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Abstract

Ovarian cancer is one of the leading causes of death related to the female reproductive system in
western countries. Adverse side effects and resistance to platinum based chemotherapy have
become the major obstacles for ovarian cancer treatment. Natural products have gained great
attention in cancer treatment in recent years. Chinese bayberry leaves flavonoids (BLF) containing
rich content of myricitrin (myricetin 3- O-rhamnoside) and a part of quercetrin (quercetin 3-
rhamnoside) inhibited the growth of an ovarian cancer cell line A2780/CP70. Such inhibitory
effects might be due to the induction of apoptosis and G1 cell cycle arrest. BLF treatment
increased the expression of cleaved caspase-3 and -7 and induced apoptosis via a Erk-dependent
caspase-9 activation intrinsic apoptotic pathway by up-regulating the pro-apoptotic proteins (Bad
and Bax) and down-regulating the anti-apoptotic proteins (Bcl-xL and Bcl-2), which were also in
consistency with the results from Hoechst 33342 staining and flow cytometry analysis.
Furthermore, by reducing the expression of cyclin D1 and CDK4 and p-Erk, BLF elevated the
distribution of G1 phase in cell cycle and thus caused G1 cell cycle arrest. Overall, these results
indicated that BLPs could be a valuable resource of natural compound for ovarian cancer
treatment.
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1. Introduction

Ovarian cancer as one of the most lethal gynecological cancers in the female reproductive
system affects roughly one in 75 women in the United States [1]. Although the first-line
therapy might benefit about 80% of patients with ovarian cancer, 75% of those patients still
experience tumor recurrence, which causes a huge concern towards the treatment of ovarian
cancer patients [2]. Cisplatin is one of the most widely used chemotherapy drug for treating
ovarian cancer. However, taking cisplatin treatment might bring some side effects to patients
and tumor recurrence is still unavoidable due the development of resistance. Treatment
failure and death in more than 90% of patients with metastatic disease are thought to be
caused by drug resistance [3]. Therefore, it is urgent to seek for new agents for cancer
treatment and bring less side effects to patients. Natural products from plants have drawn
great attention in the fight against cancer in recent years. Extensive studies have shown that
flavonoids derived from plants exhibited anti-cancer properties via inducing apoptosis,
causing cell cycle arrest and inhibiting angiogenesis etc. based on different /n vivoand in
vitro models [4].

By mechanism, there are two types of resistance — the nononcogenic resistance and
oncogenic resistance. The former one is due to prevention of drug-target interaction while
the latter one is due to alterations in the regulation of apoptosis and cell cycle. In oncogenic
resistance, a drug interacts with its targets, however, some downstream pathways related to
apoptosis are blocked, and thus oncogenic resistance is also considered as apoptosis
avoidance resistance [5]. Apoptosis also known as a process of programmed cell death plays
a crucial role in maintaining cell homeostasis. Avoidance of apoptosis is a hallmark of
cancer [6]. Therefore, inducing apoptosis to overcome oncogenic resistance is one of the
potential therapeutics for cancer patients [3, 7]. Furthermore, cell cycle events, which
involve four different phases (GO, G1, S and G2) strictly take place in cells and lead to cell
division and duplication of its DNA. Defected cell cycle events result in uncontrolled cell
proliferation, which is considered as one of the hallmarks of cancer. Oncogenic processes
exhibit their greatest effects by targeting G1 phase progression [8]. During the G1 phase,
cells can be regulated by mitogens, antiproliferative cytokines and other extracellular signals
by either advancing towards another division or withdrawing from the cycle into a resting
state (GO) [9]. Cyclin-dependent protein kinases (CDKs) and D-type cyclins have been
reported to control the G1 cell cycle progression by forming the holoenzyme complexes.
Therefore, the G1 cell cycle checkpoint is considered as the molecular target for cancer
treatment by focusing on the CDKs and D type cyclins complex.

