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Decrease in c-Myc activity enhances cancer cell sensitivity to

vinblastine

Céline Bressin®, Véronique Bourgarel-Rey®, Manon Carré®, Bertrand Pourroy?,
Diego Arango®, Diane Braguer® and Yves Barra®

The c-myc oncogene encodes for a transcriptional factor
involved in many cellular processes such as proliferation,
differentiation and apoptosis. According to these different
functions, the role of c-Myc protein in cellular sensitivity
to anti-cancer drugs is controversial. We defined the

role of c-Myc in cancer cell sensitivity to vinblastine (VLB)
using human colon cancer cells: LoVo wild-type or
transfected with a plasmid containing the human c-myc
gene in antisense orientation (LoVo-mycANS). Analysis of
VLB cytotoxicity demonstrated a 3-fold increase in VLB
sensitivity in LoVo-mycANS cells. Comparison between
cells revealed different apoptosis kinetics: accumulation
of cells in sub-G, phase and poly(ADP-ribose) polymerase
cleavage occurred earlier in LoVo-mycANS. Then, we
demonstrated a mitochondrial membrane potential
disruption followed by cytochrome c release that indicates
the involvement of mitochondria in this apoptotic signaling
pathway. This earlier apoptosis was accompanied by a
Bcl-2 decrease and a p53 increase. In conclusion, the
decrease in c-Myc expression enhanced the VLB sensitivity,
triggering earlier apoptosis through induction of the

Introduction

Maintenance of normal function in cells depends on a
precise regulation of multiple signaling pathways that
control cellular decisions to either proliferate, differenti-
ate or initiate apoptotic cell death. Deregulation of the
balance between these distinct processes leads to human
diseases such as cancers.

The c-myc protooncogene encodes for the c-Myc tran-
scription factor, which plays an important role in cellular
proliferation. The increase of c-Myc in response to
various mitogenic stimuli is required for cells to enter
into the S phase [1]. Concomitantly with promoting cell
proliferation, c-Myc inhibits terminal differentiation and
sensitizes cells to apoptosis [2]. In fact, c-myc is induced
by a variety of apoptotic stimuli, including cytokines,
hypoxia, DNA damage and chemotherapeutic agents [3].
Despite intensive research, the molecular mechanisms
involving c-myc-mediated apoptosis are not as yet under-
stood [4]. Its overexpression in a large subset of tumors
[5] suggests that this oncogene represents an attractive
target for cancer therapy.

Although c-myc has been involved in both proliferation
and cell death, the role of c-Myc protein in cellular
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intrinsic pathway. Thus, c-myc induction is a resistance
factor and our findings suggest that tumors carrying low
levels of c-Myc protein could be more responsive to

vinca alkaloids treatment. Moreover, the downregulation
of c-myc oncogene by an antisense strategy might
represent a useful goal for improving the efficacy of this
anti-neoplastic drug family. Anti-Cancer Drugs 17:181-187
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susceptibility to anti-cancer drugs is controversial [6].
Indeed, its overexpression has been reported to increase
chemotherapeutic sensitivity to adriamycin, camptothe-
cin and etoposide [7,8], whereas it induces resistance to
cisplatin [9]. Microtubule-damaging agents (MDAs) are
clinically used as anti-cancer drugs for the treatment of
various types of tumors. Some of these compounds
inhibit microtubule polymerization (e.g. vinca alkaloids),
whereas others stabilize microtubules (e.g. taxanes).
Relationships between c-myc expression in tumor cells
(over/down expression) and response to MDA treatment
have not as yet been precisely established. Bottone ez 4.
[10] have shown that high c-myc amplification potentiates
the cytotoxic and apoptogenic effect of paclitaxel,
whereas Knapp ez 4/. [11] have shown a dramatic decrease
in tumor growth after paclitaxel preceded by c-myc
antisense oligonucleotide treatment. Moreover, to our
knowledge, no data concerning the response to micro-
tubule depolymerizing agents [i.e. vinca alkaloids includ-
ing vinblastine (VLB)] and c-myc expression have yet
been reported.

