
Effect of p53 Activity on the Sensitivity of Human Glioblastoma 
Cells to PARP-1 Inhibitor in Combination with Topoisomerase I 
Inhibitor or Radiation

Francesco Sabbatino1,2,*, Celeste Fusciello1, Domenico Somma3, Roberto Pacelli4,5, Ravin 
Poudel2, David Pepin2, Antonio Leonardi3, Chiara Carlomagno1, Giuseppina Della Vittoria 
Scarpati6, Soldano Ferrone2, Stefano Pepe7

1Department of Clinical Medicine and Surgery, University of Naples “Federico II”, Via Sergio 
Pansini 5, Naples, Italy 80131

2Department of Surgery, Massachusetts General Hospital, Harvard Medical School, Boston, 
Massachusetts 02114

3Department of Molecular Medicine Medical Biotechnology, University of Naples “Federico II”, Via 
Sergio Pansini 5, Naples, Italy 80131

4Department of Biomedical Advanced Sciences, University of Naples “Federico II”, Via Sergio 
Pansini 5, Naples, Italy 80131

5Institute of Biostructures and Bioimaging CNR, Via Sergio Pansini 5, Naples, Italy 80131

6Department of Diagnostic Imaging and Radiation Oncology, University of Naples “Federico II”, 
Via Sergio Pansini 5, Naples, Italy 80131

7Faculty of Pharmacy and Medicine, Department of Medicine, University of Salerno, Via S. 
Allende, Baronissi (Salerno), Italy 84131.

Abstract

Poly (ADP-Ribose) polymerase-1 (PARP-1) is involved in the DNA repairing system by sensing 

and signaling the presence of DNA damage. Inhibition of PARP-1 is tested in combination with 

DNA damaging agents such as topoisomerase I inhibitors or ionizing radiations (RT) for the 

treatment of glioblastoma (GBM). Disruption of p53, widely prevalent in GBMs, plays a major 

role in DNA repairing system. The current study investigates whether p53 activity has an effect 

on the sensitivity of human GBM cells to PARP-1 inhibitors in combination with topoisomerase 

I inhibitor topotecan (TPT) and/or RT. Human GBM cell lines carrying a different functional 

status of p53 were treated with PARP-1 inhibitor NU1025, in combination with TPT and/or 

RT. Cytotoxic effects were examined by analyzing the antiproliferative activity, the cell cycle 

perturbations, and the DNA damage induced by combined treatments. PARP inhibition enhanced 

the antiproliferative activity, the cell cycle perturbations and the DNA damage induced by both 

TPT or RT in GBM cells. These effects were influenced by the p53 activity: cells carrying an 
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active p53 were more sensitive to the combination of PARP inhibitor and RT, while cells carrying 

an inactive p53 displayed a higher sensitivity to the combination of PARP inhibitor and TPT. Our 

study suggests that p53 activity influences the differential sensitivity of GBM cells to combined 

treatments of TPT, RT, and PARP inhibitors.
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Introduction

CHEMOTHERAPY (temozolomide) given concurrently or after radiation therapy (RT) is 

the standard of care for patients with newly diagnosed glioblastoma (GBM) (1). This 

combination significantly increases the overall survival of GBM patients as compared to 

RT alone. However, treatment with chemo-RT is effective for a limited time and GBMs 

continue to carry a poor survival rate (2).

GBMs widely present a disruption of p53. The latter plays a major role in the DNA repairing 

system. It has been shown that an inactive p53 sensitizes cancer cells to DNA damaging 

agents such as topoisomerase I (Topo I) inhibitors (3). Topotecan (TPT), an inhibitor of 

Topo I, is approved for GBM treatment in the refractory and relapsed setting (4). In vitro 
and in vivo (5-9) evidence has demonstrated that TPT enhances the radiosensitivity of 

human GBM cells. However, phase 2 trials failed to demonstrate a clear benefit from 

concurrent administration of TPT and RT resulting in a high toxicity (10,11). On the other 

hand, administration of Poly (ADP-ribose) polymerase-1 (PARP-1) inhibitors has shown 

great promise in the treatment of several solid tumors, including GBMs (12). PARP-1 as 

well as p53 is involved in the DNA repair system by sensing and signaling the presence 

of DNA damage. Activation of PARP-1 leads the recruitment of proteins such as p53 

