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Introduction

Breast cancer (BC) is a major cause of cancer-related death for women. The
mortality arising from BC is attributed to metastatic spread of cancer cells to
vital organs, such as the liver, bone and lung.1 An estimated 2.1 million new
cases of BC worldwide were recorded during 2018.%

Breast tumors are characterized by their biologic complexity and heterogeneity.
Progression of BC cells is a multi-step process that involves the dysregulation of
the multiple genes that control cell survival. Oncology is focusing increasingly on
finding important signaling pathways and targeting the molecules that promote the
survival, proliferation and metastasis of tumor cells.

In addition to several types of surgical procedures, current treatment for BC
requires judiciously applied serial endocrine, chemotherapeutic and biologic therapies.
Surgery is the primary treatment for patients with early BC and improves long-term
survival, but it is not efficacious for individuals with advanced BC.?> Non-surgical
treatments for BC have been investigated. However, traditional non-surgical therapies
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are associated with significant toxicity. Therefore, the devel-
opment of novel treatments is required urgently.

Natural products play an important part in cancer treat-
ment. For example, a bitter-melon extract has been used for
the treatment of BC or head and neck cancer.*"® Oxymatrine
(Figure 1A) is an alkaloid extracted from a traditional
Chinese herb. Oxymatrine has been reported to inhibit the
proliferation, cell cycle and angiogenesis of cancer cells,
promote the apoptosis of cancer cells, and reverse multi-
drug resistance in patients with cancer.” Some studies have
reported the anti-cancer activity of oxymatrine in the pan-
creatic cancer cells,® colon cancer cells,’ hepatoma cells,'?
gastric cancer cells'' and osteosarcoma cells of humans.'
However, reports of the anti-cancer activity of oxymatrine
on human BC cells are lacking, a knowledge gap that we
sought to fill in the present study.

Materials and Methods

Reagents
Dulbecco’s modified Eagle’s medium (DMEM)-high glu-
cose was purchased from Gibco (Gaithersburg, MD, USA).
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bro-
mide (MTT) was purchased from Sigma-Aldrich (Saj

pase-3 and monoclonal antibodies against Ba o
lymphoma (Bcl)-2 (Abcam, Cambridge, Uk @ ,
i O 3

DA-MB-231 and human
EK)-293 cells (used as controls) were
purchased from the'@pll Bank of the Chinese Academy of
Sciences (Shanghai, China). Cells were cultured in DMEM
containing 10% fetal bovine serum, 100 U/mL penicillin and

embryonic kidné

100 pg/mL streptomycin. All cell types were grown at 37°C
in a humidified incubator in an atmosphere of 5% CO,.

MTT Assay

MTT assays were conducted to evaluate cell viability, as
described previously. Briefly, MCF-7, MDA-MB-231 or

HEK-293 cells were seeded at 10%/well in 96-well plates
and plated in 0.1 mL DMEM supplemented with indicated
concentrations of oxymatrine for 12, 24, 36 or 48 hrs. At
each time point, 10 uL of MTT solution (5 mg/mL) was
added, followed by incubation for 4 hrs at 37°C. Then, the
medium was replaced by 150 pL of dimethyl sulfoxide
(DMSO) solution, followed by incubation for another 10
mins to solubilize crystals. The absorbance was read at
490 nm using a microplate reader (Bio-Rad Laboratories,
Hercules, CA, USA).

Hoechst 33258 Staining

try

cultured with the indicated concentra-
ne for 24 hrs and then apoptosis was
V-FITC  Apoptosis
it. Cells were collected by trypsinization, cen-

the Annexin

Buffer and mixed with 5 pL of Annexin V-FITC. Then,
cells were stained in the dark for 10 mins. After that, cells
were centrifuged at 1000 x g for an additional 5 mins,
resuspended in 190 pL of Annexin V-FITC Binding Buffer
and mixed with 10 pL of propidium iodide. Then, cells
were kept in the dark and subjected to flow cytometry.
Experiments were repeated thrice, and the results were
analyzed using CellQuest™ (Becton Dickinson, Franklin
Lakes, NJ, USA).

