MOLECULAR MEDICINE REPORTS 16: 8729-8734 2017

Antitumor effects of baicalin on ovarian cancer cells through
induction of cell apoptosis and inhibition of cell migration in vitro
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Abstract. Baicalin, an active flavone isolated from
Scutellaria baicalensis Georgi,has been demonstrated to induce
various beneficial biochemical effects such as anti-inflamma-
tory, anti-viral, and antitumor effects. However, the antitumor
mechanism of baicalin is not well understood. In the present
study, baicalin was demonstrated to inhibit the viability and
migration of a widely used ovarian cancer cell line, A2780,
in a dose-dependent manner. MTT assays revealed that cell
viability significantly decreased in ovarian cancer cells treated
with baicalin compared with untreated cells, without effect on
normal ovarian cells. Flow cytometric analysis indicated that
baicalin suppressed cell proliferation by inducing apoptosis.
The underlying mechanisms involved were indicated to be
downregulation of the anti-apoptotic protein B-cell lymphoma
2 apoptosis regulator and activation of caspase-3 and -9. In
addition, wound healing and transwell assays revealed that cell
migratory potential and expression of matrix metallopeptidase
(MMP)-2 and MMP-9 were significantly inhibited when cells
were exposed to baicalin, compared with untreated cells. The
present study therefore suggested that baicalin has the potential
to be used in novel anti-cancer therapeutic formulations for
treatment of ovarian cancer.

Introduction

Ovarian cancer is the most lethal gynecologic cancer (1): The
five-year survival rate of patients is <50% post diagnosis (2).
First-line clinical treatments for ovarian cancer patients are
cytoreductive surgery and paclitaxel-based chemotherapy (3).
However, because of multi-drug resistance to chemotherapy,
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systemic chemotherapy produces a disappointingly low initial
response in most patients (4). Furthermore, many commonly
used anti-cancer chemotherapeutics have potent cytotoxic
effects in normal cells (5). Therefore, there is an urgent need to
develop effective, non-cytotoxic, chemotherapeutic approaches
for patients with ovarian cancer.

In recent years, many bioactive phytochemicals have been
observed to exhibit anti-cancer activities (6,7). They demon-
strate minimal general toxicity and adverse side effects and thus
may represent potential alternative medicine to conventional
cytotoxic chemotherapy (8,9). Baicalin is a flavone glycoside
found in Scutellaria baicalensis Georgi, with a chemical
formula of C,H,50,, (10). Baicalin has been reported to have
anti-oxidation, anti-proliferation, anti-inflammation and anti-
tumor effects (11-13). With respect to cancer, it has been reported
to inhibit the proliferation of various cancer cells through induc-
tion of apoptosis and inhibition of migration (14-16). However,
the effects of baicalin on ovarian cancer cells and the underlying
molecular mechanisms are still not clear.

The present study aimed to evaluate whether baicalin
could exert antitumor effects on ovarian cancer cells and to
explore the molecular mechanism of this process. The data
revealed that baicalin dose-dependently induced apoptosis and
significantly reduced the migration of ovarian cancer cells.
Baicalin may, therefore, be an effective active ingredient for
the development of an effective drug for patients with ovarian
cancer.

Materials and methods

Materials,reagentsandchemicals. Antibodies againstcaspase-3
(cat. no. 19677-1-AP), caspase-9 (cat. no. 10,380-1-AP), B-cell
lymphoma 2 apoptosis regulator (Bcl-2) (cat. no. 12789-1-AP),
matrix metallopeptidase (MMP)-2 (cat. no 10373-2-AP),
MMP-9 (cat. no. 10375-1-AP) and [3-actin (cat. no.20,536-1-AP)
were obtained from ProteinTech Group, Inc. (Chicago, IL,
USA). Secondary polyclonal anti-rabbit horseradish peroxidase
(HRP)-conjugated antibodies (cat. no. 111-035-003) were
purchased from Jackson ImmunoResearch Laboratories, Inc.
(West Grove, PA, USA). Radioimmunoprecipitation assay
(RIPA) lysis buffer (50 mM Tris pH 7.4, 150 mM NacCl, 1%
NP-40, 0.5% sodium deoxycholate, 0.1% SDS, sodium fluoride
and EDTA) was from Beyotime Institute of Biotechnology
(Haimen, China). The enhanced chemiluminescence (ECL)
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kit was from GE Healthcare Life Sciences (Little Chalfont,
UK). The Annexin V-conjugated fluorescein isothiocyanate
(FITC) apoptosis detection kit with propidium iodide (PI) was
purchased from Nanjing KeyGen Biotech Co., Ltd. (Nanjing,
China). Transwells were from BD Biosciences (San Jose,
American). MTT (3-(4, 5-dimethyl-2-yl)-2, 5-diphenyl tetrazo-
lium bromide) and DAPI were obtained from Sigma-Aldrich;
Merck KGaA (Darmstadt, Germany). Baicalin (concentra-
tion = 98%) was bought from the National Pharmaceutical
Engineering Center (Jiangxi, China).

