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1 Introduction
Breast cancer is by far one of the most common cancers 

in women. Breast cancer is not a single disease, but a group of 
heterogeneous diseases with highly variable clinical behaviors. 
Pathologists have long recognized this diversity in morphology, 
which is reflected in various special histological types of breast 
cancer, with different microscopic manifestations and related 
clinical results. However, 70% to 80% of breast cancers are 
non-special invasive ductal cancers, which are not a unique 
entity, but show significant heterogeneity in tumor morphology, 
basic molecular biology, and prognosis (Godone et al., 2018; 
Provenzano et al.,2018).

Houttuynin is the main component of Houttuynia, with 
various pharmacological effects, such as lowering blood sugar, 
antioxidant, anti-aging, immune enhancement and anti-tumor 
effects. However, there are no reports of Houttuynin on breast 
cancer research, so the present study is innovative.

2 Methods

2.1 MTT method to detect the inhibitory effect of 
Houttuynin on MCF-7 cells

After cell culture, the cells were administered with Houttuynin 
of different concentrations (0, 50, 100, and 150 μM). After 24 
and 48 hours, a total of 50 μL of 1 mg/mL MTT solution was 
replenished into each well. The OD value was detected at 490 nm 
with a microplate reader.

2.2 Flow cytometry to detect apoptosis

Houttuynin solutions at density of 0, 100, 150, and 200 μM 
were added, respectively, to act for 24 hours. The supernatant was 
removed. The cells were digested with trypsin, then centrifuged 
and collected. Mixed with Annexin V-FITC to react for 5 to 
15  minutes under darkness. Finally, the apoptosis rate was 
detected by flow cytometry.

2.3 AO/EB staining

MCF-7 cells were obtained and digested with trypsin. 
The cells were collected and centrifuged, then counted on a cell 
counting plate. The cells were diluted to 2×105 cells/well, and 
evenly inoculated in a 6-well plate. After 8 hours of culture, the 
cell adherence completed. Following this, Houttuynin solutions 
of 0, 100, 150, and 200 μM were added respectively to act for 
24 hours. The cells were washed twice with pre-cooled PBS, 
then added with AO/EB mixture (AO 100  mg/mL and EB 
100 mg/mL) to stain for 5-10 minutes. The cells were observed 
and photographed under an inverted fluorescence microscope.

2.4 WB method to detect the expression of each protein

The cells were obtained from each group. The protein 
concentration was quantified by the protein standard BCA 
method with a microplate reader. Proteins were separated by 
12% SDS-PAGE electrophoresis. The separated protein bands 
were transferred to PVDF membranes by wet method. First and 
second antibody incubation. Color development and fixation 
were conducted by chemiluminescence.
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2.5 Statistical methods

All data are expressed as mean ± standard deviation (mean 
± SD). Comparisons between two groups were performed using 
t-tests, and comparisons between multiple groups of data (> 2) 
were conducted using One-way ANOVA. Statistical significance 
was found at p <0.05. Data were analyzed using Graphpad Prism 
5.0 (Graphpad Software. San Diego, CA).

3 Results and discussion

3.1 The inhibitory effect of Houttuynin on MCF-7 
proliferation

As shown in Figure 1, with the accumulation of the time 
and the dose increase of Houttuynin, the inhibitory effect on 
breast cancer cells MCF-7 also increased, in a concentration and 
dose-dependent manner. Compared with the control group, 
there is a significant difference.

3.2 Effect of Houttuynin on MCF-7 cell apoptosis

As shown in Figure 2, MCF-7 cells significantly increased 
in early and late stages after treatment with Houttuynin, and in 

a dose-dependent way. Compared with the control group, the 
proportion of early and late-stage apoptotic MCF-7 cells increased 
after treatment with Houttuynin at the concentration of 150 μM.

3.3 AO/EB staining to detect MCF-7 cell apoptosis

As the concentration of Houttuynin increased, the number of cells 
showing green fluorescence in MCF-7 cells decreased significantly, 
while the number of cells showing red-orange fluorescence increased 
significantly, and in a dose-dependent manner. As shown in Figure 3.

3.4 WB method to detect the expressions of various proteins

As shown in Figure 4, with the increase of Houttuynin 
concentration, the expressions of cytochrome c, Bax, and caspase-9 
proteins, which are the main members of the mitochondrial 
apoptosis pathway in MCF-7 cells, were significantly up-regulated. 
The expression of Bcl-2 protein was significantly reduced, and 
in a dose-dependent manner. The expression of Fas protein, the 
main member of the death receptor pathway in MCF-7 cells, and 
caspase-8 protein after splicing, were significantly up-regulated.