(13) and Topo I/II (14). In vitro and in vivo studies have shown that PARP-1 inhibitors 

enhance the antitumor activity of both RT and chemotherapy, including Topo I inhibitors, 

in GBMs (15-19). Nevertheless, there is the need to identify potential bio-markers, which 

might determine the sensitivity to combined treatments of PARP-1 inhibitors, TPT, and RT. 

8-Hydroxy-2-methylquinazoline-4-one (NU1025) is a PARP-1 inhibitor that inhibits GBM 

cell growth without cytotoxicity (19,20).

In this study, we tested whether the differential sensitivity of GBM cells to combined 

treatments of TPT, RT, and NU1025 is influenced by the functional status of p53.

Material and Methods

Cell Culture

Human GBM cell lines D54, with an active p53 (21), and U251, with an inactive p53 

(22), were obtained from American Type Culture Collection. Cells were cultured in 

Dulbecco’s modified Eagle’s medium (DMEM) and Ham’s nutrient mixtures F-12 (Ham’s) 

1:1 (GIBCO/Invitrogen, Carlsbad, CA), supplemented with 10% foetal calf serum (FCS, 
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Lonza, CA), 20 mM HEPES, 100 U/ml penicillin, 100 μg/ml streptomycin, and 5 mM 
L-glutamine (complete medium). All cells were cultured at 37°C in a 5% CO2 atmosphere.

Chemical Reagents and Antibodies

TPT was purchased from Glaxo Smith-Kline (Brentford, UK). NU1025 was purchased 

from Alexis Biochemicals (San Diego, CA). 3-(4,5-dimethylthiazole-2-yl)–2,5-diphenyl-2H-

tetrazolium bromide (MTT), propidium iodide (PI), and RNAse were purchased from Sigma 

Chemicals Co (St Louis, MO). 5-bromo-2′-deoxyuridine (BrdU) and Alexa Fluor 488 

goat antimouse IgG antibody were purchased from Invitrogen (Portland, OR). Anti-BrdU 

Pure mouse monoclonal antibody (mAb) was purchased from BD Biosciences (San Giose, 

CA). Antiphospho-histone H2AX (γH2AX) (Ser139) Fluorescein isothiocyanate (FITC)-

conjugated and anti-Poly (ADP-Ribose) mouse mAbs were purchased from Millipore 

(Billerica, MA). FITC-conjugated goat anti-mouse IgG antibody was purchased from Dako 

(Milan, Italy). p53-, p21-, and β-actin-specific mAbs were purchased from Santa Cruz 

Biotechnology (Santa Cruz, CA). Horseradish peroxidase-conjugated IgG antibody was 

purchased from Amersham-Pharmacia (Buckinghamshire, UK).

Cell Proliferation and MTT Assay

Cells were seeded in triplicate in 96-well plates at a density of 2.5 × 103 cells/well and 

treated with the indicated doses of TPT, NU1025, and RT. Adherent cells were irradiated 

in medium with 250 kVp X-rays (dose rate 0.5 Gy/min). Untreated cells were used 

as a control. In combinatorial treatments cells were treated with NU1025 at the final 

concentration of 10 μM. Previous results showed that this dose effectively inhibits PARP-1 

activity in two GBM cell lines tested (19). Following an up to 5 day incubation, cell 

proliferation was assessed by MTT assay. MTT assay was carried out as reported elsewhere 

(23). Cells in randomly selected fields per well were photographed at different time points 

using a Zeiss Inverted Fluorescence Microscope (AxioVision Software, Carl Zeiss Micro-

Imaging GmbH, Germany).

Immunofluorescent Staining

Cells were seeded at a density of 1 × 105 cells, grown as monolayer on cover slips placed 

in cell culture dishes and treated with the indicated doses of TPT, NU1025, and RT. 

