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Abstract
Eupafolin is a �avonoid that can be extracted from common sage. Previous studies have reported that
Eupafolin has antioxidant, anti-in�ammatory and anti-tumor properties. However, no studies have
investigated the role of Eupafolin in breast cancer. Herein, we investigated the effect of Eupafolin on two
human breast cancer cell lines, as well as its potential mechanism of action. Next, the data showed that
proliferation, migration and invasion ability of breast cancer cells that were treated with Eupafolin was
signi�cantly reduced, while the apoptosis rate was signi�cantly increased. In addition, Eupafolin
treatment caused breast cancer cell proliferation to be blocked in the S phase. Moreover, Eupafolin
signi�cantly induced autophagy in breast cancer cells, with an increase in the expression of LC3B-II/I.
PI3K/AKT, MAPKs and NF-κB pathways were signi�cantly inhibited by Eupafolin treatment. Additionally,
3-MA (a blocker of autophagosome formation) signi�cantly reduced Eupafolin-induced activation of
LC3B-II/I in breast cancer cells. Furthermore, Eupafolin displayed good in vitro anti-angiogenic activity.
Additionally, anti-breast cancer activity of Eupafolin was found to be partially mediated by Cav-1.
Moreover, Eupafolin treatment signi�cantly weakened carcinogenesis of MCF-7 cells in nude mice.
Therefore, this data provides novel directions on the use of Eupafolin for treatment of breast cancer.

Introduction
Breast cancer is one of the most dangerous invasive cancers among women, with a high prevalence
worldwide [1]. Improving the ability to treat breast cancer requires ongoing clinical and basic research.
The recurrence rate of breast cancer is very high, and many patients develop drug resistance, which leads
to side effects [2]. Therefore, identifying non-toxic and e�cacious natural compounds for the treatment
of breast cancer is of utmost importance.

Chinese medicine has been widely used in China. Due to the non-toxic effects and e�cacy of Chinese
medicine, it is often used in combination with other, western medicines. Eupafolin is a �avonoid that has
anti-in�ammatory, anti-viral, anti-angiogenesis and anti-tumor activities [3]. Previous studies have
demonstrated that angiogenesis is important to the development of solid tumors. Therefore, anti-
angiogenesis strategies can help develop novel treatment methods for solid tumors [4].

Proteins that are involved in the PI3K/Akt pathway are abnormally expressed among several cancers, and
have been directly associated with progression of breast cancer, gastric cancer, and pancreatic cancer,
among others. The PI3K, NF-κB and MAPKs pathways are closely related to tumor proliferation and
autophagy [5]. Several studies have shown that targeting this pathway through the use of drugs or drug
combinations is effective in the treatment of tumors [6]. Thus, research on drugs that target PI3K/AKT,
MAPKs and NF-κB pathway may be of great signi�cance in the short and long-term management of
breast cancer.

Therefore, we set out to identify the possible underlying mechanism of action of Eupafolin in breast
cancer. Experimental results demonstrated that Eupafolin signi�cantly inhibited the growth of breast
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cancer by the PI3K/AKT, MAPKs and NF-κB pathways, causing S-phase arrest, inhibiting angiogenesis
and promoting apoptosis, which was partially mediated by Cav-1

Materials And Methods
2.1. Cell culture

MDA-MB-231, MCF-7 and human umbilical vein endothelial cells (HUVECs) were purchased from the
Wuhan Punuosai Life Technology Co., Ltd. (Wuhan, China) and Shanghai Suran Biological Technology
Co., Ltd. (Shanghai, China). All cells were grown in Dulbecco’s Modi�ed Eagle’s Medium (DMEM), and
high glucose was supplemented with 10% fetal bovine serum (FBS, Gibco) in a humidi�ed atmosphere of
5% CO2 at 37˚C. Eupafolin (purity ≥ 99%) was purchased from Yuanye Biotechnology. In this study,
Eupafolin was dissolved in dimethyl sulfoxide (DMSO, Beijing Solarbio Science & Technology Co., Ltd) at
different concentrations (0, 25, 50 and 100 µM). Subsequently, cells were treated with Eupafolin for
different time periods. The siRNA-Cav-1(Suzhou Jima) was transfected into breast cancer cells using
Lipofectamine 2000™ reagent (Suzhou Jima). Rapamycin (RA) and 3-methyladenine (3-MA) were
purchased from (MCE).

