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Abstract

BBR3464 is a new platinum-based drug non cross-resistant with cisplatin. To characterise the cellular basis of BBR3464 cyto-

toxicity as opposed to cisplatin, we performed a comparative study of the two drugs in cisplatin-resistant neuroblastoma and
astrocytoma cells. In both model systems, BBR3464 proved to be more potent than cisplatin and was able to overcome cisplatin
resistance. The higher potency exhibited by BBR3464 correlated with an increased cellular platinum accumulation and DNA–

adduct formation. At equitoxic doses, BBR3464 induced apoptosis to a lesser extent than cisplatin and failed to overcome the
decreased susceptibility to cisplatin-induced apoptosis in cisplatin-resistant cells. Cell cycle analysis showed a dose-dependent G2/M
arrest by BBR3464. In astrocytoma cells, cisplatin treatment resulted in the upregulation of p53, p21 and bax, while only p21

induction was observed after BBR3464 treatment. In cisplatin-resistant cells, the reduced sensitivity to cisplatin paralleled a resis-
tance to the induction of p53/p21 pathway by cisplatin, while the same doses of BBR3464 induced p21 to a similar extent in the
resistant cells as in the parental cells. In conclusion, BBR3464 induces a cellular response that is different from cisplatin, supporting
the view that the two drugs act through different mechanisms. Our data indicate that BBR3464 may be a promising agent in the

treatment of tumours unresponsive to cisplatin and with a non-functional p53.# 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Cisplatin is widely used for the treatment of a number
of solid tumours. Although some response is initially
observed in previously untreated patients relapse fre-
quently occurs, and subsequent salvage therapy is lar-
gely ineffective. Therefore, the identification of new
platinum-based drugs with a broader range of anti-
tumour activity has been attempted in order to circum-
vent intrinsic or acquired cisplatin resistance.
Among the new platinum compounds, the family of

polynuclear platinum complexes appears to be one of
the most promising. A systematic evaluation of these
bifunctional DNA-binding agents indicated BBR3464
(Fig. 1) as a drug non-cross resistant with cisplatin in a
panel of human tumour xenografts [1] and in vitro

selected cisplatin-resistant cell lines, including leukaemia
and osteosarcoma cells [2]. The lack of cross-resistance
of BBR3464 with cisplatin has been related to different
types of drug-induced DNA lesions rather than to
BBR3464’s capability of overcoming specific cellular
alterations [3,4]. A detailed biochemical and biophysical
analysis of DNA interaction with BBR3464 has shown
that an altered DNA-binding mode of BBR3464 in
comparison with that of cisplatin may be responsible for
its distinct and unique profile of antitumour activity [5].
An important feature of BBR3464 is its high effec-

tiveness in human tumour xenografts characterised by a
mutant p53 [1]. p53 inactivation is found in over 50% of
all human cancers, with TP53 gene mutations being the
prevalent mechanisms [6]. Therefore, the potential
activity of this new agent in the treatment of cisplatin-
resistant or p53-mutated tumours makes BBR3464 a
valid candidate for clinical evaluation. Indeed, phase I
clinical trials of BBR3464 have finished [7] and the
compound has entered phase II studies.
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This study was undertaken to examine the cellular
and molecular mechanisms underlying BBR3464 anti-
tumour activity in two paired cell lines with acquired
cisplatin resistance, one derived from neuroblastoma,
the other from astrocytoma. In both model systems, we
evaluated cisplatin and BBR3464 cytotoxicity, cellular
platinum accumulation and DNA–adduct formation. In
addition, the effects of both drugs on apoptosis induc-
tion, cell cycle arrest and p53 protein level was exam-
ined. For further insight into the interacting molecular
mechanisms, p21Waf1/Cip1 and bax expression was also
investigated.

2. Materials and methods

2.1. Drugs

Cisplatin, prepared for clinical use, was purchased
from Bristol-Myers Squibb (Milan, Italy). BBR3464
was dissolved in 0.9% NaCl before use.

