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Introduction 

Resveratrol (RSV, 3,5,4’-trihydroxy-trans-stilbene), 
(Figure 1) a stilbenoid and a potent chemopreventive 
bioactive compound, is found in the skin of red grapes, 
and peanuts. It exerts anti-cancer properties by inhibi-

ting three major stages of carcinogenesis, namely tumor 
initiation, promotion and progression (Jang et al., 1997). 
It was reported previously that resveratrol suppressed 
colon cancer cell proliferation and induced apoptosis 
even in the presence of IGF-1, a well-known growth 
factor elevated during obesity which has shown to 
enrich colon cancer stem cell populations (Vanamala et 
al., 2010; Hart et al., 2011). Resveratrol targets p53 and 
IGF-1R/Wnt signaling pathways to suppress colon 
cancer cell proliferation and induces apoptosis. Its 
interactions with p53, Akt and other effector proteins 
that regulate proliferation and apoptosis are well docu-
mented (Kim et al., 2006; Kuo et al., 2002; Kuwajerwala 
et al., 2002; Lin et al., 2008). Resveratrol has shown 
cardioprotective effect either in vitro or in vivo studies 
(Chen et al., 2013; Do et al., 2008; Lamont et al., 2011). 
Recently, as a natural polyphenol, the potential anti-
cancer effect of resveratrol has attracted considerable 
attention. It is shown to prevent a variety of cancers, 
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Abstract 

Resveratrol is a stilbenoid compound, and a promising potent chemo-
preventive bioactive agent. Here, we showed for the first time that the 
combined treatment with resveratrol and TRAIL drastically induced 
apoptosis in human colon cancer cells when compared to single treatments. 
Further, resveratrol markedly up-regulated TRAIL receptors, DR5 and DR4 
and the results revealed that DR5 siRNA efficiently blocked apoptosis 
induced by the co-treatment with resveratrol and TRAIL, indicating that DR5 
up-regulation by resveratrol helps to enhance TRAIL actions. In addition, the 
combined effect was tested on normal human cells. All the obtained results 
suggested that resveratrol is very useful for TRAIL-based treatments for 
cancer.  
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Figure 1: The structure of resveratrol 



 

including liver, breast, oral cavity, esophagus, colon, as 
well as pancreatic cancer (Liao et al., 2010; Nakagawa et 
al., 2010; Shan et al., 2014; Zhou et al., 2003; Miki et al., 
2012; Cho et al., 2012). However, the molecular mecha-
nisms behind its anticancer effect are not completely 
understood. 

Colon cancer is one of the types of cancer with the 
highest mortality rate in the United States and has been 
ranked the third most common cause of cancer morta-
lity (Jemal et al., 2010). Moreover, an increase in the 
colon cancer incidence in adults under 50 years of age 
has been reported (Siegel et al., 2009). Colorectal cancer 
arises through a gradual series of well characterized 
histopathological changes, also known as the adenoma–
carcinoma sequence. 5-Fluorouracil was first introdu-
ced for the cure of CRC, but its response rate is only 
15% in metastatic colorectal cancer (Poon et al., 1989). 
Apoptosis can be initiated by two distinct pathways: 
one is the “intrinsic pathway” mediated by the mito-
chondria, and the other is the “extrinsic pathway” 
mediated by death receptors. Activation of those two 
pathways ultimately results in cleavage of caspase-3 
and induction of apoptosis. Cross-talk between the 
extrinsic and intrinsic pathways has been observed 
mainly as an amplification loop at the level of execution 
of each cascade. Depending on the relative contribution 
of mitochondria in death receptor-media-ted apoptosis, 
tumor cells can be classified as type I or type II cells 
(Igney et al., 2002). Tumor necrosis factor-related apop-
tosis-inducing ligand (TRAIL) is a member of the TNF 
superfamily and has attracted attention not only for its 
strong antitumor activity in a wide range of cancer cell 
types but also for its minimal cytotoxicity to most 
normal cells and tissues (Pitti et al., 1996). TRAIL, 
unlike Fas ligand, appears to preferentially induce 
apoptosis in tumor cells over normal cells. TRAIL binds 
to five distinct TRAIL receptors including death 
receptor 4 (TRAIL-R1) (Pan et al., 1997), KILLER/ DR5 
(TRAIL-R2, TRICK2) (Pan et al., 1977; Wu et al., 1977; 
Walczak et al., 1997), DcR1 (TRID, TRAIL-R3) (Sheridan 
et al., 1997), DcR2 (TRUNDD OR TRAIL-R4) (Pan et al., 
1988), and osteoprotegerin (Emery et al., 1998).These 
receptors have been classified into two groups, death-
inducing receptors (TRAIL-R1 and -R2) and death-
inhibitory receptors (TRAIL-R3, TRAIL-R4, and osteo-
protegerin). Both TRAIL-R1 and TRAIL-R2 contain a C-
terminal death domain that signals down-stream 
caspase activation to mediate TRAIL induced apoptotic 
cell death in a variety of tumor cell types. 

