001).

The analysis by RT-PCR revealed high levels of hTERT
expression in tumors with worse overall survival and disease-

INTERNATIONAL JOURNAL OF ONCOLOGY  28:  1555-1560,  2006 1557

Table I. Univariate survival analysis.
–––––––––––––––––––––––––––––––––––––––––––––––––
Features No. of Overall Disease-free

patients survival interval
(P-value) (P-value)

–––––––––––––––––––––––––––––––––––––––––––––––––
Sex
Male 24 0.228 0.18
Female 18

Age (years)
≤ 63 22 0.01 0.012
>63 20

Tumor grade
II 4
III 5 0.438 0.383
IV 33

Relapse
Yes 12 0.505 0.349
No 30

Histotype
Glioblastoma 32
Differentiated astrocytoma 4
Anaplastic astrocytoma 4 0.39 0.469
Oligoastrocytoma 1
Gliosarcoma 1

Telomerase activity
Low 21 0.007 0.008
High 21

Telomerase mRNA
Low 26 0.046 0.046
High 13

–––––––––––––––––––––––––––––––––––––––––––––––––
Bold type, statistically significant, <0.05.
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. A, telomerase activity in glial tumors. Lanes 1 and 2, samples
displayed a low level of telomerase activity; lanes 3-5, samples with a high
level of telomerase activity; Cn, negative control with no lysate added; Cp,
positive control, telomerase positive cells (106 cells); T, TSR8, quantitation
control template; L, molecular weight marker (100-bp ladder, Pharmacia);
+, heat inactivation of telomerase; -, without heat pretreatment. B, telo-
merase mRNA expression in glial tumors. Lanes 1 and 2, samples displayed
a low level of hTERT mRNA; lanes 3-5, samples with a high level of
hTERT mRNA; Cn, negative control; L, molecular weight marker (100-bp
ladder, Pharmacia). The 457-bp band corresponds to full-length product; 275 bp
is one splice variant (·+ß deletion). In the lower panel, amplification of the
housekeeping GAPDH gene (412 bp) in the same samples is shown.
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free interval, confirming a prognostic role also for telomerase
messenger, as shown in Fig. 3.

Multivariate analysis. All the variables that significantly
affected survival in univariate analysis maintained their
independent prognostic influence on overall survival in a
Cox proportional-hazard model (p=0.023 for younger age;

p=0.012 for low telomerase activity and p=0.01 for low
hTERT mRNA) (Table II).

Discussion

Telomerase expression and on-going activity are generally
accepted to be paramount to the survival and proliferation of
the majority of cancer cells (30). Telomerase expression
occurs in the later phases of multistep tumor progression of
some classes of tumors (31), and is especially characteristic
of higher-grade neoplasms. 

Our present study confirmed the frequency observed by
several investigators (telomerase expression in 26-89% of
multiform glioblastoma) (32-38). However, the studies of
Langford et al (17), De Masters et al (18) and Nakatani et al
(19) agreed with our data that a percentage of multiform glio-
blastomas and anaplastic astrocytomas were negative or at
low-level for telomerase expression, a paradoxical finding in
light of their high degree of malignancy and in contrast to the
almost uniform telomerase positivity of high-grade systemic
tumors. Multiform glioblastomas are highly heterogeneous
tumors, and this variability might influence telomerase
expression. 

Moreover, alternative mechanisms to stabilize telomeres
may be present. Recently, alternative lengthening of telomeres
(ALT) was found to be a prognostic indicator for patients
with multiform glioblastoma and, in patients with non-ALT
tumors, telomerase activity did not affect survival (39). 

In our cases, clinical follow-up was available for all patients.
Univariate analysis revealed age as a significant prognostic
factor, with consensus in the current literature (40,41). More-
over, we found a shorter survival time (both in terms of overall
survival and of disease-free interval) in patients whose tumors
showed high telomerase activity in comparison with tumors
showing low telomerase activity. We did not find a relationship
between telomerase activity and the grade of the glial tumors;
this is probably due to the great number of grade IV gliomas
in our series (33/42, 78.6%). 

We analyzed hTERT expression in the same samples; we
detected only full-length and ·+ß deleted isoforms, as we had
previously found in colorectal cancer (42), in meningiomas
(16) and in skin cancer samples (43). A significant correlation
between levels of telomerase activity and its messenger
expression was also found, even if a few cases of high-grade
tumors showed a discrepancy in the presence of elevated
telomerase activity and low/undetectable hTERT mRNA levels.
The heterogeneous nature of glioblastomas and astrocytomas
might yield variability in the results concerning hTERT mRNA
expression, as was previously discussed regarding telomerase
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Figure 2. Kaplan-Meier overall survival and disease-free interval curves in
relation to telomerase activity levels in glial tumors.

Figure 3. Kaplan-Meier overall survival and disease-free interval curves in
relation to hTERT mRNA levels in glial tumors.

Table II. Cox proportional-hazard model of overall survival.
––––––––––––––––––––––––––––––––––––––––––––––––– 
Variables Beta Standard error t P-value
–––––––––––––––––––––––––––––––––––––––––––––––––
Sex 0.2835 0.4988 4.131 0.023

Telomerase activity 0.7413 0.3491 1.239 0.012

Telomerase mRNA 0.7258 0.3374 1.639 0.01
––––––––––––––––––––––––––––––––––––––––––––––––– 
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activity. Alternatively, it is possible that differences between
the half-life of telomerase catalytic protein and its messenger
(30,44), or interactions between telomerase messenger and
regulatory proteins, exist; in this respect, the escape from
molecular detection of hTERT mRNA could explain the
absence of the messenger in telomerase-positive tumors
(45-47). Overall survival rates were significantly worse in
tumors with high hTERT expression and those with telomerase
activity.

In conclusion, the overall picture emerging from our study
is that telomerase activity may influence tumor prognosis in
gliomas. Recently, specific inhibitors of telomerase have
been used as potential anticancer agents, but only in cell lines
and xenografts (48-50). Our results, with further elucidations
on telomerase involvement in the mechanisms of tumor
angiogenesis, apoptotic pathway and telomere elongation,
may encourage research on novel therapeutic strategies for
the treatment of patients with malignant gliomas. 
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