Chinese bayberry (Myrica rubra Sieb. et Zucc.) has been cultivated in Southern China for
more than 2000 years and is popular among local people. However, leaves from bayberry
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trees are always abandoned after harvest, which causes huge ecological waste and awaits
further utilization and development. Flavonoids from Chinese bayberry leaves (BLF) contain
rich content of myricitrin and a part of quercetrin as its major components and exhibited
strong anti-oxidant property based on the chemical and cellular assays from a previous study
from our group [10]. Antioxidant activity of natural phytochemicals is related to other
bioactivities, such as anti-cancer and antiproliferative activities [11]. Previous studies have
shown that myricitrin, quercetrin and some other flavonols with similar structures such as
myricetin and quercetin exhibited potent anti-cancer properties by inducing apoptosis and
G1 cell cycle arrest via different pathways [12, 13]. Although many studies have focused on
the anti-cancer properties of flavonoids based on different cancer cell models, however, no
efforts have been made to clarify the effects of BLF on ovarian cancer cells. Thus, the
present study aims to demonstrate the inhibitory effects of BLF on the growth of an ovarian
cancer cell line A2780/CP70 in terms of its regulation on apoptosis and cell cycle arrest. Our
results showed that BLF induced apoptosis in A2780/CP70 cells by targeting the intrinsic
apoptotic proteins and caused G1 cell cycle arrest via the Erk pathway.

2.1 Effects of BLF and cisplatin on A2780/CP70 ovarian cancer cell viability

CellTiter 96 Aqueous One Solution Cell Proliferation assay was performed to investigate the
effects of BLF and cisplatin on the viability of A2780/CP70 ovarian cancer cells. Figure 1
shows that both BLF and cisplatin dose-dependently inhibited the viability of A2780/CP70
ovarian cancer cells (p < 0.01). The cell viability rate decreased from 93.73 + 3.08% to
59.22 + 3.79% after treating with BLF from 2 pg/mL to 10 ug/mL. The IC50 of BLF and
cisplatin cell viability curve were 10.57 pg/mL and 3.45 pg/mL, respectively. Although the
ability to inhibit the cell viability of A2780/CP70 cells of cisplatin was stronger than that of
BLF, BLF still had strong inhibitory effects on A2780/CP70 cells. The 1C50 of BLF was
lower than that of some other natural products, such as theaflavin-3,3’-digallate (IC50 was
more than 17.9 ug/mL on OVCAR-3 cells) [14] and galangin (IC50 was more than 11
ug/mL on A2780/CP70 cells) [15].

2.2 BLF induced apoptosis in A2780/CP70 ovarian cancer cells

To determine whether BLF inhibited the viability of A2780/CP70 cells by inducing
apoptosis, cells were analyzed by the Hoechst 33342 DNA staining and flow cytometry.
Figure 2A shows the Hoechst 33342 stained cells under a fluorescence microscope. After
treating with BLF or cisplatin, cells showed more condensed and fragmented nuclei and
were much brighter than the control group, which indicated that BLF or cisplatin treatment
induced more apoptotic cells than the control group. Such results were further verified by
the flow cytometry assay. Figure 2B and C show that BLF significantly decreased the
percentage of live cells and increased the percentage of apoptotic cells in a dose-dependent
manner (p < 0.01). The total apoptotic cells increased from 8.5 + 1.6% (BLF at 2.5 pg/mL)
t0 19.7 + 2.3% (BLF at 10 pg/mL), which was comparable to that of cisplatin at 3 pg/mL.
These results indicated that the inhibitory effect of BLF on A2780/CP70 cell viability might
be due to inducing apoptosis.
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2.3 BLF regulated key proteins in apoptotic pathways

Various signaling pathways involve in the regulation of apoptosis, such as Akt, p53 and Erk
pathways[16]. Thus, key proteins regulating cellular apoptosis were investigated in the
present study. Figure 3 shows that BLF did not show obvious effects on p-Akt and p53,
however, significantly reduced the expression of p-Erk in a dose dependent manner (p <
0.01). As a result, both of procaspase-3 and procaspase-7 decreased, while the expression of
cleaved caspase-3 and cleaved caspase-7 significantly increased in a dose-dependent
relationship (p < 0.01). Caspase-3 and caspase-7 are the key contributors to apoptosis and
can be activated through proteolytic processing. BLF at 10 ug/mL increased the expression
of cleaved caspase-3 and cleaved caspase-7 for about 1.47 + 0.14 and 1.62 £ 0.16 fold of
control, which suggests that BLF could induce apoptosis in A2780/CP70 cells via the Erk
pathway.