MDAs disrupt normal microtubule function by suppres-
sing their dynamics, thus disturbing cell cycle progression
usually leading to a mitotic arrest [12]. Additionally, their
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efficiency has largely been related to apoptosis induction
[13]. We have previously shown that MDAs induce
apoptosis through intrinsic signal pathway activation
[12,14]. This mitochondrial pathway is initiated by
permeabilization of the outer mitochondrial membrane
associated with mitochondrial membrane potential
(AY,,) disruption and followed by release of apoptogenic
factors such as cytochrome ¢, which lead to apoptosome
formation and caspase cascade activation. The mitochon-
drial membrane permeabilization might result from a
direct effect of MDAs [15-17]. Moreover, members of
the Bcl-2 family are central regulators of the intrinsic
pathway [18]. Bcl-2 protein in particular is an anti-
apoptotic mitochondrial membrane-associated protein
that prevents the release of cytochrome ¢ and caspase
activation. It has been reported that MDA treatment
leads to Bcl-2 phosphorylation and decreases its expres-
sion [19]. In addition, p53, normally induced and
activated in response to DNA damage, is induced by
MDA treatment [20]. The wild-type p53 tumor suppres-
sor gene encodes a DNA-binding transcription factor that
is able to mediate cell cycle checkpoint and induction of
apoptotic cell death [21]. c-Myc and its partner Max have
a binding site on the p53 promoter, suggesting that p53 is
a target of c-Myc [22]. The role of p53 status on cell
sensitivity to MDAs is controversial [23].

Our previous data showed that c-myc expression is
induced by MDAs such as VLB [24]. Subsequently, we
investigated the mechanism by which c-myc influences
this sensitivity using a human colon carcinoma cell line
and clones harboring different levels of c-Myc: LoVo
parental cells [(LLoVo-wild-type (W) and LoVo-mycANS
(low c-myc level)].

In this study, we demonstrated that inhibition of c-myc in
LoVo-mycANS leads to an increase in cell sensitivity to
VLB treatment. This enhanced sensitivity is due to an
apoptosis induction that occurs earlier and for lower VLB
concentrations than those in LoVo-W. We also demon-
strated that an intrinsic mitochondria apoptotic pathway
is involved whatever the c-myc status, and that modifica-
tions affected the anti-apoptotic protein Bcl-2 and the
tumor suppressor p53 expression in LoVo-mycANS.

Materials and methods

Cell lines and reagents

LoVo human colon adenocarcinoma cells (LoVo-W, and
LoVo-mycANS-9 and -10), previously characterized (myc
expression level and activity [25]), were maintained in
culture as previously described [25]. LoVo-W were stably
transfected using a vector carrying the c-myc sequence in
the antisense orientation (LoVo-mycANS-9 and -10).
LoVo-control cells were stably transfected using the
empty vector pPCDNA;.

Cells were seeded 24h before treatment at 2.5 x 10%
2 x 10* and 3.3 x 10* cells/cm? for LoVo-W, LoVo-control
and LoVo-mycANS cells, respectively, depending on their
different growth rate.

Stock solution of VLB (Lilly, Saint Cloud, France) was
prepared in distilled water (10™> mol/I) and kept frozen.

c-Myc transactivity

c-Myc transactivity was measured by transient transfec-
tion of either the M4-min-CAT (chloramphenicol acetyl
transferase) or the min-CAT vector. The M4-min-CAT
vector was a kind gift from R. Eisenman (Fred Hutchinson
Cancer Research Center, Seattle, Washington, USA). It
contains a four-tandem repeat of the consensus c-myc
binding site upstream a minimal thymidine Kkinase
promoter controlling the expression of the CAT gene.
The min-CAT vector is identical to M4-min-CAT, but
lacks the c-myc-binding sites. Cells were transfected using
Xtreme gene Q2 (Roche, Mannheim, Germany). The
relative levels of CAT activity in each cell line obtained
from the M4-min-CAT were adjusted for background
levels using the data from the min-CAT transfection [25].