Untreated cells were used as a control. Following a 4 h incubation PARP-1 activity was 

determined by immunofluorescent detection of poly-ADP-ribosylation (PAR) of DNA as 

reported elsewhere (24). Cells were then stained with PI (5 μg/ml) for 30 min as an indicator 

of nuclear compartment and cover slips were mounted on slides. Slides were examined by 

Leica DMRXA fluorescent microscope. Images were captured by a QImaging CCD camera.

Cell Cycle Analysis and BrdU Incorporation

Cells were seeded in triplicate in 6-well plates at a density of 3 × 105 cells/well and 

treated with the indicated doses of TPT, NU1025, and RT. Untreated cells were used as 

a control. Following an up to 96 h incubation, cell-cycle analysis was determined by PI 

staining. PI staining was carried out as reported elsewhere (19). Potential blocks in cell 

cycle phases were determined by BrdU incorporation and PI staining. Untreated and treated 
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cells were incubated with BrdU (20 μM) for 30 min in fresh complete medium. Then the 

medium was removed and fresh medium was added. Following an up to 12 h incubation 

cells were trypsinized and washed with PBS. Preparation of samples for FACS analysis was 

performed as reported elsewhere (25). Cells were analyzed by flow cytometry (FACScan, 

Becton Dickinson, San Josè, CA) using the CyCLOPS Summit (Cytomation, Fort Collins, 

CO). Distribution of the cells in cell cycle phases was evaluated by Mod Fit 2.0 (Verity 

Software HOUSe, Ranger, ME). For the analysis of BrdU-DNA bivariate graphs, cells were 

split into four categories: (i) BrdU-positive (BrdU+); (ii) G1 phase/BrdU-positive (G1+); 

(iii) S phase/BrdU positive (S+); and (iv) G2/M phase/BrdU-positive (G2/M+).

DNA Damage

Cells were seeded in triplicate in 6-well plates at a density of 3 × 105 cells/well and 

treated with the indicated doses of TPT, NU1025, and RT. Untreated cells were used as a 

control. DNA damage was assessed following an up to 4 h incubation by flow cytometry 

characterization of DNA Strand Breaks (DSB) using γH2AX expression and DNA content 

detection by PI staining. Preparation of samples for FACS analysis was performed as 

reported elsewhere (26). Cell cycle distribution and γH2AX expression were analyzed by 

FACScan. For the analysis of γH2AX-DNA bivariate graphs, cells were split into two 

categories: (i) γH2AX-positive cells (γH2AX+); and (ii) γH2AX-negative cells (γH2AX−). 

Mathematic difference (Δ) between % of treated (tr) and untreated (untr) γH2AX+ cells was 

calculated to compare the DNA damaging effect (Δ% = γH2AX+
tr – γH2AX+

untr).

Cell Transfection

D54 cells were seeded in 6-well plates at a density of 6 × 104 cells/well 

and transfected with pcRNAi vector. Two synthetic oliginucleotides were designed 

using the following sequences: 5′-CCGGAATTCCCGACTCCAGTGGTAATCTAC 

TTCAAGAGAGTAGATTACCA-CTGGAGTCTTTTTGGAACT 

CGAGCGG-3′ and 5′-CCGCTCGAGTTCCAAAAAGACTCC-

AGTGGTAATCTACTCTCTTGAAGTAGATTACCACTGGAGT CGGGAATTCCGG-3′ 
(27). The resulting double stranded oligonucleotides were then cloned into the pcRNAi 

vector encoding resistance to geneticin (G-418), and derived from the pcDNA3.1 vector 

(Invitrogen) by replacing the viral promoter-cassette with the H1 promoter. The latter is 

specifically recognized by RNA polymerase III. Two days after transfection, geneticin 

G-418 (GIBCO) (200 μg/ml) was added to cell culture medium in order to enrich resistant-

transfected clones (D54 p53-) (clones named P1 and P2).