The emergence of new Chinese medicine monomer anti
-cancer drugs has provided a new option to the reptoire 
of synthetic drugs for cancer treatment (Xu et al., 2008). 
Cancer chemoprevention has been reported to be a 
promising strategy to prevent cancer death, particularly 
in colon cancer, due to the relatively slow progression 
of the colorectal adenomatous polyps in colon cancer, 
which enhances the opportunity for chemoprevention 

treatment. Results from epidemiological studies have 
associated fruit and vegetable consumption with a 
reduced risk of colon cancer, and various phyto-
chemicals from commonly consumed fruit and vege-
tables have been identified as potential anti-cancer 
agents (De la Rosa et al., 2010). The present study aimed 
to investigate the anti‑cancer effect of resveratrol in 
human colon cancer cells. To the best of our knowledge, 
the present study is the first study to demonstrate that 
resveratrol sensitizes cancer cells to TRAIL-induced 
apoptosis and overcomes its resistance in colon cancer 
cells. 

 

Materials and Methods 

Reagents 

Resveratrol was purchased from Sigma‑ Aldrich (St. 
Louis, MO, USA). It was dissolved to a concentration of 
50 mM in 100% dimethyl sulfoxide (DMSO) as a stock 
solution and stored at ‑20˚C. Soluble recombinant 
human TRAIL/Apo2L was purchased from Cell 
Signaling Technology, Inc. (Beverly, MA, USA). Human 
recombinant DR5 (TRAIL-R2)/Fc chimera protein and 
caspases inhibitors and zVAD-fmk were purchased 
from R&D Systems San Francisco, CA, USA). 

Cell culture 

Human colon cancer cells were purchased from 
American Type Culture Collection (Rockville, MD, 
USA) and maintained in Dulbecco’s modified Eagle’s 
medium (DMEM) supplemented with 10% fetal bovine 
serum, 4 mM glutamine, 100 U/mL penicillin, and 100 
µg/mL streptomycin). Cells were incubated at 37°C in a 
humidified atmosphere of 5% CO2. Human colon 
cancer DLD-1 and prostate cancer PC3 cells were 
maintained in RPMI-1640 Medium supplemented with 
10% fetal bovine serum, 2 mM glutamine, 100 U/mL 
penicillin, and 100 µg/mL streptomycin. Normal 
human peripheral blood mononuclear cells were 
prepared as described previously (Nakata et al., 2004). 
Normal human hepatocytes were obtained from Cell 
Systems (Kirkland, WA, USA). 

Annexin V/propidium iodide (PI) double staining 

Apop-totic cells were quantified using an Annexin 
V‑fluores-cein isothiocyanate (FITC)/PI kit (BD Bio-
sciences, San Jose, CA, USA) and detected using flow 
cytometry using a FACSCalibur™ flow cytometer 
(Becton, Dickinson and Company, Franklin Lakes, NJ, 
USA) and analyzed using Modfit and CellQuest™ 
software (Becton, Dickinson and Company). In brief, 
cells were pretreated with 40 μM resveratrol for 24 h 
and washed with phosphate‑buffered saline (PBS). Cells 
were then collected and resuspended in binding buffer 
[10 mM 4‑(2‑hydroxyethyl)‑1‑piperazine ethane sulfonic 
acid (pH 7.5), 2.5 mM CaCl2and 140 mM NaCl). Cells 
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were incubated with Annexin V‑fluorescein 
isothiocyanate and PI for 15 min in the dark, prior to 
flow cytometric analysis. Annexin V‑positive cells were 
considered to be in the early stage of apoptosis, 
whereas annexin V and PI‑positive cells were consider-
ed to be in the late stage of apoptosis. 

Western blot analysis 

Cells were washed once with phosphate-buffered saline 
and lysed with 100–150 mL of sodium dodecyl sulfate 
(SDS) buffer (50 mM Tris-HCl, pH 7.5, 1% SDS, 0.5 mM 
PMSF, 2 mg/mL aprotinin, 2 mg/mL leupeptin, and 1 
mM DTT). The whole-cell extracts were electrophoresed 
with 10–12.5% SDS–polyacrylamide gels and 
transferred onto a polyvinylidene difluoride (PVDF) 
membrane (Milli-pore, Bedford, MA, USA). Rabbit 
polyclonal anti-DR5 and DR4 (Prosci, Poway, CA), Bcl-
XL (Santa Cruz, Santa Cruz, CA) and survivin (R&D 
systems) antibodies and mouse monoclonal anti-
caspase-8 (MBL, Nagoya, Japan), pro-caspase-3 
(Immunotech, Marseile, France), PARP (Santa Cruz), X-
linked inhibitor of apoptosis protein (XIAP) (R&D 
systems) and β-actin (Sigma) antibodies were used as 
the primary antibodies. The signal was then developed 
with the enhanced chemiluminescence system (ECL, 
Amersham Pharmacia Biotech, Piscataway, NJ, USA). 

