
R
p

R
A

a

A
R
A
A

K
D
A
C
p
P
H

1

r
o
a
T
i
h
i
u
t
t
p
a
o
p

s
T

1
d

Mutation Research 701 (2010) 92–97

Contents lists available at ScienceDirect

Mutation Research/Genetic Toxicology and
Environmental Mutagenesis

journa l homepage: www.e lsev ier .com/ locate /gentox
Communi ty address : www.e lsev ier .com/ locate /mutres

elation between DNA repair, apoptosis and chromosomal aberrations in
resence of pifithrin-�, an inhibitor of p53

oberta Meschini, Andrea Berni, Vincenza Ortenzi, Pierluigi Mancinelli, Fabrizio Palitti ∗

grobiology and Agrochemistry Department, University of Tuscia, Viterbo, Italy

r t i c l e i n f o

rticle history:
eceived 18 March 2010
ccepted 19 March 2010
vailable online 27 March 2010

eywords:
NA repair
poptosis
hromosomal aberrations
53

a b s t r a c t

The aim of this study was to investigate the impact of inhibition of p53 in X-irradiated human peripheral
blood lymphocytes (HPBL) in the G0 phase of the cell cycle in the presence or absence of pifithrin-�
(PFT-�), a specific inhibitor of p53, on repair of DNA damage or induced apoptosis.

Lymphocyte (HPBL) cultures were X-irradiated with 3 Gy in the absence or presence of PFT-�. In order
to distinguish the effects of PFT-� either on DNA repair or on apoptosis, PFT-� was added to the cultures
employing different protocols namely, a) “continuous treatment”, where PFT-� was added four hours
before X-irradiation and left until the end of the experiment, b) “pre-treatment”, where PFT-� was added
four hours before X-irradiation and removed by washing the cells with phosphate buffered saline (PBS)
four hours after irradiation and c) “post-treatment”, where PFT-� was added four hours after irradiation
ifithrin-�
PBL

and left in the medium until the harvest. At various times after irradiation of lymphocytes, Single Cell Gel
Electrophoresis was performed to detect DNA damage in individual cells. Apoptosis and chromosomal
aberrations were quantified at later sampling times following irradiation. The results presented here
strengthen the known role of p53 protein in priming apoptotic cell death in HPBL following X-irradiation.
Furthermore, our data suggest that the inhibition of p53 by PFT-� affects the repair kinetics of X-ray
induced DNA lesions leading to mis-repair events and consequently to an enhancement of cytogenetic
damage in HPBL.
. Introduction

The p53 tumour suppressor gene senses DNA damage and in
esponse induces a transient growth arrest, allowing DNA repair
r, in the case of extensive damage, promoting irreversible growth
rrest (senescence) or programmed cell death (apoptosis) [1,2].
he critical role of p53 in the prevention of cancer development
s demonstrated by the presence of p53 mutation in about 50% of
uman cancers. In the majority of the remaining cases p53 activ-

ties are compromised due to the deregulation of downstream or
pstream signalling pathways [3]. Cells that have lost p53 func-
ion exhibit multiple features of genomic instability and resistance
o apoptotic cell death [4]. Furthermore, it has been indicated that

53-dependent apoptosis induced in normal tissues during chemo-
nd radio-therapy can cause severe side effects as a consequence
f anti-cancer treatments, limiting their efficiency [5,6]. Therefore,
53 suppression may also represent an appropriate target to reduce
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the damage to normal tissues [7]. This approach would be suitable
only for tumours that lack functional p53 because their sensitivity
to the therapy should not change in the presence of an inhibitor of
p53.

Several years ago, the compound pifithrin-� (PFT-�) was iden-
tified as a reversible inhibitor of transcriptional transactivation by
p53 and p53-dependent apoptosis in mice and cultured mouse cells
[8]. Numerous studies have confirmed that PFT-� treatment mim-
ics p53 deficiency in mice and in a variety of cultured human and
rodent cells [9–21]. The possible clinical use of PFT-� to reduce side-
effects of chemotherapy or radiation therapy has been discussed
and was the motivation behind the original effort to identify a p53
inhibitor [8,22]. A report by Bassi et al. [15] presents a cautionary
note for using such an approach by demonstrating that PFT-� treat-
ment increased the number of chromosomal aberrations induced
in human cells exposed to etoposide, an antineoplastic drug that
inhibits topoisomerase II. This report also shows that while sup-
pression of p53 function increases survival of cells suffering DNA

damage by blocking apoptosis, the surviving cells may exhibit
genomic instability. However, Bassi et al. [15], did not determine
whether suppression of p53 altered the nature of DNA repair or
just allowed the survival of abnormal cells that normally would
have died.
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