Drug preparation. Baicalin was dissolved in 100% DMSO at
a concentration of 1 M as a stock solution and stored at 4°C,
and diluted in Dulbecco's modified Eagle's medium (DMEM,;
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) to
the required concentration before each experiment. The final
concentration of DMSO was <0.1% in all baicalin groups.

Cell lines and cell culture. The ovarian cancer cell line A2780
and normal ovarian cell line IOSE80 were purchased from
American Type Culture Collection (Manassas, VA, USA) and
cultured in DMEM medium supplemented with 10% fetal
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) and
100 U/ml penicillin (Gibco; Thermo Fisher Scientific, Inc.) at
37°C in a humidified atmosphere with 5% CO,.

Cell viability assays. The effect of baicalin on the viability of
cells was detected by MTT assay. The cells (1x10* cells/well)
were seeded into 96-well plates and incubated for 24 h.
Following 24 h treatment with O (control) 40, 80, 120, 160, 200
and 240 uM baicalin, cell viability was detected by adding
20 pl of MTT solution (5 mg/ml in PBS) to each well and
incubating the mixtures for 4 h at 37°C. The MTT solution
was then removed and 150 ul of dimethyl sulfoxide (DMSO)
was added to the wells. The absorbance was measured using a
Multiskan Ascent plate reader (Thermo Fisher Scientific, Inc.)
at a wavelength of 540 nm.

DAPI staining assay. To assess the effect of baicalin on the
nuclei of ovarian cancer cells, ~4x10* cells/well were treated
with baicalin at 0, 80 or 160 uM for 24 h. Cells in each well
were then stained with DAPI before fixation with 3.7% form-
aldehyde at room temperature for 15 min. The cells were then
washed with PBS and detected by fluorescence microscopy.
From each sample, 3 visual fields were randomly selected for
evaluation.

Cell apoptosis by flow cytometry. The extent of apoptosis was
evaluated by flow cytometry using an Annexin V-FITC/PI
apoptosis detection kit (cat. no. CA1020, Solarbio, Beijing,
China). Following treatment with either 0, 80 or 160 yM
baicalin for 24 h, ovarian cancer cells (1x10° cells/well) were
harvested and washed thrice with PBS, then incubated with
Annexin V-FITC and PI at room temperature for 10 min in
the dark. The cells were detected using a BD Accuri™ C6
flow cytometer and analyzed using BD Accuri™ C6 Software
version 1.0.264.21 (BD Biosciences, Franklin Lakes, NJ, USA).

Wound healing assays. A2780 cells (1x10° cells/well) were
seeded into 24-well plates and scraped with the end of 200 ul
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pipette tips. The plates were washed with PBS to remove
detached cells and then incubated with the complete growth
medium containing either 0, 20 or 40 xM baicalin solution
for 24 h. Cell migration was observed under a phase-contrast
microscope at 100x magnification at O and 24 h post-induction
of injury. Migrated cells in the denuded area in each of six
random fields were measured and quantified using Image J
software version 1.50 (National Institutes of Health, Bethesda,
MD, USA).

Transwell migration assays. Cell migration was quantified
by transwell assays. Ovarian cancer cells were treated with
0, 20 or 40 uM baicalin for 24 h and harvested. A total of
2x10* cells in serum-free DMEM were added to each upper
chamber and DMEM medium with 10% FBS was added to the
lower chamber as a chemoattractant. After 24 h incubation at
37°C, cells remaining on the upper surface of membrane were
removed and the cells that had migrated to the underside of the
membrane were stained with 0.1% crystal violet for 10 min.
The migrated cells on the underside of the membrane were
counted under a light microscope under a 200x magnification
field. A total of 6 random fields of each transwell membrane
were counted and averaged.

