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Abstract.

 

Objectives/Background

 

: In biological terms, progression means that malig-
nancy increases as genetic mutations accumulate leading to increased proliferation and
invasion capacity. By verifying the proliferation capacity, human telomerase reverse
transcriptase (hTERT) expression and 

 

in vitro

 

 invasion, in a group of highly malignant
glioblastomas, benign meningiomas and astrocytomas, at the initial stage of progression,
we have analysed putative progression 

 

in vitro

 

 for proliferation and telomerase expres-
sion. 

 

Materials and Methods

 

: The relative proliferation status (visualized with Ki-67
antibodies) and presence of hTERT protein was analysed in 27 intracranial tumours
(6 astrocytomas, 8 glioblastomas and 13 meningiomas) by immunohistochemistry on
paraffin-embedded biopsy tissue, as well as on primary tumour-derived cell cultures.
A confrontation model was used to analyse invasiveness 

 

in vitro

 

. 

 

Results

 

: The mean
proliferation indices were 22.3 (SD = 18.1) for glioblastomas and 2.1 (SD = 1.9) for
low-grade (LG) astrocytomas. The group of benign meningiomas had a labelling index
of 2.2 (SD = 2.7). Mean percentages of staining for hTERT varied between 36.5
(SD = 28.4) for glioblastomas and 10.2 (SD = 8.6) for LG astrocytomas. The group of
benign meningiomas had a labelling index of 12.4 (SD = 19.2) for hTERT. A signifi-
cant difference was seen for Ki-67 (

 

P

 

 

 

<

 

 0.05) and hTERT (

 

P <

 

 0.001) 

 

in vivo

 

 versus

 

in vitro

 

. No difference was seen between the group of invasive and non-invasive
tumour-derived cell cultures for the histopathological markers Ki-67 and hTERT
(

 

P

 

 > 0.05) 

 

in vitro

 

. 

 

Conclusions

 

: The elevated expression of hTERT and Ki-67 

 

in vitro

 

provides a potential prognostic tool for early detection of the progression of brain
tumours. As tumour cells require telomerase for continued proliferation, the expression
of hTERT may mark immortality, leading to indefinite life span. On the other hand,
hTERT expression and cell proliferation are not linked directly to invasion 

 

in vitro

 

.

INTRODUCTION

 

Increase in cell population through uncontrolled cell reproduction is one of the hallmarks of the
progression of cancer processes. ‘Tumour progression’ means that the tendency towards malignancy
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increases as genetic mutations accumulate, leading to increased proliferation and invasion capacity.
Expanding cell populations are observed in normal controlled growth, such as embryonic tissues,
but uncontrolled cell populations results in tumours (Cavalla & Schiffer 1997).

The proliferation process is linked to telomerase expression; this is a ribonucleoprotein
enzyme complex, and is seen in stem cells and in cancer cells. In cancer cells, the presence of
telomerase is linked to indefinite lifespan – immortality (Counter 

 

et al

 

. 1992; Lustig 1999). One
of the major components of telomerase is the human telomerase reverse transcriptase (hTERT),
a reverse transcriptase (Kim 

 

et al

 

. 1994; Weinrich 

 

et al

 

. 1997). In this study, we investigated the
proliferation capacity of cells and the presence of hTERT in brain tumours (primary tumour
biopsies) and tumour cell cultures derived directly from brain tumour biopsies. The invasiveness
of these tumours was analysed 

 

in vitro

 

. Three groups of brain tumour were evaluated: on the one
hand, a number of astrocytomas at the initial stage of progression and a number of highly malig-
nant glioblastoma multiforme tumours, at the end stage of ‘tumour progression’, and, on the
other hand, a group of benign meningiomas considered as non-progressing tumours. However,
amongst the meningiomas, a limited number of examples did progress towards morbidity and
mortality (Jaaskelainen 

 

et al

 

. 1986; Carroll 

 

et al

 

. 1999). All tumour-derived cells were tested in
an invasion model 

 

in vitro

 

 as a control for the stages of malignancy determined from the 

 

in vivo

 

tissue samples (de Ridder & Calliauw 1992; de Ridder 2003).

 

MATERIALS AND METHODS

 

Surgical specimens

 

Biopsies of 14 glial (6 astrocytomas, low grade, and 8 glioblastoma multiforme) and 13 benign
meningiomal intracranial tumours were collected from the University Hospital, St. Lucas
Hospital and Maria-Middelares, Ghent, Belgium. The group was comprised of 16 women and
11 men with the patients’ median age at 47.4 (range 8–79 years). Classification and grading of
the tumours was based on World Health Organization (WHO) criteria (Kleihues & Cavenee
2000). Immediately after surgery, each tumour fragment was divided for histopathology and to
be the bases of primary tumour-derived cell cultures.

