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Oleanolic acid derivative SZC014 inhibit cell proliferation and induce
apoptosis of human breast cancer cells in a ROS-dependent way
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Oleanolic acid (OA) and its derivatives are a novel emerging class of compounds. Although OA exhibits potent anticancer
and anti-inflammatory function, the potential effect of its new derivatives (SZC014) in human breast cancers has not been
understood yet. In this investigation, we demonstrated the anticancer effect of SZC014, a novel OA derivative and identified
the possible mechanisms by which SZC014 induced MCF-7 cell death. The biological functions of SZC014 were validated
by MTT, migration and colony formation assays in breast cancer cells. Cell apoptosis was monitored by Annexin V- FITC
assay. Intracellular ROS and cell cycle were measured by flow cytometric analysis. Western blot was used to detect protein
expression level. Our present results fully demonstrated that SZC014 inhibits breast cancer cells proliferation, colony for-
mation, and cell migration. Further investigation verified that ROS generation, apoptosis induction and G /G, phase arrest
was observed in SZC014-treated MCEF-7 cells. However, pretreatment with N-acetyl- L-cysteine (NAC), a ROS scavenger,
increased the expression of procaspase-3. Additionally, SZC014 treatment suppressed the levels of Akt, phosphorylated-Akt
(p-Akt), COX-2, p-p65 in the cytoplasmic and p65 in nuclear. Furthermore, the inhibition of p65 nuclear translocation was
confirmed by immunofluorescence staining. These data show that SZC014 is an effectively selective anticancer agent against

breast cancer cells, highlighting the potential use of this derivative as a breast cancer therapeutic agent.
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Breast cancer is one of the most leading causes of cancer
death among women worldwide. Nearly 200 000 women
get diagnosed and about 40 000 died of breast cancer every
year [1]. Although conventional therapies (surgery, chemo-
radiotherapy and hormonal therapy) have significantly
reduced the risk of disease recurrence and death in breast
cancer patients [2, 3]. The recurrence and metastasis remain
amajor challenge in the routine clinical setting [4]. Therefore,
it is still urgent to develop novel anti-breast cancer drugs to
substitute or complement existing ones so as to enhance the
therapeutic efficacy.

In the chemotherapy field, natural products have been con-
sidered as the main source of chemotherapeutics and are likely
to provide more leading structures with enhanced biological
activities [5, 6]. A large number of chemo-preventive and
chemotherapeutic agents have been discovered from natural
products and provided promising approaches to treat and

prevent cancer [7]. Triterpenoids are important components
of traditional Chinese medicines distributed in a wide range
of plants [8]. Oleanolic acid (3b-hydroxyolean-12-en-28-oic
acid, OA) is a naturally occurring triterpenoid that exhibits
various biological properties such as antibacterial, antiviral,
anti-inflammation, anti-hyperlipidemia and anti-cancer, all
of which have been studied in vitro or/and in vivo [9, 10].
However, the disadvantages of OA, such as poor water solu-
bility and low bioavailability, affect their activity. Hence it is
anecessary and urgent to carry out the study on the structural
modification of OA, for example, it has been reported that
several OA derivatives such as CDDO, and its CDDO-Me
(methyl ester) and CDDO-Im (imidazolides) exhibit a more
effective antitumor activity against many tumor cell lines
comparing with OA [11, 12]. Thus, OA derivatives remain
important fields of study in their synthesis and potential
anticancer efficacy.
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Aberration of apoptosis has been implicated in carcino-
genesis and resistance to conventional anticancer therapies
[13]. Thus, promotion of apoptosis in cancer cells with novel
agents could lead to tumor regression and improved progno-
sis. Recently, in order to increase the anti-inflammatory and
anticancer activity of oleanolic acid several synthetic analogs
have been synthesized. We designed and synthesized a novel
derivative of OA, SZC014. Our previous study has shown
that SZC014, a new novel derivative of oleanolic acid, which
synthesized by us firstly, inhibited the growth of human gastric
cancer cell lines by inducing apoptosis and targeting on NF-kB
signaling proteins [14]. However, its effect on other tumor cell
lines and its mechanism remains unclear.

