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Abstract
We recently demonstrated that resveratrol induces caspase-dependent apoptosis in multiple cancer
cell types. Whether apoptosis is also regulated by other cell death mechanisms such as autophagy
is not clearly defined. Here we show that inhibition of autophagy enhanced resveratrol-induced
caspase activation and apoptosis. Resveratrol inhibited colony formation and cell proliferation in
multiple cancer cell types. Resveratrol treatment induced accumulation of LC3-II, which is a key
marker for autophagy. Pretreatment with 3-methyladenine (3-MA), an autophagy inhibitor,
increased resveratrol-mediated caspase activation and cell death in breast and colon cancer cells.
Inhibition of autophagy by silencing key autophagy regulators such as ATG5 and Beclin-1
enhanced resveratrol-induced caspase activation. Mechanistic analysis revealed that Beclin-1 did
not interact with proapoptotic proteins Bax and Bak; however, Beclin-1 was found to interact with
p53 in the cytosol and mitochondria upon resveratrol treatment. Importantly, resveratrol depleted
ATPase 8 gene, and thus, reduced mitochondrial DNA (mtDNA) content, suggesting that
resveratrol induces damage to mtDNA causing accumulation of dysfunctional mitochondria
triggering autophagy induction. Together, our findings indicate that induction of autophagy during
resveratrol-induced apoptosis is an adaptive response.
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1. Introduction
Resveratrol [3, 4′, 5-trihydroxy-trans-stilbene], a plant polyphenol, is most commonly found
in the skin of grapes (Athar et al., 2009; Dong, 2003) and in red wine (Athar et al., 2007;
Dong, 2003). Numerous beneficial effects of resveratrol have been reported such as anti-
aging effects (Chung et al., 2010; Lagouge et al., 2006; Manna et al., 2000), anti-oxidant and
anti-inflammatory activities, inhibition of platelet aggregation and inhibition of growth of a
variety of cancer cells (Athar et al., 2007; Cal et al., 2003). Resveratrol affects all three
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stages of carcinogenesis. For example, resveratrol induces phase II drug metabolizing
enzymes, inhibits cyclooxygenase and hydroperoxidase enzymes, and triggers
differentiation to target initiation, promotion, and progression, respectively (Jang et al.,
1997). Resveratrol is a promising molecule for cancer prevention as well as for anti-cancer
therapy (Delmas et al., 2006; Liu et al., 2007). Resveratrol exhibits minimal toxicity to
normal cells (Aziz et al., 2005; Baur and Sinclair, 2006; Delmas et al., 2003; Gill et al.,
2007; Niles et al., 2003) and targets a wide range of signaling pathways such as apoptosis
and autophagy to impair the growth and survival of a variety of cancer cell types (Athar et
al., 2009). We recently observed that resveratrol induces p53-independent death of cancer
cells (Gogada et al., 2011b), however, whether autophagy could also be considered a key
pathway for cancer cell death is still not clearly understood.

Autophagy is initiated by the formation of a double membrane autophagosome, which fuses
with the lysosomes causing degradation of engulfed organelles such as mitochondria,
cytoplasmic proteins, genomic materials and lipids. The degraded products can be re-
directed to form new macromolecules and ATP. Thus autophagy serves dual purpose within
cells, damage control and energy efficiency. Several proteins such as Beclin-1, ATG5, and
LC3 are involved in various stages of autophagosome formation (Glick et al., 2010; Levine
and Yuan, 2005; Scarlatti et al., 2008). Autophagy is regulated by nutrient sensors such as
mammalian target of rapamycin (mTOR) kinase (Levine and Yuan, 2005) and by the Bcl-2
family of proteins (Levine et al., 2008). Thus, autophagy is a survival mechanism and can
also serve as a form of non-apoptotic programmed cell death in response to multiple stresses
including resveratrol (Glick et al., 2010; Levine and Yuan, 2005; Opipari et al., 2004;
Scarlatti et al., 2008).

Resveratrol has been shown to induce apoptotic (Filomeni et al., 2007; Gogada et al., 2011b)
and autophagic cell death in cancer cells (Opipari et al., 2004; Puissant et al., 2010; Scarlatti
et al., 2008). Autophagy contributes to resveratrol mediated cell survival (Morselli et al.,
2009; Morselli et al., 2010) and suppresses resveratrol-induced apoptosis (Li et al., 2009).
The effects of autophagy on resveratrol-induced caspase activation and cancer cell death are
not well defined. A clear understanding of how resveratrol-induced autophagy regulates
apoptosis in cancer cells is essential for designing effective chemopreventive and
chemotherapeutic strategies. We investigated the effects of autophagy inhibition on
resveratrol-mediated caspase activation and cell death. Pharmacological inhibition of
autophagy as well as the use of siRNA-mediated ATG5 and Beclin-1 knockdown enhanced
resveratrol-mediated caspase activation and cell death. Resveratrol depleted ATPase 8 gene
encoded by mtDNA, suggesting that mitochondria are critical for autophagy induction and
its crosstalk with apoptosis.

