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Abstract Although advanced surgical operation and chemo-
therapy have been under taken, pancreatic cancer remains one
of the most aggressive and fatal human malignancies with a
low S-year survival rate of less than 5 %. Therefore, novel
therapeutic strategies for prevention and remedy are urgently
needed in pancreatic cancer. This present research aimed to
investigate the anti-cancer effects of hyperoside in human
pancreatic cancer cells. Our in vitro results showed that
hyperoside suppressed the proliferation and promoted apopto-
sis of two different human pancreatic cancer cell lines, which
correlated with up-regulation of the ratios of Bax/Bcl-2 and
Bcl-xL and down-regulation of levels of nuclear factor-xB
(NF-kB) and NF-«kB’s downstream gene products. What’s
more, using an orthotopic model of human pancreatic cancer,
we found that hyperoside also inhibited the tumor growth
significantly. Mechanically, these outcomes could also be as-
sociated with the up-regulation of the ratios of Bax/Bcl-2 and
Bcl-xL and down-regulation of levels of NF-kB and NF-«kB’s
downstream gene products. Collectively, our experiments in-
dicate that hyperoside may be a promising candidate agent for
the treatment of pancreatic cancer.
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Introduction

Pancreatic cancer remains one of the most aggressive and fatal
human malignancies, which has an astoundingly low 5-year
survival rate of less than 5 % in spite of the superior therapy
available today [1, 2]. Pancreatic cancer is now the eighth
most deadly cancer in men and the ninth most deadly cancer
in women in the world [3]. However, patients who have had
multimodal therapy including surgery resection have a 5-year
survival rate of more than 20 % [4]. The poor therapeutic
effect of chemotherapy and radiotherapy, aggressive biologi-
cal behavior of pancreatic tumors, and lack of diagnosis are
the main reasons for the unfavorable prognosis of pancreatic
cancer. Thus, novel therapeutic strategies are urgently needed
for the effective treatment of this malignant disease.

Nuclear factor-kB (NF-kB), a nuclear transcription factor
that plays an important role in regulating invasion, prolifera-
tion, growth, anti-apoptosis, and angiogenesis, is frequently
activated in many cancer cells [5—7]. More importantly, many
experimental results show that NF-kB plays a key role in the
growth and proliferation of pancreatic cancer cells. First of all,
NF-kB is frequently active in pancreatic cancer cells but poor-
ly active in non-tumorigenic cell lines [6, 8]. Second, NF-kB
can directly stimulate cellular proliferation by the induction of
promoting growth genes [9, 10]. Third, NF-kB is capable of
promoting pancreatic cancer growth through anti-apoptosis
[11]. In summary, these lines of evidence elucidate the func-
tion of NF-kB in pancreatic cancer and imply that an agent
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that can down-regulate the activation of NF-kB may poten-
tially suppress the growth of pancreatic cancer.

Numerous studies have shown that many natural herbal med-
icines have anti-tumor effects. Hyperoside (also known as quer-
cetin 3-O-3-d-galactoside; Fig. 1c), a major active component
from Hypericum perforatum [12], has many biological effects,
including myocardial protection [13], antioxidant [14],
antihyperglycemic [15], anti-inflammatory [16], analgesia [17],
and anti-cancer [ 18-20]. However, no study has investigated the
application of hyperoside in curing pancreatic cancer. Therefore,
in this study, we attempted to investigate whether hyperoside
could inhibit growth and induce apoptosis in pancreatic cancer.

