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Abstract

Glioblastomas are widely characterised by the mutation of the p5S3 gene and p53 disruption sensitizes glioblastoma cells to DNA topoisomerase

I (TOPO I) inhibitor-mediated apoptosis.

We investigated the effects of combined treatments with the DNA topoisomerase I inhibitor Topotecan and the poly(ADPR)polymerase-1 inhibitor
NU1025 in D543 and U251P>3™ glioblastoma cell lines. Analysis of cell growth and cell cycle kinetics showed a synergistic anti-proliferative
effect of 10nM TPT and 10 wM NU1025 and a G,/M block of the cell cycle.

We also evaluated, the influence of TPT+/—NU1025 treatment on PARP-1 and p53 activity. We got evidences of a TPT-dependent increase
of PARP-1 auto-modification level in both the cells. Moreover, in the D54P3** cells we found that in co-treatments NU1025 incremented the
TPT-dependent stimulation of p53 transcriptional activity and increased the p21 nuclear amount. Conversely, in U251P3m cells we found that
NU1025 incremented the TPT-dependent apoptosis characterised by PARP-1 proteolysis.

Our findings suggest that the modulation of PARP-1 can be considered a strategy in the potentiation of the chemotherapeutic action of TOPO I

poisons in glioblastoma cells apart from their p53 status.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Despite research efforts the overall survival of patients
affected by glioblastoma tumors is still scarce; chemotherapeu-
tic treatment has been hampered by the resistance of these tumor
cells to available agents [1].

Glioblastomas are widely characterised by the mutation of
the p53 gene [2] and it has been reported that p53 disruption
sensitizes glioblastoma cells to DNA topoisomerase I (TOPO I)
inhibitor-mediated apoptosis [3].

TOPO I plays its role relieving the torsional stress generated
during replication, recombination and transcription. During the
relaxation reaction, a covalent intermediate between TOPO 1
and 3’-single-stranded DNA breaks is formed and this cleavable
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complex become stabilized in the presence of TOPO I inhibitors.
According to the “fork collision model”, irreversible damage to
the DNA occurs when a DNA replication fork encounters such
stabilized cleavable complexes, resulting in the formation of
lethal DNA double strand breaks [4].

Preclinical and clinical data demonstrated that the TOPO I
inhibitor topotecan (TPT) is able to penetrate the blood-brain
barrier and demonstrated considerable activity against a panel of
xenografts derived from human glioblastomas, ependymomas,
and medulloblastomas [5,6]. TPT is under clinical investigation
in the treatment of human CNS tumors, but phase II trials of
TPT for adults with newly diagnosed or recurrent malignant
glioma showed only a modest activity [7]. In this regard, several
data demonstrate that inhibition of poly(ADPR)polymerase-1
(PARP-1) enzyme potentiates the action of TOPO I inhibitors in
a panel of human tumor cell lines [8].

Poly(ADP-ribosyl)ation is a post-translational protein modi-
fication that occurs immediately after exposure of cells to DNA
damaging agents [9]. In vivo, 90% of ADP-ribose polymers
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(PAR) deriving by the use of B-NAD™ substrate, are attached
to the auto-modification domain of PARP-1, the main enzyme
catalysing this reaction [10].

Moreover, the PAR chains (up to 200 residues long) linked
to PARP-1 are able to not covalently interact with several target
proteins containing a “polymer-binding motif™ [11].

PARP-1 has been found to covalently poly(ADP-ribosyl)ate
a number of nuclear components (hetero-modification) either
structural and functional proteins [9,10]. Several observations
support a relationship between p53 and PARP-1: both cova-
lent [12] and non-covalent interactions between p53 and PAR
modulate the binding of p53 to its consensus sequence [13].
Ferro and Olivera [14] first demonstrated that TOPO I can be
poly(ADP-ribosyl)ated.

Moreover, PARP-1 is subject to cleavage by caspases into
two fragments of 89 kDa and of 24 kDa, thereby avoiding futile
cycling of PAR that would otherwise deplete the cell of B-NAD*
required for the onset of apoptosis [15].