2.2. Cell counting kit-8 and colony formation assay

In brief, 5,000 cells were seeded onto 96-well plates, treated with 0, 25, 50 and 100 µM Eupafolin, and then
incubated for 24, 48 and 72 h. Then, a microplate reader was utilized to measure the absorbance at 450
nm (TECAN). Then, cells with an adhesion rate > 90% (in logarithmic growth phase) were trypsinized,
centrifuged, and resuspended for counting cells. Then, the cells were placed into 6-well plates at a density
of 1,000 cells/well, and then placed into a 37˚C CO2 incubator for culturing. After 7 days of incubation,
once the colonies were visible to the naked eye, they were removed from the 6-well plate, the culture
medium was discarded, and 2 mL of methanol was added to each well for 30 minutes. Next, the
methanol was discarded, and 1 ml of 0.1% crystal violet was added to each well for staining for three
minutes. Finally, the purple crystals were washed away, and photos were taken with a digital camera. The
colonies were counted under a light microscope.

2.3. Transwell experiments.

After Eupafolin treatment, cells were digested, resuspended in a serum-free medium, and adjusted to a
density of 1x105 cells/ml. Next, the transwells were placed in an incubator for 24 h. After that, the cells
were removed and the medium was aspirated. In a new 24-well plate, 600 µl of 4% paraformaldehyde was
added. The transwell was placed at 37˚C and cells were �xed for 30 min. The �xative solution was then
removed and cells were stained at 37˚C using 0.2% crystal violet for 10 min. Then, the excess crystal
violet was removed prior to microscopy. After the cells were dried, They were observed and counted under
an inverted light microscope using a digital camera (magni�cation, x80). The cell invasion test procedure
was then used similarly to a cell migration assay.
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2.4. Cell cycle and apoptosis analysis

Apoptosis was quanti�ed using the Annexin-V/ FITC apoptosis detection kit, according to the
manufacturer’s instructions (Ebisson). After drug treatment for 24 h, breast cancer cells and HUVECs were
typsinized and then centrifuged at 800 x g for �ve min. Then, the supernatant was discarded,
resuspended in 300 µl 1X binding buffer, and a 5 µl sample was mixed with FITC-Annexin V. Then, 5 µl PI
staining solution was added onto 200 µl 1X binding buffer �ve min prior to detection. Flow cytometry was
conducted using FACS (Thermo Fisher Scienti�c, Inc). For cell cycle analysis, cells were collected and
�xed in 70% ethanol at 4˚C overnight. Next, cells were resuspended in 500 µl 1X PI solution (Baihao) for
30 min at 37˚C. The analysis was then performed through the use of FACS (Thermo Fisher Scienti�c,
Inc.). Finally, the results were assessed using ModFit LT (version 5.0; Verity Software House, Inc.).

2.5. Reverse transcription-quantitative PCR (RT-qPCR).

According to instructions provided with the kit, the TRIzol reagent (Ruan) was utilized to extract total
cellular RNA, and cDNA was generated through the use of Fastking RT kit (Tian gen Biotech Co., Ltd) with
2 µg of RNA. The primers used were designed using National Center for Biotechnology Information
(NCBI). A RT-qPCR detection system (Eppendorf) was used to perform the RT-qPCR reactions using SYBR
Green (Tian gen Biotech Co., Ltd.) and a total of 20 µl of reaction mixture. The 2−ΔΔCq method [7] was
utilized to assess gene expression.

2.6. Angiogenesis analysis

The HUVECs were seeded onto a six-well plate. After 12 hours, they were treated with Eupafolin at
concentrations of 50 µM and 100 µM for 24 hours. Then, we added matrigel to the 96-well plate (40
ml/well) and maintained it for 60 minutes. The cells were then digested with trypsin and diluted to 2×105

cells/ml. Then, 100 µl of the cell suspension was added into each well of a 96-well plate. The cells were
incubated at 37˚C for 6h, and then visualized using randomly select several �elds of view under an
inverted microscope to observe the microtubule structure.

