Oncology Research, Vol. 22, pp. 213-217
Printed in the USA. All rights reserved.
Copyright © 2015 Cognizant Comm. Corp.

0965-0407/15 $90.00 + .00

DOI: http://dx.doi.org/10.3727/096504015X14386062091398
E-ISSN 1555-3906

WWWw.cognhizantcommunication.com

This article is licensed under a Creative Commons Attribution-NonCommercial NoDerivatives 4.0 International License.

Piceatannol Enhances the Antitumor Efficacy of Gemcitabine in Human

A549 Non-Small Cell Lung Cancer Cells
Bin Xu* and Ze-Zhang Tao¥

*Department of Oncology, Wuhan University Renmin Hospital, Wuhan, Hubei, PR. China

tDepartment of Otolaryngology-Head and Neck Surgery, Wuhan University Renmin Hospital, Wuhan, Hubei, PR. China

To enhance the anticancer efficacy of gemcitabine in the treatment of non-small cell lung cancer (NSCLC), the
potential synergistic effect of piceatannol on gemcitabine cytotoxicity was investigated in the human NSCLC
A459 cell line. The MTT cell viability assay showed that piceatannol significantly enhanced the cytotoxic
effects of gemcitabine by lowering the gemcitabine IC, value. Flow cytometry analysis revealed that piceatan-
nol exerted its pharmacological effect mainly by increasing the late apoptotic population. Western blot analysis
showed that gemcitabine induced the expression of the proapoptotic proteins Bad and Bak, and pretreatment
with piceatannol further increased Bak expression, leading to an increased number of cells undergoing late
apoptosis. The findings from this study show that piceatannol can enhance the cytotoxic effects of gemcitabine
by enhancing expression of the proapoptotic protein Bak, thereby providing the rational basis for a novel com-
bination strategy for the treatment of NSCLC.
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INTRODUCTION

Lung cancer is the leading cause of cancer death
worldwide (1), and non-small cell lung cancer (NSCLC)
accounts for nearly 80-85% of all the diagnoses of lung
cancer. The majority of patients with NSCLC are diag-
nosed with advanced stage disease, and these patients are
usually treated with systemic chemotherapy and/or tar-
geted therapies (2). According to the clinical practice in
China, the most commonly used first-line cytotoxic che-
motherapy agents are gemcitabine plus platinum (approx-
imately accounting for 27.4%), especially as it relates to
the treatment of squamous cell NSCLC (3).

While gemcitabine has well-established clinical effi-
cacy in the treatment of NSCLC, it is also associated with
a number of side effects, including flu-like symptoms,
fever, fatigue, nausea, vomiting, poor appetite, skin rash,
myelosuppression, and pulmonary toxicity in the form of
pneumonitis. These various side effects may hinder patient
compliance and may have a negative impact on clinical
outcome. Moreover, cellular drug resistance, either de
novo and/or acquired, is a major issue that usually limits
the efficacy of gemcitabine chemotherapy (4,5).

With this in mind, efforts have focused on developing
combination strategies to enhance the cytotoxic effects

of gemcitabine as well as to prevent and/or overcome the
development of cellular drug resistance. Piceatannol is a
small molecule initially isolated from the domesticated
oilseed Euphorbia lagascae (6), and various in vitro and in
vivo model systems documented anti-inflammatory (7,8),
antihistamine (9), and anticancer activities (6,10-12). In
addition, this agent is able to induce apoptosis (13,14),
DNA damage (15-17), and exert antioxidant properties
(18,19). Additional studies have shown that piceatannol
can inhibit serine/threonine protein kinases (20), as well
as several tyrosine kinases (PTK), including Syk, Src,
Lck, and FAK (21-23). Effects on EGFR protein expres-
sion have also been observed with piceatannol treatment
in human squamous cell carcinoma A431 cells (24).