2.2. Cell lines and culture conditions

The U87-MG astrocytoma cell line was purchased
from American Type Culture Collection (Rockville,
MD), while the BE(2)-M17 neuroblastoma cell line was
a gift from Dr. J. Biedler (Memorial Sloan-Kettering
Cancer Center, New York). The cisplatin-resistant var-
iants, referred to as U87-MG/Pt and BE(2)-M17/Pt,
were generated by continuous exposure of the parental
cell lines to stepwise increasing cisplatin concentrations
and maintained in a medium always containing 0.5 and
0.8 mM cisplatin, respectively. These cells displayed a
slightly increased proliferation rate and a resistance
index (RI) of approximately 5–6. All cell lines were
grown in Roswell Park Memorial Institute (RPMI)

1640 medium supplemented with 10% fetal calf serum
(FCS) (Biowhittaker, Walkersville, MD). Experiments
were performed on cells grown in a cisplatin-free med-
ium for at least 15 days.

2.3. Growth inhibition assay

Exponentially growing cells were seeded at the
appropriate concentrations to prevent confluence of the
cells on the experiment day. After 24 h, the cells were
drug treated for 1 h and incubated in a drug-free med-
ium for an additional 72 h. IC50 and IC80 concentra-
tions were the drug concentrations inhibiting cell
growth by 50 and 80%, respectively. Throughout the
rest of the paper, IC will refer to the doses of drugs
determined by the growth inhibition assay unless other-
wise specified.

2.4. Clonogenic survival assay

Cells were seeded in T25-cm2 flasks (neuroblastoma)
or 10-cm diameter plates (astrocytoma) at a density of
approximately 1000 cells. After 1-h drug treatment, the
cells were washed twice with phosphate-buffered saline
(PBS) and refed with fresh medium. When colonies had
reached a size of approximately 50 cells, the cells were
fixed with 70% (v/v) ethanol containing 1% (w/v)
methylene blue (Sigma, St Louis, MO, USA). IC50 values
in the Clonogenic survival assay were the drug con-
centrations that caused a 50% reduction in the number
of colonies formed compared with the untreated cells.

2.5. Platinum drug accumulation

Exponentially growing cells were drug treated for 1 h,
washed twice with PBS and harvested by trypsinisation;
2 million cells per sample were pelleted, dried and digested

Fig. 1. Structures of the platinum complexes BBR3464 and cisplatin.
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with 70% (v/v) nitric acid (100 ml) and 30% (w/v) H2O2
(30 ml) in a microwave oven. Samples were then added
with distilled water (800 ml) and a 30 ml aliquot was
injected in a Perkin-Elmer mod 4000 atomic absorption
spectrophotometer (AAS). Cell-bound platinum was
expressed as nanograms of platinum per million cells.

2.6. Cellular DNA platination

After 1-h drug treatment, cells (5–10�106) were har-
vested and washed twice with PBS. Genomic DNA was
extracted according to standard protocols. DNA-bound
platinum content was determined by AAS as reported
above and expressed as picograms of platinum per
micrograms of DNA.

2.7. Cell cycle analysis

Exponentially growing cells were untreated or drug
treated for 1 h. Cell cycle analysis was performed 24, 48
and 72 h post treatment by flow cytometry. Briefly, cells
were harvested, and nuclei were isolated and stained for
at least 24 h using a solution containing 0.1% (w/v)
sodium citrate, 0.1% (v/v) Nonidet-P40, 4 mM ethylene
diamine tetra acetic acid (EDTA) and 50 mg/ml propi-
dium iodide as a DNA dye. Flow cytometric DNA
ploidy analysis was performed by acquiring a minimum
of 15,000 nuclei using a Facscan flow cytometer (Becton
Dickinson Immunocytometry Systems, San Josè, CA,
USA). DNA fluorescence was collected in linear mode
and pulse signal processing was used to set a doublet
discrimination gate. Cell cycle analysis was performed
using the Multicycle software package (Phoenix, San
Diego, CA, USA).

