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Abstract

The Bcl-2 family contains a panel of proteins which are conserved regulators of
apoptosis in mammalian cells, like the anti-apoptotic protein Bcl-2. According to its
significant role in altering susceptibility to apoptosis, the deciphering of the mechanism of
Bcl-2 expression modulation may be crucial for identifying therapeutics strategies for cancer.
Treatment with microtubule —targeting agents, including taxanes and Vinca alkaloids,
generally leads to a decrease in Bcl-2 intracellular amounts. Whereas the interest for these
chemotherapeutics is accompanied by advances in the fundamental understanding of their
anticancer properties, the molecular mechanism underlying changes in Bcl2 expression
remains poorly understood. We report here that p53 contributes to vinorelbine-induced Bcl-2
down-regulation. Indeed, the decrease in Bcl-2 protein levels observed during vinorelbine-
induced apoptosis was correlated to the decrease in mRNA levels, as a result of the inhibition
of Bcl-2 transcription and promoter activity. In this context, we evaluated p53 contribution in
the Bcl-2 transcriptional down-regulation. We identified, by chromatin immunoprecipitation,
a novel p53 binding site in the Bcl-2 promoter, within a region upstream P; promoter. We
showed that vinorelbine treatment increased this interaction in A549 cells. This work
strengthens the links between p53 and Bcl-2 at a transcriptional level, upon microtubule-
targeting agent treatment. Our study also provides answers that will be useful to assess
microtubule-targeting agents’ mechanism of action and that may help to better understand and

increase their effectiveness.
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1. Introduction

Apoptosis is a tightly regulated process that has important implications during
physiological development and in disease progression. Indeed, a disruption of the normal
apoptotic process is implicated in a variety of human disorders, including cancer [1].
Importance of apoptosis induction in cancer therapy is still growing and the ongoing
discovery of numerous apoptosis-regulating proteins provides new potential targets for
molecular cancer therapy.

The Bcl-2 protein is a highly conserved member of the Bcl-2 family and constitutes an
important regulator of apoptosis [2]. Bcl-2 plays a major role in oncology, its overexpression
is common in many types of cancer, and it is suggested to contribute to an increased
resistance to chemotherapy and radiotherapy [3]. The common explanation of how Bcl-2
inhibits apoptosis is focused on the preservation of the mitochondrial membrane integrity and
the prevention of the release of several apoptogenic molecules from mitochondria [2]. This is
necessary for the activation of caspases, and it is generally considered as sufficient to induce
apoptosis [4].

Microtubule-Targeting Agents (MTAs) are used in clinical therapies for various types
of tumours. The MTA family contains compounds able to inhibit microtubule polymerisation
(Vinca alkaloids) whereas others stabilise microtubules (Taxanes and Epothilones).
Vinorelbine (VRL) is a semi synthetic Vinca alkaloid derivative that is widely used in the
treatment of metastatic breast and non-small-cell lung malignancies [5]. It depolymerises the
microtubule network and leads to apoptosis after cell cycle arrest. Like other MTAs, it
activates the intrinsic mitochondrial apoptotic pathway [6-8].

Bcl-2 expression can be modulated at both transcriptional and post-transcriptional

levels. Two promoters, P; and P,, control Bcl-2 gene transcription [9]. The P; major
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transcriptional start site (TSS) is located 715 bp upstream of the Bcl-2 translational start site,
whereas the start sites of the 3’ promoter (P;) are located 1.3 kb downstream of the P;
promoter. Only the P, promoter has canonical TATA and CAAT boxes. Several transcription
factors are known to be involved in the positive regulation of Bcl-2 transcription, including
cAMP responsive element binding protein (CREBP) [10] and NFxB [11]. Besides these
positive transcriptional regulators, a number of negative regulatory sites have been described,
including n1 binding sites in pre-B cells [12], WT1 binding sites [13], and p53 binding sites.
Indeed, it has been shown that a 195 bp region containing the TATA sequence can mediate
p53-dependent repression through the PNRE (p53 negative responsive element)[14, 15].
Additionally, the bcl-2 promoter region located between P; and P, displays a promoter
activity that is also suppressed by p53 [16]. Besides its transcriptional regulation, Bcl-2 is
post-transcriptionally modified by phosphorylation at putative mitogen-activated protein
kinase sites which leads to ubiquitination, proteasome-dependent degradation, and caspase-
dependent cleavage, resulting in the loss of anti-apoptotic activity [17].

