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Abstract
Triple negative breast cancer is a very malignant type of breast cancer. Its age of onset is young and the
prognosis is poor, which seriously threatens women's physical and mental health. Pulsatilla Chinensis is
a common medicine in traditional Chinese medicine. Application of network pharmacology analysis
found that the active ingredients in Pulsatilla can target Caspase-3, NOS3, etc. to exert anti-tumor effects.
This discovery will provide new alternative drugs and potential methods for the treatment of triple-
negative breast cancer.

1. Introduction
Breast cancer is a highly heterogeneous tumor disease which seriously endangers women's physical and
mental health. Although with the continuous progress and development of science and technology and
society, the spectrum of human cancer is also quietly changing, breast cancer still occupies the second
leading killer of women. According to estimates by Globocan 2020 [1], there are about 2.26 million new
cases of female breast cancer worldwide, and about 680,000 deaths and the incidence of breast cancer is
gradually becoming younger. Among female cancers in our country, breast cancer is likewise the most
common, with more than 400,000 new cases during 2020 [1]. Although the incidence of breast cancer in
developed countries has declined to a certain extent, the incidence of breast cancer in underdeveloped
countries and regions is still increasing [2.3], and people should pay su�cient attention. It is currently
believed that the incidence of breast cancer may be linked to hormones, family history, early menarche,
late menopause, late birth, high-fat diet, and overnutrition, but the exact cause has not been clari�ed. The
molecular classi�cation of breast cancer mainly includes LuminalA, LuminalB, triple-negative, and HER-2
positive. Triple negative breast cancer (TNBC) is highly malignant, invasive, and prone to metastasis.
10%-15% of breast cancers occur [4]. Triple negative breast cancer refers to breast cancer with negative
expression of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor
receptor 2 (HER2). Due to its high degree of heterogeneity, aggressiveness and lack of treatment options,
TNBC has become the deadliest breast cancer subtype. Lack of effective treatment options, endocrine
therapy and targeted therapy is not satisfactory. TNBC is more common among young patients. The
tumor is usually larger, poorly differentiated, more likely to show lymph node involvement at the time of
diagnosis, and more biologically aggressive [5]. Chemotherapy is the main treatment for TNBC, taxanes,
and tetracycline are the main treatment drugs, but patients are prone to chemotherapy resistance after
treatment; even if the patient receives the standard systemic chemotherapy, the 5-year survival of patients
with metastatic TNBC rate is still below 30%. The single-agent treatment plan is set to multi-drug
combination chemotherapy to increase the remission rate, which can increase the chemotherapy effect to
a certain extent, but this also increases the probability of chemotherapy's toxicity [4]. Therefore, �nding
new therapeutic drugs and methods to relieve chemotherapy resistance has become an urgent problem to
be resolved.

Natural compounds refer to biological products derived from animals, plants, and microorganisms. They
have been long since clinical use, are a rich source of biologically active compounds, and are ideal for
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screening biologically active small molecules. Natural products have high value in the research and
development of anti-cancer drugs, and many drug development projects are continuing [6]. For example,
in the �eld of anti-cancer drugs, from the 1940s to the end of 2014, 131 (or 75%) of the 175 small
molecules approved by the US FDA were not "S" (synthetic) molecules, of which 85 ( or 49%), actually
natural products or directly extracted from natural products [7]. It can be seen that natural products still
have great potential in the �eld of anticancer, and they are a potential treasure house for the development
of novel anticancer drugs and resistance to chemotherapy.

