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Abstract: Accumulating evidence has revealed that a natural compound piceatannol exerts its anti-tumor activity in
a variety of tumors cancer. In the current study, we explored the potential anti-pancreatic cancer activity of piceatan-
nol in vitro, and studied the underlying mechanisms. Cells viability was evaluated using cell counting Kit-8. Apoptosis
were analyzed by flow cytometry. Bcl-2, Bax and caspase-3 levels were analyzed by Western blot and miR-125b lev-
els were determined by real-time RT-PCR. The effects of miR-125b on pancreatic cancer cells were assessed by si-
lencing and over-expressing the miRNA in vitro. Our results indicated that piceatannol significantly inhibited PC cells
growth while inducing considerable cell apoptosisthrough up-regulating the expression of miR-125b, and inhibiting
expression of Bcl-2. Moreover, overexpression of miR-125b in pancreatic cancer could promote the cell apoptosis of
PANC-1 and SW1990 cells. Downregulation of miR-125b not only alleviates the reduction of piceatannol on PANC-1
and SW1990 cells, but also promoted expression of Bcl-2 that was suppressed by piceatannol. Therefore, our find-

ings would provide a new insight into the use of piceatannol against pancreatic cancer in future.

Keywords: Piceatannol, pancreatic cancer, miR-125b, apoptosis

Introduction

Pancreatic cancer is a highly lethal malignan-
cy and fourth leading cause of cancer-rela-
ted death in the United States [1]. With the
enhanced treatment options available world-
wide, pancreatic cancer treatment effect has
improved to a certain degree. However, the
overall 5-year survival rate of PC still is less
than 6% over the last decades [2]. Thus, it is
a significant challenge to improve the efficacy
of PC treatment and enhance the quality of
life of patients. From this perspective, to dis-
cover and develop novel and highly effective
treatment methods is particularly important.

Piceatannol (PIC; 3, 5, 3’, 4’-tetrahydroxytrans-
stilbene), is a phenolic compound and an ana-
logue of resveratrol naturally occurring in gra-
pes and red wine [3]. Experimental studies
have shown that resveratrol inhibits the grow-
th of various cancer cells and induces apop-

totic cell death [4, 5]. Recent studies have dem-
onstrated that PIC induces anticancer activity
in several cancer cell lines, such as breast can-
cer, prostate cancer, bladder cancer and so
on [6-8]. Extensive studies have demonstra-
ted that PIC has also been shown to possess
anti-inflammatory activity via down-regulation
of nuclear transcription factor (NF-kB) [9, 10].
Although accumulating evidence indicated pi-
ceatannol’'s anti-tumor potential, the underly-
ing mechanism of PIC on pancreatic cancer
has not been fully elucidated.

MicroRNAs (miRNAs) are a class of non-cod-
ing endogenous single-strand RNAs (20-23 nt)
that mediate post-transcriptional inhibition of
target gene expression by inducing transcript
degradation, translational repression, and gene
silencing through binding to the 3’-untransla-
ted region (3'UTR) of target mRNA [11, 12]. Re-
searchers have indicated that miRNAs are in-
volved in cell growth, differentiation, and dea-
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including PC [14-17]. For
example, miR-125b acted as
a tumor suppressor in hepatic
tumor development by target-
ing Bcl-2 and inducing cancer
cell apoptosis [18]. Further-
more, miR-125b was pro-
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posed to function as a metas-
tasis promoter through target-
ing STARD13 in breast cancer
cells [19].

i In the current study, we ex-

plore whether PIC could regu-
late miR-125b expression and
subsequently control the ex-
pression of Bcl-2, one of miR-
125b targets, in PC cells. Our
results demonstrated that PIC
exerts its anti-tumor activity
via up-regulation of miR-125b
and subsequent down-regu-
lation of Bcl-2 expression in
PC cells.