 

Primary tumour-derived cell cultures

 

Explants 

 

in vitro

 

 from brain tumours give rise to primary monolayers. For this purpose after removal,
each half-biopsy was transferred immediately, aseptically, into a glass Petri dish, containing minimum
essential medium (MEM) culture medium (Invitrogen, Merelbeke, Belgium) with Hank’s salts,
supplemented with 10% foetal calf serum, 0.05% glutamine (Sigma, Bornem, Belgium), 2.5 

 

µ

 

g/ml
fungizone (Invitrogen, Merelbeke, Belgium) and pen/strep (50 U/ml and 50 

 

µ

 

g/ml) (Invitrogen,
Merelbeke, Belgium). The fragment was cut into small 1 

 

×

 

 1 

 

×

 

 1 mm cubes and was pipetted into
two plastic culture flasks containing the same medium. The slices were allowed to adhere to the
bottom of the flasks and viable cells moved out of the biopsies and formed a monolayer of tumour-
derived cells. The cultured cells of one flask were trypsinized and spliced into two parts. One part
was explanted on Thermanox (Nunc, Roskilde, Denmark) for immunocytochemical analysis
and the other part was placed into a cryotube containing 90% foetal calf serum (FCS) with 10%
dimethylsulfoxide (DMSO; Eurolab, Leuven, Belgium) and was stored in liquid nitrogen for
later polymerase chain reaction (PCR) analysis. From the second culture flask, flaps of cell
clusters were scraped off with a rubber policeman and were transferred into small 5-ml Erlenmeyer
flasks to form spheroids (see succeeding discussions, ‘Invasion model 

 

in vitro

 

’).
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Immunohistochemical analysis

 

Preparation of cell cultures

 

Cell cultures, grown on Thermanox plastic, were fixed with cold acetone (Chem-Lab, Zedelgem,
Belgium) at subconfluence and were stored in the freezer until use.

 

Immunostaining

 

The standard streptavidin-biotin-peroxidase complex method was performed on primary bio-
psies and tumour-derived cell cultures, employing antibodies against hTERT (1 : 50 dilution,
clone 44F12; Novocastra, Newcastle, UK) and Ki-67 (1 : 50 dilution, clone MIB-1; DAKO,
Glostrup, Denmark). The percentage of positivity was defined as the ratio of cells showing
appropriate immunoreactivity per 1000 tumour cells. Subsequently, samples were incubated
with biotinylated rabbit antimouse antibody,1 : 200 dilution, for 30 min, followed by a third
layer incubation with streptavidin-biotin-peroxidase complex, 1 : 200 dilution for 30 min. Visu-
alization of the complex was performed by application of diaminobenzidine (DAB), followed by
nuclear counterstaining with haematoxylin. A glioblastoma multiforme sample, already known
to express hTERT, and with a highly proliferative nature, was used as a positive control, and an
antigen-free buffer was used as a negative control (Fig. 1).

 

Invasion model 

 

in vitro

 

By a multiple step method, putative invasiveness of tumour-derived cells was evaluated 

 

in vitro

 

as described by previously by de Ridder (de Ridder 2003). The succeeding paragraphs summarize.

Figure 1. Immunohistochemical staining for Ki-67 in vivo (a) versus in vitro (c) with total nuclear colouring and for
hTERT in vivo (b) versus in vitro (d) with nucleolar colouring of human brain tumours.
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Aggregates or spheroids of individual tumours were prepared by incubating flaps of tumour-
derived cells into small 5-ml Erlenmeyer flasks with 3 ml MEM medium with Earl’s salts, sup-
plemented with glutamine and 10% FCS. These flasks were rotated for 24 h at 0.8 

 

g

 

 under a
steady gas flow of 95% air and 5% CO

 

2

 

 to form spheroids of these human tumour cells. Only
spheroids with a mean diameter of 0.3–0.4 mm were selected. This was performed by selection
under a light microscope. Samples of greater diameter are known to possibly have central necrosis.

At the same time, freshly cut fragments, obtained from 9-day embryonic chick hearts, were
cut into 1 

 

×

 

 1 

 

×

 

 1 mm blocks and incubated on a gyratory shaker for 3 days to obtain pre-
cultured heart spheroids. Their mean diameter was 0.4 mm, the core consisting of heart muscle
cells surrounded by layers of fibroblastoid cells.