Our hypothesis, therefore, is that piceatannol may be
able to enhance the cytotoxic effects of gemcitabine in
epidermal growth factor receptor tyrosine kinase inhibi-
tor (EGFR-TKI)-resistant NSCLC cells through inhibi-
tion of EFGR signaling pathways. In the present study,
we used TKI-sensitive human NSCLC cells to investigate
the effect of piceatannol and gemcitabine as single agents
and as a combination regimen on cell growth proliferation
and cell apoptosis. We also evaluated the possible associ-
ated molecular mechanisms of the different effects.
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MATERIALS AND METHODS
Drugs

Piceatannol was obtained from Abcam PLC (Cam-
bridge, UK) and was dissolved in dimethyl sulfox-
ide (DMSO) to a stock concentration of 100 mmol/L.
Gemcitabine was purchased as a commercial product from
the pharmacy at the Renmin Hospital of Wuhan University
(Wuhan, China) and was dissolved in DMSO at 100 mmol/
L, as stock solution. Drugs were stored at —20°C and subse-
quently diluted with culture medium prior to use.

Cell Lines

The human NSCLC cell line A549 (EGFR-TKI-
resistant) was purchased from the American Type Culture
Collection (Manassas, VA, USA). A549 cells were cul-
tured in RPMI-1640 medium (Hyclone, Logan, UT,
USA), supplemented with 10% heat-inactivated fetal
bovine serum (Hyclone), penicillin (100 U/ml), and strep-
tomycin (100 U/ml) at 37°C in a 5% CO, atmosphere,
then harvested with trypsin-EDTA when cells reached
exponential growth.

MTT Cell Viability Assay

Cells were seeded in 96-well culture plates, in which
the number of A549 cells was 3.5x10%well. Cells were
pretreated with varying concentrations of piceatannol
(2, 10, or 50 uM) for 12 h to which gemcitabine was then
added in a series of concentrations (0, 0.0001, 0.001,
0.01, 0.1, 1, 10, 100, 200, and 400 puM, respectively).
Piceatannol was dissolved in DMSO and further diluted
with RPMI-1640 medium and sterilized via a 0.22-um
filter. After another 72 h, the treated cells were incubated
with 0.5 mg/ml MTT solution for 2 h at 37°C in a humidi-
fied atmosphere in the presence of 5% CO,. The cell plates
were centrifuged at 1,000 rpm for 5 min. The supernatant
was gently removed from the cell pellet, and DMSO was
then added to dissolve the dark blue crystals in each well.
The plates were subsequently read on a microplate reader
(Multiskan Spectrum; Thermo Scientific) at 570 nm to
detect for cell viability.

Apoptosis Measurement by Flow Cytometry

Cells were treated as indicated and then we recollected,
washed twice with cold PBS, and centrifuged at 450 x g for
10 min (4°C). After discarding the supernatant, cells were
resuspended with binding buffer to which the annexin V/
PI reagent was then added according to the kit manufac-
turer’s instructions (Annexin-VFITC/PI Double-Staining
Cell Apoptosis Detection Kit; Invitrogen) incubated at
37°C for 30 min. After incubation, cells were washed
with binding buffer again and resuspended in PBS, and
cells were subjected to flow cytometry (BD Biosciences,
San Jose, CA, USA) for apoptosis analysis.

XU AND TAO

Western Blot

Cells were treated with piceatannol and gemcitabine
as single agents and as a combination and then harvested
by centrifugation at 450xg for 10 min at 4°C. Cells
were washed with ice-cold PBS solution and scraped
in lysis buffer. The lysates were centrifuged at 14,000
rpm for 30 min at 4°C, and the supernatant was col-
lected. Equivalent amounts of protein were analyzed by
sodium dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) and transferred to PVDF membranes.
Appropriate primary antibodies to anti-Bad, anti-Bak,
anti-Bid, anti-Bcl-2, anti-Bcl-x1 purchased from Santa
Cruz Biotechnology Inc. (Dallas, TX, USA) and the
antibodies against cytochrome c¢ (Cyto-c) and GAPDH
obtained from Cell Signaling Technology (Beverly, MA,
USA) were used. Proteins were visualized with a HRP-
conjugated goat anti-rabbit secondary antibody from
Santa Cruz Biotechnology. Specific bands were detected
using the enhanced chemiluminescence reagent (ECL;
PerkinElmer Life Sciences, Inc., Waltham, MA, USA) on
autoradiographic film.

