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Inhibition of breast cancer cell growth by the Pferis semipinnata
extract ent-11a-hydroxy-15-oxo-kaur-16-en-19-oic-acid
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Abstract.Previous studies have demonstrated strong anti-tumor
effects of ent-11a-hydroxy-15-oxo-kaur-16-en-19-oic-acid (5F),
an extract from Pteris semipinnata, in liver, lung, stomach and
anaplastic thyroid cancer cells. However, whether 5F inhibits
the growth of breast cancer cells remains unclear. The present
study assessed the effect of 5SF on breast cancer cells. The breast
cancer cell lines MCF-7, MDA-MB-231 and SK-BR-3 were
each treated with 0, 5, 10, 20 and 40 ug/ml SF. Morphological
changes in the breast cancer cells were assessed using fluo-
rescence microscopy. The proliferation and apoptosis of the
breast cancer cells were also examined using Cell Counting
Kit-8 and flow cytometry. The levels of B-cell lymphoma
2 (Bcl-2), Bcl-2-associated X apoptosis regulator (Bax),
Bcl-2 antagonist/killer (Bak) 1 and caspase-3 in the breast
cancer cells were assessed. The results of the present study
demonstrated that 5F inhibited the proliferation of MCF-7,
MDA-MB-231 and SK-BR-3 breast cancer cells in a concen-
tration- and time-dependent manner. Treatment with 5F also
induced the apoptosis of breast cancer cells. MDA-MB-231,
MCEF-7, and SK-BR-3 cells exhibited apoptotic rates of 40.13,
60.44, and 70.49%, respectively, following incubation with 5F
for 24 h. Furthermore, 5F significantly decreased the expres-
sion of Bcl-2 and increased the expression of Bax, Bak, and
caspase-3 in a concentration-dependent manner. The results of
the present study revealed that the P. semipinnata extract SF
inhibited the growth of human breast cancer cells in a time-
and concentration-dependent manner, and that 5F induced
apoptosis of human breast cancer cells.
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Introduction

Breast cancer is the most common malignant tumor in
females (1). The prognosis of breast cancer depends on
the age of the patient, tumor grade and treatment received.
Individualizing treatment plans based on histopathological
types of tumor is recommended by tumor experts for the
treatment of breast cancer (2). Based on the phenotypes
of breast cancer, at least four molecular subtypes of breast
cancer have been identified, including luminal A, luminal B,
triple negative/basal-like and human epidermal growth factor
receptor 2 (HER?2) (3). The multiple molecular subtypes of
breast cancer exhibit distinct sensitivities to chemotherapy,
and different prognoses. Patients with luminal breast
cancer typically have good prognoses and benefit less from
chemotherapy compared with patients with other subtypes
of breast cancer (4). Currently, no effective chemotherapy
drugs are available for triple negative/basal-like breast
cancer. Multi-drug resistance is common in patients with
advanced breast cancer. Furthermore, since the majority of
chemotherapy drugs possess side effects, selecting effective
and safe chemotherapy drugs for patients with advanced
breast cancer poses a substantial challenge. The develop-
ment of chemotherapy drugs that are independent of HER2,
estrogen and progesterone receptors is crucial for the future
successful treatment of breast cancer, particularly advanced
breast cancer.

Multiple Chinese herbs have been hypothesized to facilitate
the treatment of tumors. However, the molecular mechanisms
underlying the anti-tumor effects associated with certain
Chinese herbs remain to be fully understood. Pteris semipinnata
is a traditional Chinese herb of the Pteridaceae family. P. semi-
pinnata has been used to treat snake bites, hepatitis and enteritis
due to its detoxifying, swelling-reducing and pain-relieving
effects (5). Ent-11a-hydroxy-15-oxo-aur-16-en-19-olic acid (5F),
a compound isolated from the leaves of P. semipinnata, crystal-
lizes in the monoclinic system. The structure consists of three
six-membered rings. Additionally, 5F possesses seven chiral
atoms, the configuration of which, as obtained by anomalous
dispersion, is R-C4, S-C5, R-C8, S-C9, R-C12 and R-C15 (6).
Previous studies have reported that SF induces apoptosis in
and inhibits the proliferation of lung, liver, anaplastic thyroid,
stomach, colon and throat cancer cells (7-11).
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However, whether 5F exerts anti-tumor effects during the
progression of breast cancer remains unclear. The present
study examined the functions of 5F in the growth and apop-
tosis of three breast cancer cell lines, including MDA-MB-231,
MCEF-7 and SK-BR-3.