2. Materials and Methods
2.1 Cells and Reagents

HCT116 colon cancer cells, PC3 and LNCaP prostate cancer cells, and MDA-MB231 breast
cancer cells were cultured as described previously (Gogada et al., 2011a; Gogada et al.,
2011b). The primary antibodies for ATG5, Beclin-1, LC3 (Cell signaling), Caspase-3
(Rabbit polyclonal antibody (Rb pAb); Biomol), Bak, p53 (Santa Cruz Biotechnology), Bax
(Rb pAb; BD Pharmingen), Bax N Terminus, Bak N Terminus (Rb pAb; Upstate) and Actin
(monoclonal antibody (mAb); ICN) were obtained from the indicated suppliers. Secondary
antibodies and ECL reagents were obtained from GE healthcare. Fluorogenic caspase
substrates DEVD-AFC, LEHD-AFC, IETD-AFC were acquired from Enzo Life Sciences.
All other chemicals not specified were obtained from Sigma.
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2.2 Clonogenic survival assay
Cells (0.5 × 103/well) in 6-well tissue culture dishes were treated with different doses of
resveratrol for 48 h. At the end of this treatment, the resveratrol-containing medium was
replaced with drug-free fresh medium. Clones were counted within 1–2 weeks after fixation
and staining with Giemsa (Jeter et al., 2009; Patrawala et al., 2006). Cell number in each
clone was also counted.

2.3 Preparation of cell lysates, subcellular fractionation, and Western blotting
Preparation of the whole cell lysate, isolation and purification of mitochondrial and cytosolic
fractions, Western blotting were performed as described previously (Chandra et al., 2007;
Zhang et al., 2011).

2.4 Quantification of cell death and caspase activity measurement
Trypan blue dye exclusion test was used to quantify live and dead cells. DEVDase,
LEHDase, and IETDase activities were determined as described previously (Gogada et al.,
2011b; Zhang et al., 2011).

2.5 Establishment of MDA-MB231 cells stably expressing ATG5 or Beclin-1 siRNA using
shRNA lentiviral vectors

To generate lentiviral particles, green fluorescence protein (GFP)-tagged short hairpin RNAs
(shRNAs) specific to ATG5, Beclin-1, and negative control shRNA were cloned into the
pGIPZ (Open Biosystems) lentiviral vector. The shRNA sequences for ATG5 and Beclin-1
were 5′-ACCGTGGAATGGAATGAGATTA-3′, and 5′-
CCGCTATATCAGGATGAGATAA-3′ respectively. The lentiviral particles specific for
ATG5, Beclin-1, and control shRNAs were obtained from the Roswell Park Cancer Institute
(RPCI) shRNA core resource and were directly utilized to infect MDA-MB231 cells at a
multiplicity of infection or MOI of 3. Puromycin (1 μg/ml) was used to select stable clones
and ATG5 or Beclin-1 knockdown was analyzed by Western blotting (Gogada et al., 2011b;
Jeter et al., 2009).

2.6 Immunoprecipitation
Immunoprecipitation analysis for Bax, Bak, p53, and Beclin-1 was performed as previously
described (Gogada et al., 2011b).