Data deriving from parp-1='= or parp-2~'~ mice or by the
use of chemical inhibitors clearly indicate that abrogation of
enzyme activity increases cell susceptibility to DNA damaging
agents and enhances the efficacy of chemo- and radiotherapy.
Indeed, the restoration of the apoptotic program in neoplastic
cells is considered a new frontier in the treatment of can-
cers. Based on the original benzamide structure template, a
wide panel of PARPs inhibitors have been synthesized, that
exhibit enhanced potency and specificity [16]. Among them
8-hydroxy-2-methylquinazolinone-4-one (NU1025) showed an
additive effect on TOPO I cytotoxicity in several tumor cells
[8,17].

With the aim to explore a possible way to increase the effi-
cacy of TPT in glioblastoma cells, we investigated the effects
of TPT and NU1025 on in vitro models of human glioblas-
toma cell line, D54P33%! and U251P33M (codon 273). Both cell
lines were treated with different dosages of TPT in combina-
tion with NU1025. Cell growth inhibition, cell cycle kinetics
and the degree of apoptosis showed that NU1025 was able to
enhance the cytotoxic effects of TPT in a synergistic manner.
Moreover, we investigated the effects of TPT and NU1025 on
PARP-1 enzymatic activity and p53 transcriptional activity. Our
findings revealed that both proteins are involved in the signalling
of the DNA damage deriving from TOPO I inhibition.

2. Materials and methods
2.1. Cell culture and reagents

The human glioblastoma cell lines D54 and U251 (gift from
Dr. D. Raben) were maintained in Dulbecco’s modified Eagle’s
medium (DMEM) and Ham’s nutrient mixture F-12 (Ham’s) 1:1
(Cambrex), containing 10% (v/v) heat-inactivated foetal bovine
serum (FBS, Bio Whittaker), 100 U/ml penicillin, 100 pg/ml
streptomycin, SmM L-glutamine (Cambrex) and incubated at
37°C in a humidified atmosphere, plus 5% CO,.

Topotecan (TPT) was from Glaxo Smith-Kline and
8-hydroxy-2 methylquinazolinone-4-one (NU1025) from

Alexis Biochemicals. [PHINAD* nicotinamide (Nicotinamide
3,5,8[°H] adenine dinucleotide 250 mCi/mmol) was from
Amersham International. Propidium iodide (PI) and RNAse
were from Sigma Chemicals Co. Anti-PAR mouse mon-
oclonal antibody (H-10), anti-PARP-1 mouse monoclonal
antibody (F1-23) and anti-polyclonal 89kDa fragment of
PARP-1 (214/215) were from Alexis Biochemicals. Anti-
p53 mouse monoclonal antibody (DO-1), anti-p21 mouse
monoclonal antibody (C-19) and anti-a-actinin mouse mon-
oclonal antibody (H-2) were from Santa-Cruz Biotechnology
Inc. Anti-DNA topoisomerase I human antibody (Scl-70)
and protein A—peroxidase were from Topogen. Goat anti-
mouse and goat anti-rabbit IgG HRP-conjugate was from
Sigma.

2.2. Cell growth inhibition

D54 and U251 cells were seeded in 96-multiwell plates
at 2.5 x 103 cells. After 24h, cell cultures were treated
with different concentrations of TPT and NU1025 and cell
growth inhibition was assessed at different time points (24,
48, 72 and 96h) using the 3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide (MTT) assay. All the experiments
were performed in triplicate.

Drug combination studies were based on concentration—
effect curves generated as a plot of the fraction of affected/killed
cells versus combination index, performed by the Calcusyn
software program [18]. The general equation for the classic
isobologram is given by

Cl— (D); + (D),
(Dx)l + (DX)2

where (D) and (D); in the numerators are the doses of drugs 1
and 2 alone that gives x% inhibition, whereas (D)1 and (Dy)2
in the denominators are the doses for drug 1 drug 2 in combi-
nation that also inhibited x%. CI< 1, CI=1 and CI> 1 indicate
synergism, additive effect, and antagonism, respectively.

2.3. Cytofluorimetric analysis

Control and treated cells were detached by enzymatic treat-
ment (Trypsin/EDTA 0.02%), washed in PBS /o Ca++/Mg++
pooled with floating cells and recovered by centrifugation at
1200 rpm for 15 min at 4 °C. Cells were fixed in 70% ethanol
and stored at —20 °C until analysis.