In this study, we investigated whether hyperoside could
inhibit the growth of pancreatic cancer cells in vivo and in
vitro. We demonstrate that hyperoside could significantly
suppress the growth and proliferation of two pancreatic cancer
cell lines and pancreatic cancer tissues. Our results show that
the anti-cancer effects of hyperoside are associated with mo-
lecular mechanisms related to the promotion of the Bax/Bcl-2
and Bax/Bcl-xL ratios and suppression of NF-«kB activation.
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Fig. 1 Effect of hyperoside on cell viability. a Cell viability assay. Two
pancreatic cancer cell lines (Bxpc-3, PANC-1) were treated with various
concentrations of hyperoside for 24, 48, and 72 h, and cell viability was
tested by CCK-8 assay. b Human umbilical vein endothelial cell line
(HUVEC) and normal human live cell line (HL-7702) were treated with
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Methods and materials
Materials

Hyperoside (Sigma-Aldrich, USA) was dissolved in dimethyl
sulfoxide (DMSO; Sigma) as a 1000-mmol/L stock solution
and stored at 4 °C. Annexin V-FITC and propidium iodide(PI)
were purchased from Biosea Biotechnology (Biosea,China).
Antibodies used in this study included antibodies against
survivin, pro-caspase-3, c-Myc, Bcl-2, cyclin-D1, {3-actin,
PCNA, and Ki-67 (Santa Cruz Biotechnology, CA, USA),
against COX-2 and CD31 (Abcam Inc, MA, USA) and
against PARP Bcl-xL (Cell Signaling Technology, Inc, MA,
USA). Nuclear Extract Kit and Trans-AM NF-«kB p65 ELISA
Kit were obtained from Active Motif (Carlsbad, CA, USA).

Cell culture

The human pancreatic cancer cell lines PANC-1 and BxPC-3
were obtained from the American Type Culture Collection
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various concentrations of hyperoside for 24, 48, and 72 h, and cell via-
bility was tested by CCK-8 assay. ¢ Chemical structure of hyperoside.
Data shown are representative of at least three independent experiments.
*p<0.05, compared with control; **p<0.01, compared with control
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(Rockville, USA) and were cultured in DMEM and RPMI
1640 medium, respectively, supplemented with fetal bovine
serum (10 %), penicillin (100 U/ml), and streptomycin
(100 mg/ml; Irvine Scientific, Irvine, CA). Normal human
hepatic cells (HL-7702) were obtained from the Cell Collec-
tion of Chinese Academy of science (Shanghai, China) and
were cultured in DMEM supplemented with fetal bovine se-
rum (10 %), penicillin (100 U/ml), and streptomycin
(100 mg/ml; Irvine Scientific, Irvine, CA). Human umbilical
vein endothelial cell line (HUVEC) was obtained from all
cells (Shanghai, China) and were cultured in complete medi-
um (HUVEC-004, supplied by AllCells). All cells were main-
tained at 37 °C in humidified air with 5 % CO,. (All reagents
were from HyClone China Ltd., China.) Mycoplasma contam-
ination was tested using the Mycoplasma Stain Assay Kit
(Beyotime Institute of Biotechnology, Beijing, China). None
of the cell cultures were contaminated with mycoplasma.

Treatment of cells

Hyperoside dissolved in DMSO (final concentration, 0.1 % (v/
v)] was used for the treatment of cells. The subconfluent cells
(60-70 %) were treated with various concentrations of
hyperoside in complete cell culture medium, and the cells
treated with 0.1 % DMSO served as control. The following
experiments were repeated thrice.

CCK-8 assay

Cell viability in the treated cells was determined by using Cell
Counting Kit-8 (CCK-8) kit (Dojindo Laboratories, Kumamo-
to, Japan) following the instructions outlined by the manufac-
turer and as previously described by us [21]. Briefly, cells
were plated at a density of 3-5x 10> cells/well with 200 ml
of medium in 96-well microtiter plates with increasing doses
of hyperoside (0-600 puM, dissolved in DMSO). After treat-
ment, CCK-8 solution (10 pl) was added to each well and the
plates were incubated at 37 °C for 90 min. The absorbance of
the cell suspension was measured with a microplate reader at a
wavelength of 450 nm. The highest concentration of
hyperoside does not interfere with the CCK-8 assay reagents
in the absence of cells (data not shown). Medium containing
10 % CCK-8 served as a control.

