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Abstract: Pancreatic cancer is one of the most lethal human cancers and remains to be a major unsolved health
problem. Here we evaluated the effects of Tumor necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL)
and combination with small molecules (resveratrol and paclitaxel) on pancreatic cancer in vitro and in vivo. The Cell
proliferation in colo357 and capan-2 cell lines in cultures was measured using the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium (MTT). Trail induced apoptosis combined with small molecules was then determined by flow
cytometry. Orthotopic pancreatic tumor model of capan-2 cells stably expressed RFP (RFP-capan-2) was estab-
lished. Synergistic cytotoxic effects of TRAIL combined with small molecules in vivo were evaluated. The expressions
of Caspase-3 of tissues of orthotopic pancreatic tumor were surveyed by immunohistochemistry. In contrast to
colo357, cultured capan-2 cells were resistant to TRAIL-induced apoptosis and growth repression, which is reversed
by small molecular drugs including resveratrol and paclitaxel. Consistently, combination of TRAIL with resveratrol
or paclitaxel represses tumor growth dramatically in an orthotopic pancreatic tumor model. The data indicate novel
combination methods to sensitize pancreatic cancer cell to TRAIL and suggests a strategy for pancreatic cancer
treatment in vivo.
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Introduction

As one of the most lethal cancers, pancreatic
cancer is difficult to diagnose until it has
severely progressed, which limits the effectivity
of treatments such as surgery, chemotherapy
and radiotherapy [1]. Moreover, pancreatic can-
cer is strongly resistant to traditional chemo-
therapy drugs [2]. Thus, new chemotherapeutic
strategies are needed to better understand
pancreatic cancer therapy. Combination anti-
tumor drugs have been successfully used to
treat diverse tumors, and such attempts are
gaining attention for the treatment of pancre-
atic cancer.

Tumor necrosis factor (TNF)-related apoptosis-
inducing ligand (TRAIL) is an apoptosis-induc-

ing member of the TNF gene family and appe-
ars to be a relatively safe and promising agent
for cancer-specific therapy [3]. TRAIL induces
apoptosis in a wide range of cancer cells such
as multiple myeloma, leukemia, colon, lung,
and breast cancers without obvious cytotoxic
effects on normal cells [4, 5]. However, some
pancreatic cancer cells are resistant to TRAIL-
induced apoptosis due to multiple mechanisms
[6, 7]. Therefore, novel strategies to combine
TRAIL with other drugs warrant further study [8,
9l.

Resveratrol is a small molecule antioxidant
[10], and studies suggest that it represses pro-
liferation in various cancer cells in vitro [11].
Moreover, studies on animal skin tumor models
revealed that resveratrol may be used as a che-
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Figure 1. MTT assay. A and B. Proliferation of Ca-
pan-2 and colo357 cells in the presence of various
molecules. T1: 1 ng/mL TRAIL; T2: 5 ng/mL TRAIL;
R1: 20 uM resveratrol; R2: 50 uM resveratrol; P1: 20
UM paclitaxel; P2: 50 uM paclitaxel; T2R1: 5 ng/mL
TRAIL plus 20 puM resveratrol; T2R2: 5 ng/mL TRAIL
plus 50 uM resveratrol; T2P1: 5 ng/mL TRAIL plus
20 uM paclitaxel; T2P2: 5 ng/mL TRAIL plus 50 uM
paclitaxel. Growth inhibition ratio was normalized to
cells treated with DMSO (mean sd, n = 3).

mopreventive without significant side effects
[12]. Resveratrol mainly inhibits cancer cell pro-
liferation [13], and it is documented to target
kinases, cyclooxygenase, and eukaryotic elon-
gation factor [14]. Also, resveratrol inhibits the
proliferation of certain pancreatic cancer cell
lines [15].