Pulsatilla Chinensis, a classic and commonly used Chinese medicine, aliases as Nahograss, Pulsatilla,
etc, is a natural compound. The medicinal part is usually the dry root of Pulsatilla, a plant of the
Ranunculaceae family, widely distributed in Jilin, Liaoning, Hebei, and Shandong of China, Henan, Shanxi,
Shaanxi, Heilongjiang, and other provinces of hills, barren slopes, and �elds. Sexual bitterness, coldness,
returns to stomach, large intestine meridian, mainly used for clearing heat and detoxi�cation, cooling
blood to stop dysentery. In recent years, Pulsatilla has been reported to have de�nite anti-cancer activity
in a variety of cancers. For example, experiments have found that Pulsatilla can induce apoptosis of
colon cancer cells by acting on TP53, Caspase-9, and BCL-2 [8], and similarly, it can also promote
apoptosis of lung cancer cells [9]; in liver cancer and pancreas Studies in mouse models of cancer have
found that Pulsatilla can induce cancer cells’ death and inhibit tumor’s growth [10]; Pulsatilla has also
been reported to inhibit cancer cells’ proliferation, invasion, and metastasis in breast cancer [11]. Based
on the excellent anti-cancer properties of Pulsatilla and the current status that there is no ideal
therapeutic drug for triple negative breast cancer, this article intends to adopt a series of network
pharmacology research methods, according to the chemical composition of Pulsatilla, the target of
chemical composition, and the related genes of triple negative breast cancer. Protein interaction and other
information, construct protein interaction network, and analysis, and strive to reveal the complex
mechanism of Pulsatilla as a potential drug to treat triple-negative breast cancer with multiple
components, multiple targets, and multiple pathways, and make preliminary veri�cations. To provide a
basis for further basic experimental research and provide new ideas and directions for the development
of new drugs for the treatment of triple-negative breast cancer.

2. Materials And Methods
2.1 Pulsatilla ingredients and targets

The chemical composition of Pulsatilla was retrieved through Traditional Chinese Medicine Systems
Pharmacology(TCMP) [12] and a total of 57 chemical compositions were retrieved. After screening
according to bioavailability (OB)>=30% and drug-like properties>=0.18, 11 chemical compositions were
obtained. Search the target points of the relevant chemical components in TCMSP, delete the components
without target information, and get a total of 9 effective chemical components �nally. A total of 138
targets were found in 9 corresponding active ingredients.

2.2 Triple negative breast cancer related genes
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Searching for triple negative breast cancer related gene targets on the DisGeNet website, a total of 1598
results were obtained, and screening was carried out according to the Score_gda>=0.05 standard, and
133 related gene targets were �nally obtained.There are 11 same genes between the active component
targets of Pulsatilla and the triple-negative breast cancer targets

2.3 Protein-protein interaction information

Search for protein interaction information through STRING (version: 11.0), and set the search condition
species of "Homo Sapiens".

2.4 Network Construction

Construct a "compound-compound target network" by connecting the effective chemical components of
Pulsatilla and its related targets; construct a "compound target protein interaction network" by connecting
related targets and the proteins that interact with them; Negative breast cancer related gene targets and
proteins that interact with them, construct a "triple negative breast cancer related target protein interaction
network". Take the intersection of "compound target protein interaction network" and "triple negative
breast cancer related target protein Interaction network" to construct the "compound target-triple negative
breast cancer-related target protein interaction network" through Cytoscape (version: 3.4.2) for network
visualization.

2.5 Hub gene analysis

"Compound Target-Triple Negative Breast Cancer Related Target Protein Interaction Network" was
analyzed by Cytohubba, a plug-in Cytoscape. Twelve methods such as MCC, Degree, MNC and so on were
used to calculate, and a total of 26 possible key genes were counted.

2.6 GO enrichment analyses

Use DAVID (version: 6.8) website to perform GO enrichment analysis and map the intersection genes
between compound component targets and triple negative breast cancer targets.

2.7 KEGG pathway enrichment analysis

KEGG enrichment analysis was conducted on the intersection genes (a total of 11) between the
compound component target and the triple negative breast cancer target. As a result, a total of 25
pathways were obtained and a bubble chart was made. Most genes are focused on cancer related
pathways (hsa05200).