The next step consisted of confrontation of pre-cultured heart cell spheroids with the sphe-
roids of tumour-derived cells. They attached firmly to each other after 2 h contact on a semisolid
agar medium, covered by 3 ml MEM with Earl’s salts and 10% FCS. Specimens were then transferred
to 10 ml Erlenmeyer flasks filled with the same medium as described in the previous discussion.
The confrontation specimens were incubated at 0.8 

 

g

 

 on the gyratory shaker, for 1, 2, 4 and
7 days. Fixation in Zenker’s solution and embedding in paraffin wax, to be cut into 5-

 

µ

 

m sec-
tions followed. All sections were stained with haematoxylin eosin and rat anti-chicken antibody.

The confrontation specimen results were classified into two groups expressing different pat-
terns, a non-invasive pattern and an invasive pattern (Fig. 2). Into the ‘noninvasive’ category
were placed specimens in which tumour-derived cells survive in confrontation to, but not infil-
trating into, heart fragments. Tumour cells were found separated from the heart tissue by a clear-
cut border. Into the ‘invasive’ category were placed specimens in which tumour-derived cells
infiltrate into and progressively replaced chick heart tissue (de Ridder & Calliauw 1992). In
some specimens, tumour-derived cells did not survive confrontation to chick heart and thus were
not included.

 

Statistical analysis

 

All statistical analyses were carried out using 

 

spss

 

 for Windows version 11.0 (SPSS Inc., Chi-
cago, IL, USA). Values were expressed as mean 

 

±

 

 SD and as percentages, when appropriate. A

Figure 2. Histological sections: confrontation type. (a) Non-invasive confrontation of meningioma-derived cells
(T) with host tissue (H) after 4-day incubation. No invasion of tumour-derived cells into the host tissue. (b) Invasive
confrontation of tumour cells derived from a malignant brain tumour (T) with host tissue (H) after 4-day incubation.
Invasive pattern of tumour derived cells into the host tissue.
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Wilcoxon signed rank test was used to analyse the difference between variables 

 

in vivo

 

 versus

 

in vitro

 

. A Mann–Whitney test was used to analyse associations for variables between the two
groups of invasive and non-invasive tumours. Categorized variables entered into the analysis
were Ki-67 labelling index (LI), hTERT LI and confrontation type. LI was determined as the
percentage of positive cells per 1000 cells counted per cell culture specimen. The level of sig-
nificance was set with the 

 

P

 

 value at less than 0.05. All reported 

 

P

 

 values were two-tailed.

 

RESULTS

 

Primary brain tumour biopsies

 

Results can be found in Tables 1 and 2. As examples of cell proliferation capacity 

 

in vivo

 

,
Ki-67 and hTERT immunostained cells were counted in sections of paraffin-embedded tumour
biopsies; the proliferation status of the brain tumours was obtained by staining with anti-Ki-67
antibodies. A total of 6 low-grade astrocytomas, 8 glioblastomas and 13 meningiomas were

Table 1. Histopathological and summarizing table with in vivo versus in vitro percentages for proliferation (Ki-67 LI),
labelling indexes for the subunit of telomerase (hTERT) and invasion in vitro (Y = invasion; N = no invasion)