Cytotoxicity assay

VLB cytotoxicity on LoVo cells was assessed after 72 h of
treatment by the tetrazolium assay (MT'T) as previously
described [26]. The ICs, values were then determined as
the concentration of VLB required to reduce the cell
number by 50%.

[*HIVLB cellular accumulation

To evaluate the intracellular VLB accumulation, cells
were incubated with 1 or 3nmol/l [*H]VLB (10.8 Ci/
mmol; Amersham Biosciences, Freiburg, Germany) for
6 h. Then, they were harvested, washed 4 times in PBS
and lysed for 30 min at 4°C in RIPA buffer (20 mmol/l
Tris—HCI, pH 8.0, 200 mmol/l NaCl, 1% Triton, 1 mmol/I
EDTA and protease inhibitors). Total protein amount of
each cellular lysate was determined using the Bio-Rad
Protein Assay Reagent (Bio-Rad, Munich, Germany). Cell
lysates were counted for radioactivity by liquid scintilla-
tion (ILS1707; Beckman, Fullerton, California, USA) [15].

Cell cycle analysis by flow cytometry

After drug treatment, cells were harvested, fixed in
methanol (70%, 20 min at —20°C), washed 4 times with
PBS and stained with propidium iodide (20 pg/ml) for
30 min at room temperature. DNA content was measured by
flow cytometry (FACSort; Becton Dickinson, Mississauga,
Canada), and the percentage of cells in the Go/Gy, S and G,/
M phases was determined (CellQuest software) [26].

Western blotting
After treatment, cells were washed with PBS and lysed
for 30 min at 4°C in RIPA buffer. Cell lysates were
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subjected to SDS-PAGE and transferred to nitrocellulose
membrane. Membranes were then probed with either an
anti-poly(ADP-ribose) polymerase (PARP) mouse mono-
clonal antibody (Zymed, San Francisco, California, USA)
(1:500), an anti-p53 mouse monoclonal antibody (Dako,
Glostrup, Denmark) (1:100), an anti-Bcl-2 mouse mono-
clonal antibody (Dako) (1:100) or with an zmti-leWAFl
mouse monoclonal antibody (Oncogene, Darmstadt,
Germany) (1:100). Then, blots were labeled with a
peroxidase-conjugated secondary antibody (Jackson Im-
munoResearch, Baltimore, Maryland, USA) (1:2000).
Visualization was performed by chemoluminescence.
The equal loading was confirmed by Ponceau S solution
staining (Fluka, Steinheim, Germany).

Microscopy fluorescence studies: DAPI staining and
cytochrome c visualization

Cells were grown on eight-well plates (Labtek, USA), and
incubated with 3 nmol/l VLB for 24 and 48 h. They were
then fixed with 3.7% formaldehyde, permeabilized with
0.1% saponine, and incubated with the anti-cytochrome ¢
antibody (PharMingen, San Diego, California, USA) and
secondary antibody coupled with FITC (Amersham) as
previously described [17]. An additional incubation with
DAPI (Sigma, Steinheim, Germany) was realized to stain
nuclei [27]. Cells were observed using a Leica DM-IRBE
microscope coupled with a digital camera (CCD camera
coolsnapFX; Princeton Instruments, Trenta, New Jersey,
USA). Four hundred cells were analyzed with Metamorph
software.

Cytofluorimetric analysis of AY,

For analysis of AW, cells were incubated with 3 nmol/I
VLB for 24, 48 or 72h. Then, they were harvested,
incubated with 100 nmol/l of 3,3'-dihexyloxacarbocyanin
iodide (DiOC6) (Molecular Probes, Leiden, Nether-
lands) for 30 min and analyzed by flow cytometry as
previously described [14]. To ensure that DiOC6 uptake
was specific for AW, we also treated cells with 50 pmol/I
carbonyl cyanide m-chlorophenylhydrazone (CCCP),
which is a protonophore that dissipates the AWY,,.