2.7. Western blotting

After the cells were treated with Eupafolin for 24 h, they were harvested, and lysed on ice with RIPA lysis
buffer for 30 min. Next, the BCA protein assay kit was utilized to determine the protein concentration.
Furthermore, 5X loading buffer was added and the proteins were denatured at 95˚C for 10 min. Then, the
protein sample was added to each well, separated using 10–12% SDS-PAGE at 120 V, and transferred to
PVDF membranes. The membraned were probed with primary antibodies against Bcl-2 (cat. no. 4223),
Bax (cat. no. 2772), cleaved caspase-3 (cat. no. 9661), PI3K (cat. no. 4257), p-PI3K (cat. no. 17366), Akt
(cat. no. 4691), p-Akt (cat. no. 4060), LC3B (cat. no. 43566), Beclin-1 (cat. no. 3495), Caveolin-1 (cat.
no.3267), CDK2 (cat. no.2546), CDK4 (cat. no.12790), Cyclin B1 (cat. no.4138) and GAPDH (cat. no.
5174) (all 1:1,000, Cell Signaling Technology, Inc.) at 4˚C overnight. Subsequently, the membranes were
washed three times with PBS, and then incubated with horseradish peroxidase (HRP)-conjugated
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secondary antibodies for 1h at 37˚C. The protein bands were visualized using chemiluminescence assay
kit (Dalian Meilun Biotechnology Co., Ltd.) and visualized with an imaging system (Tanon).

2.8. RNA Interference

Cav-1 siRNAs oligonucleotides were synthesized by Suzhou Gene Pharma Co., Ltd. (Suzhou, China). After
breast cancer cells were seeded for 12h, Cav-1 siRNA and lipo2000 were diluted with serum-free medium
and added to the cells. The medium was changed to complete medium after 6h, and the cells continued
to culture in the 37˚C CO2 incubator.

2.9. Experimental Animal

All the experiments were approved by Animal Care and Use Committee of Jilin University (Grant No.
SY202012006) and were carried out in compliance with the ARRIVE guidelines
(http://www.nc3rs.org.uk/page.asp?id=1357). Overall, 10 female BALB/c nude mice (5 weeks old) were
purchased from the Liaoning Changsheng Laboratory Animal Technology Co, Ltd. Then, 5×106 MCF-7
cells in 100 ml PBS were subcutaneously inoculated into armpit of nude mice. Seven days after injection
of cells, when the tumor had grown to approximately 50mm3, mice were randomized into two groups (N = 
5 in each group). The �rst group was treated with PBS, once daily, using an intraperitoneal injection. The
second group was treated with 50 mg/kg quercetin, once daily with an intraperitoneal injection. Tumor
size and weight are measured every three days. After 21 days post-inoculation, the nude mice were
sacri�ced and tissue was removed for further experiments.

2.10. Statistical analysis.

All data is presented as mean ± SD, and analyzed using SPSS (v.20.0; IBM Corp.). Differences between
multiple groups were analyzed using one-way ANOVA followed by Dunnett's post hoc test. Furthermore, a
P-value of < 0.05 was considered statistically signi�cant.

Results
3.1. Eupafolin signi�cantly inhibits breast cancer cell growth in vitro

First, we determined the inhibitory effect of Eupafolin on cell viability of breast cancer cells (MDA-MB-231,
MCF-7). After treatment with Eupafolin for 24h, 48h and 72h, the cell viability of breast cancer cells was
detected using the CCK-8 method. The results demonstrated that, compared to the control group, the
inhibitory effect of Eupafolin on cell viability of breast cancer cells was time and dose-dependent
(Fig. 1A). Colony formation experiments were able to detect cell viability of tumor cells [8]. Results from
the cell colony formation experiments showed that 50uM and 100uM Eupafolin was able to signi�cantly
inhibit colony formation after 10 days of treatment (Fig. 1B). In addition, results from the transwell
experiments indicated that Eupafolin treatment signi�cantly reduces the number of migration and
invasion among the two types of cells (Fig. 1C). Contrastingly, mRNA expression of MMP2, MMP9, E-
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Cadherin and N-cadherin were signi�cantly down-regulated after Eupafolin treatment (Fig. 1D). These
results indicate that Eupafolin is able to signi�cantly inhibit the viability of two breast cancer cell lines in
vitro.