Western blot analysis. Total protein was extracted from the
cells samples using RIPA lysis buffer (Beyotime Institute
of Biotechnology) with protease inhibitors (Biocolor Ltd.,
Beijing, China) in a proportion of 1:100. Keep on ice for
5 min, swirling the plate occasionally for uniform spreading.
Centrifuge samples at 4°C, 12,000 x g for 15 min, transfer
supernatant for further analysis. Equal amounts of protein
(25 pg) were loaded on a 10% SDS-PAGE gel. The lysates
were resolved by electrophoresis (80 V for 30 min and 120 V
for 1.5 h) and transferred onto polyvinylidene difluoride
membranes (Bio-Rad Laboratories, Inc., Hercules, CA,
USA). Membranes were blocked in 5% nonfat milk for
1 h at room temperature and then incubated with primary
antibodies against caspase3 (1:1,000), caspase9 (1:1,000),
Bcl-2 (1:1,000), MMP-2 (1:200), MMP-9 (1:200) or B-actin
(1:1,000) in blocking buffer overnight at 4°C. This was
followed by incubation with relevant secondary polyclonal
anti-rabbit HRP-conjugated antibody (1:5,000) for 1 h at
room temperature. Protein bands were visualized using
a Chemiluminescent ECL assay kit (GE Healthcare Life
Sciences) and the Bio-Rad ChemiDoc XRS+ image analyzer.
Protein expression levels were quantitatively determined
using Image J software version 1.50 (National Institutes of
Health, Bethesda, MD, USA). $-actin was used as internal
reference for protein expression in the treated cells.

Statistical analysis. Data are presented as the mean + standard
deviation of 3 independent experiments. For each indepen-
dent experiment, the assays were performed in duplicate.
Statistical differences between two groups were analyzed
using a Student's t-test and multiple comparison analyses
were performed by one-way analysis of variance followed
by Tukey post-hoc testing. Statistical analysis was performed
using GraphPad Prism 5.0 (GraphPad Software, Inc., La Jolla,
CA, USA). P<0.05 was considered to indicate a statistically
significant difference.
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Figure 1. Effects of baicalin on ovarian cancer cell and normal ovarian cell viability. (A) Chemical structure of baicalin. (B) Viability of A2780 ovarian cancer
cells and IOSE80 normal ovarian cells was determined by MTT assay following treatment with 0, 40, 80, 120, 160, 200 or 240 M baicalin for 24 h. Data are
presented as the mean =+ standard deviation of 3 replicates. “P<0.01 and ““P<0.001 vs. the 0 #M control group.
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Figure 2. Baicalin induces apoptosis in A2780 ovarian cancer cells. (A) Cell nucleus morphology in cells treated with 0, 80 or 160 #M baicalin was observed
by DAPI staining (original magnification, x100). (B) Apoptosis was detected by Annexin V/PI staining following treatment with 0, 80 or 160 M baicalin.
Early apoptotic cells (Annexin V*/PI') are shown in the lower right quadrant of the chart, while the upper right quadrant indicates late apoptotic cells (Annexin
V*/PT"). Quantitative data are presented as the mean + standard deviation of 3 replicates. “P<0.01 and ““P<0.001 vs. the 0 uM control group. PI, propidium

iodide.

Results

Baicalin inhibits ovarian cancer cell viability. In order to
determine the effects of baicalin (Fig. 1A) on the viability
of A2780 ovarian cancer cells and IOSE80 normal ovarian
cells, cells were treated with 0, 40, 80, 120, 160, 200 and
240 uM baicalin for 24 h, then cell viability was determined
by MTT assay. Cancer cells treated with baicalin revealed
significantly reduced viability compared with untreated cells,
in a dose-dependent manner (Fig. 1B). However, baicalin did
not affect the growth of normal ovarian cells (Fig. 1B). These
data therefore indicated that baicalin inhibited the growth of
ovarian cancer cells.