Nο Tumour WHO classification Gender Age

In vivo In vitro

Proliferation hTERT Proliferation hTERT Invasion

1 1280 Astrocytoma LG M 31 4.0 9.0 11.9 93.4 N
2 1285 Astrocytoma LG M 9 5.0 26.6 4.9 96.6 Y
3 1316 Astrocytoma LG F 8 1.3 7.5 0.5 91.3 N
4 1319 Astrocytoma LG M 37 1.0 3.6 7.0 57.0 Y
5 1334 Astrocytoma LG F 53 0.3 2.1 16.0 52.0 N
6 1356 Astrocytoma LG F 34 1.0 12.4 4.6 96.6 N
7 149 Glioblastoma multiforme M 59 9.0 38.0 25.8 84.9 Y
3 1292 Glioblastoma multiforme M 42 25.0 60.0 12.2 89.8 Y
9 1306 Glioblastoma multiforme M 65 10.0 49.0 22.4 94.9 Y
10 1309 Glioblastoma multiforme M 52 14.8 88.6 11.5 95.2 Y
11 1343 Glioblastoma multiforme M 56 63.0 23.0 33.3 97.4 Y
12 1345 Glioblastoma multiforme F 12 23.1 5.0 17.8 95.2 N
13 1354 Glioblastoma multiforme F 46 26.2 19.3 16.5 89.3 Y
14 1359 Glioblastoma multiforme M 74 7.5 9.2 4.0 85.8 Y
15 1284 Meningothelial meningioma M 60 1.8 5.6 5.4 8.4 N
16 1293 Meningothelial meningioma F 50 0.8 11.9 10.4 85.0 N
17 1299 Meningothelial meningioma F 42 5.0 0.0 17.4 0.6 N
18 1302 Meningothelial meningioma F 79 0.7 0.0 5.0 2.6 N
19 1318 Fibrous meningioma F 70 10.0 0.0 22.4 2.6 N
20 1342 Fibrous meningioma F 50 0.3 0.0 2.4 0.6 N
21 1347 Fibrous meningioma F 32 0.3 0.0 2.2 2.7 N
22 1362 Meningothelial meningioma M 60 0.4 28.0 41.0 53.2 Y
23 1372 Meningothelial meningioma F 38 1.5 1.1 7.0 1.2 Y
24 1390 Tiansitional meningioma F 54 1.6 9.1 9.0 84.0 N
25 1396 Secretory meningioma F 50 2.8 56.1 19.4 64.0 N
26 1400 Transitional meningioma F 57 0.8 2.2 21.0 49.0 N
27 1402 Meningothelial meningioma F 61 2.5 47.1 2.6 84.2 N
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collected and analysed immunohistochemically. Individual percentages are summarized in
Table 1. Mean proliferation indices were 2.1 (SD = 1.9) for low-grade astrocytomas and 22.3
(SD = 18.1) for glioblastomas. The group of benign meningiomas had a labelling index of 2.2
(SD = 2.7).

Detection of the hTERT subunit of telomerase was also visualized by immunohistochemistry.
Mean percentages of stained cells varied from 10.2 (SD = 8.6) for low-grade astrocytomas and
36.5 (SD = 28.4) for glioblastomas. The group of benign meningiomas had a labelling index
of 12.4 (SD = 19.2).

 

Primary tumour-derived cell cultures

 

Results can be found in Tables 1 and 2. As examples of cell proliferation capacity 

 

in vitro

 

,
Ki-67 and hTERT primary tumour-derived cell cultures were counted. To evaluate the putative
progression of brain tumours by 

 

in vitro

 

 conditions, tumour-derived cell cultures were analysed
with the same histopathological marker of cell proliferation and presence of telomerase.
Mean proliferation indices for the cultures were 7.5 (SD = 5.6) for low-grade astrocytomas and
17.9 (SD = 9.2) for glioblastomas. Meningiomas had a mean proliferation level of 12.7
(SD = 11.2).

Mean percentages of cells stained for hTERT varied between 81.2 (SD = 20.8) for low-grade
astrocytomas, 91.6 (SD = 4.7) for glioblastomas and 33.7 (SD = 36.5) for benign meningiomas.

 

Cell invasiveness 

 

in vitro

 

Results can be found in Tables 1 and 3. To determine a putative statistical correlation between
cell proliferation or hTERT expression with invasion, 

 

in vitro

 

, tumour-derived cell cultures were
analysed for their invasive capacity by use of an invasion model (de Ridder 2003). In vitro, inva-
sion was observed in one-third of low-grade astrocytomas (2/6), 87.5% of glioblastomas (7/8)
and 15.4% of meningiomas (2/13).

Statistical analysis
The Wilcoxon signed rank test was used to determine the difference between the histopato-
logical markers in vivo versus in vitro. A significant difference was seen for the proliferation
marker, Ki-67, in vivo versus in vitro (P < 0.05) and for hTERT in vivo versus in vitro
(P < 0.001).

Using Mann–Whitney statistical analysis, no difference was seen between the groups of
invasive and non-invasive tumour-derived cell cultures for the histopathological markers Ki-67
and hTERT (P > 0.05) in vitro.