Therefore, in this present study, we aimed to examine the
anticancer effect of SZC014 on human breast cancer cells in
vitro and elucidate the underlying mechanisms. Moreover,
we further examined the cell signaling pathway. SZC014
effectively decreased the cell viability of MCF-7 and MDA-
MB-231 cell lines but has less cytotoxicity in MCF10A cell
line. We also confirmed that SZC014 exhibited its anti-tumor
activity through inducing cell cycle arrest, anti-inflammation
and eventually inducing apoptosis, which was associated with
Akt and NF-«B pathway, increasing the release of reactive
oxygen species (ROS) in MCF-7 cells. In this respect, we first
reported the potential anticancer effect and mechanisms of
SZC014 on human breast cancer cell line MCF-7. These results
may provide further support for SZC014 as a novel chemo-
therapeutic agent for MCF-7 and provide novel insights into
the mechanisms underlying the anticancer effects of SZC014
against the human breast cancer cell.

Materials and methods

Chemicals. Human breast cancer cell lines MCEF-7
and MDA-MB-231, and human mammary epithelial cells
MCF10A were obtained from Shanghai Institute of Biochem-
istry and Cell Biology. Dulbecco’s modified Eagle medium
(DMEM), DMEM/F-12 medium, and fetal bovine serum
(FBS) were purchased from Gibco-BRL (Grand Island, NY,
USA). The Reactive Oxygen Species Assay Kit, Cell Cycle
and Apoptosis Analysis Kit, and Nuclear and Cytoplasmic
Extraction kit were obtained from Beyotime Institute of
Biotechnology (Haimen, Jiangsu, China). 3-(4, 5-Dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolinum bromide (MTT),
penicillin, streptomycin, and N-Acetyl-LCysteine (NAC)
were obtained from Sigma-Aldrich (St Louis, MO, USA).
The primary antibodies against - Actin, Histone, Akt, p-Akt,
procaspase-9, procaspase-3, PARP cleavage, Bax, Bcl-2, were
purchased from Proteintech (Chicago, IL, USA). Antibodies
against p65, p-p65, and all the secondary antibodies were
obtained from Abbkine (Redlands, California, USA).

Cell culture. Human breast cancer cell line MCF-7 and
MDA-MB-231 were purchased from the Institute of Biochem-
istry Cell Biology (Shanghai, China). Cells were cultured in
high-glucose DMEM containing 10% fetal bovine serum,

100units/ml penicillin and 100 pg/ml streptomycin. All cells
cultures were maintained at 37 °C in a humidified atmosphere
containing 5% CO,.

Cell viability assay. Cell viability was determined by a MTT
assay. Human breast cancer cells were seeded at 6 x 10° cells/
well in 96-well plates and then cultured for 24 h. After the cells
had been cultured for 24 hours, the tested medicines were
added into the cell in all experimental process. The cells were
changed to fresh medium containing various concentrations
of SZCO014. After 24 h incubation, the growth of cells was
measured. Then the cells were treated with 15 pul MTT stock
solution (5 mg/ml) was added into each well. Four hours later,
the formazan crystals were dissolved in dimethyl sulfoxide,
and the absorption values were determined at 570 nm using
amicroplate reader (Multiskan MK3; Shaanxi Pioneer Biotech
Co., Ltd., Xi’an, China).

In vitro migration assay. Cell migration was detected
by scratch assay (wound healing assay). The scratch assay is
a straightforward and economical method to study cell migra-
tion. The cells were grown to full confluence in six-well plates,
and then wounded with a 100ul sterile pipette tip after 6 h of
serum starvation. Cells were treated with indicated doses of
SZC014 in full medium and kept in a CO, incubator. After 24h,
the cells were washed with PBS, the wound gap was observed,
and cells were photographed using the inverted fluorescence
microscope.

Colony formation assay. To analyze the cell sensitivity to
SZC014, we used a colony formation assay in vitro. Briefly,
MCE-7 cells (per well) were seeded in six-well plates con-
taining 1 ml growth medium with 10% FBS and cultured for
24 h. Then, removed the medium, and cells were exposed
to various concentrations of SZC014 (0, 5, 15uM). After
24 h, cells were washed with PBS and supplemented with
fresh medium containing 10% FBS. The cultures were main-
tained in a 37 °C, 5% CO, incubator for 14 days, allowing
viable cells to grow into macroscopic colonies. Removed
the medium, and the colonies were counted after staining
with 0.1% crystal violet.