After a washing in PBS /0 Ca++/Me++ "cells were stained in
2 ml of PI staining solution (50 wg/ml of PI, 1 mg/ml of RNAse
in PBS WoCa++Met+  nH 7 4) overnight at 4°C and DNA-
flow cytometry was performed in duplicate by a FACScan flow
cytometer (Becton Dickinson) coupled with a CICERO work
station (Cytomation). Cell cycle analysis was performed by the
ModFit LT software (Verity Software House Inc.). FL2 area
versus FL2 width gating was done to exclude doublets from the
G, M region. For each sample 15,000 events were stored in list
mode file.

Terminal deoxyribonucleotide tranferase-mediated dUTP-X
nick-end labelling (TUNEL) assay was performed by using the
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“In situ Cell Death Detection Kit” (Roche Applied Science)
according to the manufacturer’s instructions. After 60 min at
37 °C, samples were diluted in 0.5 ml of PBS and analyzed by
flow-cytometry. For each samples, 5000 events have been anal-
ysed. Incorporated FITC-dUTP signals were registered in the
FL1 channel (log scale) and analyzed by the Cyclops SUMMIT
software.

2.4. Isolation of nuclear and post-nuclear fractions

Isolation of sub-cellular fractions was carried out in cells sus-
pended in a buffer containing 0.32 M Sucrose, 10 mM Tris—HCI
pH 7.8, 2mM MgCl,, 5 mM B-mercaptoethanol, 2 mM PMSF,
1% (v/v) Triton X-100 and the protease inhibitors cocktail solu-
tion (Roche Diagnostics). After five strokes with the Dounce
homogeniser and 15 min of incubation on ice, cellular suspen-
sions were centrifuged at 800 x g for 10 min at 4°C and the
nuclear fractions recovered in the pellet. The supernatant repre-
sents the post-nuclear fraction.

Protein extract from cells and nuclear fractions were obtained
in 40 mM Tris—HCI pH 7.8, containing 0.6 mM EDTA, 1 mM
B-mercaptoethanol, 30 mM MgCl,, 0.05% Triton X-100, 20%
glycerol and the protease inhibitors cocktail solution, 30 min
0°C. Protein concentration was determined using the Bradford
protein assay reagent (BioRad) with bovine serum albumin as a
standard.

2.5. Poly(ADPR) polymerase assay

PARP-1 activity assay was performed in permeabilised cells
according to the protocol reported by Virag L. in the PARP link
homepage (http://parplink.u-strasbg.fr/index.html). Briefly, the
cells in a reaction mixture composed of 50 mM HEPES (pH
7.5), 28 mM KCl, 28 mM NaCl, 2mM MgCl,, 0.01% (v/v)
digitonin, 0.125 uM NAD* and 0.5 pCi/ml [PH]NAD* where
incubated 10 min at 37 °C. The radioactivity recovered in the
TCA-insoluble material suspended in 500 .1 of 2% SDS/0.1 M
NaOH and incubated 3 h at 37 °C, was counted in a Beckman
LS8100 liquid scintillation spectrometer and expressed as nmol
of [*’H]PAR/10° cells. The data represent means of three exper-
iments done in duplicate £S.E.

2.6. Western blotting analysis

Protein extracts (100 g) were separated by SDS-PAGE
(5—15% gradient gels) and transferred onto a PVDF membrane
using an electro-blotting apparatus. The membrane was incu-
bated with 3% (w/v) non-fat milk in 20 mM Tris—HCI pH 8,
150 mM NaCl and 0.5% (v/v) Tween 20 (TBST) with anti-
bodies anti-PARP-1 (diluted 1:5000), anti-89 kDa fragment of
PARP-1 (diluted 1:200), anti-p53 (diluted 1:2000), anti-p21
(diluted 1:500), anti-TOPO 1 (diluted 1:5000), anti-a-actinin
(diluted 1:200). As secondary antibodies goat-anti-mouse, or
goat-anti-rabbit IgG HRP-conjugate (diluted 1:2000—1:4000) or
protein A—peroxidase HRP-conjugate (diluted 1:20,000) in 3%
(w/v) non-fat milk in TBST were used. Peroxidase activity was
detected using the Luminol reagent (SantaCruz) and quantified

using the Immuno-Star Chemioluminescent detection system
(BioRad).

3. Results

In both cell lines, a dose-dependent growth inhibition was
observed following treatment with 10-1000 nM TPT for 24, 48,
and 72 h. We found that 10nM TPT induced a 50% and 70%
growth inhibition after 72 h treatment in D54 and U251 cells,
respectively. NU1025 had not effect per se on cell growth up to
150 uM (data not shown).