Paclitaxel is a well-established chemothera-
peutic used to treat patients with lung, breast,
and ovarian cancers [16]. It inhibits cell cycle
progression to induce apoptosis and enhances
the response rate to therapy. Paclitaxel has
been combined with radiotherapy to treat pan-
creatic cancer [17]. However, its toxicities limit
its use that novel strategies for using paclitaxel
should be evaluated.

The present study was undertaken to test the
potential of single-use TRAIL, resveratrol, and
paclitaxel in capan-2 and colo357 pancreatic
cancer cell lines. Unlike colo357, capan-2 is
resistant to TRAIL-induced apoptosis. Consis-
tent with the anti-proliferative effects in other
cancer cells, resveratrol inhibits proliferation
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in both cell lines, and colo357 had relatively
higher resistance to paclitaxel than to capan-2.
Furthermore, both resveratrol and paclitaxel
sensitized capan-2 cells to TRAIL-induced apo-
ptosis. A synergistic effect of TRAIL with re-
sveratrol or paclitaxel in vivo has been con-
firmed in an orthotopic pancreatic tumor model.
Thus, these combination therapies may repre-
sent novel approaches to treating pancreatic
cancer.

Materials and methods
Ethics statement

All protocols were approved by the Committee
on the Ethics of Animal Experiments of the
Southeast University (Permit Number: 2011-
0133), and the animal studies were carried
out in accordance with the ethical guidelines
for animal use and care established by Sou-
theast University (Nanjing, China). Surgery was
performed under sodium pentobarbital anes-
thesia, and efforts were made to minimize
suffering.

Animals

Six- to seven-week-old male nude mice were
purchased from the Laboratory Animal Center
of Academy of Military Medical Sciences (Bei-
jing, China) and housed in a specific patho-
gen-free (SPF) animal facility (Southeast Uni-
versity) that is environmentally controlled (22°C
and 12:12 h light:dark cycle, with the light cycle
at 08:00-20:00 and the dark cycle at 20:00-
08:00) Animals were given ad libitum access to
standard laboratory chow and water.

Cell proliferation assay

Cell proliferation was measured using an MTT
assay. Cells (2,000/well) were plated onto each
well of 96-well plates in RPMI 1640 with 10%
FBS and cultured for 24 h. Cells were then
treated with TRAIL, resveratrol or paclitaxel as
indicated and incubated for another 72 h. Then
50 uL of MTT solution (2 mg/mL; Sigma) was
added, and cells were incubated for 2 h. Media
containing MTT solution was removed, and
dark blue crystals were dissolved by adding
100 pL DMSO. Absorbance was measured
using a microplate reader (excitation 550; ref-
erence 630 nm). Percent growth inhibition was
measured relative to controls treated with
DMSO. Each experiment was performed at
least in triplicate.
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Figure 2. Apoptosis measurement. A and B. Cells were treated with molecules as indicated for 24 h. T: 5 ng/mL
TRAIL; R: 50 uM resveratrol; P: 20 yM paclitaxel; TR: 5 ng/mL TRAIL plus 50 uM resveratrol; TP: 5 ng/mL TRAIL plus
20 pM paclitaxel. Cells were collected and stained with Pl to measure cell death.

Apoptosis

Cells were treated as indicated, digested with
trypsin, and stained with propidium iodide (PI).
Cell death was measured using flow cytometry
(FACS Calibur, BD Biosciences).

Cell culture and tumor model

Colo357 and capan-2 cells were purchased
from American Type Culture Collection (ATCC)
and cultured in DMEM or 1640 (Invitrogen)
with 10% fetal bovine serum (FBS, Invitrogen).
Capan-2 cells stably expressing RFP (RFP-
capan-2) were established using antibiotics
according to a standard protocol. Cells were
subcutaneously (sc) injected into the middle
flank (5 x 10° cells in 0.1 mL PBS), and RFP
expression was monitored in vivo. An orthotop-
ic pancreatic tumor model was established as
previously described [18], and mice were anes-
thetized with isoflurane. Tumor volumes were
measured individually with a caliper using this
formula: tumor volume = length x width x width
x 0.52.