Transmission electron microscopy. MCF-7 cells were
seeded in 6-well plates, incubated at 37 °C and treated with
SZC014 for 24 h. Cells were harvested, collected and fixed
overnight at 4 °C in 2% glutaraldehyde. The samples were then
post-fixed, dehydrated, embedded, sectioned, and stained as
previously described [15]. Finally, the electron micrographs
were captured using a Transmission Electron Microscope
(JEM-2000EX; JEOL Co; Japan).

Apoptosis assay. Apoptosis was measured by fluorescence-
activated cell sorter (FACS) using the Annexin V-FITC
Apoptosis Detection Kit. In brief, cells plated in 6-well plates
were treated with different concentrations of SZC014 for 24h.
The cell subsequently stained simultaneously with FITC-
labeled annexin V and PI. Finally, the samples were analyzed
using FACS Accuri C6 (Genetimes Technology Inc.).

Cell cycle analysis. To evaluate the cell cycle distribution
after exposure to SZC014, the cells were treated with differ-
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ent concentrations of SZC014 for 24 h. After the treatment,
the cells were collected and fixed with 70% cold ethanol
overnight at 4°C. According to the manufacturer’s instruc-
tions, PI staining reagent (50 mg/ml PT and 1 mg/ml RNAse
in 1ml of sodium citrate buffer, pH 7.4) was prepared, and
the samples were then suspended with the reagent in the
dark at 37 °C for 30 min. The cell cycle distribution was
detected using FACScan flow cytometry (BD FACSAria
ITI; BD Co; America), and the data were analyzed using
the multicycle program from Phoenix Flow Systems (San
Diego, CA, USA).

Intracellular ROS accumulation detection. The effect of
SZC014 on ROS production in Human breast cancer cell was
determined using a fluorometric assay using 2,7-dichloro-
dihydrofluorescein diacetate (DCFH-DA) as a probe for the
presence of ROS. According to the manufacturer’s instruc-
tions, the cells were treated with different concentrations
of SZC014 for 24 h. After the treatment, then the cells were
harvested and incubated with DCFH-DA at 37°C for 20 min
and washed twice with PBS. After washing twice with PBS,
cells were observed under a FACScan flow cytometry (Ex =
488 nm, Em = 530 nm), (BD FACSAria II; BD Co; America).
Data was analyzed with Cell Quest software.

Immunofluorescence staining for p65 localization.
Immunofluorescence staining was made in cells cultured in
chamber slides. After SZC014 treatment for 24 h. The cells were
washed with PBS and fixed for 10 min at room temperature
(RT) with 4% paraformaldehyde. The samples were permea-
bilized with 0.2% TritonX-100 for 5 min. And then blocked
with 15% bovine serum albumin (BSA) in PBS for 30 min.
Antibodies against p65 in the 1% blocking solution were added
to the sample and incubated for overnight at 4 °C. Following
three 10min washes with PBS, fluorescein isothiocyanate-and
rhodamine-conjugated secondary antibodies were added in
1% blocking solutions and incubated for 1 h. Subsequently,
the stained samples were mounted with DAPI (1pg/ml for 10
min) to stain cell nuclei. After five additional 5 min washes,
samples were examined with a fluorescence microscope
(CKX4, OLYMPUS, Japan).

Western blot analysis. Cell lysate proteins were separated
by electrophoresis on a 7.5-12% sodium dodecyl sulfate-
polyacrylamide minigels (SDS-PAGE) and then electrically
transferred onto a polyvinylidene difluoride (PVDF) mem-
brane. Western blots were probed with the specific antibodies.
The membranes were then visualized using enhanced chemi-
luminescence reagent with LabWorks software (UVP, Upland,
CA, USA). Analogous experiments were performed at least
three times.

Statistical analysis. All the data were performed using
Graph Pad Prism 5 (Graph Pad Software, Inc., San Diego, CA)
and expressed as means + SD. Statistical evaluations of the
post hoc multiple group comparisons were conducted using
the one-way ANOVA. Bonferroni test was used for statistical
analysis and the P value < 0.05 was considered statistically
significant.