Increasing evidence supports the modulation of Bcl-2 expression is related to
chemotherapy response including MTAs [18-19]. Thus, its value as potent therapeutic target
is currently increasing. We had previously demonstrated that MTAs induced Bcel-2
phosphorylation or Bcl-2 protein decrease, and participating in cell sensitivity to treatment by
promoting apoptosis [7, 20- 21]. Paradoxically, Bcl-2 down-regulation has been associated
with resistance to paclitaxel and vinflunine [22-23], suggesting that a minimal Bcl-2 level
would be necessary for MTA sensitivity. Hence, it appears essential to gain further insight
into Bcl-2 regulation by Vinca alkaloids. We focused here on the molecular mechanism
underlying the Bcl-2 decrease induced by VRL. We found that this decrease involves a
transcriptional level requiring the wild-type apoptotic protein p53. P53 mediates Bcl-2 down-

regulation through its binding to a consensus binding site 1 kb upstream of Bcl-2 Py promoter.
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2. Materials and methods

2.1. Cell lines and reagents

A549 (wild-type p53) human non-small-cell lung carcinoma cells, MCF7 (wild-type p53) and
SKBR3 (inactive mutant of p53) human breast cancer cells were used. These cells were
routinely cultured in RPMI medium (A549) or DMEM (MCF7 and SKBR3) supplemented
with 10% foetal bovine serum, 2% L-glutamine, and 1% penicillin and streptomycin, at 37°C
with 5% CO,.

Stock solution of Vinorelbine (Sigma, Steinheim, Germany) was conserved at 4°C and
working dilutions in medium were kept frozen.

2.2. Cytotoxicity Assay:

Growth inhibition of different cell lines were studied after a 72-h treatment with different
agents, VRL and doxorubicine, by usingthe MTT cell proliferation assay as previously
described (Pourroy et al., 2004). Doses used in experiment are noticed as 1C50, IC70 or IC80
in each cell line.

2.3. DAPI staining

A549 cells were grown on 8-well plates (Labteck, Naperville, IL) and incubated with 10 and
100 nM VRL for 72 h. They were then fixed with 3.7% formaldehyde and incubated with
DAPI (Sigma) to stain the nuclei [24]. Cells were observed under a Leica DM-IRBE
microscope coupled with a digital camera (coolsnapFX CCD camera; Princeton Instruments).
Four hundred cells were analyzed using Metamorph software.

2.4. Quantitative expression of Bcl-2 mRNA by real time gqRT-PCR

Total cellular RNA was extracted with the nucleospin RNA II kit in accordance with the
manufacturer’s instructions (Macherey-Nagel, Hoerdt, France) and 1 pg of total RNA was
used for reverse transcription with random primers. Bcl-2 expression in relation to 2

microglobulin (2m) expression (internal standard) was determined using the LightCycler
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System and the FastStart DNA master SYBRGreen I kit (Roche Diagnostics, Manheim,
Germany). MgCl, concentration was set at SmM and the primers used (0.25 uM) for Bcl-2
and B2m were described in Table 1.

Cycling conditions were as follows: 10-min denaturation step at 95°C followed by 45 cycles
with 10 s denaturation at 95°C, 8 s primers annealing at 60°C, and 6 s of elongation at 72°C.
The LightCycler was programmed to carry out a melting cycle to verify the specificity of the
amplified products. Melting curves and quantitations were analysed using LightCycler and
Rel Quant softwares, respectively.

2.5. Western blotting

After treatment, the cells were washed with PBS and lysed as previously described[7]. The
membranes were then probed with either an anti-poly(ADP-ribose) polymerase (PARP)
(Zymed, San Francisco, CA) (1:500) or anti-Bcl-2 (Dako) (1:100), anti-p53 (Dako, Glostrup,
Denmark) (1:100), or anti-pZIWAF ! (Oncogene, Darmstadt, Germany) (1:100) mouse
monoclonal antibodies. Then blots were labeled with peroxidase conjugated secondary anti-
mouse antibody (Jackson Immunoresearch, Baltimore, MD) (1:3000). Visualisation was
performed by chemiluminescence. Hybridization with anti-actin mouse monoclonal antibody
(1:1000, Sigma) was used to control equal loading.