Bcl-2
3 sSW1990

Material and methods
Patient samples

All samples were handled
and made anonymous ac-
cording to the ethical and
legal standards. Paired tissue
specimens (tumor and adja-
cent normal tissues) from 20
patients with PC were obtain-
ed and histologically confirm-
ed by a pathologist at Rui
Jin Hospital affiliated with
Shanghai Jiaotong University,
China.
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Figure 1. The effect of Piceatannol on PC cell growth and apoptosis. A. Ef-

fects of different concentration of piceatannol on cell viability of SW1990
and PANC-1 cells. B. Piceatannol increases apoptosis of SW1990 and PANC-
1 cells, as assessed by flow cytometry. C. Piceatannol causes dysregulation
of Bcl-2 and Bax protein, and induces activation of caspase-3 in SW1990
and PANC-1 cells, as determined by Western blot. N = 5, **P < 0.01 vs.

Blank.

th; they regulate the initiation, development,
and progression of human cancers, including
tumor growth, apoptosis, invasion, and metas-
tasis [13]. Studies have revealed that miR-
125b was critically involved in tumorigenesis
and the progression of many types of cancer
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Piceatannol (purity > 99%)
was purchased from Sigma-
Aldrich, and was dissolved
in ethanol to prepare a 100
mM stock solution which was
stored at -20°C in the dark.
Antibodies against Caspase-
3, Bax, Bcl-2 and B-actin were purchased from
Cell Signaling technologies (Danvers, MA).
Rabbit antibodies conjugated with horseradish
peroxidase (HRP) and sheep anti-mouse-HRP
were purchased from Zhong San Jin Qiao
(Beijing, China). All others chemical reagents

Int J Clin Exp Med 2017;10(10):14495-14502



Piceatannol promotes pancreatic cancer cell apoptosis through miR-125b

>

-
O L
£ 6 m PAN*Ci-1 @ SwW1990 2 45 p<0.01
23 o5
& LE #k g% &
o4 o Y10 ..
¥ T
oy 3 o 5
S ez ° - Exlue
SE 5% e
K < < g "2 ;
+ W+
Y & O & R
2 N 2 N
Qv R R & &
& &
) <
& &
3 I
?’b
C 5 Bcl-2
c 15) @ PANC-1 [ SW1990
[*]
PANC-1 SW1990 75
o E1.o
B2 [— N o =
T 00
@
< R o P L
& & N N
& & & &

Figure 2. Piceatannol treatment increased miR-125b in PC cells. A. Piceatan-
nol increases miR-125b expression in SW1990 or PANC-1 cells. N =5, **P <
0.01 vs. Blank. B. miR-125b is down-regulated in pancreatic cancer samples
compared with adjacent samples, as measured by real-time PCR. N = 20,
**P < 0.01 vs. adjacent samples. C. Effects of miR-125b on the expression
of Bcl-2 protein in SW1990 or PANC-1 cells. n = 5, **P < 0.01 vs. NC. NC:

fectamine 2000 (Invitrogen)
according to the manufactur-
er’s instruction.

Cell proliferation assay

Cells were seeded in 96-well
plates at 0.8-1x10° per well.
Cell proliferation was evaluat-
ed using Cell Counting Kit-8
(Beyotime, China) according
to the manufacturer’s instruc-
tions. Briefly, 10 ul of CCK-8
solution was added to culture
medium, and incubated for 2
h. The absorbance at 450 nm
wavelength was determined
with a reference wavelength
of 570 nm.

Quantitative real-time RT-PCR
analysis

Total mRNA was extracted
from pancreatic cancer tis-
sues and cultured cell lines
using RNeasy Mini Kit (Qia-
gen, Valencia, CA, USA). The

negative control.

were purchased from Sinopharm Chemical
Reagent Co., Ltd (Shanghai, China).