Results

Effect of SZC014 on the cell viability and cell morphol-
ogy of breast cancer cells. The chemical structures of SZC014
and OA were depicted in Figure 1.To identify the cytotoxic
effect of SZC014 in breast cancer cells, MDA-MB-231, MCF-
7 cells and MCF10A mammary epithelial cell were treated
with increasing concentration of SZC014. Cell viability was
determined by MTT assay (Figure 2A). The result showed
that SZC014 decreased the cell viability of the MCF-7 and
MDA-MB-231 cell lines in a dose and time-dependent man-
ner. But showed less toxic to MCF10A mammary epithelial
cell line, suggesting that SZC014 was a selective anticancer
agent against breast cancer cells. Furthermore, we found that
MCEF-7 cell line was more sensitive than MDA-MB-231 cell
line in response to SZC014 treatment, although SZC014 was
able to decrease the cell viability of both breast cancer cell
lines. The 50% inhibitory concentration (IC, ) after 24 h of
SZCO014 treatment was 9.8 uM in MCF-7 cells and 11.2 uM
for MDA-MB-231 cells respectively. Moreover, SZC014 treat-
ment could cause a more significant reduction in cell viability
in MCE-7 cells, as compared with OA (Fig. 2B), in addition
to the same concentration, SZC014 caused a more obvious
reduction in cell viability of MCF-7 cells with the increase of
incubation time (Figure 2C). These data suggest that SZC014
is a potential selective anticancer agent against breast cancer
cells, especially MCEF-7 cells.

SZC014 suppressed migration and colony formation of
breast cancer cells. As shown in Figure 3A, the part of gap
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Figure 1. (A) The chemical structure of OA. (B) The chemical structure
of SZC014.
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Figure 2. SZC014 inhibited cell viability and changed morphology. (A) The inhibition effect of SZC014 on MCF-10A, MCF-7, and MDA-MB-231 cell lines. Cells
were treated with SZC014 at concentrations ranging from 5 to 40 uM and cell viability was measured by the MTT assay after treatment for 24 h. The values were
expressed as mean + SD of 3 independent experiments. *Significantly different from control group, *p<0.05, **p<0.01. (B) The inhibition effect of SZC014 and
OA on cell viability in MCF-7 cells. The values were expressed as mean + SD of 3 independent experiments. *Significantly different from control group, *p<0.05,
**p<0.01. Significant differences between SZC014 treatment groups and OA treatment groups *p< 0.05, **p< 0.01. (C) The concentration and time-dependent
effect of SZC014 on MCF-7 cells. The values were expressed as mean + SD of 3 independent experiments. *significantly different from control, *p<0.05, **p<0.01.
(D) Inverted contrast phase microscopy showed morphology changes of MCF-7 cells treated with SZC014 (5, 10 and 20 uM) and OA (40uM) for 24 h.
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Figure 3. SZC014 suppressed cell migration and colony formation. (A) Cell migration was analyzed by a wound-healing assay. MCF-7 cells were seeded
in 6-well plates and grown to full confluence. Cell migration was measured and the migration rate was calculated. (B) The tumor cell MCF-7-induced
colony formation was also analyzed, and the colony formation rate was calculated. The data were presented as the mean + SD of 3 independent experi-
ments. (*p<0.05, **p<0.01, significant differences from control groups).
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or wounding space between cell layers after making a scratch
was occupied almost (in MCF-7 cells) by the migrating cells
after 24 h in the control group. By contrast, the SZC014 treated
cells failed to occupy the scraped space through migration due
to their impaired migration capability. Quantitative analysis
revealed that the inhibition of migration was in a dose-depend-
ent manner. Clonogenic cell survival assay was employed to
evaluate the influence of SZC014 on the clonogenic capacity
of MCEF-7 cells. Consistent with cell proliferation inhibition,
SZCO014 also significantly inhibited colony formation and
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resulted in a remarkable decrease in colony formation ratio
(Figure 3B). These results suggest that SZC014 has the perfect
properties in suppressing cell migration and colony formation
for MCF-7 cells.

S$ZC014 induces apoptosis in the breast cancer cells.
Morphological changes of apoptosis, including cell shrink-
age and fragmentation, were observed in the MCF-7 after
treatment with SZC014 (Figure 2D). The induction of ap-
optosis in SZCO014 treated, the MCF-7 cells were analyzed
by using flow cytometry. After treatment with different con-
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Figure 4. Apoptosis induction of SZC014 in the MCF-7 cells. (A) Flow cytometric analysis of the apoptosis induction of SZC014 in the MCF-7 cells. After
treatment with SZC014 at concentrations of 5, 10 and 15 puM for 24 h, the cells were then stained with Annexin V-FITC and PI then analyzed by flow cytom-
etry. (B) Transmission electron microscopy shows the occurrence of apoptosis in MCF-7 cells after treatment with 10 uM SZC014 for 24 h. (C) Western blot
analysis was performed to determine the apoptosis pathway induced by SZC014 in the MCF-7 cells. Cells were treated with different concentrations of SZC014
(5, 10 and 15 puM) for 24 h. The values were expressed as mean + SD of 3 independent experiments. *Significantly different from control, *p<0.05, **p<0.01.
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Figure 5. Analysis of the cell cycle distribution of SZC014-treated MCEF-7 cells. Cells were treated with different concentrations of SZC014 (5, 10, and
15 uM) for 24 h, and cell cycle distribution was then analyzed by flow cytometry.