Western Blot Analysis

D54 and D54 p53- cells were seeded in 6-well plates at a density of 3 × 105 cells/well and 

treated with doxorubicin (2.5 μg/ml). Untreated cells were used as a control. Following a 12 

h incubation cells were harvested and lysed. Cell lysates were analyzed by western blot with 

the indicated mAbs. Western blot analysis was carried out as reported elsewhere (28).
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Statistical Methods

Averages, standard deviations, and unpaired t-test were calculated using MS-Excel. Data 

are shown as mean ± SD of the results obtained in at least three independent experiments. 

Differences between groups were considered significant when the p-value was <0.05. The 

asterisk (***) indicates p < 0.05.

Results

Enhancement by PARP-1 Inhibition of the Antiproliferative Activity of TPT or RT in GBM 
Cell Lines

A titration experiment showed that the IC50 doses of TPT and RT were 10 nM and 2 

Gy, respectively, for both D54 and U251 cell lines (Figs. 1A and 1B). U251 cells were 

more radioresistant than D54 cells (Fig. 1B) but both cell lines were highly sensitive to the 

antiproliferative activity of TPT (Fig. 1A). The doses of 2Gy for RT and those of 5 and 10 

nM for TPT were chosen to be combined with NU1025 in order to test the antiproliferative 

activity of combined treatments. As shown in Figure 1C, NU1025 had no detectable effect 

on the proliferation of D54 and U251 cell lines. However, when combined with TPT or 

RT, NU1025 significantly (p < 0.05) enhanced their antiproliferative activity (Fig. 2). It is 

noteworthy that the two cell lines displayed a different sensitivity to the antiproliferative 

activity of combined treatments of TPT, RT, and NU1025. In D54 cell line RT and NU1025 

combination displayed a similar antiproliferative activity to that of TPT and RT. However, 

both combinations inhibited the proliferation of the cells to a significantly (p < 0.05) greater 

extent than the combination of TPT and NU1025. In U251 cell line TPT (10 nM) and 

NU1025 combination inhibited the proliferation of tumor cells to a significantly (p < 0.05) 

greater extent than all the other combinations. In both cell lines the triple combination of 

TPT, RT, and NU1025 did not increase the anti-proliferative activity of the most effective 

double agent combinations.

PARP-1 Inhibition Following Treatment with TPT, RT, and NU1025 in GBM Cell Lines

To demonstrate an increased activation of PARP-1 induced by TPT or RT treatment and to 

validate its inhibition by NU1025, cells were treated with TPT, RT, and NU1025 and the 

nuclear PAR-DNA levels were assessed. Following a 4 h incubation an increased nuclear 

PARP-1 activity was detected in untreated U251 cells as compared to that of D54 cells 

(Fig. 3). Treatment with TPT and RT, used as single agents, markedly increased the nuclear 

activation of PARP-1 in both D54 and U251 cell lines. However, treatment with NU1025 

markedly inhibited the enhanced activation of PARP-1 induced by TPT and RT treatment.

Enhancement by PARP-1 Inhibition of the Cell Cycle Perturbations Induced by TPT or RT in 
GBM Cell Lines

To determine the mechanisms underlying the differential anti-proliferative activity of single 

and combined treatments in the two cell lines, D54 and U251 cells were treated with TPT, 

RT, and NU1025, stained with PI and analyzed for cell cycle perturbations. As shown in 

Figure 4, NU1025 did not alter the cell cycle distribution as compared to untreated cells in 

both cell lines. In D54 cell line RT and NU1025 combination displayed a similar activity 
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to that of TPT and RT. However, both combinations significantly (p < 0.05) increase the 

percentage of cells in S-phase as compared to TPT and NU1025 combination (Fig. 4A). In 

U251 cell line (Fig. 4B) TPT (10 nM) and NU1025 combination increased the cell death 

and the accumulation of cells in S- and G2/M-phase to a significantly (p < 0.05) greater 

extent than all the other combinations. In both cell lines the triple combination of TPT, RT, 

and NU1025 did not increase the cell cycle perturbations of the most effective double agent 

combinations.