Assays to Measure the Migration and

Invasion of Cells

Transwell™ assays (Sigma—Aldrich) were undertaken to
measure the migratory and invasive abilities of MCF-7 and
MDA-MB-231 cells. The upper chambers were washed
with serum-free medium, with or without the addition of
20 pL of Matrigel™ (Corning Life Sciences, Corning, NY,
USA) covering the surface of a polycarbonate membrane
for migration or invasion experiments. Cells (10%) in
0.2 mL of serum-free DMEM treated with or without the
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Figure | Oxymatrine inhibits the proliferation of breast cancer cells. (A) Molecular structure of oxymatrine. (B) HEK-293, MCF-7 and MDA-MB-231 cells were cultured with the
indicated concentrations of oxymatrine for the indicated times in 96-well plates. The MT Tassay was carried out, and results are the mean * SD of three experiments done in triplicate.
(€) MCF-7 and MDA-MB-231 cells were cultured with the indicated concentrations of oxymatrine for the indicated times in 96-well plates. The MTTassay was carried out to calculate
the inhibition of cell proliferation by oxymatrine, and the results are the mean + SD of three experiments done in triplicate. (D) HEK-293, MCF-7 and MDA-MB-231 cells were cultured
with the indicated concentrations of oxymatrine for 24 hrs, and PI3K expression was measured by Western blotting. (E) HEK-293, MCF-7 and MDA-MB-23 | cells were cultured with
the indicated concentrations of oxymatrine for 24 hrs, and PI3K expression was measured by real-time RT-PCR. (F) MCF-7 cells were treated with DMSO alone or with the indicated
concentrations of oxymatrine for 24 hrs, and PI3K expression was measured by Western blotting. (G) MCF-7 cells were treated with DMSO alone or the indicated concentrations of
oxymatrine for 24 hrs, and PI3K expression was measured by real-time RT-PCR. Results represent the mean + SD of three experiments done in triplicate. (H) MDA-MB-23 1 cells were
treated with DMSO alone or the indicated concentrations of oxymatrine for 24 hrs, and PI3K expression was measured by Western blotting. (I) MDA-MB-231 cells were treated with
DMSO alone or the indicated concentrations of oxymatrine for 24 hrs, and PI3K expression was measured by real-time RT-PCR. Results are the mean * SD of three experiments done
in triplicate. **P < 0.01, compared with the control group.
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indicated doses of oxymatrine were plated in the upper
chamber of each chamber, whereas the lower surfaces
were filled with 0.5 mL of DMEM supplemented with
10% fetal bovine serum. After incubation for 24 hrs at
37°C, cells on the upper compartments were removed,
whereas the invaded cells in the lower parts were stained,
observed and counted under a high-power microscope.

Western Blotting
Lysates of total cellular proteins were extracted using 100 pL
of RIPA Lysis Buffer. Then, 60 pg of lysates resolved in gels
after sodium dodecyl sulfate—polyacrylamide gel electrophor-
esis was transferred to nitrocellulose membranes through elec-
troblotting. Then, membranes were blocked with 5% blocking
solution for 1 hr. This was followed by incubation overnight at
4°C with primary antibodies obtained from Santa Cruz
Biotechnology (PI3K; 1:1000 dilution; sc-390916), Akt
(1:1000; sc-5298), Akt" ™% (1:1000; sc-271966), caspase-
9 (1:1000; sc-56076), Bax (1:1000; sc-7480), Bcl-2 (1:1000;
sc-7382), GAPDH (1:1000; sc-47724), caspase-3 (1:1000; sc-
7272), PARP (1:1000; sc-390771), cyclin D1 (1:1000;
sc-8396), CDK2 (1:1000; sc-6248), GSK-3B (1:1000; sc-
377213), MMP2 (1:1000; sc-13594) apart from PIP3 (1:80&
PAB22210), which was from Abnova (Taipei, Taiwan). Th
membranes were washed thrice with TBST and incubated wit
horseradish  peroxidase-conjugated
(Sigma—Aldrich) for an additional hour. Ig