centrations of SZCO014 for 24 h, the total apoptotic ratio was
increased from 8.1 to 24.4% in the MCEF-7 cells (Figure 4A).
We found that SZC014 induced apoptosis in MCEF-7 cells in
a concentration-dependent manner (Figure 4A). Transmis-
sion electron microscopy showed the occurrence of apoptosis
that was induced by SZC014 in MCF-7 cells after treatment
with 10 pM SZC014 for 24 h (Figure 4B). As expected, the
ratio of Bax/Bcl-2, which determines the susceptibility to
apoptosis by regulating mitochondrial functions [16] was
increased by SZC014 (Figure 4C). The levels of procaspase-9
and procaspase-3 were suppressed by SZC014, and the PARP
cleavage was increased by SZC014. Enhanced apoptosis was
significantly by SZC014 in a dose-dependent manner. Our
data indicated that the inhibition of viability of MCF-7 cells
by SZC014 is due to its capacity of induction of intrinsic
apoptosis.

Effect of SZC014 on cell cycle distribution of MCF-7
cells. Cell cycle arrest is an important mechanism that inhibits

cancer cell growth [17]. Our results revealed that SZC014 treat-
ment caused an accumulation of MCF-7 cells in the G, -phase.
As shown in Figure 5, the percentage of cells in the G,-phase
was increased from 44.79% in the control group to 69.32% in
the 15 pM SZC014 group. Our findings suggest that SZC014
induced G -phase arrest of the MCF-7 cells.

Akt is the target of SZC014 in MCF-7 cells. Akt is a major
anti-apoptotic signaling pathway, and previous studies have
demonstrated that chemotherapeutic agents induced cancer
cell apoptosis via inhibiting the Akt pathway [18, 19]. As we
expected, SZC014 could significantly suppress the expres-
sion of both Akt and p-Akt which is an active form of Akt in
a concentration-dependent manner (Figure 6A, 6B). These
data suggest that Akt pathway might be an effective target for
SZC014 in MCF-7 cells.

The COX-2 signaling pathway is the target of SZC014
in MCEF-7 cells. Cyclooxygenase-2 (COX-2) is one of the
isoforms of cyclooxygenase, a rate-limiting enzyme in the
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Figure 6. Western blot analysis of Akt and p-Akt in response to SZC014 treatment in MCF-7 cells. Treatment (24 h) of MCF-7 cells withSZC014 (5, 10,
and 15 pM) resulted in the suppression of both Akt and p-Akt. The values were expressed as mean +SD of 3 independent experiments. *Significantly
different from control, *p<0.05, **p<0.01.
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arachidonic acid cascade. High expression of COX-2 is impli-
cated in cancer cell growth, migration and angiogenesis [14,
20]. To determine the effects of SZC014 on COX-2 signal-
ing in breast cancer cells, we next analyzed the expression
of COX-2 protein in MCF-7 cells treated with SZC014 by
Western blot. Treatment with SZC014 significantly inhibited
COX-2 protein expression in a concentration-dependent
manner (Figure 7A).