PARPs inhibitory efficiency of NU1025 was defined in com-
parison with 3-ABA, by the previously reported enzymatic
activity assay [19], in the presence of 200 uM [“CINAD*.
The addition of 10 wM NU1025 or 1 mM 3-ABA caused a 98%
inhibition of PARP specific activity (data not shown).

The effects of TPT and NU1025 combined treatments on both
cell lines were evaluated by the MTT assay using five different
TPT/NU1025 molar ratios (1:10, 1:100, 1:1000, 1:10,000 and
1:100,000) and the resulting data were elaborated according to
Chou and Talalay by the Calcusyn software [18]. As shown in
Fig. 1, the concentration—effect curves generated as a plot of the
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Fig. 1. Isobologram analysis of D54 and U251 cells after TPT and NU1025
48 h combined treatment at molar ratio 1:1000. Combinations were considered
synergistic when CIs were <1. The figure shows the results of a representative
experiment carried out at least three times for each cell line.
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Table 1
Analysis of the synergistic effect of TPT and NU1025

Cellline  Combination ratio CI50 DRI50 Interpretation
(TPT:NU1025)

D54 1:1000 0.113  TPT8.87  Strong synergism

U251 1:1000 0.389  TPT2.57  Synergism

fraction of affected/killed cells versus combination index (see
Section 2) demonstrated a CI < 1 in both cell lines when the two
drugs were used at the molar ratio of 1:1000. Table 1 reports a
Cl50=0.113 for D54 cells and Cl5y=0.389 for U251, respec-
tively, showing a strong synergistic anti-proliferative effect. In
addition, the Calcusyn software allowed to calculate a dose
reduction index (DRI5g), which represents the magnitude of
reduction of the dose that inhibits cell growth by 50% in a
combination setting, as compared to each drug alone. In our
experimental conditions, the DRIsq of TPT was 8.87 in D54P33%t
and 2.57 in U251P>3™¢ Notably, the synergism of PARP-1
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inhibitor was more relevant in D54P33%! than in U25]1P53mut,
that is per se less sensitive to the TOPO I inhibitor.

The degree of cell cycle perturbation in D54 and U251 cells
at different times of treatments is shown in Fig. 2. Cell cycle
kinetics of D54 cells was unaffected by 10 uM NU1025; 10 nM
TPT induced a modest GoM cell accumulation at 48 h, while
10nM TPT + 10 uM NU1025 induced a more sustained GoM
arrest.

Also U251 cell cycle was unaffected by 10 uM NU1025
alone, while 10 nM TPT induced a strong G,M cells accumula-
tion at 48 h, which persisted at 72 h. Such an effect was further
enhanced by the addiction of 10 uM NU1025, resulting in the
almost total block in late S/G,M phases of the cell cycle.

The involvement of PARP in the signalling of DNA damage
deriving from TOPO I inhibition was confirmed by monitoring
PARP activity in control and TPT-treated D54 and U251 cells.

The enzymatic assay showed a slightly higher activity in
D54 than in U251 (0.66 — 0.48 pmol of [PH]PAR x 10 cells).
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Fig. 2. Flow cytometric analysis of cell cycle perturbation induced by 10 nM TPT = 10 uM NU1025. The percentage of D54 and U251 cells in the different phases
of cell cycle are indicated. Data refer to one of three experiments giving similar results.
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loading control.

Furthermore, we found that 10nM TPT induced a two-fold
increase of PARP activity 24 h after treatment in both cell lines
(Fig. 3A).

This result was confirmed by Western blotting analysis of
D54 cells with an anti-PAR antibody (Fig. 3B). The broad
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immunoreactive band above the migration region of PARP-1
(116 kDa) identified the auto-modified form of PARP-1 enzyme
and was much more intense in the sample from TPT-treated than
from control cell. A similar result was obtained for U251 cells
(data not shown).
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Fig. 4. (A) Western blotting analysis of D54 and U251 control cells; (B) D54 and (C) U251 cells treated with 10-100 nM of TPT for 24-72 h.
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Fig.5. (A) Western blotting analysis and (B) densitometric scanning of D54 cells
control and 10 nM TPT treated + a single or a double dose of 10 uM NU1025
with 24 h interval. The densitometric units determined for the immunoreactive
bands are reported. (C) Western blotting analysis of nuclear and post-nuclear
fractions of D54 cells 48 h treated with 10 nM TPT + 10 uM NU1025.