Total cellular RNA
Reagent according
CA, USA) g
transcribed
kit (Promega,

using an Mx308 Real-Time PCR system (Applied
Biosystems, Foster , CA, USA). The PCR program was:
40 cycles of 94°C for 15 s, 60°C for 10 s and 72°C for 20 s. All
procedures were repeated thrice. Gene expression was normal-
ized to that of -actin.

The mouse primer sequences (forward and reverse, respec-
tively) used were: PI3K, 5'- GGACCCGATGCGGTTAGAG-
3" and 5-ATCAAGTGGATGCCCCACAG-3"; Gsk3B, 5-GT
ATGGTCTGCTGGCTGTGT-3' and 5-GGGTCGGAAGAC
CTTAGTCC-3"; CDK2, 5'-GCCATTCTCATCGGGTCCTC

-3’ and 5-ATTTGCAGCCCAGGAGGATT-3"; cyclin D1, 5'-
CCGAGGAGCTGCTGCAAATGGAGCT-3" and 5-TGAA
ATCGTGCGGGGTCATTGCGGC-3'; caspase-9, 5'-GGTGA
CCCCAGAATTGACCC-3' and 5-TCGACAACTTTGCTG
CTTGC-3; Bcl-2, 5-GGTGAACTGGGGGAGGATTG-3'
and 5-GGCAGGCATGTTGACTTCAC-3'; Bax, 5'-AGCTG
AGCGAGTGTCTCAAG-3" and 5'-GTCCAATGTCCAGCC
CATGA-3"; MMP9, 5'-CGCATCTGGGGCTTTAAACAT-3’
and 5'-TCAGCACAAACAGGTTGCAG-3'; B-actin, 5'-TCG
TGCGTGACATTAAGGAG-3" and 5'-

ATGCCAGGGTACATGGTGGT-3".

Statistical Analyses

Data are the mean + stan

Re
O¥matrin

C
The B

epressed the Viability of BC

-7 and MDA-MB-231 and HEK-293 cells
oup) were treated by the indicated concentrations of
€. At an established time, point, oxymatrine reduced
he viabilities of MCF-7 and MDA-MB-231 cells significantly
a dose-dependent manner; stronger effects were observed in
CF-7 cells, but weaker effects were seen in the control group
(Figure 1B). To explore the differences between effects on
these cells, we measured PI3K expression at RNA and protein
levels: higher PI3K expression was noted in MCF-7 cells than
in MDA-MB-231 cells, with lowest expression observed in
the control group (Figure 1D and E). Oxymatrine inhibited
PI3K expression in MCF-7 cells and MDA-MB-231 cells in
a dose-dependent manner (Figure 1E, F, H and I).

Oxymatrine Expedited the Apoptosis
of BC Cells

Hoechst 33258 staining showed that oxymatrine accelerated
chromatin condensation in MCF-7 cells to induce nuclear
degradation (Figure 2A). Data from flow cytometry also
demonstrated that oxymatrine treatment generated more apop-
totic cells (7.63% and 1.36% at 30 pM and 10 pM of oxyma-
trine, respectively) than that in the control group (Figure 2B).
Oxymatrine treatment decreased the level of Aktp-Thr308
protein, with little change in the total Akt level (Figure 2C
and D). Also, oxymatrine treatment increased the expression
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Figure 2 Oxymatrine induces the apoptosis of MCF-7 cells. (A) MCF-7 cells were pre-incubated with the indicated concentrations of oxymatrine for 24 hrs, and then cells
were stained with Hoechst 33258 and observed with a fluorescence microscope. (B) MCF-7 cells were pre-incubated with the indicated concentrations of oxymatrine for
24 hrs, and cells were treated with ANNEXIN-V-FITC and analyzed by FACS analysis. The experiment was repeated thrice. (C) MCF-7 cells were treated with DMSO or the
indicated concentrations of oxymatrine for 24 hrs, and expression of PI3K, AKT, Akt® T"3% caspase-3, Bax and Bcl-2 was measured by Western blotting. (D) MCF-7 cells
were treated with DMSO or the indicated concentrations of oxymatrine for 24 hrs, and mRNA expression of caspase-3, Bax and Bcl-2 was measured by real-time RT-PCR.
Results are the mean + SD of three experiments done in triplicate. **P < 0.01, compared with the control group.
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of caspase-3 and Bax significantly at protein and RNA levels,
whereas Bcl-2 expression was downregulated.