2.7 Analysis of mtDNA content by real-time PCR
Total genomic DNA, containing both mtDNA and nuclear DNA, was isolated from
unstimulated and resveratrol treated MDA-MB231 cells using the ZR Genomic DNA II Kit
(Zymo Research). After quantification of DNA samples by the NanoDrop8000 (Thermo
Scientific), Applied Biosystems 7300 real-time PCR system was used to amplify the
GAPDH, β-actin and the mtDNA encoded ATPase 8 gene. Previously described primer
sequences (Chen et al., 2007; Xia et al., 2009) were used. GAPDH (forward): 5′-CCC CAC
ACA CAT GCA CTT ACC-3′, GAPDH (reverse): 5′ CCT AGT CCC AGG GCT TTG
ATT-3′, β-actin (forward): 5′-TCA CCC ACA CTG TGC CCA TCT ACG A-3′, β-actin
(reverse): 5′-CAG CGG AAC CGC TCA TTG CCA ATG G-3′, ATPase 8 (forward): 5′-
AAT ATT AAA CAC AAA CTA CCA CCT ACC-3′, ATPase 8 (reverse): 5′-TGG TTC
TCA GGG TTT GTT ATA-3′. The real-time PCR reaction was carried out in a total
reaction volume of 10μl containing 5μl of 2X iTaq SYBR Green Supermix with ROX (Bio-
Rad, Cat# 172-5850), 10 ng of template DNA, 500 nM each of forward and reverse primers,
and nuclease-free water. Melting curve analysis done at the end of amplification showed the
absence of nonspecific amplification or primer dimer formation. Standard curves generated
using 10 ng to 10 pg DNA provided PCR efficiency based on the equation
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 (Heid et al., 1996). The threshold cycle number (Ct) values for each
reaction were calculated using the 7300 system SDS software. Average threshold cycle
number (Ct) values were obtained by amplification of ATPase 8 (mtDNA-specific),
GAPDH, and β-actin (nDNA-specific). MtDNA content was determined as 2^ΔCt, or fold
difference of mtDNA from nDNA (Kulawiec et al., 2009; Xia et al., 2009).

2.8 Statistical analysis
Results are presented as mean +/− standard deviation of data from three or more
independent experiments. Statistical analysis was performed using Sigma Stat. Statistically
significant changes with p-values of <0.05 or <0.01 are mentioned in the Figures.

3. Results
3.1 Resveratrol inhibits colony formation

To understand the anticancer properties of resveratrol, we studied the effect of resveratrol on
the proliferation capacity of cancer cells using colony-forming assay. Breast (MDA-MB231)
and prostate (LNCaP and PC3) cancer cells were assayed in the presence of different
concentrations of resveratrol, the number of colonies and the number of cells per colony
were assessed. Resveratrol inhibited colony formation in a dose-dependent manner. For
example, in control, DMSO-treated MDA-MB231 cells, 57 colonies were observed, whereas
in 60 and 120 μM resveratrol treatments, the number of colonies was reduced to 24 and 13,
respectively (Figure 1A). The number of cells per colony was also drastically reduced, for
example, the average number of cells in vehicle-treated MDA-MB231 cells was 138,
whereas with 60 and 120 μM resveratrol, the number of cells was 19 and 8 respectively
(Figure 1A). Similarly, in LNCaP and PC3 cells, the number of colonies as well as the
number of cells per colony was reduced upon resveratrol treatment (Figure 1B and C). Thus,
resveratrol treatment reduces colony formation and number of cells per colony in a dose-
dependent manner.

3.2 Autophagy occurs in response to resveratrol treatment and inhibition of autophagy
enhances resveratrol-mediated cell-death

We have previously demonstrated that resveratrol induces mitochondria-dependent caspase
activation and apoptosis in cancer cells (Gogada et al., 2011b). Next we evaluated whether
cancer cells treated with resveratrol also undergo autophagy. Autophagy is initiated in
response to cellular stress by autophagosome formation, which requires the induction of
microtubule associated protein 1 light chain 3 (LC3-I) and its conjugation with
phosphatidylethanolamine (PE). The cytosolic LC3 (i.e., LC3-I) is converted to the
autophagosome associated LC3-II. Therefore, an increase in the levels of LC3-II in response
to stress, is a marker for autophagy (Mizushima et al., 2010). To understand if resveratrol
also induces autophagy, we determined the levels of LC3-I and LC3-II upon resveratrol
treatment by Western blot analysis in MDA-MB231 cells and observed that the level of
LC3-II was increased at 24 h upon 120 μM resveratrol treatment (Figure 2A, lanes 1–2)
showing that resveratrol induces autophagy.