Cell apoptosis assay

The percentage of cells actively undergoing apoptosis was
determined by flow cytometry using an Annexin V assay kit
following the instructions outlined by the manufacturer and as
previously described by us [22]. Briefly, cells were incubated
with increasing doses of hyperoside (control, 100, 300, and
500 uM) for 72 h, and then the cells were harvested with
trypsin, washed in phosphate buffered saline (PBS), and

counted. After counting, 1x10° cells were then resuspended
in binding buffer at a concentration of 1x10° cells/ml. Next,
10 ul of Annexin V and 5 pl of PI were added, and the cells
were incubated at room temperature for at least 15 minutes in
the dark. After incubation, the percentage of apoptotic cells
was analyzed by flow cytometry (Epics Altra II, Beckman
Coulter, USA). Cells were also visualized under a laser scan-
ning confocal microscope (LSM-510, Carl Zeiss Jena GmbH,
Jena, Germany) to detect apoptosis.

Electrophoretic mobility shift assay

Following treatment, cells were collected and nuclear proteins
were extracted according to a method described previously
[23]. Electrophoretic mobility shift assay (EMSA) was con-
ducted by preincubating 10 pg of nuclear extract with 1 pg of
poly(deoxyinosinic-deoxycytidylic acid) in binding buffer for
30 min at 4 °C. DNA-binding activity was confirmed with
biotin-labeled oligonucleotide bio-NF-«kB probe (5'-AGTT-
GAGGGGACTTTCCCA GGC-3') using an EMSA kit ac-
cording to the manufacturer’s instructions (Viagene, Beijing,
China). The probe was resolved on a 4 % polyacrylamide gel
containing 0.25x Tris/borate/EDTA (TBE) buffer and visual-
ized with a Cool Imager imaging system (IMGR002).

Western blotting

Protein extracts and Western blotting were performed as de-
scribed previously [21-23]. Cells treated with various concen-
trations of hyperoside (100, 300, or 500 uM) were harvested
and washed twice in ice-cold PBS, sonicated in RIPA buffer
(Beyotime Institute of Biotechnology, Beijing, China), and
homogenized. Debris was removed by centrifugation at 12,
000xg at 4 °C for 10 min, and protein concentration was
determined using the BCA protein assay according to the
manufacturer’s instructions. Samples containing equal
amounts of protein (50 mg) were separated by electrophoresis
on 10 or 15 % polyacrylamide SDS gels (100 V for 1 to 2 h)
and transferred to polyvinylidene difluoride (PVDF) mem-
branes by electroblotting (100 V for 1 h at 4 °C). The running
time and voltage as well as transfer time and voltage, required
some optimization depending on the circumstances. The
membranes were then blocked by incubating with 5 % skim
milk in TBS plus 0.1 % Tween 20 (TBST) buffer for 2 h
appropriate primary antibody with gentle agitation overnight
at 4 °C. The membranes were then washed several times and
incubated with the appropriate horseradish peroxidase-
conjugated secondary antibody (Santa Cruz Biotech, Santa
Cruz, CA, USA) for 1 h at room temperature. The membranes
were then washed and protein bands were visualized with the
enhanced chemiluminescence (ECL) kit followed by exposure
of the membrane to X-ray film. (3-actin was simultaneously
determined as a loading control.
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Animal tumor model and treatments

We established animal orthotopic pancreatic tumor model ac-
cording to methods described previously [24-29]. The female
nude BALB/c mice (4-6 weeks old) were purchased from the
Animal Research Center at The First Clinical Medical School
of Harbin Medical University (Harbin, China). All surgical
procedures and care administered to the animals were ap-
proved and reviewed by the Animal Care and Use Committee
of The First Clinical Medical School of Harbin Medical Uni-
versity (Harbin, China). BxPC-3-luc cells were used for ex-
periments in vivo. First, 5x10° cells were subcutaneously
injected into the flanks of mice to establish tumors within
2 weeks. Then, the subcutaneous tumors were excised and
cutinto 1 mm? fragments. The fragments were implanted into
the tail of the pancreas of 6-week-old mice during surgery
through a 1.5-cm vertical incision on the upper abdominal.
The abdomen was closed after successful operation. After

