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Abstract Telomerase expression strongly correlates with
the grade of malignancy in glioma with inhibition illustrat-
ing a definite increase in chemosensitivity. This study was
designed to investigate the effects of a green tea derivative,
epigallocatechin-3-gallate (EGCG); together with either
cisplatin or tamoxifen in glioma, and to investigate whether
these effects are mediated through telomerase suppression.
EGCG showed a significant cytotoxic effect on 1321N1 cells
after 24 h and on U87-MG cells after 72 h (P < 0.001)
without significantly affecting the normal astrocytes.
Treatment with EGCG inhibited telomerase expression
significantly (P < 0.01) and enhanced the effect of cisplatin
and tamoxifen in both 132IN1 (P < 0.01) and U87-MG
(P < 0.001) cells. EGCG, as a natural product has enormous
potential to be an anti-cancer agent capable of enhancing
tumour cell sensitivity to therapy.

Keywords Epigallocatechin-3-gallate (EGCG) -
Telomerase - Glioma - Cisplatin - Tamoxifen

Introduction

Glioblastoma multiforme (GBM), the most malignant form
of glioma has a median survival of less than a year and a
five year survival rate less than 3% [1]. While less than
20-30% of malignant gliomas respond to chemotherapy,
surgery presents constraints due to the diffused nature and
close proximity of tumours to vital anatomy. Recent studies
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have been aimed at identifying specific targets responsible
for the non-responsiveness of glioma cells to chemother-
apy. Telomerase expression has been strongly correlated to
the grade of malignancy and prognosis in glioma with
inhibition illustrating a definite increase in tumour cell
sensitivity [1]. Thus, telomerase is a potential target for the
alteration of chemoresistance in cancers.

Telomerase activity is present in 70-80% of cancers
often correlated to the level of malignancy however it is
absent or undetectable in normal adult somatic cells [2, 3].
hTERT the telomerase active subunit is found only in tel-
omerase positive cells, thus may be a more precise measure
of telomerase activity [4]. The absence of telomerase
protein in normal cells, makes cancer cells specific targets
for anti-hTERT treatment thereby reducing the side-effects.
The use of natural agents or dietary factors possessing anti-
cancer properties along with other chemotherapeutic drugs
at lower doses is a novel approach to control the side-
effects of anticancer agents.

Green tea is one of the most popular natural agents
known for its chemo-preventive and anti-proliferative
properties against cancers. Consumption of green tea has
been associated with the reduced risk of lung, ovarian,
breast, prostrate, skin and oral cancers [5-8]. The anti-
cancerous properties of green tea have been attributed to its
catechin, epigallocatechin-3-gallate (EGCG) [9] via telo-
merase inhibition, apoptosis induction and cell cycle
dysregulation [10]. Although there is accumulative evi-
dence for anti-proliferative and anti-telomerase activity of
green tea on cancers, no published data is available on
glioma. Glioma being one of the most hostile malignancies
to tackle, this study focusses on the suppressive effects of
EGCG on telomerase in glioma; either alone or in combi-
nation with other chemotherapeutic agents (cisplatin and
tamoxifen).
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Materials and methods
Cell culture

Human glioma cell lines 1321N1 (astrocytoma) and U87-
MG (GBM) were purchased from the European collection
of cell cultures (ECACC, UK). U87-MG cells were cul-
tured in Eagle’s modified essential medium (EMEM),
while the 132IN1 cells were cultured in Dulbecco’s
modified eagle’s medium (DMEM); both supplemented
with 10% (v/v) foetal bovine serum (Gibco-BRL, UK) and
2 mM L-glutamine (Sigma, UK). The normal human
astrocyte cells (NHA) were cultured in astrocyte basal
medium (Cambrex, UK). All the cells were seeded in either
96-well culture plates (approximately 4,000 cells/well) for
chemotherapy treatment or in tissue culture treated flasks
for RT-PCR.