3.2. Effects of Eupafolin on cell cycle phases, apoptosis and autophagy

In order to determine the effect of Eupafolin on cell cycle of breast cancer cells, we conducted �ow
cytometry. Results from �ow cytometry demonstrated that Eupafolin signi�cantly induces S phase arrest
among breast cancer cells (Fig. 2A). Moreover, results demonstrate that mRNA and protein expression of
CDK2, CDK4 and cyclin B1 were decreased in a dose-dependent manner after Eupafolin treatment (Fig. 2B
and C). Moreover, Eupafolin treatment signi�cantly increased the apoptotic ratio of breast cancer cells
(Fig. 2D), and as the expression of cleaved caspase-3 and Bax increased, the expression of Bcl-2
decreased (Fig. 2E). Finally, Eupafolin treatment signi�cantly increased the expression of LC3B-II/I and
Beclin-1 in the two cells (Fig. 2F).

In order to further study the role of autophagy, we used RA and 3-methyladenine (3-MA) [9]. First, we
tested the cell viability of Eupafolin-exposed human breast cancer cells after pre-treatment with 3-MA or
RA. After RA pretreatment, the cell viability signi�cantly decreased in comparison to Eupafolin treatment
alone. Furthermore, 3-MA treatment was able to signi�cantly reverse the inhibitory effect of Eupafolin on
human breast cancer cell viability (Fig. 3A). Furthermore, results demonstrated that after 3-MA
pretreatment, the induction of apoptosis, promoted by Eupafolin, could be reversed (Fig. 3B and C).
Moreover, Western blot results showed that RA pretreatment signi�cantly increases the expression of
LC3B- /I and Beclin-1 in breast cancer cells. Furthermore, 3-MA pretreatment reversed Eupafolin-induced
increased expression of LC3B- /I and Beclin- 1 (Fig. 3D and E). Thus, Eupafolin-induced apoptosis could
be changed by 3-MA and RA. Compared to the control group, Eupafolin pretreatment signi�cantly reduced
protein expression of p-PI3K, p-AKT, p-P38, p-ERK1/2 and p-NF-κB (Fig. 4A and B).

3.3. Anti-Angiogenic Activity of Eupafolin

Angiogenesis is very important in the development of cancer [9]. Thus, we tested the effect of Eupafolin
on angiogenesis. First, results from the CCK8 experiment and cell colony formation assay demonstrated
that the inhibitory effect of Eupafolin on HUVECs cell viability was dose-dependent (Fig. 5A and B).
Second, results demonstrated that Eupafolin treatment was able to increase the apoptotic rate of HUVECs
(Fig. 5C). Transwell assays were able to detect the migration and invasion ability of cells [10]. The
migration and invasion ability of HUVECs decreased as the dose of Eupafolin increased (Fig. 5D).
Endothelial cells have the ability to develop tubular structures and can therefore be used as screening
drugs for anti-angiogenic activity [11], Eupafolin treatment prevented the tube formation ability of
HUVECs (Fig. 5E). Therefore, these results indicate that Eupafolin may be able to inhibit the formation of
blood vessels.