Materials and methods

Materials. The human breast cancer cell lines MDA-MB-231,
MCF-7, and SK-BR-3 were obtained from the Central
Laboratory of the Third Affiliated Hospital of Sun Yat-sen
University (Guangzhou, China). Dulbecco's modified Eagle's
medium (DMEM), fetal bovine serum, trypsin, and dimethyl
sulfoxide were purchased from Gibco; Thermo Fisher Scientific,
Inc. (Waltham, MA, USA). Cell Counting Kit-8 (CCK-8) was
purchased from Shanghai Dongren Chemical Technology
Co., Ltd. (Shanghai, China). The Annexin V-fluorescein
isothiocyanate (FITC)/propidium iodide (PI) apoptosis kit
and ethanol were purchased from Nanjing KeyGen Biotech
Co., Ltd. (Nanjing, China). PI and ribonuclease (RNase) were
purchased from Sigma-Aldrich; Merck KGaA (Darmstadt,
Germany). The BCA Protein Assay Kit for protein quanti-
fication was purchased from Applygen Technologies, Inc.
(Beijing, China). The Cell Total Protein Extraction Kit used
for protein extraction was purchased from Beyotime Institute
of Biotechnology (Haimen, China). B-cell lymphoma 2 (Bcl-2;
cat. no. sc-509), Bcl-2-associated X, apoptosis regulator (Bax;
cat. no. sc-6236), Bcl-2 antagonist/killer (Bak; cat. no. sc-832),
[-actin (cat. no. sc-130300) and caspase-3 (cat. no. sc-271759)
antibodies were purchased from Santa Cruz Biotechnology,
Inc. (Dallas, TX, USA). The reactive oxygen species detec-
tion kit was purchased from Shanghai GenePharma Co., Ltd.
(Shanghai, China). The Key Laboratory of Natural Drug
Research and Development (Guangdong Medical College,
Zhanjiang, China) provided the 5F. 5F was extracted and
diluted from P. semipinnata as described in a previous
study (10). The 5F was dissolved in propylene glycol, volume
fraction 0.15, and diluted with distilled water to prepare 5F
stock solutions (1,000 mg/1). The 5F solutions were sterilized
using filtration and stored in a -20°C freezer.

Analysis of cell proliferation. MDA-MB-231, MCF-7 and
SK-BR-3 cells were digested using trypsin, concentration
0.25%, during the logarithmic growth phase. Using DMEM,
breast cancer cell suspensions ranging from 2.0-10.0x10*/ml
in concentration were prepared. Cancer cells were inocu-
lated onto a 96-well culture plate (5.0x10° cells/100 pl/well).
Following culture for 24 h, DMEM was removed and 100 pl
5F solution (0, 5, 10, 20 or 40 ug/ml) was added to the culture.
Eight parallel wells were used for a combination of one drug
and one type of breast cancer cell. Following incubation for
24,48 and 72 h at 37°C, the medium containing SF at different
concentrations was removed, and 100 u1 DMEM and 10 ul
CCK-8 were added and incubated for 2 h at 37°C. The absor-
bance value (A) at 450 nm was determined using a microplate
reader (BioTek Instruments, Inc., Winooski, VT, USA). The
proliferation-inhibiting effect of 5F on cancer cells was
evaluated according to the following cancer cell proliferation
inhibition rate equation, as obtained from triplicate experi-
ments: Cancer cell proliferation rate (%) = [1 - (A value of the
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positive group - A value of the blank group) / A value of the
negative group - A value of the blank group)] x 100%.

Morphological changes of breast cancer cells. The concen-
tration of MDA-MB-231, MCF-7 and SK-BR-3 cells at the
logarithmic growth phase was set to 2.0x10%/ml. Cancer
cells (2 ml) were added to a 6-well plate with coverslips
and incubated for 24 h at 37°C until cancer cells were 100%
confluent. Following this, 100 u1 5F (0 or 40 ug/ml) was added
and the cells were cultured in DMEM for 48 h at 37°C. Cells
were subsequently rinsed in cold PBS twice and fixed in 4%
paraformaldehyde at 4°C for 30 min followed by paraffin
embedding at room temperature for 30 min in accordance with
the standard methodology (12). Slices were cut automatically
and manually at thickness of 5 ym by an automatic microtome.
Morphological changes of cells were identified under trans-
mission electron microscopy (TEM) (Hitachi Model H-7000;
Hitachi, Ltd., Tokyo, Japan), magnification, x200. Subsequent
to treatment with O or 40 ug/ml 5F for 24 h, cells were rinsed
with PBS twice and stained in 10 mg/ml Hoechst 33342 at
37°C for 15 min. Cells were subsequently rinsed with PBS
twice and observed using fluorescence microscopy.