Immunohistochemistry

Tissue sections (5 mm thickness) were pre-
pared according to standard protocols for he-
matoxylin and eosin staining. Immunohistoch-
emical staining using anti-cleaved caspase-3
(Cell Signaling, #9664) was conducted accord-
ing to the manufacturer’s instructions. Samples
were counterstained with hematoxylin.

Statistical analysis

Data are presented as means * SD. Data were
analyzed with SPSS 13.0 software. Differences
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between two groups were analyzed by Student’s
t test. The survival curves were determined
using the Kaplan-Meier method and estimated
with the log-rank test. P < 0.05 was considered
statistically significant.

Results

TRAIL and small molecules inhibited growth of
pancreatic cancer cell lines

To evaluate the anti-tumor potential of TRAIL
and small molecules, we tested the growth
rate of pancreatic cancer cell lines in the pres-
ence of TRAIL combined with resveratrol or
paclitaxel. TRAIL treatment offered insignificant
inhibitory effects in capan-2 cells, whereas
resveratrol at 50 yM (R2) inhibited cells by
~65% (Figure 1A). TRAIL plus resveratrol inhib-
ited almost all (90% inhibitory) capan-2 cells
(Figure 1A). Paclitaxel plus TRAIL gave similar
results (Figure 1A). In contrast to capan-2,
TRAIL inhibited cell proliferation in colo357
cells, and resveratrol alone (50 uM, R2) inhibit-
ed more than 60% of cell growth. TRAIL plus
resveratrol treatment was not synergistic in a
significant manner compared to resveratrol or
TRAIL treatment alone (Figure 1B). In contrast,
paclitaxel inhibited ~20% of colo357 cells and
when combined with TRAIL inhibited 80% of
cell growth (Figure 1B). Thus, resveratrol and
paclitaxel are synergistic when combined with
TRAIL for repressing pancreatic cancer cell
growth.

TRAIL induced apoptosis when combined with
small molecules

TRAIL induces apoptosis in many cancer cell
lines including pancreatic cancer cell lines.
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(RFP) and orthotopically im-
planted these into animals.
RFP expression confirmed su-
ccessful transplantation (Fig-
ure 3A) and allowed us to
observe these cells move to
and proliferate in the pancre-
as of nude mice (Figure 3B).

We assessed tumor growth by
monitoring RFP expression.
TRAIL treatment alone (15
mg/kg) slightly reduced tumor
size, and resveratrol (10 mg/
kg) or paclitaxel (3 mg/kg)
treatment alone reduced tu-
mors to a greater extent than
with TRAIL alone (Figure 4).
Red fluorescence was redu-

ced in mice treated with TRAIL
plus resveratrol or paclitaxel.

Data show that resveratrol
and paclitaxel potentiate the

anti-tumor activity of TRAIL in
vivo (Figure 4).
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Figure 3. Orthotopic implantation of RFP-capan-2 cells. A. RFP-capan-2 cells
were injected subcutaneously (top panel) or orthotopically (bottom panel).
Representative images were taken from mice 7 days post-implantation. B.

Tumor volume was determined at the times indicated.

However, apoptosis was not increased in
capan-2 cells treated with TRAIL, indicating
resistance to TRAIL-induced apoptosis (Figure
2A). However, twice as many apoptotic cells
were observed in capan-2 cells treated with
resveratrol and TRAIL compared with resvera-
trol alone (Figure 2B, 30% vs. 16%). Moreover,
paclitaxel and TRAIL induced 4-times as ma-
ny apoptotic cells compared with paclitaxel
treatment alone (Figure 2A, 40% vs. 9%). In
contrast, colo-357 cells were sensitive to TRAIL-
induced apoptosis which is consistent with pre-
vious studies (Figure 2B). Therefore, synergistic
effects on apoptosis were observed when
TRAIL was combined with resveratrol or pacli-
taxel (Figure 2B).