2.8. Morphological analysis of apoptosis

BBR3464- and cisplatin-induced apoptosis was mea-
sured by the terminal deoxyribonucleotidyl transferase-
mediated deoxyuridine triphosphate (dUTP)-biotin in
situ end labelling (TUNEL) assay using a commercial
kit (Apoptosis-I.S., Ylem, Avezzano, Italy), according
to the manufacturer’s suggestion. Cells were exposed to
equitoxic concentrations (IC50�80 and multiples) of the

drugs for 1 h; after 72 h of culture, a minimum of 500
cells were examined to score apoptotic cells. Count and
image analysis was performed using an IAS 2000 Sys-
tem (Delta Sistemi, Rome, Italy).

2.9. Western blot analysis

After 1-h drug treatment, cells were post-incubated in
a drug-free medium for 6–48 h. Western blot analysis
was performed as previously described [8]. Fifty to 100
mg of total cell protein was electrophoresed on a 10–
15% sodium dodecyl sulphate (SDS)-polyacrylamide
gel and blotted on nitrocellulose (Amersham, Buck-
inghamshire, UK). Equal loading was checked by Red
Ponceau staining. After destaining, the membranes were
probed for 1 h with monoclonal antibodies against
mutant and wild type p53 (DO-1; Santa Cruz Bio-
technology, Santa Cruz, CA, USA), p21 (Santa Cruz),
and polyclonal antibody against bax (Upstate Bio-
technology, Lake Placid, NY, USA). All the immuno-
blots were visualised using the enhanced
chemiluminescence (ECL) western blotting Detection
System Kit (Amersham) and quantified by densito-
metry.

3. Results

3.1. Response to cisplatin and BBR3464

The cellular response to cisplatin and BBR3464 in
cisplatin-resistant astrocytoma and neuroblastoma cell
lines was assessed by two methods — the 3-day growth
inhibition assay and the clonogenic survival assay — to
allow comparison between short- and long-term effects
of the drugs. The two different methods gave compar-
able values in terms of cisplatin sensitivity (IC50) and
fold resistance (Table 1). By contrast, BBR3464 IC50s as
determined by the clonogenic survival assay were sig-
nificantly lower than those obtained in the 3-day growth
inhibition assay (P at least <0.05, two-tailed Student’s
t-test) in all the cell lines but BE(2)-M17, in which the P
value was P<0.08. With both methods, however,
BBR3464 was more potent than cisplatin in both cis-

Table 1

Cytotoxicity of cisplatin and BBR3464 in cisplatin-sensitive and-resistant cell lines

Drug BE(2)-M17 IC50 (mM) BE(2)-M17/Pt IC50 (mM) RIa U87-MG IC50 (mM) U87-MG /Pt IC50 (mM) RI

Cisplatinb 5.10�2.14 28.33�8.04 5.6 5.39�1.47 25.66�7.09 4.8

Cisplatinc 5.05�0.64 39.00�15.56 7.7 3.82�1.44 13.60�1.27 3.6

BBR3464b 0.39�0.29 2.81�0.53 7.2 0.39�0.12 0.32�0.07 0.8

BBR3464c 0.02�0.01 0.02�0.01 1.0 0.08�0.01 0.04�0.01 0.5

a RI (resistance index)=cisplatin-resistant/cisplatin-sensitive IC50. Cytotoxicity was assessed by both assays after 1-h drug exposure and expres-

sed as IC50 (mM) as described in the Methods. Values are the mean (�standard deviation(S.D.)) of three independent experiments.
b 3-day growth inhibition assay.
c Clonogenic survival assay.
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platin-sensitive (range from �10 to �250) and cisplatin-
resistant cells (range from �10 to �2000). In addition,
the resistance index (RI) for BBR3464 in the clonogenic
survival assay was 1 for BE(2)-M17/Pt and 0.5 for U87-
MG/Pt indicating a complete circumvention of acquired
cisplatin resistance.