2.4 Effects of BLF on intrinsic and extrinsic apoptotic pathways

Induction of apoptosis can be classified into two main pathways, which are the intrinsic (the
mitochondrial) pathway and extrinsic (the death receptor) pathway [16]. To clarify whether
the intrinsic or extrinsic pathways involved in the BLF-induced apoptosis or not, key
proteins in both pathways were determined by western blot assay. In the intrinsic apoptotic
pathway, both of the pro-apoptotic Bcl-2 family (Bad, Puma and Bax) and the anti-apoptotic
Bcl-2 family (Bcl-xL and Bcl-2) are vital for the regulation of apoptosis. Figure 4 shows that
BLF treatment dose-dependently reduced the expression of Bcl-xL and Bcl-2 and increased
the expression of Bad and Bax, however, did not show obvious effects on the expression of
Puma. Activation of the pro-apoptotic proteins (Bad and Bax) and inhibition of the anti-
apoptotic proteins (Bcl-xL and Bcl-2) by BLF resulted in the elevation of cleaved caspase-9,
which is an important member of the caspase family and can be activated by proteolytic
processing. Cleaved caspase-9 further interact with other caspase members, such as
caspase-3 and caspase-7 to initiate apoptosis [17]. The expression of cleaved caspase-9 of
BLF at 10 pg/mL was 2.45 + 0.06 fold of control. However, BLF did not show obvious
effects on the key proteins in extrinsic apoptotic pathway, including procaspase-8, Fas and
FADD. Taken together, BLF mainly targeted the intrinsic apoptotic pathway to activate
caspase-9 and further induced apoptosis in A2780/CP70 cells.

2.5 BLF induced G1 cell cycle arrest in A2780/CP70 ovarian cancer cells

Other than inducing apoptosis, we further investigated whether BLF treatment caused any
cell cycle-related events to inhibit the growth of A2780/CP70 cells, thus, the cell cycle phase
distribution of cells treated with BLF (2.5, 5, 10 pg/mL) was analyzed by flow cytometry
after propidium iodide staining. Figure 5A shows that the distribution of G1 significantly
increased after treating with BLF (p < 0.05). BLF at 10 ug/mL increased 28.6% of G1 cell
cycle distribution compared with that of the control (Figure 5B). However, the distribution of
S phase slightly decreased and treatment with BLF did not show obvious effects on G2
phase. The flow cytometry analysis indicated that BLF induced G1 cell cycle arrest in
A2780/CP70 cells.
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2.6 BLF regulated cell cycle G1l-related proteins

Based on the results from the flow cytometry analysis, key proteins related to the regulation
of G1 cell cycle were determined by western blot analysis after BLF treatment. Erk has been
reported to control G1 cell cycle phase via regulating the cyclin-CDK4/6 complex [18].
Figure 6 shows that BLF reduced the expression of p-Erk and thus inactivated the Erk.
Furthermore, BLF at 10 ug/mL reduced the expression of cyclin D1 and CDK4 for about
60.0% and 39.2% respectively compared with those of the control. These results indicated
that the BLF-induced G1 cell cycle arrest might be attributed to the downregulation of Erk
and cyclin D1/CDK4 complex.

3. Discussion

Ovarian cancer is one of the most lethal gynecological cancers among women in the world.
Patients who experienced platinum based chemotherapy might acquire some side effects and
resistance to treatment drugs, which is the major impediment for ovarian cancer treatment.
Natural products have gained huge attention in cancer treatment in recent years and
flavonoids have been reported to exhibit anti-cancer properties through various signaling
pathways based on many different /n vivo and in vitro studies [4]. In the present study, we
found that BLF strongly inhibited the cell viability of ovarian cancer cells A2780/CP70
(Figure 1) and afterwards demonstrated that the BLF-induced inhibitory effects on cell
viability might be due to the induction of apoptosis and G1 cell cycle arrest.