Cell culture and treatments

Human pancreatic cancer cell lines SW1990
and PANC-1 were obtained from the Cell Bank
of Chinese Academy of Sciences (Shanghai,
China), and cultured in Dulbecco’s modified
eagle’s medium (DMEM) (Hyclone, Logan, UT,
USA) containing 10% fetal bovine serum (FBS)
(Biowest, Nuaillé, France), 100 U/mL penicil-lin,
and 100 mg/mL streptomycin (Hyclone). All cell
lines were maintained in a humidified atmo-
sphere of 5% CO,/air at 37°C. The cells treat-
ed with the indicated concentrations of PIC
were collected at 24 h and 48 h for further
measurements.

MIiRNA transfection

The DNA fragment encoding miR-125b mimics
and miR-125b inhibitor were purchased from
GenePharma (Shanghai, China). Cells were tr-
ansfected with miR-125b inhibitor, miR-125b
mimic or the nonspecific control using Lipo-
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expression of mature miR-
125b was quantified by real-
time PCR using the miScript
SYBR Green PCR Kit which contained 10x miS-
cript Universal Primer (Qiagen) and was per-
formed according to the manufacturer’s proto-
col. Quantization of U6 was used to normalize
miRNA expression level. Real-time PCR was
carried out in the BioRad 1Q5 amplification sys-
tem (Bio-Rad, USA) and the results were calcu-
lated using ACT method. Primer sequences
were: U6 forward, 5-gcttcggcagcacatatacta-
aaa-3, U6 reverse, 5'-cgcttcacgaatttgegtgt-
cat-3’; miR-125b RT primer 5-gtcgtatccagtg-
cagggtccgaggtattcgcactggatacgactcacaa-3’,
MiR-125b ST forward primer: 5’-gccctccctgaga-
cctcaa-3’; ST reverse primer: 5’-gtgcagggtccga-
get-3'.

Cell apoptosis assay

Cell apoptosis was analyzed using an Annexin
V-FITC/PI apoptosis detection kit (Beyotime In-
stitute of Biotechnology China). The SW1990
and PANC-1 cells were seeded in 6-well plates
overnight and then treated with PIC at indi-
cated concentration for 48 h. The following
steps were conducted as the manufacturer’'s

Int J Clin Exp Med 2017;10(10):14495-14502



Piceatannol promotes pancreatic cancer cell apoptosis through miR-125b

A PANC-1
241m24h @36h [48h
ko

0OD450

O &0
&

&

B s

5

L PANC-1 g ,
i e 2353
§L‘:z
p S 1

) a

swigoo < 0

NC miR-125b

Figure 3. Overexpression of miR-125b induces apoptosis in PC cells. A.
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Piceatannol inhibited cell pro-
liferation in PC cells

To investigate the effect of
piceatannol on the growth of
PC cells, first, we conducted

éc:\quv CCK-8assaytomeasurecellsurvi-
6-\&' val of SW1990 and PANC-1

cells after piceatannol treat-
ment for 72 h. Our results sh-
@ SW1990 owed piceatannol treatment

ok caused cell proliferation inhi-
bition in a dose-dependent
manner in both SW1990
and PANC-1 cells (Figure 1A).
The IC, value of piceatannol
after 72 h of incubation was
30.69 uM and 21.82 uM for
SW1990 and PANC-1 cells,
respectively. In the following
studies, we chose piceatan-

Forced expression of miR-125b inhibits cell viability in SW1990 or PANC-1 nol with the concentration

cells. B. Overexpression of miR-125b increases apoptosis of SW1990 and
PANC-1 cells, as assessed by flow cytometry. N = 5, **P < 0.01 vs. NC.

instruction. The cells were subjected to Anne-
xin V-FITC/PI staining and analyzed using flow
cytometer [20].

Western blot analysis

Protein extracts from SW1990 and PANC-1
cells were subjected to 10% SDS-PAGE and
subsequently transferred to a PVDF mem-
brane. This was followed by probing with mou-
se primary antibodies against Caspase-3, Bax
and Bcl-2. Anti-B-actin antibody was used as
an internal control. The immunoreactivity was
detected using Odyssey Infrared Imaging Sys-
tem and analyzed using Odyssey software (In-
frared Imaging System LI-COR Biosciences)
[24].