Synergistic cytotoxicity of TRAIL plus small
molecules on pancreatic carcinoma in vivo

We established a TRAIL-resistant capan-2 sta-
ble cell line (capan-2RFP) that constitutively
expressed high-levels of red fluorescent protein
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Tumor size quantification con-
firmed these results. TRAIL
plus resveratrol (TR) inhibited
more than 60% of the tumor
volume compared to TRAIL or
resveratrol alone (Figure 5A),
and TRAIL plus paclitaxel (TP)
had less synergistic effects
(Figure BA). After TR administration, tumor
weight was about one-third of that after TRAIL
(T) or resveratrol (R) treatment alone (Figure
5B).

To rule out the influence of body weight, we
examined the ratio of tumor to body weight.
TRAIL or resveratrol alone did not change this
ratio, but TR treatment changed the ratio com-
pared to T or R used alone (Figure 5C).
Interestingly, paclitaxel had similar synergistic
effects on tumor growth as resveratrol when
combined with TRAIL (Figure 5C). Mouse sur-
vival data show (Kaplan-Meier method) that
resveratrol afforded better survival than the
other combinations or single agents alone
(Figure 5D).

TRAIL when combined with small molecules
activates caspase-3 cleavage

To confirm the apoptotic effect of treatments,
we measured caspase-3 cleavage, which is cru-

Int J Clin Exp Med 2018;11(4):3281-3288
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Figure 4. Anti-tumor activities of combined strategies in vivo. All molecules

controversial. It successfully
inhibited MIA PaCa-2 pancre-
atic cancer cell growth in vivo
[19], but failed to repress
other types of pancreatic can-
cer cell growth [20]. This dis-
crepancy indicates variable
sensitivity of pancreatic can-
cer cells to TRAIL. The molec-
ular mechanisms of TRAIL
resistance have been explor-
ed, identifying X-linked inhibi-
tor of apoptosis (XIAP) and
NF-kB as contributors to resis-
tance [21, 22]. Indeed, over-
expression of XIAP and in-
duced NF-kB expression were
observed in TRAIlL-resistant
pancreatic cancer cells. Fur-
thermore, RNA interference of
an X-linked inhibitor of apop-
tosis (XIAP) or NF-kB expres-
sion sensitizes pancreatic
cancer cells to TRAIL-induced
apoptosis in TRAIlL-resistant
cells [21]. Other targets of
RNA interference such as FLIP
and RIP have been also shown
to sensitize pancreatic cells
to TRAIL [23]. Although these
strategies have inhibitory eff-
ects on pancreatic cancer
cells, TRAIL concentrations
used here are relatively high
(10-300 ng/ml).

were introduced 7 days post-implantation. TRAIL 15 mg/kg (T); resveratrol

10 mg/kg (R); and paclitaxel (P) 3 mg/kg. Representative images were taken

at the times indicated.

cial for apoptosis. TRAIL treatment alone pro-
moted slightly more caspase-3 cleavage (Fig-
ure 6A) than control. Single-use resveratrol or
paclitaxel had limited effects on caspase-3
cleavage (Figure 6A). However, TRAIL and res-
veratrol induced greater caspase-3 cleavage
(Figure 6A) than single drug treatments. Qu-
antitation of cleaved-caspase-3 positive cells
indicated that TR treatment induced apoptosis
about 60% greater than T or R treatment alone
(Figure 6B).