3.4. Cavolin-1 involves in the regulation of Eupafolin
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Firstly, we found that Eupafolin treatment led to a decrease in mRNA and protein expression of Cavolin-1
(Cav-1) in breast cancer cells (Fig. 6A and B). Cav-1 has recently been shown to mediate tumorigenesis
and progression [12]. Thus, we set out to determine whether Cav-1 is involved in anti-proliferation effects
of Eupafolin on breast cancer cells. Hence, we knocked down the expression of Cav-1 by transfecting
Cav-1 siRNA into breast cancer cells (Fig. 6C). Among the two cell types, CCK8 results demonstrated
showed that Cav-1 siRNA is able to inhibit the viability of MCF-7 cells when introduced into Cav-1 siRNA
for 72 hours. Furthermore, Cav-1 siRNA is able to reverse the cell viability inhibitory effect caused by
Eupafolin (Fig. 6D and E).

3.5. Eupafolin inhibited tumor growth in vivo.

We established a xenograft tumor model using the human breast cancer MCF-7 cell line. When the tumor
reached a volume of 50 mm3, the mice were administered an intraperitoneal injection of Eupafolin at a
daily dose of 50 mg/kg. After 14 days, we found that Eupafolin signi�cantly reduced the tumor volume,
but had almost no effect on the weight of nude mice (Fig. 7A and B). Moreover, Eupafolin demonstrated
no obvious toxicity on the major organs of nude mice. These results indicate that Eupafolin is able to
effectively inhibit the progression of breast cancer in vivo.

Discussion
Eupafolin is a natural compound that is extracted from plants. Previous studies have reported that
Eupafolin has both anti-in�ammatory and anti-tumor effects [13]. However, the role of Eupafolin in breast
cancer, and its possible underlying mechanism of action, is not yet clear. Our results demonstrated that
Eupafolin treatment had a signi�cant inhibitory effect on breast cancer cell growth and development. By
reducing the expression of Bcl-2 and increasing expression of Bax, cleaved caspase-3, LC3B-II/I and
Beclin-1, Eupafolin was able to induce apoptosis, autophagy and S phase arrest. Moreover, Eupafolin-
induced autophagy and apoptosis of breast cancer cells can be increased by RA and inhibited by 3-MA.
Additionally, Cav-1 at least partially mediates Eupafolin-promoted inhibition of human breast cancer cell
proliferation. In vivo, Eupafolin treatment signi�cantly reduces tumor growth. Hence, the data indicates
that Eupafolin inhibits growth and development of breast cancer cells by modulating the PI3K/Akt,
MAPKs and NF-κB signaling pathway, which can be partially mediated by downregulated Cav-1
expression.

The cell cycle disorder that causes abnormal cell proliferation is one of the main mechanisms associated
with tumorigenesis, and consisting of four distinct sequential phases. The S-phase within the DNA
synthesis phase is the time it takes for DNA replication [14]. Therefore, it is important to cell cycle. Herein,
we found that Eupafolin markedly induces cell-cycle arrest in S phase. Many traditional Chinese medicine
monomers are also able to inhibit proliferation of cancer cells by blocking cells in the S-phase, such as
Quercetin [15], Baicalein [16] and Daidzein [17]. Moreover, the expressions of Cyclins, and CDKs are
related to cell cycle [18]. For example, The down-regulation of CDK2, CDK4 and Cyclin B1 can be inhibited
by the development of breast cancer [19].
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Apoptosis plays a vital role in cell survival [20]. Caspase-3 is the most important terminal splicing enzyme
in apoptosis and has an important part in the mechanism leading to cell death [21]. In addition, previous
studies have shown that the Bcl-2 family inhibits mitochondrial-induced apoptosis [22]. Moreover,
Eupafolin is able to promote apoptosis of cervical and renal cancer cells [23]. In this study, we found that
Eupafolin has the same effect in breast cancer cells.

Autophagy is an evolutionarily conserved lysosomal degradation pathway, and thus, normal levels of
autophagy are needed for maintenance of cellular metabolism. However, autophagy can play a role in
suppressing tumors as well as tumorigenesis, particularly under the conditions of nutrient or growth
factor de�ciency or hypoxia [24, 25]. Previous studies have shown that inhibition of autophagy in tumor
cells is further developed [26–28]. Beclin-1 and LC3 are commonly-used markers of autophagy. Herein, we
found that Eupafolin signi�cantly promotes Beclin-1 and LC3B- / I expression in breast cancer cells.