Statistical analysis

Statistical analyses were performed with SPSS
13.0 software. The results were evaluated by
X2 test and the other data were evaluated by
Student’s t-test and expressed as the mean +
SD from three independent experiments. A
P-value of less than 0.05 was considered sta-
tistically significant.

14498

of 30 uM for further investi-
gation.

Piceatannol induced cell apoptosis in PC cells

To determine whether apoptosis contributes to
cell growth inhibition, flow cytometry assay was
applied to detect apoptotic rate of SW1990
and PANC-1 cells treated with piceatannol. As
shown in Figure 1B, the percentage of apopto-
sis cells was increased by piceatannol treat-
ment in both SW1990 and PANC-1 cells com-
pared with the Blank group. Furthermore, we
also examined the expression of certain genes
involved in apoptosis regulation. As shown in
Figure 1C, piceatannol decreased the expres-
sion of the anti-apoptotic protein Bcl-2,
increased the expression of the pro-apoptotic
proteins caspase-3 and Bax. These results sug-
gest that the piceatannol could induce apopto-
sis in PC cells by caspase-dependent process.

Piceatannol promotes expression of miR-125b

Studies have revealed that miR-125b is criti-
cally involved in tumorigenesis and the pro-
gression of many types of cancer including PC.
To investigate whether piceatannol treatment
could regulate the expression of miR-125b in
PC cells, we performed miRNA RT-PCR assay to

Int J Clin Exp Med 2017;10(10):14495-14502
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Figure 4. Knock down of miR-125b alleviates the pro-apoptotic effects of
piceatannol in PC cells. A. Knock down of miR-125b mitigates the reduc-
tion of cell viability induced by piceatannol in SW1990 and PANC-1 cell. B.
Knock down of miR-125b alleviates the raise of cell apoptosis induced by
piceatannol in SW1990 and PANC-1 cell. C. Inhibition of miR-125b reverses
dysregulation of Bcl-2, Bax and caspase-3 protein caused by piceatannol in
SW1990 and PANC-1 cells. n =5, *P < 0.05, **P < 0.01 vs. Control; ##P <
0.01 vs. Pice.

to untreated cells (P < 0.05).
Further experiments con-
firmed that miR-125b was
decreased in the patients of
PC (Figure 2B). And, forced
expression of miR-125b by
transfection markedly reduc-
ed the level of Bcl-2 protein,
a known target for miR-125b
(Figure 2C).

Enforced expression of miR-
125b triggered apoptosis in
PC cells

To examine the effect of miR-
125b on apoptosis, we trans-
fected miR-125b mimics into
PC cells. Indeed, we observed
that miR-125b mimics decre-
ased the cell viability and in-
creased percentage of apop-
totic cells in SW1990 and
PANC-1 cells (Figure 3A, 3B).
These data indicating that
miR-125b could induce apop-
tosis in PC cells.

Knockdown of miR-125b al-
leviates apoptosis induced by
piceatannol

To examine whether the up-
regulation of miR-125b con-
tributes to the piceatannol-
induced apoptosis in PC cells,
we knocked down the expre-
ssion of miR-125b by trans-
fection of its specific inhibi-
tor, miR-125b inhibitor, and
then observed the alteration
of piceatannol-induced apop-
tosis in PC cells. As shown in
Figure 4A, the combination of
miR-125b inhibitor transfec-
tion and piceatannol treat-
ment restored the reduction
of cell viability induced by pi-

detect the level of miR-125b after treating with ceatannol alone. And, the combination of miR-
piceatannol in SW1990 and PANC-1 cells for 125b inhibitor transfection and piceatannol
48 h. As shown in Figure 2A, qRT-PCR analysis treatment alleviated the raise of cell apoptosis
indicated that piceatannol treatment caused a induced by piceatannol alone (Figure 4B).
significant elevation of miR-125b expression in Moreover, the combination of miR-125b inhibi-
both SW1990 and PANC-1 cells, as compared tor transfection and piceatannol treatment

14499 Int J Clin Exp Med 2017;10(10):14495-14502
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reversed the dysregulation of Bcl-2 and Bax
caused by piceatannolalone in SW1990 and
PANC-1 cells (Figure 4C). These results sug-
gested that piceatannol induced cell apoptosis
partly due to up-regulation of miR-125b in PC
cells.