2.6. Plasmid constructs and transfection

The Bcl-2 full-length promoter-luciferase construct (pGL3-Bcl-2) was kindly provided by Dr
Richard J Bold [25]. Cells seeded into 12-well plates and grown to 90-95% confluence were
transiently transfected with 1.6 pg DNA of this Bcl-2 promoter luciferase construct using
Lipofectamine 2000 reagent, as suggested by the manufacturer (Invitrogen Life Technologies,
Carlsbad, CA). After 5h of transfection, cells were washed and a fresh medium or medium
including 10 or 100 nM VRL was added. Cells were harvested after 4 h, 8 h, 12 h, 18 h and

24 h post-treatment respectively. Luciferase assays were performed with the Bcl-2 transfected
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cells lysate, using the Luciferase Assay System kit (Promega, Madison, WI). Luciferase
activity was evaluated using a luminometer. The transfection efficiency between dishes was
verified by transfecting cells with pCMV/-gal. B-Galactosidase activity was evaluated by
spectrofluorometry as described previously (Bourgarel-Rey et al., 2000). All transfections
were performed at least in triplicate.

2.7. Evaluation of hnRNA levels

RT-PCR was conducted to amplify a region of Bcl-2 heterogeneous nuclear RNA (hnRNA)
transcript. Total RNA extraction and reverse transcription were carried out as previously
described for qRT-PCR. The RNA extraction includes a DNAse treatment to degrade the
genomic DNA. For the PCR reaction, the primers were chosen from intronic regions to
amplify a 212 bp sequence specific for a primary unprocessed transcript (Table 1). Absence of
amplification products with non-reverse transcribed RNA was used as a control to verify the
absence of potential contamination by genomic DNA (data not shown). We then amplified
Bcl-2 hnRNA and Bom. The reaction conditions included a denaturation step at 93°C for

4 min, followed by 25 (for f2m) and 34 cycles (for Bcl-2) of denaturation at 93°C for 30 s,
annealing at 55°C for 30 s, and elongation at 72°C, 30s. We determined that the amplification
fell within the linear range with 25 cycles for f2m and 34 cycles for Bcl-2. Amplified
products were separated by electrophoresis on a 2% agarose gel. DNA bands were visualized
by ethidium bromide staining, and the image was then digitized. The level in Bcl-2 hnRNA
was normalized to 32m transcript. The percentages of variation of Bcl-2 hnRNA reported in
the text were the mean values of three experiments.

2.8. Chromatin ImmunoPrecipitation Assay

The ChIP assay was performed using the EZ ChIP kit according to the manufacturer’s
directions (Upsate, Lakeplacid, NY). After 12h treatment with 10 nM NVB, 2.5 x 10° cells

were harvested, crosslinked with 1% formaldehyde and the reaction was quenched by glycine
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125 mM. Cells were lyzed and sonicated to generate chromatin fragments between 200 and
1000 bp. Sheared chromatin fractions were incubated overnight with anti-p53 antibody (p53
(DO-1): sc-126, Santa Cruz Biotechnology, Santa Cruz, CA) on rotating device at 4°C.
Immunocomplexes were then washed and eluted with elution buffer. The eluates and the input
sample (1% of the amount used in the IP procedure) were reverse-crosslinked by incubating at
65°C overnight in presence of 0.2 M NaCl. After Rnase and proteinase K digestion, the DNA
fragments were extracted using phenol-chloroform and purified using Qiagen PCR
purification kit. Presence of selected DNA sequences was assessed by quantitative PCR.
Sequences of primers are given in Table 1.

2.9. Statistical analysis

Each experiment was performed at least in triplicate. Statistical significance was tested using
the student’s T test for comparisons between the means, and differences between two

conditions were retained for p<0.05.
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3. Results
3.1 Apoptosis induction by Vinorelbine is correlated with Bcl-2 down-regulation

We first determined the IC50 value, i.e 7nM, of VRL in A549 cells by MTT assay
(Fig.1A). As evaluated by DAPI staining after a 72 h-treatment, VRL induced apoptosis in
A549 cells, in a concentration-dependent manner: 7 + 3%, 21 + 1% and 27 + 4% (p<0.05)
with 10, 50 and 100 nM, respectively (Fig. 1B). Apoptosis induction was further confirmed
by PARP cleavage (116 kDa to 89 kDa fragment) after VRL treatment (Fig. 1C).