siRNAs 

The DR5 and LacZ siRNA sequences used were 
previously described (Wang et al., 2004), and DR4 
siRNA sequences used were previously described (Ren 
et al., 2004), where LacZ siRNA was used as a siRNA 
control. In brief, 1 day prior to transfection, cells were 
seeded without antibiotics to a density of 30–40%. DR5, 
DR4 and LacZ siRNA (1 nM in HeLa, 10 nM in DU145) 
were transfected into cells using a modified oligo-
fectamine protocol (Invitrogen, Carlsbad, CA, USA), for 
which the volume of oligofectamine was reduced to one
-third the recommended volume to limit toxic effects. 
After 24 hours, the cells were treated with 40 µM 
resveratrol for 24 hours and then harvested. 

Statistical analysis 

Data represent means ± SD for tripli-cate experiments 
and were analyzed using Student’s t-test. Differences 
were considered significant from controls when p<0.05. 

 

Results and Discussion 

Figure 2a shows the effect of resveratrol on apoptosis in 
Caco colon cancer cells. Results show that treatment 
with resveratrol did not induce apoptosis in Caco cells. 
TRAIL induced weak apoptosis in Caco cells as a single 
agent. Later, we examined the combined effect of 
resveratrol and TRAIL on apoptosis. It is found that the 
combined treatment drastically induced apoptosis in a 

resveratrol dose-dependent manner. We employed 
caspase inhibitors, in order to confirm that the sub-G1 
population represents apoptosis triggered through 
caspases (Figure 2b). Combined treatment proved that 
pan-caspase inhibitor and specific caspase-3, and -8 
inhibitors effectively blocked the apoptosis and this 
indicating that resveratrol sensitizes Caco cells to 
TRAIL-induced apoptosis in acaspase-dependent 
manner. In addition, a dominant negative form of the 
TRAIL receptor, DR5/Fc chimeric protein, also blocked 
apoptosis by the combined treatment (Figure 2c). All 
these results indicate that resveratrol enhances TRAIL 
actions through the interaction of TRAIL and TRAIL 
receptors.  

Nuclei were examined after DAPI staining (Figure 3a). 
The nuclei in cells treated with resveratrol or TRAIL 
were similar tothose in cells treated with the DMSO 
whereas the combined effect of resveratrol and TRAIL 
induced nuclear fragmentation and condensation that 
are the characteristics of apoptotic cells. Caspases 
investigation was also carried out. It is known that Poly 
(ADP-ribose) polymerase (PARP) is a substrate of 
caspases and is cleaved by caspases in apoptotic cells 
(Lazebnik et al., 1994). The cleaved PARP can be used 
as a marker of apoptosis. Figure 3b shows the western 
blotting of PARP in Caco cells treated with resveratrol 
and/or TRAIL. The combined effect results in PARP 
cleavage whereas treatment with resveratrol or TRAIL 
failed to show. All these results clearly indicated that 
combined treatment of resveratrol and TRAIL results in 
drastic apoptosis and can be correlated with the results 
in Figure 2 and Figure 3A. In addition, the cleavage of 
caspases was also examined, since caspases are 
activated by cleavage and resulting in apoptosis. Figure 
3B shows that caspase-3, and -8 were clearly cleaved 
upon combined treatment when compared with single 
treatments of resveratrol and TRAIL. Figure 3 indicated 
that the pan-caspase inhibitor zVAD blocked the 
cleavage of PARP and caspases by the combined effect.  

In order to examine the molecular mechanism 
underlying the enhancement of TRAIL-induced 
apoptosis by resveratrol, we studied the TRAIL 
receptors expression. Resveratrol increased the DR5 
and DR4 protein level in a dose-dependent manner 
(Figure 4a). Literature reports showed that XIAP and 
survivin are capable of modulating sensitivity to TRAIL 
in cancer cells (Zhang et al., 2005) and hence, we 
studied the XIAP and survivin expressions in 
resveratrol-treated cells, but it was found that there 
obtained no changes in the levels (Figure 4b). Bcl-2 
family proteins Bcl-2, Bcl-XL, and Bax, possess the 
tendency to regulate TRAIL-induced apoptosis 
(LeBlanc et al., 2002). The results shown in Figure 4b 
indicated that resveratrol did not significantly change 
Bcl-XL and Bax protein levels. Conversely, Bcl-2 protein 
was found to rise by resveratrol treatment. These 
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results indicate that the up-regulation of DR5 and DR4 
proteins can be a key factor by which resveratrol 
sensitizes Caco cells to TRAIL-induced apoptosis. 