Flow cytometry. The concentration of MDA-MB-231, MCF-7
and SK-BR-3 cells at the logarithmic growth phase was set to
2.0x10%/ml. Cells (2 ml) were inoculated onto a 6-well plate.
Subsequent to incubation for 24 h, when the cells were 100%
confluent, 5F was added to the culture medium at concentra-
tions of 0 and 40 ug/ml. Following incubation in DMEM for
48 h at 37°C, the morphology of the cells was observed using
an inverted microscope. Subsequently, cells were rinsed with
cold PBS twice and digested with trypsin, concentration 0.25%.
Cells were harvested via centrifugation at 1,000 x g for 5 min at
4°C, rinsed with PBS and suspended in Annexin V-FITC (5 pul)
for 30 min for flow cytometry analysis on a FACS Calibur flow
cytometer (BD Biosciences, Franklin Lakes, NJ, USA). Data
were collected and analyzed using FlowJo software version
7.6.1 (Tree Star, Inc., Ashland, OR, USA).

Western blotting. The expression of multiple apoptosis-associated
genes, including Bcl-2, Bax and caspase-3, was evaluated using
western blotting. The concentration of MDA-MB-231, MCF-7
and SK-BR-3 cells at the logarithmic growth phase were set to
2.0x10%/ml. Cells (2 ml) were inoculated onto a 6-well plate.
Following 24 h of incubation, during which cells attached to the
wells, SF was added to the culture to reach concentrations of 0, 20,
and 40 ug/ml. Following incubation in DMEM for 24 h at 37°C,
cells were harvested via centrifugation at 1,000 x g for 5 min at
4°C and rinsed with cold PBS twice at 4°C. The harvested cells
were subsequently digested with 200 ul lysate buffer (Gibco;
Thermo Fisher Scientific, Inc.) for 30 min at 4°C. Supernatant
was collected via centrifugation at 1,000 x g for 5 min at 4°C
and proteins were quantified using the Bradford protein quan-
tification method. Proteins (50 pg) were separated using 12.5%
SDS-PAGE and transferred onto a nitrocellulose membrane.
Following blocking in 5% nonfat milk at room temperature for
1 h, the nitrocellulose membrane was rinsed with Tris buffered
saline with Tween [TBST, 20 mM Tris-Hcl (pH=7.6), 137 mM
Nacl and 0.01% Tween-20] and incubated with primary anti-
bodies against Bak (1:200), Bcl-2 (1:200), or caspase-3 (1:300)
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Figure 1. The survival rate of the human breast cancer cells MDA-MB-231, MCF-7 and SK-BR-3 following incubation in Dulbecco's modified Eagle's medium
containing ent-11a-hydroxy-15-oxo-kaur-16-en-19-oic-acid of different concentrations (0, 5, 10, 20, and 40 pg/ml) for 24,48, and 72 h. (A) MDA-MB-231 cells,

(B) MCF-7 cells, (C) SK-BR-3 cells. "P<0.05 vs. control.
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MDA-MB-231

Figure 2. Morphological changes of the human breast cancer cells
MDA-MB-231, MCF-7 and SK-BR-3 following incubation in Dulbecco's
modified Eagle's medium containing 5F (40 pg/ml) for 48 h Magnification,
x200. 5F, ent-110-hydroxy-15-oxo-kaur-16-en-19-oic-acid.

at room temperature overnight. B-actin (1:500) was used as an
internal control. Following three rinses with TBST for 15 min,
the nitrocellulose membrane was incubated with horseradish
peroxidase (HRP)-labeled goat-anti rabbit immunoglobulin
G (IgG; 1:5,000; cat. no. sc-2004; Santa Cruz Biotechnology,
Inc. TX, USA) at room temperature for 1 h. Subsequently, the
nitrocellulose membrane was rinsed with TBST for 15 min
three times. Following rinsing with PBS for 1 min, the nitro-
cellulose membrane was stained with 10 ng/ml enhanced
chemiluminescence reagents (Tiangen, Beijing, China) at 4°C
for 1 h and exposed three times. The western blot analysis was
repeated three times. Then, the blots were analyzed by Image J
software version 1.41 (National Institutes of Health, Bethesda,
MD, USA).