Statistical Analysis

All of the experiments were repeated at least three
times. The data are represented as mean +standard devia-
tion (SD) and were analyzed using SPSS software, ver-
sion 19.0 (SPSS Inc., Chicago, IL, USA). Comparisons
of mean values between control and experimental groups
were made using Student’s z-test. All p values were two-
tailed and considered to indicate statistically significant
difference when p<0.05.

RESULTS
Piceatannol Enhances the Cytotoxicity of Gemcitabine

Using the MTT assay, treatment with 400 uM gem-
citabine alone for 72 h resulted in growth inhibition of
nearly 51% of A549 cells. The growth inhibitor effects
of 400 uM gemcitabine were significantly higher when
cells were treated in the presence of 2, 10, and 50 uM
piceatannol, respectively (p<0.05) (Fig. 1). In addition,
the IC_ values of gemcitabine combined with different
concentrations (2, 10, and 50 uM) of piceatannol were
0.071+0.013, 0.069+0.02, and 0.132+0.09 uM, while
the IC,; value of gemcitabine alone was 391.2£2.7 uM,
which was significantly higher than the former ones
(p<0.05), suggesting a potent synergistic cytotoxic effect
of the combination treatment.

Piceatannol Increased Gemcitabine-Induced Late
Apoptosis in A549 Cells

As shown in Figure 2A, the survival rate of cells
treated with 1 uM gemcitabine alone was nearly 70%,
while that of cells treated by 1 uM gemcitabine combined
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Figure 1. Piceatannol elevates the anticancer efficacy of gem-
citabine significantly. Cells were pretreated with 2, 10, or 50 uM
piceatannol for 12 h and then treated with different concen-
trations of gemcitabine (0, 0.0001, 0.001, 0.01, 0.1, 1, 10,
100, 200, and 400 uM) for an additional 72 h. Cell viability
was determined using the MTT assay. The data shown are the
mean+SD. All data are representative of three independent
experiments.

with 2 uM piceatannol pretreatment reduced to around
35% (p<0.01). However, piceatannol treatment alone
did not induce cell death, which was consistent with the
cell viability assay (Fig. 1), showing that piceatannol as
a single agent did not exert its own cytotoxic effects at
any of the concentrations tested (2, 10, and 50 uM; data
not shown).
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Cells subjected to flow cytometry were classified as
two different populations, annexin V single-positive pop-
ulation and annexin V/PI double-positive population, the
first group being considered as early apoptotic, while the
second group was considered as late apoptotic. After 72 h,
even 6.1% of nontreated cells in the control group were
observed to be in the early apoptosis stage. However, cells
treated with piceatannol alone exhibited little evidence of
apoptosis, suggesting a potential cytoprotective effect of
piceatannol on tumor cells (Fig. 2B). The early apoptotic
population in cells treated with gemcitabine alone or
with gemcitabine plus piceatannol was not significantly
different, at 18.4% and 13.0%, respectively (p>0.05).
However, a significantly larger late apoptotic cell popula-
tion was observed in cells treated with the combination
of gemcitabine plus piceatannol (42.5%), while that late
apoptotic cell population in the gemcitabine alone group
was only 7.0% (p<0.001).

Potential Role of Bcl-2 Family Members

Western blot analysis revealed that the expression
level of both the antiapoptotic (Bcl-2 and Bcl-xl) and
proapoptotic (Bid, Bad, and Bak) proteins was higher in
cells treated with gemcitabine alone when compared to
those in control, nontreated group (Fig. 3). When com-
pared with the gemcitabine-alone group, the level of
expression of the Bak and Bid proteins was significantly
increased in cells treated with the combination of gemcit-
abine plus piceatannol. In contrast, the protein expressions
of Bad, Bcl-2, and Bcl-x1 were unchanged upon addition
of piceatannol (Fig. 3). In addition, we investigated the
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Figure 2. Piceatannol enhances gemcitabine-associated late apoptotic cells. Cells were first treated with 2 uM piceatannol for 12 h
and then treated with 1 uM gemcitabine for an additional 72 h. Live cells (annexin V-, PI"), early apoptotic cells (annexin V*, PI"),
and late apoptotic cells (annexin V*, PI*) were detected and analyzed by flow cytometry. The data presented in (A) and (B) are the
mean=SD. *p<0.05, **p<0.01, ***p<0.005 relative to nontreatment control, and ##p<0.01, ###p <0.005 relative to gemcitabine
treatment group. The data presented are representative of at least three independent experiments that were performed. NC, nontreat-
ment control group; GEM, gemcitabine treatment group; PIC, piceatannol treatment group; GEM + PIC, gemcitabine and piceatannol