LY294002 and 3-methyladenine (3-MA) are known to inhibit autophagy by class III
phosphatidylinositol 3-kinase inhibition (Blommaart et al., 1997; Seglen and Gordon, 1982).
Resveratrol-induced autophagy (i.e., increased LC3-II levels) was reversed upon
pretreatment with 3-MA in combination with resveratrol (Figure 2A, lanes 3) in MDA-
MB231 cells. However, the level of autophagy was not completely inhibited as a slight
background level of LC3-II was detected with 3-MA alone (Figure 2A, lanes 3 and 4).
Surprisingly, resveratrol-induced caspase 3 activation was increased in the presence of 3-
MA, suggesting that 3-MA may further sensitize cancer cells to undergo apoptotic cell death
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(Figure 2B, lanes 2–4). To delineate the role of resveratrol-induced autophagy in cancer cell
death, we measured viability of MDA-MB231 cells in response to resveratrol (120 μM)
treatment for 24 h using trypan blue exclusion assay. In the control condition, we observed 5
% cell death, which was increased to 31% upon resveratrol treatment. Interestingly, the
combination of resveratrol and 3-MA further increased the number of dead cells to 41%
(Figure 2C). The additive effect of resveratrol and 3-MA on cell death in MDA-MB231 cells
indicates that autophagy in response to resveratrol is a cell survival mechanism.

To understand whether resveratrol-induced autophagy is dose-dependent, we treated
HCT116 colon cancer cells with both lower (60 μM) and higher (120 μM) doses of
resveratrol. We observed that both doses of resveratrol induced LC3-II accumulation in
cancer cells at 24 h after treatment (Figure 3A). In addition, we tested whether inhibition of
autophagy by LY294002 and 3-MA show additive effect on resveratrol-mediated cell death
in HCT116 cells. Similar to MDA-MB231 cells, cell death was increased upon inhibition of
autophagy in HCT116 cells (Figure 3B and 3C). Thus, autophagy seems to be a survival
mechanism in response to resveratrol treatment of cancer cells and inhibition of autophagy
enhanced resveratrol-mediated cell death.

3.3 Inhibition of autophagy enhances resveratrol-mediated caspase activation
The induction of autophagy is associated with cell survival and may protect cells during
apoptosis. If autophagy plays a prosurvival role in cancer cells, then silencing of autophagy
related genes should further increase resveratrol-induced caspase activation. We silenced
ATG5 or Beclin-1 genes (Figure 4A), which play a crucial role in autophagosome formation
and leads to the execution of autophagy. In MDA-MB231 cells, silencing of ATG5 and
Beclin-1 by siRNA inhibited resveratrol-induced LC3-II accumulation at 24 h (Figure 4B,
lanes 3, 6, and 9). These results clearly demonstrate that LC3-II accumulation occurs in
resveratrol treated cells and is dependent on the activation of autophagy. Thus, resveratrol
treated cells undergo ATG5 and Beclin-1 dependent autophagy.

To investigate whether inhibition of autophagy causes increased levels of apoptosis, ATG5
or Beclin-1 silenced MDA-MB231 cells were treated with resveratrol and caspases-3
activity was determined. As shown in Figure 4C, silencing of ATG5 or Beclin-1 resulted in
increased caspase-3 activation as compared to control shRNA infected cells. These results
confirm the data in Figures 2 and 3 and reiterate the principle/phenomenon that resveratrol-
induced autophagy is a prosurvival mechanism.

3.4 Resveratrol treatment induces interaction between p53 and Beclin-1
In order to investigate the mechanism of crosstalk between autophagy and apoptosis in
response to resveratrol treatment in cancer cells, we performed immunoprecipitation
experiments to determine the interaction between various proapoptotic proteins such as Bax,
Bak, and p53 with autophagy regulator protein Beclin-1. In the cytosol, resveratrol treatment
induced interaction between Beclin-1 and p53 (Figure 5A), but Beclin-1 does not interact
with Bax (Figure 5A). Similarly, p53 IP pulled down Beclin-1 and Beclin-1 precipitated p53
(Figure 5B) in mitochondria isolated from resveratrol-treated cells. However, Bax and Bak
did not interact with Beclin-1 in purified mitochondria from resveratrol treated cells (data
not shown). Thus, it is likely that resveratrol-mediated autophagy involves Beclin-1
interaction with p53 in the cytosol and mitochondria.

3.5 Resveratrol treatment causes depletion of ATPase 8 gene encoded by mitochondrial
DNA

ROS production upon resveratrol treatment of cancer cells (Miki et al., 2012) could damage
mtDNA leading to the accumulation of damaged mitochondria due to decreased efficiency
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of mtDNA repair enzymes (Kujoth et al., 2007), thus triggering autophagy to remove
damaged mitochondria could be a pro-survival mechanism. To directly test whether
resveratrol treatment modulates mtDNA content, we used real time PCR approach to
quantitate the levels of mtDNA encoded ATPase 8 gene. In MDA-MB231 cells, we
observed a decrease in the content of mtDNA at 24 h in response to resveratrol treatment
compared to control cells (Figure 6). This indicates that cancer cells induce autophagy in
order to cope with the stress in response to resveratrol treatment.