Apoptosis is a process of programmed cell death that occurs in multicellular organisms and
plays an important role in maintaining regular functions and activities of cells. One possible
mechanism that tumor cells gain resistance to chemotherapy drugs might be due to the
resistance to apoptosis [5]. Based on the results of the Hoechst 33342 staining and the flow
cytometry assay, our data indicated that BLF induced apoptosis in A2780/CP70 cells by
showing much brighter and more condensed nuclei within cells (Figure 2A) and
significantly higher percentage of apoptotic cells (Figure 2B & C). Many pathways are
involved in the regulation of apoptosis, such as Akt, p53 and Erk pathways. Akt can be
activated by phosphorylation and further stimulates cell survival by inhibiting apoptosis
[19]. Activation of Erk is necessary for cell survival and proliferation and it can be activated
by phosphorylation in response to a diverse range of stimuli, such as mitogens, growth
factors and cytokines. However, p53 as a tumor suppressor protein can induce DNA repair,
apoptosis and cell cycle arrest [20]. Among these key proteins, BLF did not show obvious
effects on the expression of Akt and p53, however, significantly reduced the expression of p-
Erk in A2780/CP70 cells, which resulted in the activation of caspase-3 and caspase-7
(Figure 3). Both of caspase-3 and caspase-7 belong to the cysteine-aspartic acid protease
(caspase) family and act as crucial executioner proteins of apoptosis. Activation of caspase-3
requires proteolysis from its inactive proenzymes at conserved aspartic residues to produce
two subunits, and therefore form the active enzyme. During apoptosis, caspase-7 is activated
via proteolytic processing by upstream caspases at Asp23, Asp 198 and Asp 206 to produce
mature and active subunits [17]. By mainly targeting Erk, BLF treatment activated caspase-3
and caspase-7 by increasing the expression of cleaved caspase-3 and cleaved caspase-7 and
thus induced apoptosis in A2780/CP70 cells. Such results were also in accordance with
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some previous studies that flavonoids, such as myricitrin, myricetin, quercetrin and
quercetin caused apoptosis in different cancer cell models via the Erk pathway [12, 21].

Once apoptosis begins, it inevitably leads to cell death, thus, the initiation of apoptosis is
strictly regulated by activation mechanisms [16]. Two well-known mechanisms contributed
to apoptosis are the intrinsic (the mitochondrial) apoptotic pathway and extrinsic (the death
receptor) apoptotic pathway. The intrinsic apoptotic pathway is mediated by mitochondrial
outer membrane permeabilization, which leads to the release of cytochrome c into
cytoplasm, and cytochrome ¢ then forms apoptosome and initiates the activation of the
caspase cascade via caspase-9 to result in apoptosis [22]. In the extrinsic apoptotic pathway,
tumor necrosis factor-related apoptosis-inducing ligands bind with their respective death
receptors, such as DR4/DR5 or Fas, and then interacts with Fas-associated death domain
protein (FADD), which functions as an important adaptor in coupling death signaling from
membrane receptors to caspase-8 and further activates the caspase-3 [23]. Activation of
either intrinsic or extrinsic apoptotic pathway leads to the activation and cleavage of
procaspase-3, -6 or -7 and afterwards results in the progress of apoptosis [24]. In the present
study, key proteins in both intrinsic and extrinsic pathways were determined by western blot
assays after the BLF treatment. The expression of the proteins in the extrinsic apoptotic
pathway, such as procaspase-8, Fas and FADD did not show obvious change after BLF
treatment. On the other hand, BLF significantly regulated key proteins in the intrinsic
apoptotic pathway. Bad as a member of the Bcl-2 family is a pro-apoptotic protein that
promotes cell death by displacing Bax from binding to anti-apoptotic proteins, such as Bcl-2
and Bcl-xL [25]. Bax forms oligomers and translocates from cytosol to the mitochondrial
membrane to interact with pore proteins and thus increases the permeability of the
membrane, which results in the release of cytochrome ¢ from mitochondria and activation of
caspase-9 and other caspases required for apoptosis [26]. On the other hand, Bcl-xL can
heterodimerize with the apoptotic proteins or form some mitochondrial outer membrane
pores that are non-permeable to pro-apoptotic molecules and thus prevent apoptosis [27].
Bcl-2 is localized to the outer membrane of mitochondria, where it plays a vital role in
promoting cell survival and inhibiting the activity of pro-apoptotic proteins [25]. BLF
treatment dose-dependently activated the pro-apoptotic proteins (Bad and Bax) and inhibited
the activities of anti-apoptotic proteins (Bcl-xL and Bcl-2) (Figure 4) and therefore induced
apoptosis by mainly focusing on the intrinsic apoptotic pathway.