treatment group.
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expression of the executor of mitochondrial apoptosis
pathway, cytochrome c, and found that piceatannol did
not alter gemcitabine-induced cytochrome c levels.

DISCUSSION

Currently, research efforts have focused on the identifi-
cation of novel potential targets of response of gemcitabine
as well as to identify novel agents with which to combine
gemcitabine chemotherapy. With respect to this latter
point, Zhao and colleagues have studied the combination
of dihydroartemisinin plus gemcitabine (25), while Li et al.
have investigated the multi-kinase inhibitor sorafenib in
combination with gemcitabine in EGFR-TKI-sensitive and
EGFR-TKI-resistant human lung cancer cell lines (26). In
this report, we have investigated the potential effect of a
novel small molecule piceatannol on the cytotoxicity of
gemcitabine using the human NSCLC A549 cells. We have
shown that piceatannol was very effective in enhancing the
cytotoxic effects of gemcitabine in A549 cells as high-
lighted by a significant nearly 2,000-fold reduction in the
IC,, of gemcitabine on A549 cancer cells from 391.2 UM
(alone) to less than 0.2 uM (combination). Moreover, the
combination treatment resulted in a significant increase in
the late apoptotic cell population, when compared to gem-
citabine treatment alone.

The Bcl-2 family of proteins plays a critical role in the
regulation of apoptosis (27,28), and mitochondrial sig-
naling has been shown to mediate late apoptosis and cell
death (29). With this in mind, we investigated the poten-
tial role of the Bcl-2 family in mediating the enhanced
effects of piceatannol on gemcitabine-induced cell death.
Our studies have shown that piceatannol treatment results
in a marked induction of gemcitabine-induced late apop-
tosis in A549 cancer cells and that this is associated with
a marked increase in expression of the proapoptotic
Bcl-2 family members, Bak and Bid. These proteins usu-
ally work through activation and release of cytochrome
¢ from the mitochondria with subsequent activation of
downstream caspases to execute the apoptotic process.
However, somewhat to our surprise, we did not observe
alterations in cytochrome c expression with the combina-
tion of piceatannol and gemcitabine. Further studies are
planned to investigate the downstream mechanism(s) by
which piceatannol is able to enhance the gemcitabine-
associated apoptosis.

In conclusion, we have shown that the novel small
molecule piceatannol is able to significantly enhance
the cytotoxic and apoptotic effects of gemcitabine in the
human A549 NSCLC cell line. This cell line has par-
ticular biological relevance as it is a well-established
EGFR-TKI-resistant cell line. Given the much higher
incidence of EGFR mutations in the Asian patient popu-
lation with NSCLC (up to 60%) when compared to the
Western population (30%), our results also have direct
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Figure 3. Piceatannol enhances gemcitabine’s anticancer effi-
cacy by regulating Bcl-2 family. Cells were first treated with
2 uM piceatannol for 12 h and then treated with 1 uM gem-
citabine for an additional 72 h. The expression of Bcl-2 fam-
ily proteins was detected by Western blot assay. The level of
expression of GAPDH protein was used to control for loading.
The Western blot is representative of at least three independent
experiments that were performed. GEM, gemcitabine treatment
group; PIC, piceatannol treatment group.

GAPDH

clinical relevance. Our future studies will further eluci-
date the direct mechanisms by which piceatannol is able
to enhance gemcitabine’s anticancer activity as well as
to investigate the cytotoxic and apoptotic effects of this
novel combination in EGFR mutant NSCLC cell lines.
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