Baicalin induces ovarian cancer cell apoptosis. To assess
whether the antitumor effects of baicalin on A2780 ovarian
cancer cells were associated with apoptosis, cells were stained
with DAPI and observed under a fluorescence microscope
(Fig. 2A). Nuclear chromatin condensation and fragmented
punctuate blue nuclear fluorescence were observed in ovarian
cancer cells treated with 80 and 160 M baicalin for 24 h, in
a dose-dependent manner, while the control cells displayed
normal and intact nuclei. This suggested that baicalin may
induce ovarian cancer cell apoptosis. To further investigate
this, apoptosis was analyzed by flow cytometry (Fig. 2B).
The parentage of early- and late-stage apoptotic cells signifi-
cantly increased in groups treated with baicalin compared
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Figure 3. Effects of baicalin on A2780 ovarian cancer cell migration,
assessed by wound healing assay. Cells were scraped with a pipette tip and
treated with 0, 20 or 40 M baicalin for 24 h. Cells were imaged under a
light microscope (original magnification, x100) before and after injury. Cell
migration was quantified by measuring wound closure areas before and after
injury. Quantitative data are presented as the mean =+ standard deviation of 3
replicates. “P<0.01 and ““P<0.001 vs. the 0 #uM control group.

with untreated control cells (Fig. 2B): The percentage of total
apoptotic A2780 cells was 2.6% in the control cells (2.6%
early-stage and 0% late-stage), 32% in the cells treated with
80 uM baicalin (21.9% early-stage and 10.9% late-stage)
and 39.5% in the cells treated with 160 M baicalin (30.1%
early-stage and 9.4% late-stage). These results demon-
strated that baicalin induces apoptosis in A2780 ovarian
cancer cells.

Baicalin suppresses migration of ovarian cancer cells by
antagonizing MMP-9 expression. To evaluate the effects
of baicalin on cell migration, wound healing assays and
transwell assays were performed. In the wound healing
assay, baicalin dose-dependently significantly decreased
the migration of A2780 cells compared with the untreated
control (Fig. 3). Likewise, baicalin significantly inhibited
ovarian cancer cell migration in a 24 h transwell assay, in
a dose-dependent manner, compared with untreated control
cells (Fig. 4). Treatment with 20 and 40 M baicalin inhibited
A2780 cells migration by 59 and 87% respectively (P<0.001;
Fig.4). The wound healing and transwell chamber assays both
suggested that baicalin suppresses the migration of ovarian
cancer cells. Given the effects of baicalin on ovarian cancer
cell migration, the mechanisms of this process were further
investigated. Since MMPs plays an important role in cancer
metastasis, MMP-2 and MMP-9 protein expression levels
were detected by western blot. Baicalin dose-dependently
reduced MMP-2 and MMP-9 protein expression levels in

GAO et al: Invitro ANTI-TUMOR EFFECTS OF BAICALIN ON OVARIAN CANCER CELLS

Baicalin (M)

B
2 __100
5 2 80
E E 60 ke
§"‘ 40
z 20 e
0
0 20 40
Baicalin (uM)

Figure 4. Effects of baicalin on A2780 ovarian cancer cell migration,
assessed by transwell assay. Cells were treated. Images represent cell migra-
tion to the underside of transwell membranes following treatment with 0, 20
or 40 M baicalin for 24 h (original magnification, x200). Quantitative data
are presented as the medn + standard deviation of 3 replicates, relative to
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Figure 5. Effects of baicalin on protein expression levels of MMP-2 and -9.
Protein expression levels of MMP-9 and MMP-2 were assessed by western
blotting analysis following treatment with 0, 20 or 40 M baicalin for 24 h.
[B-actin served as a loading control. Quantitative data are presented as the
mean + standard deviation of 3 replicates. “P<0.01 vs. the 0 uM control
group. MMP, matrix metallopeptidase.
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Figure 6. Effects of baicalin on protein expression levels of apoptosis-related
proteins. Protein expression levels of cleaved caspase-3, cleaved caspase-9
and Bcl-2, were assessed by western blotting analysis following treatment
with 0, 80 or 160 M baicalin for 24 h. -actin served as a loading control.
Quantitative data are presented as the mean + standard deviation of 3 repli-
cates. “P<0.01 and ""P<0.001 vs. the 0 M control group. Bcl-2, B-cell
lymphoma 2 apoptosis regulator.

treated cells compared with untreated cells (Fig. 5). These
data therefore suggested that the inhibitory effect of baicalin
on the migration of ovarian cancer was at least partially
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associated with downregulation of MMP-2 and MMP-9
expression.

The effects of baicalin on apoptosis-related proteins. Since
baicalin was demonstrated to induce apoptosis in ovarian
cancer cells, the expression and activation of apoptosis related
proteins was investigated by western blotting analysis (Fig. 6).
Protein expression levels of Bcl-2, an anti-apoptotic protein,
decreased in ovarian cancer cells treated with baicalin in a
dose-dependent manner, compared with untreated control
cells. Cleavage of caspase-3 and caspase-9 was also measured
in the study: The results revealed that cleaved-caspase-3 and
cleaved-caspase-9 levels increased in baicalin-treated ovarian
cancer cells compared with untreated control cells. These
results suggested that baicalin may activate the caspase-depen-
dent apoptosis pathway in A2780 cells.