Oxymatrine Suppressed Proliferation

of BC Cells

We examined the effects of oxymatrine on the cycle of MCF-7
cells by flow cytometry. Oxymatrine arrested a greater propor-
tion of cells in the G1 phase (67.25% and 63.24% at 30 pM and
10 uM of oxymatrine, respectively), and a smaller proportion
in the S phase (17.69% and 20.11% at 30 uM and 10 pM of
oxymatrine, respectively) than the control group (Figure 3A).
Cyclin D1, CDK2 and Gsk3p have central roles in regulating
the G1 phase of the cell cycle, so we measured their expression

A

G1:51.76%
S :23.25%

Number

100
_Number

in cells treated at different doses of oxymatrine. Western blot-
ting showed that exposure to the indicated concentrations of
oxymatrine for 48 hrs decreased expression of cyclin DI,
CDK2 and Gsk3p markedly (Figure 3B). Real-time PCR
showed that oxymatrine inhibited the expression of cyclin D1
in a dose-dependent manner (Figure 3C). These results sug-
gested that oxymatrine suppressed the proliferation of BC
cells.

Oxymatrine Inhibited the Migration and

Invasion of BC Cells
Transwell assays with or withou

dertaken
dinigration

atrigel wers

to test the inhibitory effect o

G1:67.25%
S :17.69%
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Figure 3 Oxymatrine suppressed the proliferation of breast cancer cells. (A) MCF-7 cells were pre-incubated with or without oxymatrine for 24 hrs, and then cells were
analyzed using a FACS Vantage flow cytometer with CellQuest™ acquisition and analysis software. (B) MCF-7 cells were treated with DMSO or the indicated
concentrations of oxymatrine for 24 hrs, and expression of cyclin DI, CDK2 and Gsk3p was measured by Western blotting. (C) MCF-7 cells were treated with DMSO
or the indicated concentrations of oxymatrine for 24 hrs, and mRNA expression of cyclin DI, CDK2 and Gsk3f was measured by real-time RT-PCR. Results are the mean *
SD. Experiments were repeated thrice. *P < 0.05, **P < 0.01, ***P < 0.001, compared with the control group.
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Figure 4 Oxymatrine inhibited the migration and invasion of breast cancer cells. (A and B) After pre-incubation with oxymatrine, MCF-7 cells were detected by
Transwell™ without or with Matrigel™. (C and D) After pre-incubation with oxymatrine, MDA-MB-231 cells were detected by Transwell without or with Matrigel. (E)
MCEF-7 cells were treated with DMSO or the indicated concentrations of oxymatrine for 24 hrs, and MMP9 expression was measured by Western blotting. (F) MCF-7 cells
were treated with DMSO or the indicated concentration of oxymatrine for 24 hrs, and mRNA expression of MMP9 was measured by real-time RT-PCR. Results are the
mean + SD. Experiments were repeated thrice. *P < 0.05, **P < 0.01, ***P < 0.001, compared with the control group.
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and invasion of BC cells, respectively. Oxymatrine reduced
the migratory and invasive abilities of MCF-7 cells in
a concentration-dependent manner (Figure 4A and B),
whereas similar (but weaker) inhibitory effects were
observed in MDA-MB-231 cells (Figure 4C and D). We
demonstrated that MMP9 expression was reduced at protein
and RNA levels in MCF-7 cells (Figure 4E and F).