In order to further understand the anti-cancer mechanisms of Eupafolin in breast cancer cells, we
determined protein levels in the PI3K/AKT pathway that were involved in tumor cell growth,
differentiation, and apoptosis [29]. Herein, results from Western blot analysis demonstrated that
Eupafolin signi�cantly blocked phosphorylation of the PI3K/AKT signaling pathway. Moreover, the
activity of p38 signaling can induce autophagy [30]. Herein, Eupafolin promotes the role of p38. ERK and
p38 are members of the MAPK family. According to reports, activation of MAPK is able to inhibit the
proliferation of cancer cells [31]. These results demonstrated that Eupafolin treatment activated MAPK
signaling pathway in breast cancer cells. Therefore, down-regulation of MAPK is partially related to
induction of apoptosis in breast cancer cells by Eupafolin treatment.

The migration and invasion of tumor cells is one of the main problems in the treatment process [32]. In
our study, we found that Eupafolin is able to inhibit the metastatic ability of breast cancer cells. Previous
studies have shown that angiogenesis can promote tumor growth and metastasis. Therefore, inhibition
of tumor angiogenesis can be a good treatment for cancer. The anti-angiogenesis ability of a drug can be
effectively evaluated by detecting the activity on endothelial cells [33]. In addition, we tested cellular
proliferation, apoptosis, migration, invasion, colony formation and tube formation assay of Eupafolin in
HUVECs [34]. Caveolin (Cav-1) is a subdomain rich in the plasma membrane, and its expression is out of
control in cancer cells [35]. Cav-1 is thought to be involved in the regulation of several biological
processes in both normal tissues and cancer. According to reports, Cav-1 can function to promote and
suppress tumors, according to the type of cancer cells [36]. Our study demonstrated that Eupafolin
inhibited Cav-1 expression in breast cancer cells. Moreover, down-regulation of Cav-1 contributes to the
inhibition of proliferation of MCF-7 cells that were exposed to Eupafolin, and Cav-1 siRNA is able to
reverse the cell viability inhibitory effect caused by Eupafolin. Therefore, the anti-breast cancer activity of
Eupafolin is partially mediated by Cav-1.

Collectively, this study suggests that Eupafolin signi�cantly inhibits breast cancer cell growth and
development, and promotes autophagy via the PI3K/AKT, MAPKs and NF-κB signaling pathways.
Mechanistically, Eupafolin exerts anti-breast cancer activity partially through down regulation of Cav-1.
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Moreover, Eupafolin has bene�cial anti-cancer effects within the body. The interaction between Eupafolin
and PI3K/AKT, MAPKs and NF-κB is shown in Fig. 7C. Therefore, our results provide a theoretical basis
for use of Eupafolin in clinical trials.
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Figure 1

The effects of Eupafolin on the sensitivity of breast cancer cells. (A,B) MDA-MB-231 and MCF-7 cells were
exposed to various concentrations of Eupafolin (0, 12.5, 25, 50 and 100 µM) for different times. The cell
viability was determined using the Cell Counting Kit-8 assay and Colony formation assay. (C) MDA-MB-
231 and MCF-7 cells were incubated with 50 or 100 μM of Eupafolin for 24 h, which was followed by
transwell analysis for evaluation of migration and invasion. (D) RT-qPCR analysis of E-cadherin, N-
cadherin, MMP2 and MMP9 in MDA-MB-231 and MCF-7 cells that were treated for 24 h with Eupafolin.
Data are representative of three independent experiments, and are expressed as mean ± SD. P>0.05
indicates non-signi�cance, ***P<0.001, **P<0.01, *P<0.05.
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Figure 2