Statistical analysis

Each experiment was performed at least in triplicate.
Statistical significance was performed with Student’s
7-test for comparison between the means; difference
between two conditions was retained for P < 0.05.

Results

c-myc downregulation increases VLB sensitivity

First, we checked the transfection and RNA antisense
efficiency in different clones (LoVo-mycANS-5, -9, -10
and -13) as previously described [25]. LoVo-mycANS-5
and -13 did not show a decreased myc activity, whereas
LoVo-mycANS-10 showed a weak (—60%) reduced c-myc
transactivity (data not shown). LoVo-mycANS-9 showed

Fig. 1
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c-myc downregulation sensitizes cells to VLB. Concentration
dependence for cell growth in the presence of VLB in parental (LoVo-
W), LoVo myc antisense (LoVo-mycANS) and LoVo-control cell lines.
Cells were treated for 72 h with increasing concentrations of VLB and
cell proliferation was assessed using the MTT reagent. LoVo-mycANS-9
and -10 showed statistically decreased ICso compared with LoVo-W
(P < 0.05).

the most (—90%) reduced myc transactivity (as previously
described [25]).

To evaluate the role of c-myc on drug sensitivity, the
effects of growing VLB concentrations on LoVo-W,
LoVo-control, and LoVo-mycANS-9 and -10 were deter-
mined using the MTT assay. As shown in Fig. 1, VLB
inhibited 50% of cell growth at 1 and 1.3 nmol/l in LoVo-
mycANS-9 and -10, respectively, whereas 50% of cell
growth inhibition required 3 nmol/l VLB for both LoVo-
control and LoVo-W. LoVo-control cells showed the same
VLB sensitivity as LoVo-W cells, indicating that the
transfection process alone was not able to generate the
gain in sensitivity observed in LoVo-mycANS-9 or -10.
LoVo-mycANS-9 displayed a 3-fold higher sensitivity to
VLB as compared with LoVo-W (P < 0.05). Therefore, we
decided to compare LoVo-W to LoVo-mycANS-9 in
further experiments.

Since VLB is a substrate of efflux pumps (like
P-glycoprotein and MRP1), we evaluated the accumula-
tion of [PH]VLB in both cell lines. After 6 h of 3 nmol/l
VLB treatment, we found no significant difference in
LoVo-W and LoVo-mycANS-9 (data not shown). There-
fore, the difference in sensitivity could not be explained
by a difference in drug accumulation.

The increase in VLB sensitivity generated by c-myc
downregulation is associated with an earlier apoptosis
induction

Vinca alkaloids are known to induce mitotic block in
proliferating cells by inhibition of microtubule dynamics
and/or depolymerization of the microtubule network
[12]. To evaluate whether the difference in sensitivity
to VLB between LoVo-mycANS and LoVo-W was related
to a difference in VLLB-mediated cell cycle perturbations,
we studied the cell cycle progression (data not shown).
Three VLB concentrations were tested: 1 nmol/l (ICsq in
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LoVo-mycANS-9), 3 nmol/l (ICso in L.oVo-W) and a high
concentration of 30 nmol/l. We found the classical effects
of the anti-mitotic agent VL.B: a G,/M phase accumula-
tion (24 h treatment), later followed by a shift toward the
sub-G; phase (48h treatment) that indicates DNA
fragmentation during apoptosis. However, some differ-
ences in extent of events are detectable.