Bcl-2 expression was then determined in these apoptotic conditions. VRL treatment (48h)
resulted in a significant decrease of Bcl-2 protein from 37 + 2% to 60 + 4% with 10 nM
(IC70) and 100 nM VRL, respectively (Fig. 2A). Bcl-2 down-regulation was maintained until
apoptosis completion (72h), and reached 69 + 5% with 100nM VRL. This result was
confirmed in breast cancer cells MCF-7, since 50nM VRL (IC80) decreased Bcl-2 protein at
48h by 50 % (data not shown); variation that was even higher after a 72h treatment (Fig. 2A).
This process was also common to drugs other than MTAs since 50nM doxorubicine (IC70)
also triggered a decrease in Bcl-2 protein level by 51% and 39% at 48h and 72h respectively

in A549 cells (data not shown).

3.2 VRL down-regulates Bcl-2 at a transcriptional level

We then determined whether the decrease of Bcl-2 protein was exclusively due to its
degradation, or whether it was accompanied with a decrease in Bcl-2 mRNA levels.
Quantitative RT-PCR analyses of the Bcl-2 mRNA expression in untreated and VRL-treated
A549 cells were performed. Results showed a 60 7% and 70 + 5% decrease (p<0.05) in Bcl-
2 mRNA with 10 and 100 nM respectively, early as 24 h (Fig. 2B). The Bcl-2 mRNA

decrease persisted after a 48 h of VRL treatment (68 + 10% for 100 nM VRL for example).

Page 9 of 31



Bcl-2 mRNA levels were also lower (79+18%) in A549 cells treated with 50nM doxorubicine
for 24h (data not shown).

In VRL-treated MCF7 cells, similar results were found from 24h (37% decrease with
5nM, data not shown).to 48h (Fig. 2B). On the opposite, in another breast cancer cell line
SKBR3, we did not found any variation in Bcl-2 mRNA level, either at 24h (data not shown)
or at 48h (Fig. 2B).

We then evaluated Bcl-2 transcription activation by gauging Bcl-2 heterogeneous nuclear
RNA (hnRNA) levels by RT-PCR analysis (Fig. 3A). hnRNAs are the first products of
transcription that contain both introns and exons. VRL induced a significant decrease in Bcl-2
hnRNA level in A549 cells, with a maximal impact at 8 h post-treatment with both 10 nM (50
+ 19%) and 100 nM VRL (70 £+ 8%). This change in hnRNA cellular content was still
measured at 12h post-VRL treatment (data not shown). All these data highlighted an early
transcriptional regulation of the Bcl-2 gene.

To definitely confirm this process, we transfected the Bcl-2 full length promoter luciferase
construct in A549 cells and evaluated promoter activity by comparing luciferase activity in
VRL treated and untreated cells. As shown in Fig. 3B, Bcl-2 promoter activity was inhibited
by 100nM VRL as early as 4 h (30+8%, p<0.05), with a higher inhibition observed at 8 h
post-treatment (43 £ 5%). This significant decrease was also found after 8h treatment with
10nM VRL (40+12 %) or 50nM doxorubicine (70£2 %) in A549 cells (data not shown).
Moreover, in agreement with mRNA quantification, bcl-2 promoter activity was decreased at
8h by 5 and 50nM VRL in MCF7 cells, while it remained significantly unchanged in SKBR3
cells (Fig. 3B).

Taken together, our results indicated that Bcl-2 down-regulation during tumour cell

apoptosis involves an inhibition of the Bcl-2 promoter activity.
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3.3. Vinorelbine-mediated increase in p53 expression is responsible for Bcl-2 down-
regulation and apoptosis

Since the transcriptional regulation of Bcl-2 specifically occurred in A549 and MCF7
cells, which express wild-type p53, and was not observed in the p53 mutated SKBR3 cells,
we hypothesised that p53 may be involved in Bcl-2 down-regulation. Thus we first measured
p53 expression level in VRL-treated cells (48h). As shown in Fig. 4, 10nM VRL induced a
high increase (1444 fold) in this transcription factor in A549 cells. This induction was
associated with an increase in p21 expression level (32 fold), well- known target of p53. One
can observe that higher concentrations of VRL were less effective than 10nM, even if p53 and
p21 remained largely induced (1042 fold for p53 and 26 fold for p21 at 100nM). While
microtubule-governed p53 transport is enhanced by low MTA concentrations, the high
concentrations may disturb p53 nuclear translocation, as previously proposed [20, 40].