The NF-kB signaling pathway is the target of SZC014 in
MCEF-7 cells. To evaluate whether SZC014 inhibited the apop-
tosis responses through NF-«xB in MCE-7 cells, we focused our
attention on assessing the level of several NF-«B pathway-related
proteins namely p-p65 in cytoplasm and p65 in nucleus. As
shown in Figure 7B and 7C, SZC014 significantly suppressed
the expression of p-p65 in cytoplasm and p65 in nucleus. To
determine whether p65 nuclear translocation could be inhibited
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Figure 7. Inhibition effect of SZC014 on the COX-2/NF-kB pathway. (A) Western blot analysis of COX-2 protein. (B, C) Western blot analysis of NF-xB
pathway related proteins, including cytoplasm p-p65 and nucleus p-65. (D) Immunofluorescence staining analysis of p65 localization. MCF-7 cells treated
with SZC014 (5 and 15 pM) for 24 h were labeled for p65 (red), and nuclei were stained with DAPI (blue). The values were expressed as mean + SD of 3
independent experiments. *Significantly different from control, *p<0.05, **p<0.01.
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by SZC014, immunofluorescence analysis was performed. The
data indicated that p65 nuclear translocation was inhibited by
SZC014 with the increase of concentration (Figure 7D).
Effects of ROS generation in SZC014 induced breast can-
cer cells. SZC014 induced intracellular ROS generation was
evaluated using intracellular peroxide-dependent oxidation of
DCFH-DA to form fluorescent DCE DCF fluorescence was
detected after cells were treated with 5-15 uM SZC014 for 24 h.
ROS production was considerably increased under inducement

with 5-15 pM SZC014 in a dose-dependent manner (Figure
8A). In order to further determine SZC014 influence on ROS
generation, this study introduced the active oxygen scavenger
n-acetyl-L-cysteine (NAC), as a positive control. As shown in
Figure 8B, pre-treatment with NAC could prevent excessive ROS
generation. To further delineate the role of ROS in the induction
of apoptosis by SZC014, we measured the level of procaspases-3,
by SZC014 in cells pretreated with NAC. The result showed
that NAC prevented apoptosis induced by SZC014 (Figure 8C).
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Figure 8. Effect of SZC014 on intracellular ROS generation. (A, C) SZC014 increased the intracellular ROS generation in MCF-7 cells. Cells were treated
with SZC014 at concentrations of 5, 10, and 15uM for 24 h, and then the level of intracellular ROS was detected by flow cytometry. (B, D) Effect of exces-
sive ROS generation in SZC014-treated MCEF-7 cells. Cells were pretreated with 2mM NAC for 1 h and then treated with 10 pM SZC014. At 24 h after
treatment, ROS production was measured by flow cytometry. (E, F) Western blot analysis of procaspase-3 after pretreatment with 2mM NAC for 1 h.
The values were expressed as mean * SD of 3 independent experiments. *Significantly different from control, *p<0.05, **p<0.01.
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Discussion

OA and its derivatives have been shown to exhibit an
inhibitory effect on tumor growth in vivo and induce apop-
tosis in human breast cancer cells [21, 22]. The present study
demonstrated that SZC014, a novel derivative of OA with
improved stability and water solubility, effectively inhibited
breast cancer cells growth and enhanced apoptosis induction
dose-dependently, as compared with OA. While SZC014 had
less an antiproliferative effect on normal breast cells MCF10A.
It has been confirmed that cancer cell lines or normal cell
line possessed different responses to similar drug because of
their different hereditary background. For instance, MCF-7
cell line is characterized by estrogen receptor (ER) positive/
progesterone receptor (PR) positive/HER-2 positive (“triple
positive”), while MDA-MB-231 cell line is characterized by
Ernegative/PR-negative/HER-2 negative (“triple negative”)
[23]. Interestingly, our study showed that these two cell lines
also possessed different responses to SZC014. Furthermore,
the present study showed that the effect of SZC014 on breast
cancer in which, excessive intracellular ROS generation leads
to PI3K/Akt and NF-kB/COX-2 signaling pathway suppres-
sion and subsequent induction of apoptosis.

Apoptosis, otherwise known as programmed cell death, reg-
ulates the process that maintains the balance of cell numbers in
multicellular organisms [24]. The induction of apoptosis is one
of the most effective approaches in cancer therapeutics [25].
To determine whether SZC014-induced cell death in breast
cancer cells is associated with apoptosis, we performed flow
cytometric analysis. As shown in Fig. 4, SZC014 induced ap-
optosis in a concentration dependent manner in MCE-7 cells.
It is usually considered that two major pathways of apoptotic
cell death program have been identified, namely receptor-
mediated (extrinsic) and mitochondrial (intrinsic) apoptotic
cell death pathways [11]. The mitochondrial apoptotic pathway
plays an important role in inducing apoptosis via activation
of pro-apoptotic molecules such as Bax leading to activation
of caspase [26]. An induction of caspase-3 activation causes
the cleavage or degradation of several important substrates,
and then also lead to activation of caspase-9, a cross-talk ex-
ists between the death receptor and mitochondrial pathways
[27, 28]. Our results were similar to the previous studies that
OA induced apoptosis in some cancer cell types mainly by the
mitochondrial apoptosis pathway [29, 30]. The ratio of Bax/
Bcl-2 and the expression of PARP cleavage were significantly
increased (Fig. 4C), indicating that the mitochondria were
severely damaged by SZC014. Moreover, the hallmarks of
intrinsic apoptosis proteins, procaspase-9 and procaspase-3
were also suppressed by SZC014 in a concentration-dependent
manner.