Indeed, 24 h treatment with 1 nmol/l VLB (ICsy value)
blocked 40% of L.oVo-mycANS-9 cells in the G,/M phase,
whereas 3 nmol/l VLB (ICs, value) led to a G,/M phase
blockage of 67% of LoVo-W. Thus, in LoVo-W, cell
accumulation in the G,/M phase is higher than in
LoVo-mycANS-9 at respective [Csps. This is consistent
with the fact that LoVo-W grow faster [25]. In LoVo-
mycANS-9, 30% of cells were already in the sub-G; phase
after treatment with 3 nmol/l (versus 7% in untreated
cells). Apoptosis induction rapidly occurs in parallel to
G,/M block induction.

After 48 h of treatment with 3 nmol/l VLB, accumulation
of most cells in the sub-G; phase was already evident in
LoVo-mycANS-9 (63 versus 7% in untreated cells). In
LoVo-W, no significant difference was detectable between
treated and untreated cells (13 versus 10%, respectively).
It was only detectable after 72 h of VLLB treatment (48%)
in LoVo-W with the same concentration. Therefore, for
the respective ICsg, apoptosis in LoVo-mycANS-9 seems
to occur earlier than in LoVo-W. To explain this difference
in sensitivity, we then studied the apoptotic pathway
induced on both cell lines.

We first confirmed the apoptosis, and its earliness in
LoVo-mycANS-9, by visualizing the chromatin condensa-
tion and nuclear fragmentation (Fig. 2a). After 48h of
3nmol/l VLB treatment, we showed that the percentage
of apoptotic cells was 3-fold higher (P < 0.05) in LoVo-
mycANS-9 than in LoVo-W (152 and 5=*1.5%,
respectively). This result is consistent with the enhanced
accumulation of sub-G; cells observed in LoVo-mycANS-
9 after 48h of VLB treatment. We then studied the
proteolytic PARP cleavage in VLB-treated LoVo-W
and LoVo-mycANS-9 cell lines. A specific cleavage of
the 116-kDa PARP to a 89-kDa proteolytic fragment
occurs during the apoptosis process concomitantly with
final events [28]. As shown in Fig. 2(b), the PARP
cleavage was total as early as 48h of treatment with
3nmol/l VLB in LoVo-mycANS-9, whereas it began at
72h in LoVo-W. Thus, after 3nmol/l VLB treatment,
LoVo-mycANS cells started an earlier apoptosis.

Together, all these data indicate that c-myc downregula-
tion increases VLB sensitivity in a manner closely related
to an earlier induction of apoptosis. We then investigated
whether apoptosis shown in LoVo-W and in LoVo-
mycANS-9 followed the same signaling pathway.

Fig. 2
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The increase in VLB sensitivity generated by c-myc downregulation is
associated with an earlier apoptosis induction. (a) DAPI staining of cells
visualized by fluorescent microscopy. Apoptotic cells contain
fragmented nuclei (arrow). LoVo-W and LoVo-mycANS-9 cells were
incubated with O (control) and 3 nmol/I VLB for 48 h. (b)
Immunoblotting analysis of PARP cleavage from 116 to 89 kDa. LoVo-
W and LoVo-mycANS-9 were incubated with O (control) and 3 nmol/I
VLB for 48 and/or 72 h. Actin immunoblot serves as a control.

Increased VLB sensitivity is associated with an earlier
loss of A¥,, and an earlier cytochrome c release

AY,, disruption is usually associated with the opening of
mitochondrial channels and with the subsequent release
of apoptotic factors such as cytochrome ¢ [29]. In order to
investigate the potential involvement of mitochondria in
VLB-induced apoptosis, we evaluated AW, variations by
DiOC6 incorporation and flow cytometry analysis. We
quantified the percentage of depolarized cells, i.e. cells
with loss of AW, after treatment with 3 nmol/l VLLB. The
percentage of depolarized cells significantly (P < 0.05)
increased in a time-dependent manner in both cell lines
(15.1£1.0, 22.1 £0.6 and 33.2=2.8% in LoVo-W and
19.8 £ 3.9, 30.4 = 4.2 and 35.4 = 1.4% in LoVo-mycANS-
9 after a 24, 48 and 72h of treatment, respectively).
Thus, mitochondria are affected in both cell lines under
VLB treatment. Interestingly, as shown in Fig. 3, after
24 h of treatment, the percentage of depolarized cells is
more important in LoVo-mycANS-9 than in LoVo-W as
compared with control (2- and 1.6-fold, respectively).
These data suggests that the intrinsic pathway may be
activated earlier in LoVo-myc-ANS-9.