Discussion

TRAIL has been used to inhibit pancreatic can-
cer, but the anti-tumor effect of TRAIL remains
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Resveratrol has been suc-
cessfully used in cancer ther-
apy in several tumor models
and inhibition of NF-kB has been suggested to
be an important mechanism for this [24, 25].
Previous studies showed that resveratrol also
inhibits XIAP expression [26]. Therefore, resve-
ratrol plus TRAIL for treatment of pancreatic
cancer is promising. Indeed, our data indicate
that single-use resveratrol inhibits the prolifera-
tion but not apoptosis of TRAIL-resistant capan-
2 pancreatic cancer cells. These results are
consistent with previous studies, which show
that resveratrol represses pancreatic cancer
cell proliferation [15]. Moreover, resveratrol
sensitizes TRAIL-induced cytotoxicity dramati-
cally. The concentration of TRAIL used for com-
bination therapy in this study was 5 ng/mL, and
our observations indicate a more efficient and

Int J Clin Exp Med 2018;11(4):3281-3288
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Figure 5. Evaluation of anti-tumor effect of the combined strategies. Tumor volume (A) and tumor weight (B) were
measured in an orthotopic implantation model. Tumors were collected 5 weeks post-implantation. The ratio of
tumor volume to body weight was measured in (C). (D) Cumulative survival (Kaplan-Meier) of mice treated with

molecules as indicated. *; p < 0.05.

clinically viable strategy for inhibiting pancreat-
ic cancer cell proliferation.

We also evaluated paclitaxel as a compo-
nent of combination therapy. The anti-tumor
effect of this combination strategy has been
reported in other tumor models [27, 28].
Similarly, paclitaxel sensitizes capan-2 cells
to low concentrations of TRAIL. In capan-2
cells, reduced expression of the death recep-
tor (DR) was observed, which contributes to
resistance [23]. Paclitaxel can induce DR5 in
prostate cancer cells [29, 30], suggesting a
mechanism for paclitaxel to promote TRAIL
sensitivity of capan-2 cells. This warrants more
investigation.

In our manuscript, we discuss that in contr-
ast to colo357, cultured capan-2 cells were
resistant to TRAIL-induced apoptosis and gr-
owth repression, which is reversed by sm-
all molecular drugs including resveratrol and
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paclitaxel. Consistently, TRAIL and resveratrol
or paclitaxel repressed tumor growth drama-
tically in an orthotopic pancreatic tumor model.
Taken together, novel methods to sensitize
pancreatic cancer cell to TRAIL provides a new
strategy for pancreatic cancer treatment in
vivo.

Acknowledgements

Supported by China’s National Natural Science
Foundation (No.81071967 and No. 30872500).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Jiahua Zhou, De-
partment of General Surgery, Zhongda Hospital,
School of Medicine, Southeast University, 87
Dingjiagiao Road, Nanjing 210009, China. Tel:
86-25-83262321; Fax: 86-25-83272066; E-mail:
zhoujh@seu.edu.cn

Int J Clin Exp Med 2018;11(4):3281-3288


mailto:zhoujh@seu.edu.cn

o)

Cleaved caspase-3 positive
cells per field

Figure 6. Caspase-3 cleavage in tumors. A. Immunohistochemistry of
cleaved caspase-3 in tumor samples from mice treated as indicated. B. Ratio

Combined strategies of TRAIL to inhibit pancreatic cancer

Cleaved-Caspase-3

[6] MoriT, DoiR, Toyoda E, Koi-
zumi M, Ito D, Kami K, Kida
A, Masui T, Kawaguchi Y
and Fujimoto K. Regulation
of the resistance to TRAIL-
induced apoptosis as a
new strategy for pancrea-
tic cancer. Surgery 2005;
138: 71-77.

[7]1 Schuler S, Diersch S, Ham-
acher R, Schmid RM, Saur
D and Schneider G. SKP2
confers resistance of pan-
creatic cancer cells to-
wards TRAIL-induced apop-
tosis. Int J Oncol 2011; 38:
219-225.

[8] Chen Z, Sangwan V, Baner-
jee S, Chugh R, Dudeja V,
Vickers SM and Saluja AK.
Triptolide sensitizes pan-
creatic cancer cells to
TRAIL-induced activation of
the death receptor path-
way. Cancer Lett 2014;
348: 156-166.