A

2 weeks of tumor growth, the mice were randomly assigned
to four groups (each group had seven mice): (a) 200 pul of PBS
i.p. injection, (b) 10 mg/kg b.w. of hyperoside i.p. injection,
(c) 20 mg/kg b.w. of hyperoside i.p. injection, and (d)
40 mg/kg b.w. of hyperoside i.p. injection. Intraperitoneal in-
jections of various concentrations of hyperoside were given
daily for 21 days. In vivo IVIS 200 biophotonic imaging sys-
tem (Caliper Life Sciences, Hopkinton, MA) was used to cap-
ture images of pancreatic tumors every week during the course
of treatment with hyperoside. Changes in tumor growth and
sites of metastasis were evaluated in each treatment group.
Body weights of mice were measured before the treatment.

PCNA and Ki-67 immunohistochemistry
The methodology has been described previously [21]. In brief,

paraffin-embedded tissue sections (5 wm) were immuno-
stained with an anti-PCNA or anti-Ki-67 Ab. The number of
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Fig.2 Effect of hyperoside on apoptosis of pancreatic cancer cells in
vitro. a The representative flow cytometry histograms of cell
apoptosis for BxPC-3 and PANC-1 cells treated for 72 h with in-
creasing doses of hyperoside (100, 300, 500 uM). b The above-
treated cells were stained with Annexin V/PI to assess apoptotic cells
under a laser scanning confocal microscopy. The early apoptotic cells
show only green fluorescence (Annexin V staining), while the late
apoptotic cells show red and green fluorescence together (Annexin V
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and PI double staining). ¢ Histograms exhibit the apoptosis rates of
the above-treated BxPC-3 and PANC-1 cells, as measured by flow
cytometry. d The levels of pro-caspase-3 and cleaved PARP were
analyzed by western blotting. (3-actin was detected as a loading con-
trol. e The density of each band was measured and compared with
that of the internal control, (3-actin. *p<0.05, compared with control;
**p<0.01, compared with control
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PCNA or Ki-67-positive cells was counted in ten randomly
selected microscopic fields at x400 magnification.

Quantification of apoptosis in tumor sections

The methodology has been described previously [21]. In brief,
paraffin-embedded tissue sections (5 um) were stained with
the terminal deoxynucleotidyl transferase dUTP nick end la-
beling (TUNEL) agent (Roche, Shanghai, China), and the
number of TUNEL-positive cells was counted in ten randomly
selected microscopic fields at x400 magnification.

Tumor microvessel density

The methodology has been described previously [21]. In brief,
tumor sections prepared from tumors 21 days after treatment
were immunostained with anti-CD31. The number of
microvessels was counted in randomly selected ten micro-
scopic fields at X200 magnification, and the microvessel den-
sity was recorded.

Statistical analysis

Results were expressed as the mean+standard deviation (SD).
The significance of differences between histopathologic
scores was assessed by the Kruskal-Wallis test. Additionally,
the continuous data were analyzed by ANOVA test and Stu-
dent-Newman—Keuls test. The differences were considered
statistically significant when p<0.05.
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Results

Effect of hyperoside on cell viability in pancreatic cancer
cells

To test the effect of hyperoside on the viability of human
pancreatic cancer cells, we used BxPC-3 and PANC-1 cells,
all of which were exposed to increasing concentrations of
hyperoside (0-600 uM) for 24, 48, and 72 h. As shown in
Fig. 1a, hyperoside suppressed the proliferation of two pan-
creatic cancer cell lines in a dose- and time-dependent manner.
These data demonstrate that hyperoside can effectively inhibit
the proliferation of pancreatic cancer. With a simple linear
regression analysis, inhibitory concentration (IC) 50 values
were approximately 601.298, 453.586, and 348.493 uM
(against BxPC-3) and 555.295, 451.904, and 374.37 uM
(against PANC-1) for 24, 48, and 72 h treatment, respectively.
However, hyperoside had a minimal effect on human umbili-
cal vein endothelial cell (HUVEC) and normal human live cell
(HL-7702) (Fig. 1b).