To validate the differential cell cycle alterations caused by combined treatments, cells were 

treated with TPT, RT, and NU1025, incubated with BrdU and stained with PI. In D54 cell 

line RT and NU1025 combination dramatically decreased the % of BrdU+ cells as compared 

to untreated cells (Supporting Information Fig. 1A). Treated cells reached and were arrested 

in G1-phase. Similar results were obtained with TPT and RT combination (data not shown). 

In U251 cell line, BrdU/PI staining confirmed the strong accumulation of cells in S-phase 

and the block in G2/M-phase caused by the most effective combination of TPT and NU1025 

(Supporting Information Fig. 1B). This effect was more evident after the gate of BrdU+ 

cells: at time zero cells were in G1-phase and entered in S-phase, but at 6 and 12 h all cells 

reached and were arrested in G2/M-phase.

Enhancement by PARP-1 Inhibition of the DNA Damage Induced by TPT or RT in GBM Cell 
Lines

We next investigated whether the differential antiproliferative activity and cell cycle 

alterations caused by combined treatments were mediated by a diverse induction of DNA 

damage. We determined DSB presence by γH2AX detection and PI staining in the two 

GBM cell lines after treatment with TPT, RT, and NU1025. As shown in Figure 5A 

and Supporting Information Figure 2, no significant changes were detected in D54 cell 

line following a 1 h incubation with TPT, RT, and NU1025 used as single agents or in 

combinations. An increase of γH2AX expression was found following a 4 h incubation 

with both TPT and RT. The latter effects were markedly enhanced (p < 0.05) by NU1025. 

However, RT and NU1025 combination as well as TPT and RT combination increased 

the DNA damage to a significantly greater extent (p < 0.05) than TPT and NU1025 

combination. In U251 cell line an increase of γH2AX expression was already detected 

following a 1 h incubation with TPT and RT when they were used as single agents 

(Fig. 5B and Supporting Information Fig. 2). This effect was significantly enhanced 

by PARP-1 inhibition (p < 0.05). Nonetheless, TPT (10 nM) and NU1025 combination 

increased γH2AX expression to a significantly greater extent (p < 0.05) than all the other 

combinations.

p53 Activity as a Biomarker of the Sensitivity of GBM Cells to PARP-1 Inhibitor in 
Combination with TPT and RT

Our studies indicated that NU1025 enhanced the cytotoxic effects of TPT and RT in both 

D54 and U251 cell lines. However, the two cell lines displayed a differential sensitivity to 

the antitumor activity of combined treatments. To test whether the p53 activity played a 

role in the differential sensitivity of GBM cells to TPT, RT, and NU1025 combinations we 

knocked-down p53 in D54 cells using two specific p53-RNAi and evaluated the antitumor 
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activity of TPT, RT, and NU1025 in both D54 and D54 p53-cells. p53 as well as its 

downstream component p21 were strongly down-regulated in D54 p53-cells both under 

basal conditions and after treatment with doxorubicin (Supporting Information Fig. 3). 

In line with data obtained in U251 cell line, D54 p53-cells displayed an increased radio 

resistance as compared to D54 cells (p < 0.05) (Fig. 6A). Furthermore, although NU1025 

enhanced the antiproliferative activity of both TPT and RT, TPT and NU1025 combination 

inhibited cell proliferation to a significantly greater extent than all the other combinations 

(p < 0.05) (Fig. 6B). Lastly, treatment with TPT alone or in combination with NU1025 or 

RT induced a significant accumulation of D54 p53-cells in S- and G2/M-phase of cell cycle. 

However, this effect was more marked after treatment with TPT and NU1025 as compared to 

all the other combinations (Fig. 6C).

Discussion

In the Era of targeted therapy current treatment for GBMs still involves the combination 

of chemotherapy and RT. So far, the combination of temozolomide and RT still represents 

the standard of care for GBM. This combination increases the overall survival of GBM 

patients as compared to RT alone. However, temozolomide and RT combination is effective 

for a limited time and GBM patients continue to carry a poor overall survival. There is 

evidence that the combination of Topo I inhibitors and RT might be an effective strategy 

for the treatment of GBM. However, its use is limited by an increased toxicity (9,10,29). 