Cell treatment

The two glioma and the normal NHA cell lines were
treated for 24, 48 or 72 h with 0-100 puM of EGCG pre-
pared according to the manufacturer instructions (Sigma,
UK) in order to establish the ICsy. The two glioma cell
lines were treated with 100 uM (ICso) of EGCG before
they were treated for 48 h with cisplatin (0-50 uM) or
tamoxifen (0-20 uM) both purchased from Sigma and
dissolved in 100% (v/v) ethanol in 96 well plates. Cell
viability was measured using the manufacturer’s protocol
for the Cell-Titer Glo® Cell Viability Assay (Promega,
UK).

mRNA, cDNA extraction and PCR

EGCG treated 132IN1 and U87-MG cells were used to
isolate mRNA according to the manufacturer’s protocol
(mRNA isolation kit, Roche, UK). The isolated mRNA
samples were converted to cDNA using the First strand
cDNA synthesis kit (Roche, UK). Quantitative real time
PCR was used to evaluate the expression of ATERT
(214 bp) and GAPDH (238 bp, control). Primers used for
hTERT 5'CGTGGTTTCTGTGTGGTGTC3' (sense) and
5'CCTTGTCGCCTGAGGAGTAG3' (antisense), and for
GAPDH 5GAAGGTGAAGGTCGGAGT3' (sense) and
5’GAAGATGGTGATGGGATTTC 3’ (antisense) were
designed using Primer3 software and manufactured by TIB
MOLBIOL (Germany). PCR was performed using Fast
Start DNA master "-YS SYBR Green 1 (Roche, UK) in a
LightCycler real-time PCR detection system (Roche
Diagnostics, Germany) according to the protocol described
previously [11]. All PCR reactions were performed in
triplicate and a negative control (no template DNA) was
included. The NHA is a telomerase negative control cell
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line previously tested by shervington et al. [1], thus was not
subjected to PCR analysis.

Telomerase immunofluorescence

Cells cultured on chamber slides were fixed using 4%
paraformaldehyde (BDH, UK) for 10 min and then incu-
bated with 0.3% Triton X-100 (BDH, UK) in PBS for
7 min after EGCG treatment. Slides were incubated in a
blocking solution containing 1% BSA (Sigma, UK) and
PBS for 30 min. Monoclonal primary telomerase antibody
(1:2000) (Abcam, UK) was diluted in the blocking solution
and applied to the cells as previously described [11].

Statistical analysis

All values were expressed as means + SD for four inde-
pendent experiments. Student’s paired r-test was used to
test the difference between the samples. Values of
P < 0.01 and P < 0.001 were considered to be statistically
significant.

Result

The cytotoxicity of EGCG treatment on 1321N1, U87-MG
and NHA cells was determined using the ICso. The
expression of telomerase in both glioma cell lines was
compared between the ICsq treated and untreated EGCG
cells. While treatment with EGCG for 24 h resulted in
significant reduction in cell viability of 132IN1 cells
(P < 0.001), it required 72 h treatment with EGCG to
generate a similar result in the U87-MG cells. Treatment of
NHA cells with the highest concentration of EGCG
(100 uM) after 72 h resulted in only a 30% reduction in
cell viability compared to the untreated (Fig. 1), thus this
observation led us to believe that further analysis need only
be carried out on the glioma cell lines.

The expression of ATERT was significantly reduced
(P < 0.01) after 24 h in EGCG ICs treated 1321N1 cells
and after 72 h in EGCG ICs treated U87-MG cells com-
pared to the EGCG non treated cells (Fig. 2a, b). The
expression of GAPDH, the control gene was found to be
similar in all cells irrespective of their EGCG treatment
status. Telomerase antibody assay confirmed similar results
with a drastic decrease in telomerase protein expression in
EGCQG treated cells (Fig. 2c).