Many cancer cells exhibit defective cell-cycle checkpoints, which leads to uncontrolled
proliferation and growth [28]. Cells undergo four stages (GO, G1, G2 and S phases) to divide
and duplicate its DNA. During G1 phase, cells synthesize mRNA and proteins in preparation
for the following steps leading to mitosis. Many proteins are required for the progression
through the G1 phase of cell cycle, such as cyclin D1 and CDKs. Cyclin D1 can be
synthesized quickly and accumulates in the nucleus, however, it will be degraded when cells
enter the S phase. Cyclin D1 as a regulatory subunit of CDK4/6 can assemble with CDK4/6
into holoenzyme complexes to regulate the G1/S phase transition and the entry into the S
phase [8]. Thus, many investigations focused on G1 cell cycle checkpoint by targeting the
cyclin D1-CDK4 complex as one of the anti-cancer therapeutics. Erk pathway not only
participates in the regulation of apoptosis, but also controls G1 cell cycle phase. Erk has
been reported to regulate cyclin D1 transcriptional induction via Fos family member proteins
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and also control the assembly of cyclin-CDK complex via the CDK translocation [18].
Results from the flow cytometry analysis indicated that the G1 cell cycle phase distribution
significantly increased after BLF treatment compared with the control (Figure 5). Western
blot assay further demonstrated that the BLF-induced G1 arrest might be associated with Erk
and cyclin D1-CDK4 complex by exhibiting significantly reduced expression of p-Erk,
cyclin D1 and CDKA4 after BLF treatment (Figure 6). These results were also in agreement
with some previous studies that flavonoids such as quercetin and myricetin induced G1 cell
cycle arrest via the inhibition of D type cyclins and CDKs in different cancer cell models,
including ovarian cancer cells [13, 29], [30].

Flavonoids are widespread in many different types of plants or plant products and frequently
occur as glycosides. For instance, myricitrin and quercetrin which can be extracted from the
fruits, leaves and bark of Chinese bayberry trees and other plants, are the 3-O-rhamnoside
form of myricetin and quercetin respectively [31]. Myricitrin and quercetrin are converted to
their aglycone forms through intestinal microflora [32] and their aglycones (myricetin and
quercetin) were reported to induce apoptosis on different cancer cell models by affecting the
intrinsic apoptotic proteins via the Erk pathway [33]. Furthermore, some functional groups
of flavonoids, such as 2,3 double bond, 3-OH group and 4-oxo on the C ring were reported
to affect the function of mitochondria membrane by decreasing the fluidity via inhibiting the
respiratory chain of mitochondria or causing uncoupling, which might partially be attributed
to apoptosis [34]. Containing rich myricitrin and a part of quercetrin and other flavonoids,
BLF showed strong capacities in the induction of apoptosis and G1 cell cycle arrest via the
Erk pathway. Except for the major effects brought by myricitrin, its synergistic effects with
other flavonoids might also played a role as well. Many previous studies showed that
combination of two or more flavonoids exerted stronger inhibition on cancer growth due to
the synergistic and additive effects and such benefit might be due to the complex mixture of
phytochemicals present in whole foods [35, 36]. With myricitrin as its major component and
a part of quercetrin and other flavonoids, BLF owned the potential to be a valuable source of
natural products to benefit ovarian cancer patients given the fact that myricitrin has been
listed as “generally recognized as safe” by the US [32]. However, the dosage and /in vivo
toxicity of BLF awaits further investigation in the future.