Discussion
Oxymatrine is considered to be a novel anti-tumor agent in
different types of cancer cells because it can retard pro-
liferation and the cell cycle and induce apoptosis.
However, its effects on BC cells are not known.

Here, we demonstrated that oxymatrine repressed the
proliferation, migration and invasion of MCF-7 and MDA-
MB-231 cells efficaciously in a dose-dependent and time-
dependent manner. Also, we demonstrated that oxymatrine
could inhibit PI3K expression.

The PI3K/Akt signaling pathway has a pivotal role in
regulating the apoptosis, proliferation and motility of
cells."*!* Also, PI3K exhibits higher expression in tumor
cells than that in normal cells, suggesting that PI3K is
involved in the functions of activated tumor cells, and that
suppression of its expression could be an important strat
against cancer.'> Reports have shown that fangchinoli
(traditional Chinese herb with anti-tumor activi
inhibited proliferation of SGC7901 cells
tumor line) if high expression of PI3K ¢

effects on MCF-7 an
cells. Furthermorg ed that oxymatrine
ression in a dose-
a inhibition of PI3K expression.

Sand division of cells are regulated in the
cell cycle by compl® machinery comprising cyclins and
cyclin-dependent protein kinases (CDKs).'” Regulation of
the G1 phase of the cell cycle has attracted attention as
a target for the study and therapy of BC.'"® Cyclin D is
a downstream locus of the PI3K/Akt signaling pathway.
Cyclin D forms a complex with CDK2 (or other types of
CDKs) to promote Gl-phase progression towards the
S phase.'” Consistent with those elaborations, fluorescence-

activated cell sorting (FACS) analysis in our study

demonstrated that oxymatrine arrested the cycle of MCF-7
cells at the G1 phase, along with the reduced expression of
cyclin D1, CDK2 and GSK3p in the oxymatrine-treated group,
suggesting that oxymatrine suppressed proliferation of BC
cells dramatically.

Frequently, the growth of tumor cells is due to an imbal-
ance between cell proliferation and apoptosis. Caspase-3 is
a crucial regulator involved in apoptosis because it enhances
chromatin condensation and nuclear decomposition.?’
Moreover, that balance between Bax expression and Bcl-2
optotic fate of

expression is a major factor determinig

21,22

cells, and it has been an e

for BC.>** Thus, we measur

was downregulated aft

expression was upr

1ls to migrate out and accelerate

jon.”® Studies have shown that oxymatrine

of MMP9 expression. MMP?9 is also downstream of
13K/Akt, so we conjectured that oxymatrine repressed the
tastasis of BC cells via the PI3K/Akt/MMP9 signaling
pathway. Xie W and colleagues reported that oxymatrine can
enhance the anti-tumor effects of bevacizumab against triple-
negative BC by abating the Wnt/B-catenin signaling
pathway.® Our study demonstrated that oxymatrine can also
inhibit the growth of BC cells by regulating PI3K expression.

Proliferation Apoptosis Invasion

Figure 5 Suppression of proliferation and invasion and enhanced apoptosis of
breast cancer cells by inhibition of expression of PI3K and its downstream signaling
pathway by oxymatrine.
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Conclusion

Oxymatrine can limit the proliferation, apoptosis, migration
and invasion of BC cells by inhibiting expression of PI3K
and its downstream signaling pathways (Figure 5). However,
animal models of BC are needed to certify the validity and
safety of oxymatrine, and pharmacokinetic investigations
are needed to establish its optimal dose before clinical use
can be contemplated. We believe that oxymatrine could
serve as a potential therapeutic agent and deserves further
studies regarding anti-tumor treatment.
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