EGCG IC; treated 1321N1 and U87-MG cells (24 and
72 h) were subjected to treatment with cisplatin or
tamoxifen for a further 48 h. After treatment with cis-
platin, EGCG treated 132IN1 (P < 0.01) and U87-MG
(P < 0.001) cells were found to be significantly less viable
compared to those not treated with EGCG. The ICsy of
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Fig. 1 Cytotoxicity of EGCG on 1321N1, U87-MG and NHA cells
after 24, 48 and 72 h treatment. Data values are mean + standard
deviation of four independent experiments
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cisplatin for 132IN1 and U87-MG cells was 20 pM.
However, only 36% and 13% respectively of EGCG treated
cells were alive at this concentration of cisplatin (Fig. 3a).
Similarly, EGCG and tamoxifen combined affected the
viabilities of 132IN1 (P < 0.01) and U87-MG (P < 0.001)
cell lines significantly compared to tamoxifen alone.
EGCG non-treated 132IN1 and U87-MG cells when
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Fig. 3 Cell viability assessment of 1321N1 and U87-MG cells
treated with EGCG (100 pM) for 24 h and 72 h respectively,
followed with a combination of increasing concentrations of cisplatin
(a) and tamoxifen (b). Data values are mean = standard deviation of
four independent experiments
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Fig. 2 Gene expression levels of hTERT and GAPDH in EGCG
treated 1321N1 and U87-MG cells along with telomerase protein
levels. (a) Agarose gel electrophoresis: Lane 1 represents untreated
1321N1 cells, and Lane 2 1321N1 24 h EGCG treated cells, Lane 3
untreated U87-MG cells, Lanes 4 U87-MG 72 h EGCG treated cells.
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(b) Copy numbers of gene expression. (¢) Telomerase protein levels
assessed using immunofluorescence in each corresponding sample.
The percent represent the number of positive cells within the sample.
The sample size is 150 cells (data values are mean =+ standard
deviation, n = 3)
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treated with tamoxifen had an IC,5 of 20 and 16 uM
respectively. While at this concentration cell viability was
only 36% and 26% in EGCG treated 1321N1 and U87-MG
cells respectively (Fig. 3b). Thus in both the glioma cell
lines there was a significant difference in the viability of
cells treated with a combination of EGCG and tamoxifen or
cisplatin in comparison to those treated with the drug
alone.

Discussion

EGCG hinders tumour cell proliferation thus hampering its
growth [12], however, its effect on cell viability; telome-
rase expression and chemosensitivity specifically in glioma
are unknown, consequently making the results presented in
this study novel. This study showed that EGCG causes
induction of death upon treatment in both 132IN1 and
U87-MG cells in a dose and time dependent manner.
Yokoyama et al. [13] previously reported that EGCG sig-
nificantly affects the viability of U87-MG cells after 72 h
with an ICsy of 100 uM, which is in agreement with this
study, however, no correlation was made regarding telo-
merase expression. EGCG treatment did not induce death
of NHA cells (telomerase negative cells) suggesting that
normal cells may be preserved or spared if this treatment
regime is used.

U87-MG which is a high grade glioma (GBM) demon-
strated a slightly elevated telomerase level compared to
1321N1 which is a grade II astrocytoma. Supporting the fact
that telomerase activity is often correlated to the progres-
sion and the grade of malignancy in glioma [14].
Importantly, the addition of EGCG significantly reduced the
expression of ATERT mRNA in both 1321N1 and U87-MG
cells with a comparatively greater reduction in U87-MG
cells compared to 1321N1. EGCG is known to have telo-
merase inhibitory effects in a variety of cancers including
oral cavity, thyroid, lung and liver carcinoma, breast and
colon cancers as well as in cervical tumours [10, 15, and
16]. However, in this study the inhibition of telomerase by
EGCG in glioma cells is reported for the first time.

EGCG treated 132IN1 and U87-MG cells further
subjected to chemotherapeutic drug treatments such as
cisplatin and tamoxifen were found to be significantly more
effective compared to the EGCG untreated cells. EGCG
has previously been reported to act synergistically with
both cisplatin and tamoxifen in breast cancer cells resulting
in increased cell death and apoptosis [17, 18]. Overall,
EGCG has a combinational effect thereby increasing the
sensitivity of malignant cell lines towards chemotherapy
probably via telomerase inhibition. Furthermore, doxoru-
bicin resistant cancer cell lines were rendered vulnerable to
the drug after EGCG treatment, possibly due to the
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inhibition of protein kinase C, leading to the down-
regulation of drug resistance proteins [19, 20]. Given that
EGCG treatment reversed P-glycoprotein mediated drug
resistance in multi-drug resistant carcinoma cells [21] this
may also be true for glioma cells.