The data was confirmed by cytochrome ¢ immunofluor-
escence analysis (data not shown). After 24h of treat-
ment with 3 nmol/l VLB, cytochrome ¢ was released in the

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Enhanced vinblastine sensitivity in low c-myc activity cells Bressin et al.

cytosol of LoVo-mycANS-9 and remained in the mito-
chondria of LoVo-W cells. It was detectable in the cytosol
only after 48 h in LoVo-W.

Thus, the mitochondrial pathway was involved in both
cell lines and the increased sensitivity was accompanied
by its earlier activation in LoVo-mycANS-9.

Apoptosis induction in LoVo-mycANS is associated with
Bcl-2 downregulation

To further investigate the signaling pathway involved in
mitochondrial VLB-induced apoptosis, we determined

Fig. 3
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B LoVo-mycANS-9 VLB 3 nmol/I

The increase in VLB sensitivity is associated with a higher A¥Y,,
disruption in LoVo-mycANS-9 cells. A¥, was assessed by DiIOC6
staining followed by flow cytometry analysis. An increase in percentage
of depolarized cells at 24 h (with disrupted AY,,,) is noticed.

185

the expression level of the anti-apoptotic protein Bcl-2.
Western blot was performed with total extracts of cell
treated from 24 to 72 h with 3nmol/l VLB (Fig. 4).

The basic level in the two cell lines was different: in
LoVo-mycANS-9, Bcl-2 was highly expressed; in LoVo-W,
it was undetectable. After 24h of VLB treatment, no
modification was observed. After 48 h of VLB treatment,
we noticed a decrease in Bcl-2 level in LoVo-mycANS-9.
This decrease was maintained after 72h of treatment,
whereas its level remained undetectable in LoVo-W.

As Bcl-2 can be downregulated by the tumor suppressor
p53, we analyzed the p53 protein content and also found
differences between cell lines. In LoVo-mycANS-9, the
basal level of p53 was low, whereas this protein was
strongly expressed in LoVo-W. After 3nmol/l VLB
treatment, no appreciable change was observed in
LoVo-W even when we loaded a lower amount of protein
in gels (data not shown). Furthermore, we noticed an
induction of p53 expression in LoVo-mycANS-9 at 48 h of
treatment, increasing with time.

Thus, the signal pathway leading to apoptosis modulates
Bcl-2 and p53 expression in LoVo-mycANS-9. The
involvement of Bcl-2 confirms the mitochondrial pathway
induction.

Discussion

We previously showed that VLB induced c-myc expression
in different human cell lines [24,30], including those
used in the present study (personal data). According to
the paradoxical role of the c-myc oncogene in proliferation
and apoptosis, this induction could be a mechanism of
resistance or, on the contrary, a factor favoring cell

Fig. 4
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VLB treatment modulates Bcl-2 and p53 expression in LoVo-mycANS-9. Bcl-2 and p53 expression was assessed by Western blotting in the LoVo-W
and the LoVo-mycANS-9 cells after 24, 48 and 72 h of treatment with O (control) or 3 nmol/I VLB. Actin immunoblot serves as a control.
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sensitivity to drug treatment. To define the exact role of
c-myec, we investigated whether the effects of VLB could
be modulated by the c-myc activity level. We found that
downregulation of c-myc increases VLB cell sensitivity
associated with an apoptosis induction. This study is
consistent with works showing that c-myc antisense
oligonucleotide treatment increases susceptibility to
cisplatin by activating apoptosis [6,31,32]. Our results
are of interest as antisense RNA technology is more
applicable for /# wvivo studies than an oligonucleotide
approach. Moreover, they constitute a first approach to
evaluate the relationships between c-myc expression and
response to vinca alkaloids. This study supports the
hypothesis that c-myc acts as a survival factor. Conse-
quently, c-myc induction under VLB treatment [24,30]
can be considered as a specific form of resistance that
could delayed VLB-induced cell death.