4. Conclusion

In the present study, we demonstrated that BLF had strong inhibitory effects on the growth
of an ovarian cancer cell line A2780/CP70 by inducing apoptosis and G1 cell cycle arrest via
the Erk pathway. BLF reduced the expression of p-Erk and then activated the caspase
cascade by elevating the expression of cleaved caspase-3, -7 and -9. BLF treatment
significantly up-regulated pro-apoptotic proteins and down-regulated anti-apoptotic proteins
in intrinsic apoptotic pathway to induce apoptosis rather than the extrinsic apoptotic
pathway. Furthermore, by downregulating the expression of p-Erk, cyclin D1 and CDK4,
BLF induced G1 cell cycle arrest in A2780/CP70 cells, which was also in accordance with
the flow cytometry analysis. Taken together, BLF showed potent anti-cancer property by
inducing apoptosis via a Erk-dependent caspase-9 activation intrinsic apoptotic pathway and
inducing G1 cell cycle arrest in A2780/CP70 cells. BLF owns the potential to be developed
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as a value source of dietary compounds for ovarian cancer treatment to promote public
health.

5. Materials and methods

5.1 Materials and reagents

Propidium iodide, dimethyl sulfoxide were purchased from Sigma-Aldrich (Sigma, St.
Louis, MO, USA). Antibodies against Akt, phospho-Akt, p53, procaspase-3, cleaved
caspase-3, procaspase-7, cleaved caspase-7, Procaspase-9, cleaved caspase-9, Bcl-xL, Bcl-2,
Puma, procaspase-8, Fas, DR5, FADD, Cyclin D1 and CDK4 were purchased from Cell
Signaling Technology (Beverly, MA, USA). Antibodies against Erk, phospho-Erk, Bad, Bax
and GAPDH were purchased from Santa Cruz Biotechnology (Dallas, Texas, USA).

5.2 Flavonoids from Chinese bayberry leaves

BLF used in the present study was obtained from our previous study [10]. The content of
total flavonoids, myricitrin and quercetrin of BLF are 920.78 + 18.88 mg/g DW, 184.36

+ 5.96 mg/g DW and 127.05 + 0.42 ug/g DW, respectively. Detailed information about the
preparation and identification of BLF was presented in Supplementary Materials. BLF was
presented as yellow powder and was kept in —80 °C refrigerator for long term storage. BLF
was firstly dissolved in dimethyl sulfoxide (DMSQO) at 100 mg/mL to prepare a stock
solution, which was diluted with culture medium to treat cells at 2.5, 5 and 10 pg/mL
(DMSO concentration was 0.0025%, 0.005% and 0.01%, respectively). Cells treated with
culture medium containing 0.01% DMSO was used as the control. Cisplatin was firstly
dissolved in PBS at 1.5 mg/mL to prepare a stock solution, which was then diluted with
culture medium to treat cells at 3 pg/mL for the Hoechst 33342 staining assay and flow
cytometry analysis.

5.3 Cell culture and reagents

Human ovarian cancer cell line A2780/CP70 was kindly provided by Dr. Bing-Hua Jiang
from Department of Microbiology, Immunology, and Cell Biology, West Virginia University,
Morgantown, WV, USA. Cells were cultured in RPMI 1640 medium (Sigma, St. Louis, MO,
USA) supplemented with 10% US-qualified fetal bovine serum (Invitrogen, Grand Island,
NY, USA) at 37 °C with 5% CO5.