The results from this study indicate that EGCG inhibits
cell proliferation and telomerase, and acts in conjunction
with other drugs such as cisplatin and tamoxifen both in
1321IN1 and U87-MG glioma cells. In agreement with
previously reported data that showed the cytotoxic effects
of EGCG are exerted by the induction of apoptosis in
cervical cancer cells [16]. Telomerase inhibition causes
shortening of cell telomeres to a critical length leading to
genome instability which activates the apoptotic pathway
leading to cell death [22]. Given that telomerase has pre-
viously been associated with the regulation of cell cycle
regulatory proteins, telomerase inhibition could inflict
senescence by influencing the cell cycle [23].

The telomerase-positive glioma cell lines namely 1321N1
and U87-MG were more sensitive to EGCG treatment than
the telomerase-negative control NHA cell line [11]. U87-
MG a higher malignancy grade cell line, clearly demon-
strated a greater decline in A”TERT mRNA expression in
comparison with 1321N1. Thus it can be postulated that
EGCG diminishes the viability of cells by induction of
apoptosis and senescence via telomerase inhibition. Another
important conclusion from this study was that EGCG acts
synergistically with other chemotherapeutic drugs. U87-MG
cells, which showed greater telomerase suppression after
EGCG treatment compared to 1321N1 and comparatively
enhanced inhibition in cell viability when treated with
the combination of EGCG and the drug. This effect
which was significant for both cisplatin and tamoxifen
treatment, upheld the expectations of the previous postulated
mechanism of telomerase suppression mediated apoptotic
induction by EGCG. Telomerase inhibition leads to
increased sensitivity of cells to drugs such as cisplatin and
tamoxifen and telomerase expression is related to chemo-
sensitivity in various cancer cells. Furthermore coinciding
with previous data that shows inhibition of telomerase
activity in glioma cells was associated with increased cis-
platin sensitivity [24].

EGCG has also been associated with alterations of
several cell signalling pathways equilibrating tumour
growth and cell death, such as the inhibition of signal
transduction pathways epidermal growth factor receptors
[25], and insulin like growth factors [13], vascular endo-
thelial growth factor involved in angiogenesis [26] and
cyclo-oxegenase 2 involved in tumour growth [27]. Animal
experiments have shown that EGCG induces apoptosis in
tumour cells by inhibiting angiogenesis and certain matrix
metalloproteinases [28]. With the involvement of numer-
ous mechanisms exerting their anti-proliferative effects,
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EGCG seems to emerge as the much awaited potential
therapeutic agent targeting the multifaceted machinery of
cancer.

Non selectivity of chemotherapy to cancer cells, leading
to toxic side-effects and multi-drug resistance are the major
hurdles faced in glioma management. EGCG may be used
to increase the sensitivity of tumour cells to chemotherapy
via telomerase inhibition, as observed in this study thus
achieving tumour suppression at lower doses resulting in
overall reduced cellular toxicity. Thus, telomerase inhibi-
tion by EGCG can provide a valuable key for tackling
multi-drug resistance and dow-regulating therapeutic side-
effects in gliomas.

Since EGCG actively inhibits telomerase in glioma
followed by induction of apoptosis and senescence, and
acts in conjunction with cisplatin and tamoxifen, it is a
promising natural chemical with enormous potential as an
anti-cancer agent. The effect of EGCG specifically on
chemoresistant glioma cells should be further studied as a
means to tackle multi-drug resistance in glioma. More-
over, the effect of EGCG on primary samples obtained
from glioma patients in addition to experimental animals
could also be studied. Furthermore, the effect of the
administration of green tea given orally to animals and
human subjects suffering with glioma should also be
investigated.
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