Statistical analyses. Experimental data were presented as the
mean + standard deviation. Statistical analyses were performed
using SPSS 16.0 statistical software (SPSS, Inc., Chicago,
IL, USA). Comparison between two groups was performed

5F (ng/ml)

MDA-MB-231

MCF-7

SK-BR-3

Figure 3. The human breast cancer cells MDA-MB-231, MCF-7 and SK-BR-3
following incubation in Dulbecco's modified Eagle's medium containing 5F
(40 pg/ml) for 24 h. Cells were stained with Hoechst 33342 and examined
under fluorescence microscopy. Magnification, x200. Arrows indicate
SF-induced apoptosis of the human breast cancer cells MDA-MB-231,
MCF-7 and SK-BR-3. 5F, ent-11a-hydroxy-15-oxo-kaur-16-en-19-oic-acid.

by means of independent samples t test. Comparison among
multiple groups was performed by one-way analysis of variance
followed by Tukey's and Tamhane's T2 post-hoc tests. P<0.05
was considered to indicate a statistically significant difference.

Results

SF inhibited the proliferation of human breast cancer cells.
The CCK-8 staining experiment demonstrated that SF inhib-
ited the proliferation of the three types of human breast cancer
cell assessed in the present study, MDA-MB-231, MCF-7
and SK-BR-3 cells, in a time- and concentration-dependent
manner (Fig. 1). SK-BR-3 cells were the most sensitive to
5F of the three human breast cancer cells; <6% of SK-BR-3
cells survived following culturing in DMEM containing 5F
at a concentration of 40 pg/ml for 72 h. Following culture
in DMEM containing 5F at a concentration of 40 pg/ml
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Figure 4. Flow cytometry analysis. The apoptotic rates of the human breast cancer cells MDA-MB-231, MCF-7 and SK-BR-3 following incubation with S5F for
48 h, assessed by flow cytometry. ‘P<0.05 and “P<0.01 vs. control. 5F, ent-11a-hydroxy-15-oxo-kaur-16-en-19-oic-acid.

for 72 h, ~50.00 and 44.13% of MCF-7 and MDA-MB-231
cells survived. Morphological changes, including membrane
rupture and atrophy, disconnection from wells, and granular
bodies in the cytoplasm were observed in all cancer cells
following incubation with DMEM containing S5F at a concen-
tration of 40 ug/mlfor 24 h (Fig. 2).

SF induced the apoptosis of human breast cancer cells.
To assess whether 5F had any effect on the apoptosis of
MDA-MB-231, MCF-7 and SK-BR-3 cells the morphological
changes and the expression of multiple apoptosis-associated
proteins in these human breast cancer cells were evaluated.
The cells were incubated in 5F for 48 h and the morpho-
logical changes of the cells were subsequently observed using
TEM. Since few MDA-MB-231 (50%), MCF-7 (44.13%) and
SK-BR-3 (6%) cells survived the 48 h incubation (Fig. 2), fluo-
rescence microscopy was used to evaluate the morphological
changes of cancer cells incubated in DMEM containing
5F (40 pg/ml) for 24 h. Cells were stained with Annexin
V/FITC. Condensation and degradation of cancer cell nuclei
were induced by 5F under fluorescence microscopy (Fig. 3).
The results of flow cytometry demonstrated that 6.89, 13.87
and 7.61% of MDA-MB-231, MCF-7, and SK-BR-3 cells,
respectively, exhibited in early apoptosis. The results of flow
cytometry also demonstrated that 12.87, 28.6 and 13.8%
of MDA-MB-231, MCF-7, and SK-BR-3 cells, respectively,
exhibited late apoptosis (Fig. 4). Furthermore, a decrease in
the expression of Bcl-2 and an increase in the expression of
Bax, Bak and caspase-3 were observed (Fig. 5), suggesting
that SF induced breast cancer cell apoptosis by regulating the
expression of these apoptosis-associated proteins. In addition,

40 ug/ml 5F exhibited greater effects on the expression of
Bcl-2, Bax, Bak and caspase-3 than 20 pg/ml 5F, suggesting
that SF affected the expression of these apoptosis-associated
proteins in a concentration-dependent manner.