ROS can be generated in various organelles such as by
mitochondria (considered the main source of intracellular
oxidant production), the peroxisomes and endoplasmic re-
ticulum [31]. It has been proposed that OA and its derivatives
pro-apoptotic effects via generation of ROS in various cancers

[32, 33]. Furthermore, several studies have demonstrated the
role of ROS in mitochondria toxicity by the activation of dif-
ferent mechanisms, including the increase of mitochondrial
permeability (A¥m) and mitochondrial depolarization, which
are dependent on a high level of intracellular calcium, and thus
causes apoptotic cell death involving the inhibition of procas-
pase-3 in cancer cells [34, 35]. Our results also confirmed that
SZC014 caused high level generation of ROS in MCEF-7 cells
(Figure 8A), and further verified that apoptosis induced by
SZC014 was effectively Inhibited by NAC (Figure 8C), sug-
gesting that ROS might be critical in regulating apoptosis in
breast cancer cells.

Cell cycle progression is a complex biological process that
includes cell growth and mitosis [36]. Several anticancer drugs
lead to DNA damage, resulting in cell cycle modulation [37].
Our results demonstrated that the SZC014-mediated cell
cycle arrest resulted in an increase in the proportion of cells
in the G -phase (Figure 5), suggesting that SZC014 led to the
abrogation of DNA synthesis and the retardation of cell cycle
progression may be one of the mechanisms of the anticancer
activity by SZC014.

PI3K/Akt pathway plays a critical role in mediating cell
growth, cell cycle progression and apoptosis [38, 39]. Our
results revealed that SZC014 inactivated both Akt and p-Akt
in a dose-dependent manner in MCE-7 cells, indicating that
the antiproliferative effects of SZC014 might be linked to
the inactivation of the Akt pathway. Furthermore, a recent
study showed that a novel oleanolic acid derivative presents
constitutive activation of NF-xB signaling pathway and the
up-regulation of NF-kB-dependent genes [11]. Increasing
evidence has shown that NF-kB activation is a consequence of
the formation of an inflammatory microenvironment during
malignant progression [40, 41]. In addition, NF-kB is consid-
ered to be a very important signaling complex that interacts
with the Akt pathway [42, 43]. The tumorigenic functions of
NF-kB have been shown to be involved in the activation of
Akt by the phosphorylation of p65 subunit [44]. Meanwhile,
emerging evidence also indicates that overexpression of p-Akt,
Bcl-2, and COX-2 is associated with poor prognosis [45]. Our
data indicated that SZC014 inhibited the activation of NF-kB
and exerted this effect by the inhibition of the translocation
of NF-kB p65 protein from cell cytoplasm to nucleus. COX-2,
an inducible enzyme, can be rapidly induced by inflammatory
mediators, growth factors and tumor promoter [46]. The tran-
scription factor NF-kB has been shown to be involved in the
COX-2 expression in various cell types [47]. In addition, previ-
ous studies have shown that COX-2 overexpression plays an
important role in cancer development by the promotion of cell
proliferation, the decrease of apoptosis rate and the increase of
invasive and the induction of cell cycle arrest [48]. In this study,
our results showed that SZC014 could significantly inhibit the
COX-2 expression in MCF-7 cells, investigating COX-2 may
play an important role in SZC014 induced bioactive functions,
such as the inhibition of breast cancer cells viability, migration
and colony formation.
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In conclusion, this study has found that SZC014, a novel
OA derivative, exhibits an inhibitory effect on breast cancer
through the induction of apoptosis and cell cycle arrest in
MCE-7 cells. Our findings indicated that SZC014 induced
excessive ROS is the upstream inhibitory molecule of PI3K/
Akt and NF-kB/COX-2 signaling and thereby triggers apop-
tosis. However, the effect of SZC014 in other breast cancer
cell lines and in vivo, as well as its role in other underlying
mechanisms, remains to be further studied.
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