[9] Han, Park S, Kinyua AW,
Andera L, Kim KW and Kim
I. Emetine enhances the tu-
mor necrosis factor-related
apoptosis-inducing ligand-
induced apoptosis of pan-
creatic cancer cells by
downregulation of myeloid
cell leukemia sequence-1
protein. Oncol Rep 2014,
31: 456-462.

of cleaved caspase-3 positive cells. Nuclei were visualized with hematoxylin
staining. *; p < 0.05.

References

(1]

(2]

(3]

(4]

(5]

3287

Siegel R, Naishadham D and Jemal A. Cancer
statistics, 2012. CA Cancer J Clin 2012; 62:
10-29.

Andren-Sandberg A. Pancreatic cancer: che-
motherapy and radiotherapy. N Am J Med Sci
2011; 3: 1-12.

Gura T. How TRAIL kills cancer cells, but not
normal cells. Science 1997; 277: 768.

Pan G, Ni J, Wei YF, Yu G, Gentz R and Dixit VM.
An antagonist decoy receptor and a death do-
main-containing receptor for TRAIL. Science
1997; 277: 815-818.

Sheridan JP, Marsters SA, Pitti RM, Gurney A,
Skubatch M, Baldwin D, Ramakrishnan L, Gray
CL, Baker K, Wood WI, Goddard AD, Godowski
P and Ashkenazi A. Control of TRAIL-induced
apoptosis by a family of signaling and decoy
receptors. Science 1997; 277: 818-821.

[11]

[12]

[13]

[14]

[10] Fremont L. Biological ef-
fects of resveratrol. Life Sci
2000; 66: 663-673.

Aggarwal BB, Bhardwaj A, Aggarwal RS,
Seeram NP, Shishodia S and Takada Y. Role of
resveratrol in prevention and therapy of can-
cer: preclinical and clinical studies. Anticancer
Res 2004; 24: 2783-2840.
Jang M, Cai L, Udeani GO, Slowing KV, Thomas
CF, Beecher CW, Fong HH, Farnsworth NR,
Kinghorn AD, Mehta RG, Moon RC and Pezzuto
JM. Cancer chemopreventive activity of resve-
ratrol, a natural product derived from grapes.
Science 1997; 275: 218-220.
Joe AK, Liu H, Suzui M, Vural ME, Xiao D and
Weinstein IB. Resveratrol induces growth inhi-
bition, S-phase arrest, apoptosis, and changes
in biomarker expression in several human can-
cer cell lines. Clin Cancer Res 2002; 8: 893-
903.
Aziz MH, Kumar R and Ahmad N. Cancer che-
moprevention by resveratrol: in vitro and in
vivo studies and the underlying mechanisms
(review). Int J Oncol 2003; 23: 17-28.

Int J Clin Exp Med 2018;11(4):3281-3288



[15]

(16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

Combined strategies of TRAIL to inhibit pancreatic cancer

Ding XZ and Adrian TE. Resveratrol inhibits pro-
liferation and induces apoptosis in human
pancreatic cancer cells. Pancreas 2002; 25:
e71-76.

Spencer CM and Faulds D. Paclitaxel. A review
of its pharmacodynamic and pharmacokinetic
properties and therapeutic potential in the
treatment of cancer. Drugs 1994; 48: 794-
847.

Safran H, Moore T, lannitti D, Dipetrillo T, Aker-
man P, Cioffi W, Harrington D, Quirk D, Rathore
R, Cruff D, Vakharia J, Vora S, Savarese D and
Wanebo H. Paclitaxel and concurrent radiation
for locally advanced pancreatic cancer. Int J
Radiat Oncol Biol Phys 2001; 49: 1275-1279.
Zhou J, Yu Z, Zhao S, Hu L, Zheng J, Yang D,
Bouvet M and Hoffman RM. Lentivirus-based
DsRed-2-transfected pancreatic cancer cells
for deep in vivo imaging of metastatic disease.
J Surg Res 2009; 157: 63-70.