4. Discussion
Previously, we observed that resveratrol induces mitochondrial dysfunction leading to the
loss of mitochondrial membrane potential, cytochrome c release, and apoptosis. Here we
demonstrate that resveratrol causes depletion of the mtDNA encoded ATPase-8 gene
causing accumulation of defective mitochondria, which induces autophagy to restore
mitochondria homeostasis in cancer cells. Inhibition of autophagy could lead to the
accumulation of damaged mitochondria, which may enhance resveratrol-induced caspase
activation and apoptotic cell death.

We have shown that resveratrol inhibits the clonal expansion and cell proliferation of breast
cancer (MDA-MB231) and prostate cancer (PC3 and LNCaP) cells. These biological effects
are consistent with the earlier findings and may be associated with cell cycle arrest and/or
induction of apoptosis (Aziz et al., 2006; Hsieh et al., 2011). We previously demonstrated
that resveratrol induces p53-independent, XIAP-mediated apoptosis in some cancer cells
(Gogada et al., 2011b). Here we show that resveratrol induces autophagy in cancer cells,
suggesting that in addition to apoptosis, autophagy may also play a role in the regulation of
clonal expansion and cancer cell proliferation.

Our findings are consistent with previous reports that resveratrol-induces autophagy in
multiple cancer cell types (Li et al., 2009; Opipari et al., 2004; Puissant and Auberger, 2010;
Trincheri et al., 2008). Although previous findings suggest that resveratrol induces
autophagy as a form of cell death, our data along with others (Filippi-Chiela et al., 2011)
indicate that resveratrol-induced autophagy may represent a prosurvival mechanism in some
types of cancer cells. Multiple pieces of evidence support our conclusions. For example,
pharmacological inhibition of autophagy enhances caspase activation and cell death in
resveratrol treated cells; and silencing of key regulators of autophagy such as ATG5 and
Beclin-1 significantly enhanced resveratrol-induced caspase activation.

Our findings support the prosurvival role of autophagy during resveratrol-induced cell death.
Indeed, inhibition of autophagy has been shown to enhance cytotoxic effects of resveratrol
in glioma cells (Li et al., 2009), and inhibition of autophagy is also known to enhance
therapy-induced apoptosis in lymphoma cells (Amaravadi et al., 2007). However, other
studies suggest that inhibition of autophagy by its inhibitors suppresses apoptosis (Miki et
al., 2012). Additionally, inhibition of autophagy has also been reported in cancer cells upon
resveratrol treatment (Armour et al., 2009; Lin et al., 2012). For example, resveratrol
enhances the efficacy of temozolomide chemotherapy in malignant glioma both in vitro and
in vivo by inhibiting prosurvival autophagy signaling (Lin et al., 2012). These studies
indicate that resveratrol-induced autophagy could be regulated by multiple factors exerting
prosurvival or proapoptotic functions in multiple cancer cell types.

How inhibition of autophagy enhances apoptosis? It is known that p53 interacts with Bax
triggering Bax translocation to mitochondria, which induces Bax oligomerization,
cytochrome c release, and thus apoptosis (Chipuk and Green, 2004; Chipuk et al., 2004).
Our study suggests that interaction of p53 with Beclin-1 in the cytosolic compartment may
reduce efficient Bax translocation to mitochondria. Thus, inhibition of autophagy could

Prabhu et al. Page 6

Mitochondrion. Author manuscript; available in PMC 2014 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



induce p53 interaction with Bax leading to increase in cytochrome c release and apoptosis.
Proapoptotic BH3-only proteins disrupt Beclin-1 interaction with antiapoptotic proteins
Bcl-2/Bcl-xL (Lomonosova and Chinnadurai, 2008). Therefore, Beclin-1 silencing will
allow BH3-only proteins to activate Bax/Bak or inhibition of autophagy may lead to the
sequestration of Bcl2/Bcl-xL, thus may efficiently activate Bax/Bak to enhance cytochrome
c release and apoptosis.