To verify the knockdown efficiency, Western blotting 
was carried out after the siRNA and resveratrol 
treatments. We used siRNA to prevent the up-
regulation of DR5 and DR4 expression in order to 
examine whether DR5 and DR4 up-regulation by 
resveratrol contributes to the dramatic apoptosis 
induced by the combination of resveratrol and TRAIL. 
As shown in Figure 3c, promising results were obtained 

from western blotting and confirmed that DR5 and DR4 
siRNAs could actually provoke the knockdown of 
target genes. The combined effect shows that DR5 
effectively abrogated the apoptosis and not DR4 siRNA. 
In addition, the DR4 siRNA and DR5 siRNA together 
had a similar effect to DR5 siRNA alone. These results 
indicate that DR5 up-regulation by resveratrol plays an 
important role in the apoptosis induced by combined 
effect.  

The combined treatmet of resveratrol and TRAIL were 
tested in other cancer cells in order to eliminate a 

Figure 2: Resveratrol sensitizes Caco cells to TRAIL-induced apoptosis. (A) Caco cells with 50 ng/mL TRAIL and the indicated 
concentrations of resveratrol for 24 hours. (B) Caco cells were cultured in the presence or absence of 20 ng/mL TRAIL and/or 40 
µM resveratrol with or without 20 µM of the caspase inhibitors. (C) Cells were treated as shown in (B) with or without 1 µg/mL of 
DR5/Fc protein. The values shown are means (n = 3); bars, ± SD  

 Bangladesh J Pharmacol 2015; 10: 568-576 571 



 

Figure 3: The combination of resveratrol and TRAIL induces nuclear condensation and fragmentation and cleaves caspases and a 
substrate of caspases PARP. (A) Nuclei in cells stained with DAPI. Caco cells were treated with 20 ng/mL of TRAIL and/or 40 µM 
resveratrol. (B) Western blotting of PARP, caspase-3, and -8. β-actin is a loading control. (-, no treatment; DM, solvent DMSO treat-
ment) 
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Figure 4: (A) Western blotting of DR5 and DR4. Caco cells were treated with the indicated concentrations of resveratrol for 24 
hours. β-actin is a loading control. (B) Western blotting of XIAP, survivin and bcl-2 family proteins.—, no treatment; DM, solvent 
DMSO treatment. (C) Caco cells were transfected with DR5, DR4 or control LacZ siRNA (40 nM). Twenty-four hours after trans-
fection, cells were treated with 20 ng/mL of TRAIL and/or 40 µM resveratrol for 24 hours. The values shown are means (n = 3); 
bars ± SD; *p<0.05 
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possibility that the combined effect in a Caco cells is 
specific manner. Resveratrol enhanced TRAIL-induced 
apoptosis in human colon cancer DLD-1and prostate 
cancer PC3 cells as well as in Caco cells (Figure 5a). 
Apoptosis inducing is an effective way to eliminate 
cancer, however it will lead to cell death in normal 
tissues. It is a known fact that TRAIL is a promising 
candidate since it induces apoptosis in cancer cells but 
not normal cells (Walczak et al., 1999; Ashkenazi et al., 
1999). Hence, enhancing TRAIL efficacy with resvera-
trol is also expected to have little toxic effect in normal 
cell lines. Thus, peripheral blood mononuclear cells 
(PBMC) were treated with resveratrol and/or TRAIL 
(Figure 5a). The combined effect did not induce 
apoptosis in PBMC. To eliminate the possibility that 

resveratrol enhances TRAIL-induced apoptosis in nor-
mal human hepatocytes as well as colon cancer Caco 
cells, we examined the combined effect on human heap-
tocytes. The combination caused very little apoptosis in 
normal human hepatocytes compared with colon 
cancer Caco cells (Figure 5b).  

 

Conclusion 

A stilbenoid, resveratrol, sensitizes colon cancer cells to 

TRAIL-induced apoptosis due to the induction of DR5. 

Furthermore, we proved that the combined effect of 

resveratrol and TRAIL had little cytotoxic effects in 

normal cells in comparison with colon cancer Caco 

Figure 5: (A) Human colon cancer DLD-1 cells, prostate cancer PC3 cells and PBMC cells were treated with 40 µM resveratrol and/
or 5 ng/mL of TRAIL for 24 hours. (B) Normal human hepatocytes and colon cancer Caco cells were treated as shown in (A). The 
values shown are means (n = 3); bars, ± SD 
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cells. These results suggest that the combination of 

TRAIL with resveratrol is a useful strategy of cancer 

therapeutics. 
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