3.2. Cellular platinum accumulation and DNA
platination

Reduced cisplatin accumulation and platinum–DNA
adduct formation are common features of cisplatin
resistance [9]. To understand the mechanisms by which
BBR3464 overcomes cisplatin resistance, we examined
the cellular platinum content after cisplatin and
BBR3464 exposure. Platinum accumulation was non-
saturable and approximately linear with cisplatin con-
centrations up to 200 mM in both pairs of cell lines
(Fig. 2a and data not shown), but the two cisplatin-
resistant variants accumulated approximately 2-fold less
platinum. Exposure to equimolar BBR3464 concentra-
tions resulted in higher intracellular platinum levels in
all the cells. Cisplatin-resistant cells still accumulated
less BBR3464 than their wild-type counterparts at high
drug concentrations, while similar levels were reached at
low concentrations.

The pattern of cellular DNA platination at the same
drug exposure conditions paralleled intracellular plati-
num accumulation (Fig. 2b). DNA platination levels
were much higher in all the cell lines after BBR3464
treatment. Resistant cells showed reduced DNA plati-
nation after both cisplatin and BBR3464 exposure.
However, this phenomenon was negligible at low
BBR3464 concentrations, when comparable levels of
DNA platination were obtained in the two pairs of cell
lines (Table 2).

3.3. Induction of apoptosis

One of the mechanisms of cytotoxicity by platinum
compounds is the induction of apoptotic cell death [10].
Decreased susceptibility to cisplatin-induced apoptosis
is associated with cisplatin resistance [11]. To evaluate
whether observed differences in drug sensitivity of our
cell lines were related to their proneness to drug-induced
apoptosis, we determined the percentage of apoptotic
cells after cisplatin and BBR3464 treatment (Fig. 3). In
both model systems, apoptosis was only slightly induced
by drug concentrations equal to IC50 values; however,
the phenomenon increased at higher drug concentra-
tions (IC80 and multiples), and comparatively more
after cisplatin than BBR3464 treatment. Of note, in cis-
platin-resistant variants, apoptosis was induced to a
lower extent by both cisplatin and BBR3464.

3.4. Cell cycle analysis

In both paired cell lines, cisplatin induced a dose-
dependent increase in G2/M phase (at 24 and 48 h in
astrocytoma and neuroblastoma cells, respectively) at
the expense of the G0/G1 cell population, that was pre-
ceded by a substantial increase in S phase at 24 h only in
the neuroblastoma model (Fig. 4 and data not shown).
Consistent with the RI, cisplatin-resistant cells showed
an approximately 5-fold less sensitivity to cisplatin at 24
h and a greater ability to recover from the cytokinetic

Fig. 2. (a) Cellular platinum accumulation in BE(2)-M17 and BE(2)-

M17/Pt after cisplatin or BBR3464 treatmentl (b) DNA platination in

BE(2)-M17 and BE(2)-M17/Pt after cisplatin or BBR3464 treatment.

In both (a) and (b), open symbols refer to BE(2)-M17, solid symbols

refer to BE(2)-M17/Pt. Data points, average values determined from

three separate experiments; bars, standard deviation (S.D.). S.D. is not

shown when it does not exceed the symbol size.

Table 2

Cellular DNA platination levels after cisplatin or BBR3464 exposure

in cisplatin-sensitive and cisplatin-resistant cell linesa

DNA platination (pg Pt/mg DNA)