As the less-sensitive L.oVo-W cells grow faster and have a
higher G,/M block than LoVo-mycANS cells, the
difference in VLB cytotoxicity can be neither related to
the cell growth rate nor to the disturbances in cell cycle
progression.

Interestingly, an interaction between c-Myc protein and
tubulin has been described [33,34], and it is suggested
that microtubules might act as a cytoplasmic reservoir for
c-Myc protein [33,35]. One may hypothesize that the
depolymerizing agent VLB, by disturbing Myc/tubulin
interaction, releases c-Myc from microtubules. Myc could
then act as an anti-apoptotic factor, inducing cell
proliferation. In LoVo-mycANS, the level of c-myc
released by VLB is probably too low to prevent apoptosis.
In agreement with this hypothesis, personal data showed
an increased sensitivity of LoVo-mycANS to the newest
vinca alkaloid vinflunine. Other studies are required to
determine whether similar variations occur with other
pharmaceutical anti-cancer drug classes.

Otherwise, modulations in VLLB-induced apoptotic path-
ways, depending on the c-myc level, could explain this
difference of sensibility. Indeed, apoptosis occurs earlier
in LoVo-mycANS-9 cells than in LoVo-W. Do these
results indicate a faster cell death process in LoVo-
mycANS-9 or do they reflect two distinct signaling
pathways according to c-myc activity level?

Mitochondria play a key role in most apoptotic pathways
by releasing several pro-apoptotic proteins such as
cytochrome ¢. Our results suggest that, in both cell lines,
apoptotic signals downstream of mitochondria share a
cytochrome ¢-dependent common route. Then, what
happens upstream of mitochondria?

Interestingly, p53 and Bcl-2 basal expression levels are
inversely correlated. p53 has been described to influence
the expression of Bcl-2. First, the &¢/-2 gene has a p53

negative responsive element in its promoter [36].
Second, p53 can repress the transcription of Bcl-2
through the agency of one of its targets, e.g. Puma [2].
In addition, the low basal level of p53 protein in LoVo-
mycANS-9 is explained by the fact that p53 is a target of
c-Myc [37]. Lastly, it has also been reported that Myc can
directly suppress Bcl-2 expression [38]. Thus, relation-
ships between these three proteins are closed, and
modulations of c-myc activity are likely to be responsible
for Bcl-2 and p53 variations. After treatment, we showed a
decrease in Bcl-2 expression level in LoVo-mycANS-9.
These data are consistent with the fact that MDAs
usually induce Bcl-2 downregulation leading to mitochon-
drial dysfunction and release of pro-apoptotic factors
[19]. In parallel, we observed an increase in p53
expression level which was confirmed by p21 expression
(data not shown). Interestingly, p53 has been shown to
function as a pro-apoptotic factor [21]. Thus, p53 and
Bcl-2 may, respectively, serve as an effector and repressor
of a common cell death pathway [39]. The Bcl-2 decrease
and p53 increase observed in LoVo-mycANS-9 after VLB
treatment could facilitate apoptosis in this cell line.

In conclusion, c-myc downregulation increases cellular
sensitivity to VLB. This sensitivity gain in low c-myc
activity cells is associated with an earlier apoptosis that
involves the mitochondrial signaling pathway. Thus, the
enhancement of c-myc expression generated by VLB
treatment is likely to constitute a specific form of
resistance of cancer cells. In this way, tumors carrying
low levels of c-Myc protein could be more responsive to
VLB treatment. The downregulation of this oncogene
with antisense strategy might represent a way of
improving the efficacy of MDAs.
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