5.4 Cell viability assay

A2780/CP70 cells were seeded into 96-well plates at a density of 2 x 104 per well in
medium with 10% FBS at 37 °C with 5% CO» and were allowed to attach the bottom
overnight and then treated with BLPs at different concentrations for 24 h. Cell viability was
determined by using CellTiter 96 Aqueous One Solution Cell Proliferation assay (Promega,
Madison, WI, USA) based on the manufacturer’s instructions. The results were expressed as
a percentage compared to control cells (vehicle treatment).
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5.5 Hoechst 33342 staining for apoptosis assessment

A2780/CP70 cells were seeded into 96-well plates at a density of 1 x 10° per well in
medium with 10% FBS at 37 °C with 5% CO, and were allowed to attach the bottom
overnight. Afterwards, cells were treated with cisplatin (3 pg/mL) or BLF (2.5, 5 and 10
ug/mL) for 24 h. Cells were stained with 10 ug/mL Hoechst 33342 (Sigma, St. Louis, MO,
USA) in PBS for 10 min at 37 °C in the dark. Afterwards, cells were assessed under a
fluorescence microscope (ZEISS) and data were collected from three independent
experiments.

5.6 Flow cytometry analysis for apoptosis

The apoptotic cells were detected by an Alexa Fluor 488 Annexin V/Dead Cell Apoptosis
Kit (Invitrogen). Cells were harvested and centrifuged for 10 min at 1500 rpm after treating
with cisplatin (3 pg/mL) or BLF (2.5, 5 and 10 pg/mL) for 24 h. Afterwards, cells were
washed with PBS twice and suspended in binding buffer with Alexa Fluor 488 Annexin V
and propidium iodide (PI) in the dark at room temperature for 15 min. The stained cells were
analyzed by a flow cytometry system (BD Biosciences, San Jose, CA, USA) within 1 h with
the emission wavelength at 530 nm and excitation wavelength at 488nm.

5.7 Flow cytometry analysis for cell cycle

A2780/CP70 cells were treated with cisplatin (3 pg/mL) or BLF (2.5, 5 and 10 pg/mL) for
24 h and were harvested by digestion with trypsin and centrifugation (1500 rpm for 15 min).
The cell pellets were suspended with 70% ethanol at —20 °C overnight. Afterwards, cells
were washed with PBS twice and incubated with RNase (180 pg/mL) for 30 min at 37 °C,
and followed by incubation with PI solution (final concentration 50 pg/mL) for 30 min in the
dark. Cells were analyzed by flow cytometry system (BD Biosciences) and results were
analyzed by FCS software (De Novo Software, CA, USA).

5.8 Western blot

A2780/CP70 cells were treated with BLF (2.5, 5 and 10 ug/mL) for 24 h and were harvested
with M-PER Mammalian Protein Extraction Reagent and Halt Protease and Phosphatase
Inhibitor (Thermo Fisher Scientific, Waltham, MA, USA). Total protein concentrations were
determined by the BCA protein kit (Thermo Fisher Scientific). Equal amounts of proteins
were separated by SDS-polyacrylamide gel electrophoresis and then transferred to
polyvinylidene difluoride filters membrane (GE Healthcare, Chicago, IL, USA). Afterwards,
membranes were blocked with 5% of nonfat milk with TBST for 1 h and then were
incubated with the first antibody over-night at 4 °C and appropriate secondary antibodies
conjugated with horseradish peroxidase. Antibodies against Akt, phospho-Akt, p53,
procaspase-3, cleaved caspase-3, procaspase-7, cleaved caspase-7, Procaspase-9, cleaved
caspase-9, Bcl-xL, Bcl-2, Bad, Puma, Bax, procaspase-8, Fas, DR5, FAD, CDK4 and cyclin
D1 were purchased from Cell Signaling Technology (Beverly, MA, USA). Antibodies
against GAPDH, Erk, phospho-Erk and GAPDH were purchased from Santa Cruz
Biotechnology (Dallas, Texas, USA). Bands were detected by the ECL Western blot
detection reagents (Thermo Fisher Scientific) and exposed to a Mini-Protean 3 System (Bio-
Rad, Atlanta, GA, USA).
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5.9 Statistical analysis