Cell line Cisplatin BBR3464

BE(2)-M17 38.7�6.1 37.5�1.1

BE(2)-M17/Pt 22.4�3.6 41.6�13.0

U87-MG 144.3�10.1 128.1�11

U87-MG/Pt 46.3�22.1 137.4�23.5

a Cells were exposed to cisplatin and BBR3464 concentrations that

yielded equal levels of DNA platination in cisplatin-sensitive cells (for

BE(2)-M17 and BE(2)-M17/Pt cells: cisplatin=200 mM; BBR3464=15
mM. For U87-MG and U87-MG/Pt: cisplatin=150 mM, BBR3464=50
mM). Values are the mean (�standard deviation (S.D.)) of three
independent experiments.
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effects of DNA damage. In both model systems,
BBR3464 directly induced a dose-dependent cell cycle
arrest in G2/M 24 h post-treatment with no arrest in S
phase. Most remarkably, there were no substantial dif-
ferences in the cell cycle kinetics of cisplatin-sensitive
and cisplatin-resistant cells after the same doses of
BBR3464 (Fig. 4).

3.5. p53 expression after cisplatin and BBR3464
treatment

The cellular response to DNA damage may be medi-
ated through p53-dependent as well as p53-independent
pathways [12]. p53 has been reported to induce G1 arrest;
however, there is growing evidence that p53 is involved
in blocking cells also at the G2/M checkpoint [13,14].
U87-MG (that are wild-type for TP53 sequence) [15],

and U87-MG/Pt cells were exposed to equitoxic con-
centrations of cisplatin and BBR3464. Western analysis
showed that p53 was induced in a dose-dependent
manner up to 11-fold (as determined by densitometric
analysis) after cisplatin, while after BBR3464 p53 was
only slightly (1.5–2-fold) induced at IC50, with no fur-
ther increase at very high BBR3464 doses (up to 20 mM)
(Fig. 5a; data not shown). With both drugs, p53
expression peaked at 6 h and remained at similar levels
up to 48 h (Fig. 5b).

In the neuroblastoma cells, (whose p53 functional
status is unknown) [16], no p53 induction was observed
in both whole cell lysates and nuclear extracts (data not
shown).

3.6. Expression of p21 and bax after cisplatin and
BBR3464 treatment

Among the downstream effectors of the p53 signal
transduction pathway are the p21 and bax proteins, that
control growth arrest and apoptosis, respectively. In
addition, p53-independent upregulation of p21 has also
been reported in different experimental settings [17–19],
including the response to the G2/M blocker doxorubicin
[20].
In both U87-MG and U87-MG/Pt cells, p21 expres-

sion correlated with p53 induction after cisplatin expo-
sure; interestingly, p21 was dramatically increased by
BBR3464 doses able to only slightly induce p53 expres-
sion (Fig. 6a). In fact, a comparison at IC50 values
between cisplatin and BBR3464 revealed the latter was
an even a stronger p21 inducer, mostly in U87-MG/Pt
cells. Notably, while p21 was induced by approximately
5-fold more by cisplatin in U87-MG/Pt cells compared
with the sensitive parental cells, the same dose of
BBR3464 elicited a comparable p21 induction in both
parental and cisplatin-resistant cells. Similar results

Fig. 3. (a) Cisplatin- and BBR3464-induced apoptosis in neuroblastoma paired cell lines; (b) cisplatin- and BBR3464-induced apoptosis in astro-

cytoma paired cell lines. In both (a) and (b), open symbols refer to cisplatin-sensitive cells, solid symbols refer to cisplatin-resistant cells. Apoptosis is

expressed as the ratio of the apoptosis levels of treated over untreated cells (apoptosis level is defined as the percentage of apoptotic cells in the whole

cell populations). One representative experiment out of three is shown.
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Fig. 4. Cell cycle analysis in neuroblastoma and astrocytoma paired cell lines treated with cisplatin and BBR3464. Cisplatin-sensitive (open symbols) and cisplatin-resistant (solid symbols) cells were

treated for 1 h with different doses of cisplatin and BBR3464. DNA analysis was performed after 24 h (a) and (b), 48 h (c) and 72 h (data not shown). Cell percentage in S (a) and G2/M [(b) and (c)]

phases is shown. Dotted lines indicate the control.
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were obtained after 48 h of culture in a drug-free
medium.
We subsequently checked the level of expression of

bax protein, which also is under the transcriptional
control of p53. Western blot analysis performed in par-
allel experiments showed that only cisplatin induced a
marked increase in bax expression that peaked 48 h
after treatment (Fig. 6b and data not shown). In con-
trast, there was no bax induction after BBR3464 treat-
ment, also at concentrations up to 20 mM (Fig. 6b; data
not shown).
In BE(2)-M17 and BE(2)-M17/Pt neither cisplatin,

nor BBR3464 induced p21 or bax (data not shown).