Hyperoside induces apoptosis in pancreatic cancer cells

In addition to the anti-proliferation effect, morphological de-
tection of hyperoside-treated pancreatic cancer cells illustrated
that hyperoside-induced growth suppression could also be as-
sociated with the induction of apoptosis. So we tested the
apoptosis-inducing effect of hyperoside in pancreatic cancer
cells. Cells were treated with various concentrations of
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hyperoside (100, 300, or 500 uM) for 72 h, stained with
Annexin V/PI, subjected to flow cytometry to determine the
apoptosis rate. As we can see in Fig. 2a, the treatment of
pancreatic cancer cells with various concentrations of
hyperoside led to an obvious dose-dependent improvement
in both early and late stages of apoptosis. The apoptotic indi-
ces were 6.5, 16.6, 42.8, and 63.4 % in BXxPC-3 and 3.1, 34.8,
53.7, and 65.2 % in PANC-1 at 0, 100, 300, and 500 uM
concentrations of hyperoside, respectively (Fig. 2a). The
stained cells were also tested by laser scanning confocal mi-
croscopy (Fig. 2b). The dose-dependent pro-apoptotic effects
of hyperoside in pancreatic cancer cells are shown in photo-
graphs (Fig. 2a—c). Subsequently, the expression of pro-
caspase-3 and cleaved PARP was examined by western blot-
ting. Hyperoside treatment down-regulated the level of pro-
caspase-3 and increased the expression of cleaved PARP in a
dose-dependent manner (Fig. 2d, e).
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Fig.4 Activation of NF-kB and the expression of NF-kB-regulated gene
in vitro. a Nuclear extracts were extracted and subjected to EMSA to
determine NF-kB DNA-binding activity. b Western blot analysis for
NF-kB and the expression of NF-kB-regulated gene products: {3-actin
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Hyperoside regulates the levels of Bcl-2 family proteins
in pancreatic cancer cells

Because Bcl-2 family proteins, which include promoters
(e.g., Bax) and inhibitors (e.g., Bcl-2 or Bel-xL) of cell
death processes, play crucial roles in apoptosis, we tested
the differences in the levels of Bax, Bcl-2, and Bcl-xL in
BxPC-3 and PANC-1 cells. Western blot analysis revealed
that the treatment of BxPC-3 and PANC-1 cells for 72 h
with increasing concentrations of hyperoside led to a dose-
dependent decrease in the expression of the anti-apoptotic
proteins Bel-2 and Bcel-XL (Fig. 3a). In contrast, the ex-
pression of the apoptotic protein Bax was increased dra-
matically in a dose-dependent manner by the treatment
with hyperoside (Fig. 3a). Therefore, hyperoside treatment
can regulate the expression of Bcl-2 family proteins. Treat-
ment with hyperoside increases the ratios of Bax/Bcl-2 and
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was detected as protein loading control. ¢ The density of each band in
(b) was measured, and the ratios of Bax/Bcl-2 and Bcl-xL were calculated
compared with that of the internal control, (3-actin. *p<0.05, compared
with control; ¥**p<0.01, compared with control
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Bcl-xL, which could lead to the observed effects on apo-
ptosis (Fig. 3b).