Discussion

S5F exerts anti-tumor effects against liver (8), lung (7),
stomach (13), and anaplastic thyroid (5) cancers, but whether
SF exhibits anti-tumor effects against breast cancer remains
unclear. The present study assessed the potential function of
SF in the growth of breast cancer in three different types of
breast cancer cell line: MCF-7, MDA-MB-231 and SK-BR-3.
Each line possesses different hormone receptors: Thyroid
hormone receptors, steroid hormone receptors and estrogen
receptor in MCF-7, MDA-MB-231 and SK-BR-3 cell lines,
respectively (14,15), and different HER2 and p53 expression
levels. The results of the present study demonstrated that S5SF
inhibited the proliferation of each of these three types of breast
cancer cell in a concentration- and time-dependent manner,
suggesting that the anti-tumor effects of SF are independent of
the hormone receptors, HER2 expression, and p53 expression
in breast cancer cells.

The results of the present study also suggested that 5F
promoted the apoptosis of the three breast cancer cell lines
in a concentration- and time-dependent manner. However,
the rate of apoptosis induced by 5F differed among the
three breast cancer cell lines, suggesting that the three lines
differed in 5F sensitivity. This result may be explained by
the different characteristics of the three breast cancer cell
lines. However, certain key molecules may serve crucial
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Figure 5. The expression of Bcl-2, Bax, Bak and caspase-3 in the human breast cancer cells MDA-MB-231, MCF-7 and SK-BR-3 following treatment with 5F
for 24 h. (A) MDA-MB-231 cells, (B) MCF-7 cells and (C) SK-BR-3 cells. "P<0.05 vs. control. Bel-2, B-cell lymphoma 2; Bax, Bcl-2-associated X, apoptosis
regulator; Bak, Bcl-2 antagonist/killer; SF, ent-11a-hydroxy-15-oxo-kaur-16-en-19-oic-acid.

functions in the proliferation and apoptosis of breast cancer
cells, though the underlying molecular mechanisms remain
to be fully understood. Apoptosis is an important step in
cell development. The dysregulation of apoptosis leads to
numerous diseases, including the development of cancer (16).
Intrinsic and extrinsic pathways are involved in apoptosis.
Extrinsic apoptosis signals are transduced into cells from
cell surface death receptors, a pathway known as the death
receptor pathway (17). Cell surface death receptors include
the tumor necrosis factor and nerve growth factor super-
families. Extracellular death signals are transduced into
cells through the binding of death receptors and ligands.
Intrinsic apoptosis pathways include the mitochondrial
pathway and the endoplasmic reticulum pathway (18). In the
mitochondrial pathway, the Bax subfamily protein inserts
into the mitochondrial membrane from the outer mito-
chondrial membrane or cytoplasm, causing changes in the
permeability of the mitochondrial membrane. Subsequently,
the mitochondrial membrane potential decreases and cyto-
chrome C, multiple other proteins and apoptosis-inducing
factors are released from the mitochondrion into the

cytoplasm (19). The release of cytochrome C is key in the
mitochondrial apoptosis pathway; activated cytochrome C
activates caspase-9 and downstream caspase-3, and induces
apoptosis (20).

The activation,expression and regulation of numerous genes
is crucial in apoptosis (21). Of these genes, the Bcl-2 family
genes serve key functions in the regulation of apoptosis. Bcl-2
family proteins are divided into two groups: Anti-apoptotic
and pro-apoptotic. Anti-apoptotic members include Bcl-2,
Bcl-W and Bcl-2 family apoptosis regulator; pro-apoptotic
members include Bax, Bak, Bcl-extra small, Bcl-2 associated
agonist of cell death, harakiri, and Bcl-2 homology region
3 interacting domain death agonist (22). Apoptosis occurs
when the activities of anti-apoptotic proteins are lower than
those of pro-apoptotic proteins (23). The western blotting
results of the present study demonstrated that 5F increased the
expression of Bax and decreased the expression of Bcl-2 in
breast cancer cells. Furthermore, increasing the concentration
of 5F increased the expression of caspase-3. A previous study
reported that 5F was involved in the regulation of apoptosis
and of the cell cycle by affecting the expression of extracellular
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regulated kinase 1/2, c-jun N-terminal kinase, and p38 (24).
Therefore, the present study speculated that 5F arrests the
cell cycle and promotes apoptosis by downregulating Bcl-2
and Bcl-extra large, upregulates Bax and Bak and inhibits
the expression of proliferation-associated proteins (10). The
results of the present study suggested that S5F induced the
apoptosis of breast cancer cells by affecting the balance of
activity of apoptosis-promoting and -inhibiting proteins of the
Bcl-2 family.

To conclude, 5F inhibited the proliferation of breast
cancer cells in a time- and concentration-dependent manner.
Furthermore, 5F induced the apoptosis of breast cancer cells.
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