4. Discussion

In this paper, we compared the cellular response to
BBR3464 and cisplatin in neuroblastoma and astro-
cytoma cisplatin-resistant cell lines, characterised by
reduced cellular cisplatin accumulation and DNA plati-
nation. In both model systems, BBR3464 showed a
higher potency and the ability to overcome cisplatin
resistance. While cisplatin treatment resulted in apop-
tosis induction and upregulation of p53, p21 and bax
proteins, BBR3464 showed less ability to induce apop-

tosis despite its increased potency and treatment resul-
ted in an upregulation of p21 that was not correlated
with the induction of p53.
The different cellular response to cisplatin and

BBR3464 provides additional evidence for a different
mechanism of action of the two drugs — i.e. the for-
mation of different types of drug–DNA adducts — that
could result in a somewhat different mode of cell-death
and explains BBR3464 ability to overcome cisplatin
resistance. Indeed, in the short- and long-term assays,
BBR3464 potency and ability to circumvent cisplatin
resistance increased in the long-term assay, while no
substantial difference in terms of both sensitivity and
fold resistance was found for cisplatin, as has previously
been reported [21]. Discrepancy between the short- and
long-term assays indicates a different kinetics in growth
inhibition and/or a different mode of cell death
(reviewed in [22]). Particularly, while short-term assays
are markedly affected by the rate at which cells die —
which in turn can be dependent on the mode of cell
death, long-term assays more reliably assess the overall
cell killing after genotoxic agents. Recent investigation
has shown that drug-induced cell death can include
acute apoptosis, necrosis or a delayed form of cell
death, from which cells may undergo apoptosis or
necrosis [23,24]. Altogether, our data (i.e. the capacity
to induce apoptosis and similar behaviour in the short-
and long-term assay) indicate that cisplatin cytotoxicity
appears to be mediated by an apoptotic mechanism,

Fig 5. (a) p53 expression in U87-MG and U87-MG/Pt after cisplatin

and BBR3464 treatment. Immunoblot analysis was performed 24 h

after 1-h exposure to equitoxic drug concentrations: IC50 as in Table 1;

IC80: 20 and 100 mM cisplatin for U87-MG and U87-MG/Pt, respec-

tively; 2 mM BBR3464; *IC50 was as determined by the clonogenic

survival assay. (b) p53 Expression versus time after equitoxic (IC80)

exposure to cisplatin and BBR3464.

Fig. 6. (a) p21 and (b) bax expression after cisplatin and BBR3464

treatment in U87-MG and U87-MG/Pt cells. Cells were exposed to

different concentrations of cisplatin or BBR3464 for 1h. Immunoblot

analyses were performed after 24 h (p21) or 48 h (bax).
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that occurs rapidly after drug exposure [25], while
BBR3464 at equitoxic doses exhibits a minor ability to
induce apoptosis (short period’s observation). Con-
sistently, BBR3464 failed to overcome the decreased
susceptibility to cisplatin-induced apoptosis in the cis-
platin-resistant variants and to induce bax expression in
astrocytoma cells, that responded to cisplatin treatment
by upregulating the proapototic gene bax. The increased
potency of BBR3464 in the long-term assay could be
related either to a different mode of cell death or to
BBR3464 exerting a longer lasting cytostatic effect [1] as
a consequence of cells inability to quickly repair the
BBR3464 genotoxic insult. Although this hypothesis
has not been tested in our systems, there is recent evi-
dence that the cellular pathways mediating DNA repair
after BBR3464 or cisplatin-induced DNA lesions are
different. While both nucleotide excision repair (NER)
and mismatch repair systems affect the cellular sensitiv-
ity to cisplatin, neither of them appear to be involved in
modulating the sensitivity to BBR3464 [3,26]. It is also
possible that the cellular inability to repair BBR3464-
induced DNA damage might be a consequence of the
p53-independent mechanism of action of BBR3464,
since DNA repair processes, and particularly NER, are
facilitated by p53 [14].
The increased potency of BBR3464 in our cells corre-