Furthermore, endogenous levels of PARP-1, TOPO I, p53
and p21 in both D54 and U251 cells were evaluated by Western
blotting. Fig. 4A shows a different p53 content in D54 and U251
cells, whereas the amount of TOPO I and PARP-1, as well as of
p21, appeared to be the same in both cell lines.

Treatment with 10 or 100 nM TPT increased pS3 and p21 lev-
els in D54, starting at 24 h (Fig. 4B). We found that in D54 cells
the p53 and p21 levels were increased by 24 or 48 h after treat-

ment with TPT 10 or 100 nM. As expected, p53 over-expression
preceded that of its target protein p21 (Fig. 4B). Conversely, the
level of the inactive mutant form of p53 present in U251 cells
did not change at any of the TPT treatments and no stimulation
of p21 expression occurred (Fig. 4C).

Next, we investigated the effect of 10nM TPT and 10 uM
NU1025 combined treatment on p53 transcriptional activity by
looking at changes in p21 expression in D54 cells. In Fig. 5A is
shown that NU1025 alone, given as a single or double dose with
24 h interval (2x), was unable to increase p21 protein levels,
while p21 expression was stimulated in the combined treatment.
Such an effect was more pronounced when cells received a sec-
ond dose of NU1025. The increase of p21 level was quantified in
terms of densitometric units (DU) of the immunoreactive bands
(Fig. 5B): after 24 and 48 h, a single dose of NU1025 in combina-
tion with TPT determined a 25% and 65% increase of p21 level
compared to TPT alone. Moreover, a double dose of NU1025
further increased p21 level up to 206%.

Such evidences were related to the stabilisation of the nuclear
localisation of p53 and p21. Fig. 5C shows the result of a West-
ern blotting analysis of nuclear and post-nuclear fractions of
D54 cells. The presence of an immunoreactive band for PARP-1
only in the nuclear fraction and of an immunoreactive band for
o-actinin mainly in the post-nuclear fraction was taken as a proof
of an efficient separation. TPT increased p53 level in the nuclear
fraction and p21 level both in the nuclear and post-nuclear
fractions. Moreover, the TPT-NU1025 combined treatment
induced a specific increase of p21 in the nuclear fraction
only.

Thereafter, the induction of apoptosis triggered by co-
treatment with 10 nM TPT and 10 uM NU1025 in D54 and U251
cells was evaluated. Fig. 6A shows the result of TUNEL assay,
that demonstrated an apoptosis increase in U251 (60% of pos-
itive cells) after combined treatment compared to TPT alone
(40% of positive cells). This result was confirmed by Western
blot analysis that showed the presence of the 89 kDa apoptotic
fragment of PARP-1 deriving from the activation of the nuclear
caspases (Fig. 6B).

Conversely, apoptosis was not detectable in D54 cells: how-
ever, cells accumulated at the Go/M boundary and appeared
larger in size due to hyperploidy (data not shown). Therefore,
we conclude that cytostasis was the prominent effect induced by
the combined treatment.

4. Discussion

Inhibition of PARP activity can be considered a new tool in
the critical challenge to increase the sensitivity of cancer cells to
chemotherapy. Wharton et al. [20] suggested that the high basal
level of PARP and PAR in glioblastomas could play a role in
the resistance to different cytotoxic agents and that the use of
PARP inhibitors could be useful to revert such resistance. In this
paper, we present evidences that the PARP inhibitor NU1025
at non-cytotoxic dose, potentiates the TPT chemotherapeutic
action in glioblastoma cells. Interestingly, our evidences suggest
that the PARP inhibitor function as adjuvant of the TOPO I
poison is more pronounced in D54P33%! than in U251P>3™ut ce]ls.
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Fig. 6. (A) TUNEL assay of D54 and U251 cells 72h treated with 10 nM
TPT £ 10 uM NU1025. Data refer to one of three experiments giving similar
results. (B) Western blotting analysis of PARP-1 apoptotic proteolysis in U251
cells 72 h treated with 10 nM TPT £ 10 pM NU1025.