In order to study the upstream mechanism of Houttuynin on 
breast cancer, the PI3K/AKT signaling pathway in breast cancer 
cells was investigated. The expressions of PI3K (Tyr607), AKT 
(Ser473), mTOR (Ser2448), and Bad (Ser136) proteins and their 
phosphorylated proteins in MCF-7 cells treated with Houttuynin 
were analyzed by WB experiments. The experimental results are 
shown in Figure 5. As the concentration of Houttuynin increased, 
phosphorylated PI3K protein (p-PI3K), phosphorylated AKT 
protein (p-AKT), phosphorylated mTOR protein (P-mTOR), 
and phosphorylated Bad protein (p-Bad) expressions were all 
significantly reduced in MCF-7 cells, and in a dose-dependent way. 
Compared with the control group, there were significant differences.

To further investigate whether Houttuynin-induced apoptosis 
and autophagy of breast cancer cells are related to the PI3K/AKT 
signaling pathway, LY294002 at a concentration of 20 μM was used 
to pre-treat MCF-7 cells for 2 hours, and then 100 μM Houttuynin 
was used. The effects of LY294002-pretreated Houttuynin on the 
expressions of PI3K, p-PI3K, AKT, p-AKT, mTOR, p-mTOR, Bad, 
and p-Bad proteins are shown in Figure 6. The results exhibited that Figure 1. Effect of Houttuynin on the proliferation of MCF-7 cells.

Figure 2. Effect of Houttuynin on MCF-7 cell apoptosis.
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inhibitors, MAPK inhibitors, JAK/STAT inhibitors, receptor 
tyrosine kinase inhibitors, androgen receptor inhibitors, PARP 
inhibitors, immunotherapy and cancer vaccines(Smith et al., 2017; 
Moo et al., 2018; O’Shaughnessy et al., 2017).

LY294002 significantly reduced the amount of Houttuynin-induced 
proteins in MCF-7 cells, compared with the Houttuynin-alone-
treated breast cancer cells. The expressions of p-PI3K, p-AKT, 
p-mTOR and p-Bad proteins significantly decreased, while the 
expression of Bad protein increased, but there was no significant 
difference in the expressions of PI3K, AKT and mTOR proteins.

The current treatment methods for breast cancer mainly focus 
on surgery, chemotherapy, radiotherapy and bio-targeted therapy. 
Bio-targeted therapy has been a hot topic in breast cancer treatment 
in recent years. At present, the bio-targeted molecular therapy for 
breast cancer consists of the following aspects: PI3K/AKT/mTOR 

Figure 3. AO/EB staining to detect MCF-7 cell apoptosis.

Figure 4. Effect of Houttuynin on related apoptotic proteins.

Figure 5. Effect of Houttuynin on the expressions of PI3K/AKT signaling 
pathway proteins in MCF-7 cells.

Figure 6. Effects of LY294002-pretreated Houttuynin on MCF-7 cells.
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PI3K/AKT/mTOR is the main pathway that regulates cell survival 
and proliferation, and is the most common signaling pathway in 
breast cancer. PI3KCA, AKT1, AKT2 and PTEN are very important 
genes in the PI3K/AKT pathway. The increased mutation rate in 
cancer patients can lead to abnormal regulation of the PI3K/AKT 
pathway (Vasiliou & Diamandis, 2019). Over-activation of the 
PI3K pathway occurs in 70% of breast cancer patients, and PIK3CA 
mutations occur in nearly 30% of breast cancer patients. Mutations 
in AKT1 and AKT2 can activate AKT signaling in HR+/luminal 
breast cancer (Kono et al., 2017; Musella et al., 2018).

AKT is the main downstream target of PI3K, with phosphorylated 
AKT protein as the active form. The phosphorylation of AKT 
protein is closely related to apoptosis. AKT activation can promote 
the phosphorylation of Bad at Ser136 site, thereby reducing 
the function of Bad protein. Bad is an important pro-apoptotic 
protein in the Bcl-2 family. It forms a heterodimer with the Bcl-2 
protein and then promotes apoptosis together. Phosphorylated 
Bad protein can bind to 14-3-3 protein, thus preventing Bad 
protein from binding to Bcl-2 protein on mitochondrial 
membrane. Therefore, the inhibition of apoptosis by Bad protein 
phosphorylation is essential (Huang, 2020; Zheng  &  Wang, 
2020). Previous studies have shown that the PI3K/AKT pathway 
inhibits mitochondrial-mediated apoptosis in papillary thyroid 
cancer (PTC) cells by promoting phosphorylation of Bad 
(Dieci et al., 2018; Esmailpoor et al., 2019).

In this study, MTT, flow cytometry, AO / EB double staining, 
and Western blot experiments were performed to verify that 
Houttuynin could significantly inhibit the growth of breast cancer 
cells. The mitochondria and death receptors were used to induce 
apoptosis of breast cancer cells. Western blotting experiments 
have confirmed that Houttuynin can induce autophagy in breast 
cancer cells. Further studies have demonstrated that Houttuynin 
can induce apoptosis and autophagy in breast cancer cells by 
inhibiting the PI3K/AKT signaling pathway.

4 Conclusion
These results reveal that Houttuynin can achieve anti-breast 

cancer efficacy through a variety of anti-cancer molecular 
mechanisms, with no side effects, and is expected to make up 
for the current breast cancer chemotherapy strategies.
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