Results are presented as the mean + standard deviation (SD) for at least three replicates for
each sample. Statistical analyses were performed using the SPSS program, version 17.0
(SPSS Inc., 2009). Data were analysed by ANOVA and significant differences were set at p
<0.05and p<0.01.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

. BLF inhibited cell viability of cisplatin-resistant ovarian cancer A2780/CP70
cells

. Flow cytometry analysis showed that BLF induced apoptosis in A2780/CP70
cells

. BLF activated caspase-3 and caspase-7 to induce apoptosis in A2780/CP70
cells

. BLF induced apoptosis via the Erk-induced intrinsic apoptotic pathway

. BLF induced G1 cell cycle arrest in A2780/CP70 cells
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Figure 1.
BLF and cisplatin inhibited the viability of A2780/CP70 cells in a dose dependent manner.

(**) p < 0.01, compared with the control of cisplatin. (##) p < 0.01, compared with the
control of BLF. Cells treated with culture medium containing 0.01% DMSO was used as the
control.
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Figure 2.
BLF induced apoptosis in A2780/CP70 cells. (A) Hoechst 33342 staining of A2780/CP70

cells detected by a fluorescent microscope after treating with BLF (2.5, 5 and 10 pg/mL) or
cisplatin (3 pg/mL) for 24 h. Highly condensed or fragmented nuclei represent apoptotic
cells. (B) Flow cytometry analysis of A2780/CP70 cells. Cell were treated with BLF (2.5, 5
and 10 pg/mL) or cisplatin (3 pg/mL) for 24 h, then stained with Annexin V-FITC and Pl
solution and analyzed with flow cytometry. (C) Percentage of live and total apoptotic cells
after treatment with BLF (2.5, 5 and 10 pg/mL) or cisplatin (3 pg/mL). Results are
representative of three independent experiments and are expressed as mean + SD. (**) p <
0.01, compared with the control. Cells treated with culture medium containing 0.01%
DMSO was used as the control.
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Figure 3.
BLF regulated key proteins in apoptotic pathways in A2780/CP70 cells. Cells were treated

with BLF (2.5, 5 and 10 pg/mL) for 24 h. Akt, p-Akt, p53, p-Erk, Erk, procaspase-3, cleaved
caspase-3, procaspase-7, cleaved caspase-7 and GAPDH protein expression were detected
by Western blot analysis and quantified by Image J software. Some blots presented were
cropped and some full-length blots were presented in Supplementary Information file.
Results are representative of three independent experiments and are expressed as mean +
SD. (*) p<0.05and (**) p < 0.01, compared with the control. Cells treated with culture
medium containing 0.01% DMSO was used as the control.
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BLF regulated key proteins in intrinsic and extrinsic apoptotic pathways in A2780/CP70
cells. Cells were treated with BLF (2.5, 5 and 10 pug/mL) for 24 h. Procaspase-9, cleaved
caspase-9, Bcl-xL, Bcl-2, Bad, Puma, Bax, procaspase-8, Fas, DR5, FADD and GAPDH
protein expression were detected by Western blot analysis and quantified by Image J
software. Some blots presented were cropped and some full-length blots were presented in
Supplementary Information file. Results are representative of three independent experiments
and are expressed as mean + SD. (*) p < 0.05 and (**) p < 0.01, compared with the control.
Cells treated with culture medium containing 0.01% DMSO was used as the control.
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Figure 6.

BEF regulated cell cycle G1-related proteins. Cells were treated with BLF (2.5, 5 and 10
ug/mL) for 24 h. Erk, p-Erk, Cyclin D1, CDK4 and GAPDH protein expression were
detected by Western blot analysis and quantified by Image J software. Some blots presented
were cropped and some full-length blots were presented in Supplementary Information file.
Results are representative of three independent experiments and are expressed as mean *
SD. (*) p<0.05and (**) p < 0.01, compared with the control. Cells treated with culture
medium containing 0.01% DMSO was used as the control.
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