Discussion

In this present study, we demonstrated that
piceatannol could inhibit the growth of PC cell
in a dose-dependent manner. Furthermore, we
provide the evidence showing that piceatan-
nol induced cell apoptosis through up-regula-
tion of miR-125b in PC cells. Our findings sug-
gest that piceatannol might be of benefit in
the treatment of pancreatic cancer.

Recent studies have demonstrated that pice-
atannol, a natural analog of the anti-cancer stil-
bene resveratrol, exerts its inhibitory effects
on the cancer development and progression
[4]. For example, it has been reported that pi-
ceatannol inhibits growth and induces apopto-
sis in the human prostate cancer lines DU145
and NRP-154, which indicate piceatannol has
potential as an anti-prostate cancer agent [22,
23]. Moreover, piceatannol was found to block
cell cycle progression in the GO/G1 phase and
induces apoptosis in T24 and HT1376 human
bladder cancer cells [7]. In addition, piceatan-
nol has been shown to inhibit the metastasis
in leukemia cells [24, 25]. However, little at-
tention has been paid to the effects of piceat-
annol in PC. Our data reinforce this anti-tu-
mor action of piceatannol by showing that the
ability of piceatannol to inhibit PC cells growth
by at least partially inducing a caspase-3-de-
pendent apoptosis, suggesting that piceatan-
nol could be used for the treatment of pancre-
atic cancer.

Several reports have demonstrated that kinds
of miRNAs have been confirmed to participate
in the initiation and progression of pancreatic
cancer [26, 27]. For example, Liu et al identified
that miR-34b was downregulated in pancreatic
cancer and its restoration significantly inhibited
pancreatic cancer progression in vitro and in
vivo [28]. Similarly, Another study has shown
that miR-27a, an oncogenic miRNA, is signifi-
cantly overexpressed in pancreatic cancer and
its inhibition diminishes growth and malignant
behavior of pancreatic cancer cells by inducing
tumor suppressor Spry2 [29]. Interestingly, it
has been reported that miRNAs could be regu-
lated by natural chemopreventive agents (natu-
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ral agents), leading to the inhibition of cancer
cell growth, EMT, drug resistance, and metas-
tasis [30-34]. Therefore, modulation of miRNA
expression may be an important mechanism
underlying the biological effects of piceatan-
nol.

Recent studies have demonstrated the crucial
role of miR-125b in tumorigenesis and metas-
tasis [35-38]. Aihua Zhao et al found that miR-
125b acted as a tumor suppressor in hepatic
tumor development by targeting Bcl-2 and
inducing cancer cell apoptosis [18]. It was also
reported that miR-125b suppressed liver can-
cer proliferation and metastasis by targeting
the oncogene LIN28B [39]. These findings ar-
gued that up-regulation of miR-125b could re-
present a new treatment approach for human
cancer. To further support the role of miR-125b,
we observed that up-regulation of miR-125b
inhibited cell proliferation, caused down-regu-
lation of Bcl-2, up-regulation of Bax and ac-
tivation of caspase-3, and finally induced the
apoptosis in PC cells. More importantly, we
found that piceatannol significantly increased
the expression of miR-125b, suggesting that
piceatannol could be a potential agent to treat
PC through modulating miR-125b expression.

In conclusion, our findings demonstrated that
piceatannol suppressed cell proliferation, in-
duced cell apoptosis partly through up-regu-
lation of miR-125b. Because insensitivity to
growth inhibitory signals is a hallmark of can-
cer, piceatannol has potential as an anti-pan-
creatic cancer agent. Future studies will be
warranted to evaluate the effects of piceatan-
nol on the development of PC in animal cancer
models.
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