Hyperoside suppresses NF-«kB activation
and down-regulates NF-kb’s downstream gene products
in pancreatic cancer cells

After treatment with various concentrations of hyperoside,
nuclear extract was obtained for detecting NF-kB DNA-bind-
ing activity by EMSA and total protein was extracted to detect
the gene levels downstream of NF-kB by western blot. As
shown in Fig. 4a, hyperoside treatment markedly reduced

Cells Orthotopic pancreatic
A subcutaneously cancer model
injection establishment Randomization

{ } }

the DNA-binding activity of NF-«B in a dose-dependent man-
ner in BxPC-3 and PANC-1 cells. As shown in Fig. 4b, expo-
sure to increasing concentrations of hyperoside suppressed
NF-kB level and down-regulated the expression of survivin,
c-Myec, cyclin D1, and COX-2 in a dose-dependent manner in
pancreatic cancer cells (Fig. 4b, c).

Hyperoside inhibits the growth of pancreatic tumors
in mice

To assess the anti-tumor effect of hyperoside in vivo, we
established a nude mice model, which was described in the
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Fig. 5 Effects of hyperoside on the growth of orthotopic pancreatic
tumors. a Schematic representation of the experimental protocol
described in the “Methods and materials.” b The representative
bioluminescence images of nude mice treated with various
concentrations of hyperoside at various time points: the flux was

3 weeks

assessed every week. ¢ The mice were killed, and the tumor was
excised at the end of treatment. e The tumor volumes were measured
with vernier calipers. *p<0.05, compared with control; **p<0.01,
compared with control
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previous section, and treated the mice with different concentra-
tion of hyperoside for 3 weeks (Fig. 5a). The tumor volume
was measured by detecting the level of photonic fluxes, using
the bioluminescence IVIS Imaging System (Fig. 5b). The bio-
luminescence imaging results demonstrated that compared
with the treatment groups, the tumor volume of control groups
gradually increased with the passage of time. The suppression
of tumor volume by hyperoside was dose dependent (Fig. 5b).
After the treatments, the mice were killed. We excised tumors
and measured tumor volume using vernier calipers (Fig. Sc, d).

Hyperoside inhibits cell proliferation and microvessel
density and promotes apoptosis in pancreatic tumor

tissues

To determine the anti-proliferation and anti-angiogenesis ef-
fects of hyperoside in tumor tissues, the levels of Ki-67 (as a

A

Control

Hyperoside{10)

CD31

Fig. 6 Effects of hyperoside on cell proliferation, apoptosis, and
angiogenesis in orthotopic pancreatic tumors. a Immunohistochemical
analysis of Ki-67 and PCNA for cell proliferation and CD31 for
microvessel density, and TUNEL analysis of apoptotic cells in orthotopic
pancreatic tumor tissues. b Representative H&E-stained images obtained
from section for orthotopic pancreatic tumor. ¢ Ki-67-positive cells were
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Hyperoside(20)

cell proliferation marker), PCNA (as a cell proliferation mark-
er), and CD31 (as a microvessel density marker) were
immunohistochemically examined. As shown in Fig. 6, com-
pared with the control group, fewer PCNA and Ki-67-positive
cells were examined in tumors that were treated by
hyperoside. Similarly, as shown in Fig. 6, compared with the
control group, hyperoside treatment also resulted in a signifi-
cant reduction of microvessel density. Both cell proliferation
and microvessel density were examined in a dose-dependent
manner by immunohistochemistry.

To assess the apoptotic effect induced by hyperoside in
tumor tissues, apoptosis index was evaluated with TUNEL
staining. TUNEL staining showed that the percentage of
TUNEL-positive cells was increased significantly in correla-
tion with the concentration of hyperoside (Fig. 6). Further-
more, in tumor tissues, compared with the control group, the
level of pro-caspase-3 tested by western blot was down-

Ki-87

F TUNEL

Positive celis / field
s s

Conwat

counted to estimate the proliferation index. d PCNA-positive cells were
counted to calculate the proliferation index. e CD31-stained microvessels
were counted to estimate the microvessel density. f TUNEL-positive cells
were counted to estimate the apoptosis index. *»<0.05, compared with
control; **p<0.01, compared with control
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regulated and the expression of cleaved PARP tested by west-
ern blot was up-regulated in a dose-dependent manner
(Fig. 7a, b).