Then, to determine whether p53 could be involved in Bcl-2 down-regulation, we used the
specific p53 inhibitor pifithrin a (30uM). Pifithrin a is able to inhibit p53-dependent apoptosis
by reversible inhibition of both p53 transactivation activity and p53 downstream events [26].
We verified the effect of this specific inhibitor by studying p53 and p21 protein expression
levels in VRL-treated and untreated A549 cells. As shown in Fig. 5A, pifithrin a treatment
prevented VRL-induced p53 and p21 increases. More interestingly, VRL-mediated Bcl-2
down-regulation was also inhibited by pifithrin o, supporting the link between p53 activity
and Bcl-2 transcriptional regulation.

Furthermore, we studied apoptosis in A549 cells simultaneously treated with pifithrin o
and VRL (72h) and showed that inhibition of p53 activity decreased the number of
fragmented nuclei containing cells (Fig. 5B). Indeed, 100nM VRL induced 27 + 4% of

apoptotic cells while apoptosis was reduced to 13 + 5% when VRL was combined with
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pifithrin a (p<0.05). Altogether, our results indicate that p53 is likely responsible for the

transcriptional regulation of Bel-2, and thus participates to apoptosis triggering.

3.4. Identification of a novel p53 binding site on Bcl-2 promoter

To determine the in vivo interaction between p53 protein and its potential binding site
on Bcl-2 promoter, chromatin immunoprecipitation (ChIP) assays with a p53-specific
antibody were performed. We first confirmed the increased binding of p53 at the responsive
element (RE) site and the Sp1 site in p21 WAF1 promoter reported by Habold et al. [27] after
VRL treatment (data not shown). Using bioinformatics approach, we identified one p53
consensus binding site 1 kb upstream of Bcl2 P; promoter TSS (Fig.6A). Moreover, ChIP
revealed that p53 association to Bcl2 promoter was stimulated by VRL treatment (Fig.6B).
However, no significant increase of p53 binding to P, promoter TATA box during VRL
treatment was found in contrast to previous report [16]. Thus, our data revealed a novel p53

binding site which appeared as major in our VRL-induced apoptosis induction.

Page 12 of 31



4. Discussion

Understanding and unravelling mechanisms of anticancer drug-induced apoptosis is of
prime importance, not only for designing effective therapeutic interventions and developing
novel cancer therapy strategies, but also for monitoring cancer responses to chemotherapeutic
drugs. With better knowledge, it should be possible to implement a more rational usage of
chemotherapeutic agents specifically for certain tumour types. Indeed, in the cellular response
to genotoxic stresses generated by various anticancer agents, cell cycle checkpoint and
apoptosis are considered to be two of the major biological events in maintaining genomic
stability. Vinca alkaloid cytotoxicity is well-documented and strongly related to apoptosis
induction [7, 8, 28].

To provide deeper insight into the mechanisms underlying induction of apoptosis
following VRL treatment in A549 cells, we investigated the involvement of the antiapoptotic
protein Bcl-2. Actually, Bcl-2 inactivation may lead to the apoptotic process enabling
activation of the caspases and, consequently, the degradation of structural proteins such as
PARP [29]. As described with taxanes [30], the present study showed that Bcl-2 is down-
regulated following VRL treatment. This frequently observed Bcl-2 decrease at protein level
is often associated with phosphorylation-mediated Bcl-2 inactivation and degradation [31,
32]. In our conditions, this decrease in Bcl-2 protein levels was correlated to a lower
intracellular amount of Bcl-2 mRNA. Other authors have reported that paclitaxel treatment
reduced Bcl-2 mRNA [33-34] and suggested that it was due to post-transcriptional
mechanisms as mRNA destabilisation rather than decreased transcription. In our study, we
found that VRL acts on Bcl-2 expression at a transcriptional level, by decreasing the promoter
activity. Thus, VRL-induced Bcl-2 down-regulation probably occurs through a combination
of two phenomena, i.e. protein degradation and mRNA regulation. It should be noticed that

the decrease in Bcl-2 promoter activity has also been described with other drugs than those
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targeting microtubules, including SFU and Carboplatin [35]. We confirmed in the present
work that Bcl-2 mRNA decrease following its promoter down-regulation is not MTA specific
since this process also occurs after doxorubicine treatment. The Bcl-2 promoter contains
binding sites for several transcription factors and is regulated by a complex protein network.
There is a possibility that each treatment would involve a specific protein connection which
could disturb Bcl-2 transcription.