Effect of Eupafolin on the distribution of breast cancer cells in cell cycle phases, apoptosis and
autophagy. MDA-MB-231 and MCF-7 cells were incubated with 50 or 100 μM of Eupafolin for 24 h. Next,
all cells were collected for further analysis. (A) Flow cytometry analysis to determine the effect of
Eupafolin on cell cycle arrest. (B, C) RT-qPCR and Western Blot analysis for CDK1, CDK2, CDK4 and Cyclin
B1. (D) Flow cytometry analysis for evaluation of apoptosis. (E)Western blot analysis of Bcl-2, cleaved
caspase-3 and Bax. (F) Western blot analysis of Beclin 1 and LC3-II. Data are representative of three
independent experiments and expressed as mean ± SD. P>0.05 indicates non-signi�cance, ***P<0.001,
**P<0.01, *P<0.05.
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Figure 3

Eupafolin-induced apoptosis is accelerated by RA and inhibited by 3-MA in breast cancer cells. MDA-MB-
231and MCF-7 cells were pre-treated with or without 3-MA (5 mM) or RA (5 μM) for 2 h, followed by
treatment with Eupafolin for another 24 h. All cells were then harvested for further analyses. (A) CCK-8
analysis for cell viability calculation. (B, C) Flow cytometry analysis for apoptosis. (D, E) Western blot
analysis for Beclin-1 and LC3-II/LC3-I expression. Data are representative of three independent
experiments and expressed as mean ± SD. P>0.05 indicates non-signi�cance, ***P<0.001, **P<0.01,
*P<0.05.
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Figure 4

Effect of Eupafolin on PI3K/AKT, MAPKs and NF-κB signaling in breast cancer cells Eupafolin treatment
leads to decreased phosphorylation of PI3K/AKT, Erk1/2, p38, and NF-κB/p65 by western blotting. Data is
representative of three independent experiments and expressed as mean ± SD. P>0.05 indicates non-
signi�cance, ***P<0.001, **P<0.01, *P<0.05.
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Figure 5

Anti-angiogenic activity of Eupafolin. (A) Human umbilical vein endothelial cells (HUVECs) were treated
with Eupafolin at concentrations of 0, 25, 50 and 100 mg/ml for 24, 48, and 72 h, respectively. Cell
viability was evaluated by the CCK-8 assay. (B) HUVECs were treated with Eupafolin at concentrations of
0, 50, and 100 μM for 24 h, and then subjected to apoptotic analysis by �ow cytometry (lower panel). (C)
HUVECs treated with Eupafolin at concentrations of 0, 10, and 20 mg/ml were subjected to the migration
and invasion assay and observed at 24 h, respectively. (D) HUVECs treated with Eupafolin at
concentrations of 0, 50, and 100 μM for 6 h were subjected to the tube formation assay. Data is
representative of three independent experiments and expressed as mean ± SD. P>0.05 indicates non-
signi�cance, ***P<0.001, **P<0.01, *P<0.05.
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Figure 6

Reduced Cav-1 is partially responsible for inhibition of proliferation of human breast cancer cells exposed
to Eupafolin. (A) Total RNA and protein extracted from MDA-MB-231and MCF-7 cells treated with or
without Eupafolin 50, and 100 μM for 24 h were used for quantitative real-time PCR and Western blot. (B)
MDA-MB-231and MCF-7 cells were transfected with Cav-1 siRNAs for 48 h and then subjected to Western
Blot for evaluation of Cav-1 expression. (D, E) MDA-MB-231and MCF-7 cells transfected with Cav-1
siRNAs or negative control siRNAs were treated with or without Eupafolin. Data are representative of three
independent experiments and expressed as the mean ± SD. P>0.05 indicates non-signi�cance,
***P<0.001, **P<0.01, *P<0.05.
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Figure 7

Eupafolin inhibited the oncogenic capability of MCF-7 cells in nude mouse xenografts. (A) Nude mice
bearing MCF-7 tumor xenografts were treated with Eupafolin (50 mg/kg, once daily, intraperitoneal
injection). (B) Body weight of nude mice. (C) Schematic diagram of the potential molecular mechanism
of Eupafolin-induced anticancer effect. The interaction between Eupafolin and PI3K/AKT, MAPKs and NF-
κB is demonstrated. Data are representative of three independent experiments and expressed as mean ±
SD. P>0.05 indicates non-signi�cance, ***P<0.001, **P<0.01, *P<0.05.
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