Dineen SP, Roland CL, Greer R, Carbon JG,
Toombs JE, Gupta P, Bardeesy N, Sun H, Wil-
liams N, Minna JD and Brekken RA. Smac mi-
metic increases chemotherapy response and
improves survival in mice with pancreatic can-
cer. Cancer Res 2010; 70: 2852-2861.
Ibrahim SM, Ringel J, Schmidt C, Ringel B,
Muller P, Koczan D, Thiesen HJ and Lohr M.
Pancreatic adenocarcinoma cell lines show
variable susceptibility to TRAIL-mediated cell
death. Pancreas 2001; 23: 72-79.
Khanbolooki S, Nawrocki ST, Arumugam T, An-
dtbacka R, Pino MS, Kurzrock R, Logsdon CD,
Abbruzzese JL and McConkey DJ. Nuclear fac-
tor-kappaB maintains TRAIL resistance in hu-
man pancreatic cancer cells. Mol Cancer Ther
2006; 5: 2251-2260.

Vogler M, Durr K, Jovanovic M, Debatin KM and
Fulda S. Regulation of TRAIL-induced apopto-
sis by XIAP in pancreatic carcinoma cells. On-
cogene 2007; 26: 248-257.

Wang P, Zhang J, Bellail A, Jiang W, Hugh J,
Kneteman NM and Hao C. Inhibition of RIP and
c-FLIP enhances TRAIL-induced apoptosis in
pancreatic cancer cells. Cell Signal 2007; 19:
2237-2246.

3288

(24]

[25]

[26]

[27]

(28]

[29]

[30]

Liao HF, Kuo CD, Yang YC, Lin CP, Tai HC, Chen
YY and Chen YJ. Resveratrol enhances radio-
sensitivity of human non-small cell lung cancer
NCI-H838 cells accompanied by inhibition of
nuclear factor-kappa B activation. J Radiat Res
2005; 46: 387-393.

Benitez DA, Hermoso MA, Pozo-Guisado E,
Fernandez-Salguero PM and Castellon EA.
Regulation of cell survival by resveratrol in-
volves inhibition of NF kappa B-regulated gene
expression in prostate cancer cells. Prostate
2009; 69: 1045-1054.

Harikumar KB and Aggarwal BB. Resveratrol: a
multitargeted agent for age-associated chronic
diseases. Cell Cycle 2008; 7: 1020-1035.
Odoux C, Albers A, Amoscato AA, Lotze MT and
Wong MK. TRAIL, FasL and a blocking anti-DR5
antibody augment paclitaxel-induced apopto-
sis in human non-small-cell lung cancer. Int J
Cancer 2002; 97: 458-465.

Cuello M, Ettenberg SA, Nau MM and Lipkowitz
S. Synergistic induction of apoptosis by the
combination of trail and chemotherapy in che-
moresistant ovarian cancer cells. Gynecol On-
col 2001; 81: 380-390.

Nimmanapalli R, Perkins CL, Orlando M,
O’Bryan E, Nguyen D and Bhalla KN. Pretreat-
ment with paclitaxel enhances apo-2 ligand/
tumor necrosis factor-related apoptosis-induc-
ing ligand-induced apoptosis of prostate can-
cer cells by inducing death receptors 4 and 5
protein levels. Cancer Res 2001; 61: 759-763.
Hesry V, Piquet-Pellorce C, Travert M, Donaghy
L, Jegou B, Patard JJ and Guillaudeux T. Sensi-
tivity of prostate cells to TRAIL-induced apopto-
sis increases with tumor progression: DR5 and
caspase 8 are key players. Prostate 2006; 66:
987-995.

Int J Clin Exp Med 2018;11(4):3281-3288