Discussion

Apoptosis is a fundamental life phenomenon through the
whole process of life (17). It has been reported that in many
human tumor cells, the proliferation of cells is unrestricted
if cells apoptosis is definitely hindered (18). Therefore,
the antitumor effects of baicalin on ovarian cancer cells
was investigated as a strategy to identify new and effec-
tive drugs for patients with ovarian cancer. Baicalin has
previously been demonstrated to inhibit platelet-derived
growth factor-BB-stimulated vascular smooth muscle cell
proliferation through suppressing p-type platelet-derived
growth factor receptor/extracellular signal-regulated kinase
signaling (19). Baicalin, a phytochemical component of
Scutellaria baicalensis Georgi has widespread applica-
tions as anti-inflammatory, anti-hepatitis and anti-oxidation
agent (11,20,21). Furthermore, the anti-cancer effect of
baicalin has also been previously documented (22). The
present study aimed to explore the effects of baicalin on
ovarian cancer cells and analyze the mechanisms underlining
the observed effects.

Monomer compounds extracted from plants have previ-
ously been reported to induce apoptosis (23-25). Apoptosis is
programmed cell death and plays a vital role in eliminating
mutated or hyper-growing cancer cells. Various natural
compounds have been shown to suppress the growth of tumor
cells by inducing apoptosis (26-28). Therefore, induction of
apoptosis has become the major target of most anti-cancer
agents. It has been reported that baicalin inhibits the prolif-
eration of HeLa cells via the induction of apoptosis through
the intracellular mitochondrial pathway (29). The present
study indicated that baicalin significantly reduces the viability
of ovarian cancer cells, with no significant effect observed in
normal ovarian cells, and that ovarian cancer cells treated with
baicalin displayed specific apoptotic morphological changes.
In addition, the percentage of early and late apoptotic ovarian
cancer cells significantly increased following treatment with
baicalin. Thus, baicalin may specifically and significantly induce
apoptosis of ovarian cancer cells without affecting normal
ovarian cells. Mitochondrial proteins directly activate cellular
apoptotic programs (30,31). Bcl-2 is involved in the mitochon-
dria-associated apoptotic pathway (32). Downregulation of
Bcl-2 expression could lead to loss of mitochondrial membrane
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potential and trigger a series of apoptotic events such as acti-
vation of caspase-9 and caspase-3, as observed in this study.
Peng et al (29) indicated that baicalin-induces apoptosis in HeLa
cells through activation of caspase-3 through the intracellular
mitochondrial pathway and the surface death receptor pathway,
however, it did not show that baicalin could suppress migration
of ovarian cancer cells by antagonizing MMP2/9 expression.
The present study demonstrated that baicalin not only induced
ovarian cancer cell apoptosis via the intracellular mitochondrial
pathway but also suppressed they migratory ability of ovarian
cancer cells by antagonizing MMP2/9 expression. These data
suggested that baicalin could induce cell death through the
mitochondria-associated apoptotic pathway in A2780 epithelial
ovarian cancer cells, but requires further confirmation in other
cell models of ovarian cancer.

Additionally, the present study demonstrated that baicalin
effectively suppressed ovarian cancer cell migration. MMP-9
and MMP-2 belong to the gelatin enzyme class of prote-
ases (33,34). A recent study has suggested that the expression
of MMP-9 is associated with metastasis in ovarian cancer (35).
Also, the inhibition of MMP-2 expression suppresses the
metastatic potential of prostate cancer cells (36). The present
study demonstrated that baicalin significantly inhibited
ovarian cancer cell migration and that MMP-9 and MMP-2
protein expression was reduced by baicalin treatment in a
dose-dependent manner. These findings indicate that baicalin
may suppress ovarian cancer cell migration through down-
regulation of MMP-9 and MMP-2 expression.

In conclusion, to the best of our knowledge, the present
study is the first to demonstrate that baicalin may function as a
selective antitumor agent for ovarian cancer by inhibiting cell
viability, inducing apoptosis and suppressing ovarian cancer
cell migration. These data thus suggested that baicalin may
potentially be used in the formulation of a novel and effective
antitumor treatment for ovarian cancer patients.
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