Radio- and chemo-resistance are the most significant causes of treatment failure and toxicity. 

PARP inhibitors sensitize tumor cells including GBM cells to RT and to chemotherapeutic 

agents such as platinum derivates and Topo I inhibitors. Furthermore treatment with PARP 

inhibitors does not affect the toxicities and improves both the therapeutic index and the 

success rate of chemotherapy and RT (30-34). Nevertheless, GBM cells displayed a different 

sensitivity to the treatment of PARP inhibitors in combination with TPT or RT.

In this study, we show in vitro that NU1025, a PARP-1 inhibitor, selectively inhibits PARP 

activation, which is induced by TPT or RT in GBM cell lines. It is noteworthy that U251 

GBM cells, carrying an inactive p53, displayed a high level of PARP-1 activity. This “stand 

alone” phenomenon has been already reported in other malignancies and is caused by the 

lack of a functionally active p53 (35). Treatment with NU1025 does not affect the growth 

of GBM cells but enhances the antiproliferative activity of both TPT and RT in GBM cells. 

This effect is caused by an increase of cell cycle perturbations and of induction of DNA 

damage of GBM cells. It is noteworthy that use of triple agent combination does not increase 

the sensitivity of GBM cells as compared to the most effective double combinations.

It is known that a critical event in determining sensitivity to RT or TPT is represented by the 

repair of DSB. Our data showed that the PARP inhibition leads to an increased sensitivity 

to RT or TPT by enhancing the DSB. γH2AX expression, a marker of DSB (36-38), is 

increased after treatment with NU1025 in combination with TPT or RT as compared to those 

of untreated cells and of cells treated with single agents. PARP-1 has been shown to play 

a major role in the DNA-damage repairing system (13,14). Therefore, the enhanced TPT 

and RT anti-proliferative activity is likely to reflect an inhibition of DNA-damage repairing 

system.
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p53 is defined as the “guardian” of the genome and most of the GBMs carry an inactive 

p53 (39). The enhanced cell growth inhibition and increased DSB which are induced by 

PARP-1 inhibition in combination with TPT or RT have been shown to be independent from 

the activity of p53. NU1025 enhances the antiproliferative activity of TPT and RT in GBM 

cell lines carrying both a p53 wild-type and a mutated or down-regulated p53. However, 

our data showed that the functional status of p53 influences the sensitivity of GBM cells 

to combined treatments of TPT, RT, and PARP-1 inhibitor. Specifically, cells carrying an 

active p53 are more sensitive to the combination of RT and NU1025 while cells carrying a 

mutated or down-regulated p53 are more sensitive to TPT and NU1025 combination. These 

conclusions are corroborated by the data obtained analyzing the growth inhibitory effects, 

the cell cycle perturbations and the induction of DNA damage. The differential effects of 

TPT, RT, and NU1025 combinations are likely to reflect the differences in the cell cycle 

phase targeting of TPT and RT (40) as well as the different radiosensitivity of GBM cells, 

which is partially overcome by PARP-1 inhibition. Cells carrying an inactive p53 display a 

higher radioresistance as compared to cells carrying an active p53. Several lines of evidence 

indicate that the functional status of p53 plays a major role in the chemo-radiosensitivity and 

in the clinical outcome of GMBs (3,41-44). It is noteworthy that NU1025 in combination 

with RT or TPT displayed a similar or higher activity than TPT and RT combination. The 

latter as compared to NU1025 and TPT or RT combinations is expected to have a higher 

toxicity and a lower therapeutic index (10,11). These in vitro results can have clinical 

relevance since they expand the potential application of PARP inhibitors in combination 

with TPT or RT to the treatment of GBM based on the functional status of p53. They suggest 

differential treatments for GBM patients, which are expected to have a more favorable 

therapeutic index as compared to the toxic chemotherapy and RT combination. Radio- 

and chemo-sensitizing agents that do not carry side effects such as PARP inhibitors have 

the great potential to achieve selective modulation of cytotoxic drug action in tumors by 

increasing their efficacy and dose tolerance.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Dose dependent effects of TPT, RT, and NU1025 on the in vitro growth of human GBM 

cell lines. D54 and U251 cells were treated with the indicated doses of topotecan (TPT) 

(A), ionizing radiations (RT) (B) and NU1025 (C). Cell growth inhibition was determined 

by MTT assay following a five day incubation. Percentage of cell growth inhibition was 

calculated as the ratio of treated to untreated cells at each concentration point. Data 

are expressed as mean ± SD of the results obtained in three independent experiments. 