Low doses of resveratrol induce mitochondrial biogenesis and causes increase of mtDNA
content (Park et al., 2012; Price et al., 2012), whereas we observed a depletion of mtDNA-
encoded ATPase-8 gene suggesting that a higher dose of resveratrol induces ROS
production, which may damage/deplete mtDNA encoded ATPase 8 gene. Damage to
mtDNA may lead to accumulation of damaged mitochondria, which may be responsible for
increased ROS production. Removal of damaged mitochondria will reduce the oxidative
burden and extend cancer cell survival. Thus, induction of autophagy in response to
resveratrol treatment in cancer cells may promote survival and prevent/delay apoptosis.
Since autophagy results in the engulfment of stressed mitochondria that otherwise may lead
to release of cytochrome c release and caspase activation, inhibiting this process may lead to
increased caspase activation, and thus, apoptosis in cancer cells (Abedin et al., 2007; Boya
et al., 2005). These findings strongly suggest that similar to cardiac myoblast cells
(Gurusamy et al., 2010), induction of autophagy in cancer cells is a survival response.
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Figure 1. Resveratrol-inhibits colony formation in cancer cells
Prostate (LNCaP and PC3 cells) and breast (MDA-MB231 cells) cancer cells were plated at
a density of 500 cells/well in a 6-well plate and treated with 0, 60 and 120 μM of resveratrol
for 48 h. After 48 h, the cells were grown in drug-free medium. When colonies became
visible (~ 1–2 weeks), cells were fixed and stained with Giemsa (1:10 in distilled water at
room temperature), and counted. Number of cells in individual colony was also counted
(right hand side panels). Data are mean ± SD, n=3; *P < 0.05.
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Figure 2. Resveratrol induces autophagy in cancer cells
MDA-MB231 cells were pretreated with 3-MA (5 mM) for 1 h followed by treatment with
120 μM resveratrol (Resv) for 24 h or untreated as indicated. (A) Whole cell lysates were
subjected to Western blotting for LC3. (B) Whole cell lysates were subjected to Western
blotting for determination of caspase 3 processing. Actin serves as a loading control. (C)
Percent cell death was quantified using Trypan Blue exclusion assay. Procasp-3,
procaspase-3; Resv, resveratrol. Data are mean ± SD, n 3; *P < 0.01.
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Figure 3. Inhibition of autophagy enhances resveratrol-induced cell death
(A) HCT116 cells were treated with resveratrol (60 or 120 μM) for indicated times. At the
end of treatment, whole cell lysates were subjected to Western blotting for LC3. Actin
serves as loading control. HCT116 WT cells were pretreated with 3-MA (B; 5 mM) or
LY294002 (C; 10 μM) for 1 h followed by treatment with resveratrol (120 μM for 24 h) or
left untreated. Percentage cell death was quantified using Trypan Blue exclusion assay.
Resv, resveratrol. Data are mean ± SD, n=3; *P < 0.01; **P < 0.05.
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Figure 4. Inhibition of autophagy by ATG5 or Beclin-1 silencing enhances caspase activation
MDA-MB231 cells were transduced using control (cont) or ATG5 or Beclin-1 targeted
shRNAs in lentiviral vectors. Whole cell lysates were subjected to Western blot analysis for
ATG5 and Beclin-1 (A). Stably transduced cells were treated with 120 μM resveratrol for 0,
12, 24, and 36 h. Whole cell lysates were prepared and equal amounts of protein were
subjected to Western blotting to detect autophagy related proteins (B), and for caspase-3
activity measurement (C). Cont, control; Resv, resveratrol. Data are mean ± SD, n=3; *P <
0.05 as compared to control shRNA cells treated with resveratrol.
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Figure 5. Beclin-1 interacts with p53 in the cytosol and mitochondria
MDA-MB231 cells were treated with either DMSO or resveratrol (120 μM for 24 h) and
subjected to subcellular fractionation. (A) Equal amounts of cytosolic protein were
immunoprecipitated with anti- Bax or p53 or Beclin-1 antibodies, followed by Western blot
analysis for Bax and p53. (B) Equal amounts of mitochondrial proteins were subjected to
immunoprecipitation with anti-p53 or Beclin-1 antibodies followed by Western blot analysis
for p53 and Beclin-1. Rabbit-IgG (Rb-IgG) and Mouse-IgG serves as negative controls.
Resv, resveratrol; * non-specific band.
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Figure 6. Resveratrol depletes mitochondrial DNA
ATPase-8 gene encoded by the mitochondrial genome was amplified and quantified by real-
time PCR using the SYBR green chemistry on the Applied Biosystems 7300 real-time PCR
system. Total DNA was extracted from MDA-MB231 cells treated with DMSO or
resveratrol (0, 50 or 120 μM) for 24 h. Mitochondrial ATPase-8 gene specific primers were
used to amplify, and values were normalized to actin (A) or GAPDH (B). Data are mean ±
SD, n=4; *P < 0.01 as compared to DMSO-treated cells.
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