Hyperoside regulates the levels of Bcl-2 family proteins
in pancreatic tumor tissues

To analyze the mechanism by which apoptosis is induced by
hyperoside in tumor tissues, we next examined the expression
of Bax, Bcl-2, and Bcl-XL in pancreatic tumor tissues. The
western blot results revealed that treatment with increasing
doses of hyperoside cause a dose-dependent decrease in the
levels of Bcl-2 and Bel-xL (Fig. 7c¢),which have anti-apoptotic
function. In contrast, Bax, as an apoptotic protein, was signif-
icantly increased in a dose-dependently manner upon treat-
ment with hyperoside (Fig. 7¢). Thus, hyperoside treatment

A
Pro-caspase-3 (NGNS

can modulate the expression of Bcl-2 family proteins and
increases the ratios of Bax/Bcl-2 and Bcl-xL, which could
contribute to apoptosis in tumor tissues (Fig. 7¢).

Hyperoside inhibits NF-kB activation and down-regulates
NF-kB’s downstream gene products in pancreatic tumor
tissues

We also examined the effect of hyperoside on NF-kB
levels in pancreatic tumor tissues. As shown in Fig. 7d,
hyperoside, in a dose-dependent manner, significantly in-
hibits the DNA-binding activity of NF-kB tested by EMSA
in pancreatic tumor tissues. We next measured NF-kB ex-
pression and downstream gene products of NF-kB. As
shown in Fig. 7e, f, compared with the control group, the
NF-kB-regulated gene products that were analyzed by
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Fig. 7 Effects of hyperoside on the activation of Bcl-2 family and NF-
kB pathways in orthotopic pancreatic tumors. a Western blot analysis
was performed to measure the level of pro-caspase-3 and cleaved PARP
in tumor tissues. b The density of each band in (a) was measured and
compared with that of the internal control, (3-actin. *p<0.05, compared
with control; **p<0.01, compared with control. ¢ Effect of hyperoside
on the protein expression of Bcel-xL, Bcl-2, and Bax in tumor tissues,
and the ratios of Bax/Bcl-2 and Bcl-xL were calculated compared with

P65 COXx-2 c-myc Cyclin-D1 Survivin
that of the internal control: 3-actin. d EMSA analysis of NF-kB DNA-
binding activity in tumor tissues. e The expressions of NF-«B and NF-
kB-regulated gene products in pancreatic tumor tissue were also mea-
sured by western blot, with 3-actin as protein internal control. f The
density of each band in (e) was measured and compared with that of the
internal control, (3-actin. *p<0.05, compared with control; **p<0.01,

compared with control

@ Springer



7354

Tumor Biol. (2016) 37:7345-7355

western blot after hyperoside treatments decreased in a
dose-dependent manner.

Discussion

The discovery of natural compounds might show novel ap-
proaches to treating pancreatic cancer, which remains one of
the most malignant cancers in spite of great efforts [30]. In our
present study, we investigated the remarkable effects of
hyperoside on growth inhibition and the promotion of apopto-
sis in pancreatic cancer cells (PANC-1 and BxPC-3) and an
orthotopic pancreatic cancer model. In addition, our results
demonstrate that the anti-proliferative, anti-angiogenesis and
pro-apoptotic functions on pancreatic cancer may be regulated
through the inhibition of NF-kB and promotion of the ratios of
Bax/Bcl-2 and Bax/Bcl-xL.