Representative results of D54 and U251 cells treated with NU1025 (10 μM) are shown (C, 

right panel).
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Figure 2. 
Enhancement by NU1025 of the in vitro antiproliferative activity of TPT or RT in 

human GBM cell lines. D54 and U251 cells were treated with the indicated doses of 

topotecan (TPT), ionizing radiations (RT), and NU1025 (10 μM). Cell growth inhibition 

was determined by MTT assay following a five day incubation. Percentage of cell growth 

inhibition was calculated as ratio of treated to untreated cells at each treatment. Data are 

expressed as mean ± SD of the results obtained in three independent experiments. *** 

indicates p < 0.05. ns: indicates no significant difference.
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Figure 3. 
Inhibition by NU1025 of PARP-1 activation induced by TPT or RT in human GBM cell 

lines. D54 and U251 cells were treated with the indicated doses of topotecan (TPT), 

ionizing radiations (RT) and NU1025 (10 μM). PARP-1 activity was determined by 

immunofluorescent staining of poly-ADP-ribosylation (PAR) of the DNA following a 4 

h incubation. PI staining was used as an indicator of nuclear compartment. Representative 

staining of PAR and PI staining of D54 and U251 cells treated with TPT, RT, and NU1025 

are shown.
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Figure 4. 
Enhancement by NU1025 of the cell cycle perturbations induced by TPT or RT in human 

GBM cell lines. D54 (A) and U251 (B) cells were treated with the indicated doses of 

topotecan (TPT), ionizing radiations (RT), and NU1025 (10 μM). DNA content was detected 

by PI staining following 96 h incubation. The percentage of D54 and U251 cells in the 

different phases of cell cycle is shown. Data refer to one of two experiments giving similar 

results.
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Figure 5. 
Enhancement by NU1025 of the DNA damage induced by TPT or RT in human GBM cell 

lines. D54 (A) and U251 (B) cells were treated with the indicated doses of topotecan (TPT), 

ionizing radiations (RT) and NU1025 (10 μM). DNA damage was determined by flow 

cytometry analysis of phosphorylated histone H2AX (γH2AX) expression plotted versus 

the DNA content of cells as determined by PI staining. Following an up to 4 h incubation, 

relative γH2AX expression was calculated as the mathematic difference (Δ) between % of 

treated (tr) and untreated (untr) γH2AX+ cells (Δ % = γH2AX+
tr – γH2AX+

untr). Data 

are expressed as mean ± SD of the results obtained in three independent experiments. 

***Indicates p < 0.05. ns indicates no significant difference.
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Figure 6. 
Antiproliferative activity of TPT, RT, and NU1025 in GBM cells carrying a differential 

functional status of p53. D54 and D54 p53- P1 cells were irradiated with the indicated doses 

of ionizing radiations (RT). Cell growth inhibition was determined by MTT assay following 

five day incubation. (B) D54 and D54 p53-P1 cells were treated with the indicated doses 

of topotecan (TPT), ionizing radiations (RT), and NU1025 (10 μM). Cell growth inhibition 

was determined by MTT assay following three day incubation. Percentage of cell growth 

inhibition was calculated as the ratio of treated to untreated cells at each concentration point. 

Data are expressed as mean ± SD of the results obtained in three independent experiments. 

***Indicates p < 0.05. (C) D54 and D54 p53- P1 cells were treated with the indicated doses 

of TPT, RT, and NU1025 (10 μM). Following a three day incubation DNA content of cells 

was detected by PI staining. The percentage of D54 and D54 p53-cells in different phases of 

cell cycle is shown. Data refer to one of two experiments giving similar results.
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