It is well-known that p53 expression is induced by different anti-cancer drugs,
including MTAs [6-7]. Consistently with this and our previous data [20], the present study
showed that VRL increased the amount of cellular p53 and its target gene p21 that reflects
p53 functionality. pS3 has been shown to display a direct effect on apoptosis. Especially, p53
mediates apoptosis by transactivating genes that enhance apoptosis, such as Bax [36], and by
repressing genes that inhibit apoptosis, such as Bel-2 [37]. The negative regulation of Bcl-2
by p53 has been shown by transient transfection of wild-type p53 that repressed the Bcl-2
full-length promoter [38]. Moreover, the relationship between drug-induced apoptosis, p53
and Bcl-2 gene expression has been previously demonstrated in vitro [39] and some authors
have confirmed that the down-regulation of Bcl-2 and/or the up-regulation of p53 and p21 are
certainly one of the important modes of apoptosis induction by taxanes [30]. Our data
obtained after pifithrin o incubation support the notion that VRL treatment triggers p53
activation and leads to a pS3-dependent down-regulation of Bcl-2. This link is reinforced by
comparative studies of the p53 wild-type (A549 and MCF7) and inactive (SKBR3) cancer cell
lines, since a functional p53 protein appeared to be necessary for Bcl-2 transcriptional
regulation by VRL. Then, the anticancer drug-induced Bcl-2 down-regulation rather depends
on the p53 status than on the cellular type of tumour.

ChIP assays further confirmed p53 role, showing that VRL increased p53 interaction

with Bcl-2 promoter, in a novel region located in the P; promoter. It should however be
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noticed that we did not measure a significant binding of p53 on the TATA box, in contrast to
what has been recently described [16]. This discrepancy in the results could be due to the
techniques used, since Bredow et al. did not evaluate p53 interaction with the endogenous
gene, but only with bcl-2 promoter luciferase contructs.

As Bcl-2 promoter contains many binding sites for different transcription factors, one
could assume that several regulation proteins may be implicated in the VRL-induced Bcl-2
decrease. For example, the transcription factor NF-«xB has also been suggested to play a role
in the down-regulation of Bcl-2 gene expression during treatment with anticancer drugs like
5FU and Carboplatin [41]. Its inhibition by such treatments results in down-regulation of the
Bcl-2 promoter. We cannot therefore rule out the possibility that transcription factors other
than p53 may also be involved in Bcl-2 down-regulation.

Lastly, the involvement of microtubules in signal transduction and the relationship
between microtubules and transcription factors is becoming an intensive research area. As an
increasing number of proteins with crucial intracellular functions are shown to traffic via
microtubules, the significance of interfering with this microtubule function will take on
increasing importance. Activation of transcription factors that target downstream genes,
including apoptosis-related genes, play a critical role in promoting anticancer drug activity.
Therefore, a better understanding of the molecular effects of MTA-based treatments would
help to improve the efficacy of the related chemotherapy.

In conclusion, our study provides further insight into the molecular mechanism
underlying VRL-induced apoptosis of cancer cells, by showing a transcriptional decrease in
Bcl-2. Furthermore, we highlight the pivotal role of p53 in VRL-induced apoptosis and open
up possibilities for improving MTA efficiency, such as adapting treatment according to p53
status and Bcl-2 tumour profile expression. Given the strong relationship between apoptosis

and drug effectiveness, reinforcement of p53 activity and/or abrogation of Bcl-2 expression
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could represent attractive ways to promote MTA-induced apoptosis and enhance cell

sensitivity to this kind of treatment.
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Figure legends

Fig. 1 - Vinorelbine induces apoptosis in A549 cells.

(A) Concentration-dependent inhibition of cell survival after a 72h treatment by VRL using
MTT assay.

(B) DAPI staining of cells visualized by fluorescent microscopy (magnification X40).
Apoptotic cells contain fragmented nuclei (see arrow). Cells were incubated with 0 nM
(control), 10, 50 and 100 nM VRL over 72 h. The graph shows percentages of apoptotic cells
(* p<0.05).

(C) Immunoblotting analysis of PARP cleavage from 116 kDa to 89 kDa. A549 cells were
incubated with 0 nM (control), 10 nM or 50 nM VRL over 48 h. Actin immunoblot serves as

loading control.

Fig. 2 - Bcl-2 expression is downregulated in VRL-treated cells.