Moreover, we found that NU1025 increased the G,/M block of
the cell cycle induced by TPT, in both D54P33Wt and U25]P33mut
cell lines.

Thus, our findings agree with the observation that p53 sta-
tus regulates the sensitivity of glioblastoma cells to TOPO I
inhibitors [21,22]. Indeed, we observed that p53 is important in
the ultimate fate of TPT-treated cells: very few p53 proficient
D54 cells underwent apoptosis although many of them under-
went a prolonged Go/M arrest. On the other hand, in p53-mutated
U251 cells the onset of the apoptosis was clearly evident starting
from 48 h, driven by the caspase-dependent PARP-1 proteoly-
sis. Interestingly, NU1025 addition determined an increment of
both the G»/M arrested D54 cells and of the U251 apoptotic
cells.

While the role of PARP inhibitors as adjuvant of alkylating
agents is quite understood [23,24], the mechanism that underlies
their potentiation of TOPO I poisons still needs investigation.

We got evidences of the involvement of the PARP(s) activ-
ity in response to TPT-dependent DNA damage. We found a
PARP(s) stimulation 24h after TPT treatment, suggesting a

recognition of the DNA damage deriving from the formation
of the TPT/TOPO I/DNA abortive complex. In this contest,
Smith et al. [25] suggested that PARPs inhibitors potenti-
ate TOPO I poisons-mediated cytotoxicity without affecting
TOPO I activity, by increasing the persistence of DNA strand
breaks.

Moreover, a cross-talk between PARP-1 and TOPO I has been
reported also by others. Malanga and Althaus [26] showed that
auto-modified PARP-1 and PARP-2 can remove stalled TOPO
I from DNA, resolving such kind of DNA damage. Yung et
al. [27] referred of a PARP-1/TOPO I interaction regulated by
TOPO 1 poly(ADP-ribosyl)ation. Park and Chen [28] demon-
strated that PARP-1 facilitates the religation activity of TOPO
I either through protein—protein interaction or by poly(ADP-
ribosyl)ation of TOPO I. We found that in glioblastoma cells the
PARP-1 auto-modification is the likely mechanism signalling
DNA damage induced by TOPO I inhibitors.

PARP-1 and p53 modulation can be considered a promising
therapeutic strategy for the involvement of both proteins in the
induction/restoration of the apoptotic program of cell death. p53
is considered the major genome guardian protein that in response
to DNA damage mediates cell cycle arrest or induces apoptosis,
thereby suppressing malignant transformation [29].

The effect of p53 abrogation in the regulation of apoptosis has
been reported in glioma cells in response to the alkylating agent
temozolomide [30]. Our results point to a similar effect of both
p53 and PARP-1 in cell death induced by TOPO I inhibitors.

Biochemical and genetic studies suggest a possible interac-
tion of PARP-1 and p53 in mammalian cells. PARP-1 can bind
to specific domains of p53 protein and modify p53 activity by
poly(ADP-ribosyl)ation [31,13]. In parp-1—'~ mice the induc-
tion of p53 in response to DNA damage is altered [32]. In vivo
dominant negative inhibition of PARP activity, or siRNA down-
regulation of PARP-1 resulted in a higher and prolonged p53
activation [33,34].

Our findings are consistent with these evidences, showing the
stabilization of the p53 transcriptional activity as a consequence
of the abrogation of PARP-1 activity. Moreover, we show for
the first time that PARP-1 inhibitors further enhance the p21
over-expression induced by TOPO I inhibition. This evidence,
together with the prolonged cytostastic effect at Go/M boundary
of their cell cycle, suggests a synergic action of PARP-1 and
p53 as check-point proteins in the choice between cell death or
survival in D54 cells.

Our results contribute to the understanding of the DNA-
damaging process deriving from TOPO I inhibition and
involving PARPs and p53. In this regard, it has been recently
reported [35] that PARP-1 antagonizes TOPO I-dependent
homologous recombination stimulated by p53. More studies are
needed to clarify the cross-talk among these proteins and to
identify the PARPs target proteins that represent the intermedi-
ate players in the signalling of the DNA damage deriving from
TOPO I inhibition.

Nevertheless, our findings confirm that the combination of
PARP-1 and TOPO I inhibitors could be an effective strategy
to ameliorate the effects of chemotherapy on glioblastoma cells
apart from the p53 status of the tumours.
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