Table 2. Mean proliferation (Ki-67 LI) and hTERT (%) expression for our thee subgroups of low-grade astrocytomas,
glioblastomas multiforme and benign meningiomas

WHO classification

Proliferation hTERT

In vivo In vitro In vivo In vitro

Astrocytoma LG (n = 6) 2.1 (SD = 1.9) 7.5 (SD = 5.6) 10.2 (SD = 8.9) 81.2 (SD = 20.8)
Glioblastoma multiforme (n = 8) 22.3 (SD = 18.1) 17.9 (SD = 9.2) 36.5 (SD = 28.4) 91.6 (SD = 4.7)
Benign meningioma (n = 13) 2.2 (SD = 2.7) 12.7 (SD = 11.2) 12.4 (SD = 19.2) 33.7 (SD = 36.6)



20 L. Maes et al.

© 2007 The Authors
Journal compilation © 2007 Blackwell Publishing Ltd, Cell Proliferation, 40, 14–23.

DISCUSSION

This study investigated the putative progression of astrocytomas and meningiomas by measuring
their cell proliferation and demonstration of telomerase in vitro. Tumour progression means that
the tendency towards malignancy increases as genetic mutations accumulate, leading to
increased cell proliferation and invasive capacity. Here, invasiveness in vitro was used as a
parameter of malignant progression (de Ridder & Calliauw 1992).

Results show a significant difference between in vivo versus in vitro for both the level of cell
proliferation and expression of the telomerase subunit. In the invasion test, there was no statis-
tical correlation concerning cell proliferation or hTERT. The present study confirms that low cell
proliferation rate and hTERT expression are found in both astrocytomas and benign meningiomas,
compared to proliferation and hTERT expression of malignant gliomas (Cabuy & de Ridder
2001; Falchetti et al. 2002).

In carcinogenesis, cell immortalization and uncontrolled proliferation of the tumour cells are
crucial phenomena. In cancer cells, telomere length is dependent on the balance between loss
of telomeric repeats during DNA replication and elongation of telomeric repeats mediated by
telomerase (Vogelstein & Kinzler 1993; Harada et al. 2000). Differences in levels of cell prolif-
eration and telomerase expression between low-grade astrocytomas and glioblastomas are
intriguing, as secondary glioblastomas are thought to arise by progression from astrocytomas.
It appears that this progression implies activation of telomeres and especially hTERT, prior to
telomerase activity. Is hTERT expression a rate limiting factor of progression? It has been shown
that hTERT mRNA is expressed in 100% of glioblastomas, irrespective of their positive or neg-
ative expression exhibited by the telomere repeat amplification protocol assay for telomerase
activity (Cabuy & de Ridder 2001). On the other hand, there are benign meningiomas that are
characterized by slow development; it is known that grading of meningiomas is controversial.
In this respect, hTERT expression might be a marker of progression towards recurrence and
malignancy of meningiomas.

As telomeres shorten with each cell division, if a tumour remains, the cell proliferation
status is important. The low incidence of hTERT expression in vivo in meningiomas and some

Table 3. Proliferation (Ki-67 LI) and telomerase subunit expression (hTERT LI) in vivo versus in vitro regarding the
invasive confrontation pattern between our subgroups of intracranial tumours

WHO classification Proliferation hTERT

Invasion in vitro In vivo In vitro In vivo In vitro

Astrocytoma LG (n = 6)
Non-invasive tumours 1.7 (SD = 1.6) 8.2 (SD = 7.0) 7.8 (SD = 4.3) 83.3 (SD = 21.0)
Invasive tumours 3.0 (SD = 2.8) 6.0 (SD = 1.5) 15.1 (SD = 16.3) 76.8 (SD = 28.0)

Glioblastoma multiforme (n = 8)
Non-invasive tumours 23.1 17.8 5.0 95.2
Invasive tumours 22.2 (SD = 19.5) 18.0 (SD = 9.9) 41.0 (SD = 27.4) 91.0 (SD = 4.9)

Benign meningioma (n = 13)
Non-invasive tumours 2.4 (SD = 2.9) 10.7 (SD = 8.0) 12.0 (SD = 20.1) 34.9 (SD = 38.2)
Invasive tumours 1.0 (SD = 0.8) 24.0 (SD = 24.0) 14.6 (SD = 19.0) 27.2 (SD = 36.8)
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astrocytomas suggests that telomerase activity is not an early event in the molecular genesis
of carcinogenesis, but is rather a late event in malignancy. However, several researchers have
suggested that hTERT gene expression represents an early event in the multistep process of
carcinogenesis, already detectable at the stage of pre-cancerous changes in cervical and oral
tumours (Zheng et al. 1997; Luzar et al. 2004). In addition, hTERT expresses antiapoptotic
activity (Yan et al. 2004; Rahman et al. 2005). Not all normal primary cells and telomerase-
negative cancer cell lines lack hTERT protein expression, suggesting that the activity of telo-
merase is determined by complex mechanisms, not simply by the presence of the hTERT protein
(Aisner et al. 2002; Yang et al. 2002; Kyo et al. 2003). For this, Shay and colleagues (Shay et al.
1994; Shay 1997; Holt & Shay 1999) proposed the telomere-telomerase hypothesis of ageing
and cancer, and commented that there are at least two different cellular mechanisms that must
be overcome before cell immortalization occurs. The first generally requires inactivation of the
pathways involving two tumour suppressor genes, p53 and pRb, and the second step almost
always involves the activation of telomerase (Vogelstein & Kinzler 1993).