lates with the increased levels of cell- and DNA-bound
platinum observed after exposure to BBR3464. How-
ever, the distinct pattern of DNA lesions more than the
actual level of platination might be the major determi-
nant of BBR3464 antitumour activity, resulting in the
activation of cellular pathways different from those of
cisplatin, as suggested in recent studies [3,4,27]. Con-
sistent with this hypothesis, in the astrocytoma model
system both cisplatin and BBR3464 exerted a G2/M
arrest. However, and most notably, the checkpoint
control of G2/M phase appeared to be correlated to p53
and p21 upregulation in response to cisplatin, while
only p21 was induced in response to BBR3464. In U87-
MG/Pt cells, the presence of transactivation-competent
p53 protein was confirmed by its ability to activate the
p21/WAF/CIP and bax genes, whose expression is
regulated at the transcriptional level by wild-type p53,
but not by mutated p53 [28]. Of note, in the U87-MG/Pt
cells, the reduced sensitivity to cisplatin treatment par-
alleled a resistance to the p53/p21 pathway induction by
cisplatin; in contrast, the same dose of BBR3464 resul-
ted in a similar p21 induction in both the parental and
resistant cells, indicating a complete lack of cross-resis-
tance of BBR3464 with cisplatin at the molecular level.
Further evidence for a likely p53-independent

mechanism of action for BBR3464 can be obtained
from the data that we obtained in BE(2)-M17 and
BE(2)-M17/Pt cells. In these cells, the p53-dependent
pathway is very likely not functional, since both cell
variants showed constitutive overexpression of p53 and

did not respond to cisplatin exposure by upregulating
p53 or the p53-related downstream proteins p21 and
bax. BBR3464 did not induce either p53 or bax expres-
sion, and also failed to induce p21, indicating that there
must be other — as yet unidentified — molecular
mechanisms responsible for the BBR3464 cytotoxic
activity in these cells. The p53-independent mechanism
of action shown by BBR3464 in our study is in good
agreement with the data reported by Pratesi and collea-
gues [1], who found a superior BBR3464 antitumour
activity against tumours carrying a mutant p53.
In DNA-damaged cells, functional p53 has been

implicated as a determinant of chemosensitivity to
DNA damaging agents, including cisplatin [29], by reg-
ulating both apoptosis and cell cycle arrest [30]. Con-
versely, a mutant p53 status has been associated with
cisplatin resistance [11,31]. p21 Induction in a p53-
independent manner after DNA damage might be an
alternative pathway for tumour cells with non-func-
tional p53 to arrest [20,32] or to die by chemotherapy-
mediated apoptosis [15]. Although in our paper there is
no conclusive evidence of a p53-independent p21 upre-
gulation by BBR3464, the experimental data suggests
this hypothesis. The protein p21 forms complexes with
and inhibits the kinase activity of the cdk-cyclins, which
regulate the progression of eucaryotic cells through the
cell cycle. Kinase assays will be performed in our
laboratory to verify whether kinase activity is changed
in response to BBR3464 treatment and to identify the
specific target(s) of p21 in this response.
In conclusion, the ability of BBR3464 to bypass the

p53-dependent pathway, together with its higher
potency and lack of cisplatin cross-resistance, indicate
that BBR3464 may elicit improved clinical response in
cisplatin-resistant tumours and tumours with a non-
functional p53.
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