(A): Bcl-2 protein expression was assessed by Western blotting after 48 h and 72 h of
treatment in the A549 and MCF7 cells. Actin immunoblot serves as loading control.

(B): Bcl-2 mRNA expression was analyzed by quantitative RT-PCR.

A549, MCF7 and SKBR3 cells were treated for 24 h or 48 h with different doses of VRL. The
RelQuant software adjusts the Bel-2 expression to B2m expression values. The results are

expressed as means and SD of five independent experiments (* p<0.05).

Fig. 3 - Bcl-2 transcription activation is decreased by VRL treatment.
(A): Bcl-2 hnRNA levels were assessed by RT-PCR analysis. Cells were treated for 8 h with
0 nM (control), 10 nM or 100 nM VRL. Agarose gel electrophoresis band intensity was

estimated using densitometric measurements. The REL (relative expression level) equals the
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densitometric value of Bcl-2/the densitometric value of f2m. The graph shows means and SD
of five independent experiments (* p<0.05).

(B): Effect of VRL on luciferase activity in A549, MCF7 and SKBR3 cells. Cells were
transfected by pGL3-bcl2 and stimulated with different doses of VRL during 4 and 8h in
A549 cells, and 8h in MCF7 and SKBR3 cells. The results are expressed as means and SD of

three independent experiments, with each condition tested in triplicate.

Fig. 4 - VRL treatment increases p53 and p21 levels in A549 cells.
p53 and p21 levels were assessed in the A549 cells by Western blotting after a 48 h treatment
with 0 nM (control), 10 nM, 50 nM or 100 nM VRL. Actin immunoblot serves as loading

control.

Fig. 5 - Pifithrin a prevents p53, p21 and Bcl-2 VRL-induced modulations and apoptosis.
A-p53, p21 and Bcl-2 levels were measured in the A549 cells after a 48 h treatment with 10
nM VRL with or without 30 uM of pifithrin a. Actin immunoblot serves as loading control.
B- DAPI staining of cells visualized by fluorescent microscopy (magnification X40). A549
cells were incubated for 72 h with 0 nM (control), and 100 nM VRL. The photographs are
representative of the four different conditions, i.e. untreated cells, 100 nM VRL, 30 uM
pifithrin o and co-treatment with 100 nM VRL and 30 puM pifithrin a. The graph represents

the percentage of apoptotic cells after 72h VRL treatment with 50 or 100nM (* p<0.05).

Fig. 6- Identification of a novel binding site of p53 on the Bcl-2 promoter
A- Schematic diagram of the human Bcl-2 promoter. P; and P, are located at -1431 bp and -

58 bp relative to the initial ATG. P;TTS (P1 transcriptional start site) is located at -714 bp
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(NM_000633). PNRE (p53 negative responsive element) was indicated as described by
Miyashita et al., 1994.

B-Fixation of p53 on Bcl-2 promoter was measured by ChIP assay coupled to detection by
gRT-PCR. We evaluated the binding of p53 protein on the identified p53 site and on the
TATA sequence in A549 cells treated or not by 10nM of VRL. The fold enrichment of the
immunoprecipitation was calculated by dividing the quantities of DNA in the anti-p53 —

precipitated samples by that of the matched control antibody (IgG2a) (**p<0.005).
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Table

Table 1 Sequences of primers

Gene Sequence

Bel-2 Real-time F:5 GGTGAACTGGGGGAGGATTGT 3’
RT-PCR 15" CTTCAGAGACAGCCAGGAGAA 3°

B2-microglobulin Real-time : 5> CCGACATTGAAGTTGACTTAC 3°
RT-PCR 15> ATCTTCAAACCTCCATGATG 3’

hnRNA Bcl-2 RT-PCR

: 57 ACCTTTCAGCATCACAGAGGA ¥’

Bcl-2 promoter ChIP
(TATA)

: 5> CAAGTGTTCCGCGTGATTG 3°
: 57 CCCGGTTATCGTACCCTGTT 3°

Bcl-2 promoter ChIP
(p53 site)

: 5 GGTGTTAGGGACAGAGGGAAA 3°

F

R

F

R

F

R : 5 CCCAGAGAAAGAAGGAGTT 3’

F

R

F

R:5 CACGTTTTAAGCAATGTCTAGGG 3°
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Figure 1
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Figure 2

Figure 2
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Figure 4

Figure 4
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Figure 6

Figure 6
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