2.8 Drugs

Beta-Sitosterol (5mg,purity:99.95%) was purchased from Topscience Corporate (Shanghai,China),
dissolved in DMSO to a concentration of 10mM, stored at -80 C.
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2.9 Cell culture

MDA-MB-231 cells were purchased from ATCC and grown in L-15 supplemented with 10% FBS in a
saturated humidity incubator (37 C 0% CO2).

2.10 CCK-8 assay

Cell viability was determined using a CCK-8 assay according to the manufacturer’s protocol. MDA-MB-231
cells were seeded at a density of 1.2 × 104 cells/well in a 96-well culture plate for 24 h after which the
medium was changed and Beta-Sitosterol (0,50,100μM/mL) was added and cultured for a further for 24,
48 or 72 h. 10 μl CCK-8 reagent was added to each well and incubated for 1 h. The optical density at 450
nm was measured using a Veriti 96-well Thermal Cycler (Applied Biosystem).

2.11 Western blot analysis

Proteins were extracted from MDA-MB-231 cells using RIPA buffer ( Yeasen Biotech Co., Ltd.) and the
concentration was measured using a bicinchoninic acid assay. A total of 20 μg protein was loaded into
each lane of a 10% polyacrylamide gel and separated by SDS-PAGE. After the proteins were resolved, they
were transferred to a PVDF membrane (EMD Millipore, Billerica, MA, USA). Membranes were blocked with
5% non-fat dried milk, incubated with anti-Caspase 3 (1:1000), anti-beta-Tubulin (1:1000), antibodies
overnight at 4 °C, and then incubated with the horseradish peroxidaseconjugated secondary antibodies
(1:4000) for 2 h at room temperature. SuperSignalTM West Femto Maximum (Thermo Fisher Scienti�c)
and SuperSignalTM West Pico PLUS (Thermo Fisher Scienti�c) kits were used to visualize bands Besides,
beta-Tubulin was used to quantify the amount and integrity of the proteins.

3. Results
3.1 Compound-compound target network analysis

In TCMSP, set bioavailability (OB)>=30% and drug-likeness>=0.18 to screen and �lter out the components
without target information, and obtain 9 effective compound chemical components. The speci�c
information is shown in Table 1. The compound-compound target is shown in Figure 1, which re�ects the
multi-targets potential of Pulsatilla in the treatment of triple negative breast cancer. At the same time,
most targets are connected to multiple chemical components, which re�ect the role of multiple
components in the treatment of cancer. For example, PgR (progesterone receptor) is an important
molecular phenotype in breast cancer. It can be used as one of the ]basis for breast cancer classi�cation.
At the same time, its expression can help predict whether the patient is sensitive to endocrine therapy [13].
Important clinical signi�cance. Multiple active ingredients in Pulsatilla simultaneously target PgR,
suggesting that PgR may be used as one of the targets of Pulsatilla in the treatment of breast cancer.

3.2 Compound target-triple negative breast cancer related target protein interaction network and key
genes
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The intersection of compound component targets and triple negative breast cancer targets are 11
genes(Figure 2a). By connecting the compound-related targets and the proteins that interact with them, a
"compound target protein interaction network" is constructed(Figure 2b); by connecting the triple-negative
breast cancer-related gene targets and the proteins that interact with them, a "triple-negative breast
cancer-related Target protein interaction network" is constructed (Figure 2b). To further explore the
potential pharmacological mechanism of Pulsatilla in the treatment of triple-negative breast cancer, the
"compound target protein interaction network" and the "triple negative breast cancer related target protein
interaction network" were intersected to construct a "compound target-triple negative breast cancer
related target protein interaction network"(Figure 2b). Network analysis shows that the network consists
of 205 nodes and 3206 edges. Subsequently, using Cytoscape plug-in cytohubba's 12 calculation
methods MCC, Degree, MNC, etc., the network was analyzed to screen out the hub gene. There are 32
genes in the screening results, of which caspase-3 appears as hub genes in 11 calculation methods, and
the frequencies of other genes appearing in each calculation method are 6 times, 5 times, 4 times, and 1
time respectively(Figure 2c). Thus, Caspase-3 is most likely to be a potential target of Pulsatilla in the
treatment of triple negative breast cancer. Caspase-3 plays a very important role in apoptosis. Caspase is
a widely expressed intracellular cysteine protease that mediates cell death and in�ammation, while
caspase-3 mainly regulates the death process of apoptosis and necrotic cells [14]. As an effector protein
downstream of apoptosis, caspase-3 can inactivate and lyse proteins related to important cell functions,
such as cytoskeleton maintenance, cell cycle regulation, DNA repair, signal transduction, etc. [15].