The proteins of the Bel-2 family play a vital role in con-
trolling the pathway of apoptosis. Some proteins, such as Bcl-
2 and Bcl-XL, reduce apoptosis. In contrast, other Bcl-2 fam-
ily proteins, such as Bax and Bak, induce apoptosis [31-33].
The Bcl-2 family proteins, including anti-apoptotic and pro-
apoptotic proteins, can construct heterodimers, which define
the boundary of pro- and anti-apoptosis. In our experiment,
we found that treatment with hyperoside led to the up-
regulation of Bax protein and down-regulation of Bcl-2 and
Bcl-xL proteins, increases in the ratios of Bax/Bcl-2 and Bax/
Bcl-xL, and apoptosis in vitro. Therefore, the hypothesis that
treatment with hyperoside promotes apoptosis in pancreatic
cancer cells by increasing Bax and decreasing Bcl-2 and
Bcl-xL is reasonable and logical.

NF-kB is involved in different stages of the pancreatic
cancer carcinogenetic process and is reported in many malig-
nant tumors [34, 35]. NF-kB, which induces the genes in-
volved anti-apoptosis, invasion, angiogenesis, metastasis,
and proliferation, plays an important regulatory role in pan-
creatic cancer [5—7]. Plenty of natural bioactive compounds
with roles in chemoprevention, such as shikonin, escin,
dihydroartemisinin, curcumin and honokiol, suppress cell pro-
liferation and induce apoptosis via mechanisms related to
NF-kB [21, 23, 36-38]. We hypothesize that treatment with
hyperoside may inhibit the activation of NF-«kB in pancreatic
cancer. In our study, our experiments confirm that treatment
with hyperoside could inhibit the NF-kB DNA-binding activ-
ity and suppress the expression of total NF-kB p65.

NF-kB, which is active in the cytoplasm, can translocate
into the nucleus and bind with specific response elements in
DNA sequences and control several gene products implicated
in anti-apoptosis (Bcl-2, Bel-xL, survivin), proliferation (c-
Myec, cyclin D1, COX-2), angiogenesis (VEGF), and
invasion/metastasis (MMP-9) [6, 34, 39-41]. We next inves-
tigated the levels of NF-«kB downstream gene products in
pancreatic cancer cells. Our data indicated that treatment with
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hyperoside decreased the expression of NF-kB downstream
gene products in a dose-dependent manner. Therefore, these
results supported the hypothesis that hyperoside exerts anti-
cancer effects through the suppression of the NF-«kB signaling
pathway in pancreatic cancer.

Most importantly, our findings showed that hyperoside was
found to be effective at suppressing of tumor volume. We also
found that hyperoside could suppress proliferation (demon-
strated by less Ki-67 and PCNA immunostaining), inhibit an-
giogenesis (demonstrated by less CD31 immunostaining) and
promote apoptosis (demonstrated by TUNEL staining) in tu-
mor tissues. Additionally, our results indicated that hyperoside
could up-regulate the expression of Bax protein, down-
regulate the expression of Bel-2 and Bcl-xL proteins, increase
the ratios of Bax/Bcl-2 and Bax/Bcl-xL, and induce apoptosis
in tumor tissues. Similarly to the pancreatic cell results, our
results demonstrate that hyperoside could down-regulate
NF-kB DNA-binding activity and the expression of total
NF-kB p65 and NF-kB downstream gene products in an
orthotopic model. These in vitro results are in agreement with
results in vivo, demonstrating that the modulation of Bax/Bcl-
2 and Bax/Bcl-xL ratios and regulation of NF-kB activity and
NF-kB downstream gene products is, at least in part, the anti-
cancer molecular mechanisms in pancreatic cancer.

In conclusion, we have shown that hyperoside can promote
Bax/Bcl-2 and Bax/Bcel-xL ratios and inhibit NF-kB activa-
tion, resulting in the promotion of apoptosis and suppression
of proliferation in pancreatic cancer. According to our results,
hyperoside may be a good prospect for an anti-cancer drug
that can prevent and treat pancreatic cancer. Further in-depth
studies containing clinical trials are essential to support our
viewpoint for the treatment of pancreatic cancer.
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