Cultures of tumour-derived cells expressed a clear cut difference in proliferation and hTERT
positivity compared to those of the tumour biopsy. The proliferation index for glioblastomas was
at a steady state in vivo versus in vitro probably because the tumour cells had divided already
to the maximum level, explaining the uncontrolled proliferation of these cells. Astrocytomas and
meningiomas expressed a higher proliferation index in vitro than in the biopsy, resulting prob-
ably from the ‘progression’ potential in culture circumstances. The culture environment in vitro
for those tumour cells without tumour inhibitors and full access to medium might stimulate
astrocytomas and meningiomas to proliferate at a higher level. Also, hTERT expression was
higher in vitro than in vivo. In vitro, the astrocytomas had the same proliferation indices as
glioblastomas, and meningioma cells also proliferated more and expressed higher hTERT levels,
but at a considerably lower level than gliomas and astrocytomas. This suggests the less progressive
status towards malignancy of meningiomas.

Concerning hTERT in vitro, the higher number of hTERT-positive cells points to the selec-
tion of hTERT-positive tumour cells in our cell cultures. hTERT-positive cells may have a higher
viability and lifespan in comparison to hTERT-negative cells. Our hypothesis for this pheno-
menon is that hTERT probably protects the chromosomal telomeres from apoptotic promoters,
such as p53. By this connection, the tumour cells can pass the mortality stage 1 (M1) phase of
the Hayflick limit and can divide for several more cell cycles (Klapper et al. 2001). Finally,
the telomeres are so short that the protecting telomeric loop can no longer be formed and also
interaction between hTERT and telomeres is no longer granted. The tumour cells will reach
mortality stage 2 (M2) of the Hayflick limit. Double-stand breaks (DSB) are a cause of the loss
of the protective capacity of telomeres; and apoptotic promoters recognize the shortened
telomere, which leads to apoptosis and the cells consequently disappear. However, a certain
number of cells probably begin to express active telomerase and become immortal cells. This
can be supported by the higher appearance of telomerase activity in secondary glioblastomas
than primary ones. Secondary glioblastomas, derived from astrocytomas, have gone through
more passages of malignancy and therefore already express telomerase (Harada et al. 2000).
In agreement with our results, no significant association has been found between telomerase
activity levels and those of cell proliferation (Bednarek et al. 1997; Dome et al. 1999; Maes
et al. 2005).

Thus, it seems that the change of environment with the lack of host factors and tumour inhib-
itors is of crucial importance to progression of tumour cells towards invasive malignancy. On
the other hand, we have evaluated invasion in vitro. Tumour cell invasion in vitro is a time-
dependent and progressive process. In malignant tumours such as glioblastomas, it is possible
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that all confrontation cultures might not yet demonstrate invasion in vitro; this is because at
present the confrontation period in vitro is limited to 7 days (see Table 1). It was clear in our
experiments that hTERT expression and cell proliferation level did not correlate with invasion
in vitro. This suggests that invasion is a later event in the progression towards malignancy, and
is not an initial step in the development of a malignant tumour. Yet, the invasion test can help
to predict tumour behaviour in vivo, a useful tool for neurosurgeons prior to patient surgery
(Corcoran et al. 2003). As previously described (Kalala et al. 2004), there was no direct link
shown between cell proliferation levels and confrontation status. The same seems true for
hTERT, which is also seems to not be linked to invasion.

In conclusion, tumorigenesis is a multistep process that may be called ‘progression’. During
this process, the activation of hTERT is a crucial event in cell immortalization, and elevated
expression of hTERT and Ki-67 in vitro provides a potential prognostic tool to demonstrate pro-
gression status of cancer cells. As tumour cells require telomerase for continued proliferation,
expression of hTERT may mark incipient immortality leading to an indefinite lifespan. On the
other hand, hTERT and cell proliferation are not directly linked to tumour cell invasion.
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