 

3.3 GO enrichment analysis results

According to GO enrichment analysis, the compound component targets and triple negative breast cancer
targets overlap genes’ (a total of 11) biological processes are mainly concentrated on the down-
regulation of gene expression, cell components are mainly concentrated in the nucleus, and molecular
functions are mainly enriched in enzyme binding(Figure 3a).

3.4 KEGG pathway enrichment analysis

By the KEGG enrichment analysis, the following bubble chart can be obtained (Figure 3b). We found that
genes are enriched in cancer pathways, apoptosis pathways, estrogen signaling pathways, etc. As shown
in Figure 4, the cancer pathway contains the largest number of potential targets for Pulsatilla, which
should be con�rmed as the potential of Pulsatilla for the treatment of triple-negative breast cancer. Core
target pathway. Cancer-related pathways include classic pathways such as ERK signaling pathway, PI3K
signaling pathway, and WNT pathway. These pathways all play important roles in the occurrence and
development of cancer.

3.5 Experiments verify that the potential target of Pulsatilla in the treatment of triple-negative breast
cancer may be Caspase-3
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Previous experimental studies [16] have proved that Beta-Sitosterol can affect the expression of caspase-
3 in the triple-negative breast cancer cell line MDA-MB-231.

For further veri�cation, the active ingredient Beta-Sitosterol in Pulsatilla was used to treat breast cancer
cell line MDA-MB-231 with different concentrations, and the proliferation curve of MDA-MB-231 was
measured by the CCK8 method, and the expression of protein Caspase-3 in MDA-MB-231 treated with
different concentrations of Beta-Sitosterol was determined by Western blotting.

As shown in Figure 4a, the experimental results found that the proliferation ability of MDA-MB-231 cells
treated with Beta-Sitosterol was inhibited, and the inhibition intensity was time-dependent and
concentration-dependent.

Western blot results showed(Figure 4b) that after treating MDA-MB-231 cells with Beta-Sitosterol, the
expression of caspase-3 in MDA-MB-231 cells decreased, and the degree of decrease was concentration-
dependent.

The experimental results con�rmed the results of bioinformatics analysis. Caspase-3 is most likely to be
a potential target for Pulsatilla in the treatment of triple-negative breast cancer.

4. Discussion
In this study, the prediction and interpretation of the mechanism of Pulsatilla as a potential drug for the
treatment of triple negative breast cancer was carried out by integrating network pharmacology methods
such as target prediction and network construction. Firstly, the target prediction of 9 effective chemical
components of Pulsatilla was performed, and 139 potential targets of Pulsatilla were obtained, which
re�ects the therapeutic characteristics of the synergistic effect of multi-component and multi-targets of
traditional Chinese medicine. Secondly, through the comprehensive analysis among the "compound
target-compound target network", "compound target protein interaction network", "triple negative breast
cancer related target protein interaction network", and "compound target-triple negative breast cancer
related target protein interaction network", it shows that caspase-3 may be the key target of Pulsatilla.
Pulsatilla may also regulate proteins which related to cell proliferation and division, cell cycle,
in�ammation, etc., such as TP53, STAT3, MYC, NOS2, etc. which play the roles of anti-breast cancer
through multiple channels. Finally, according to the results of KEGG pathway enrichment analysis, the
core proteins regulated by Pulsatilla are mostly enriched in cancer-related pathways, estrogen-related
pathways, apoptosis-related pathways and so on. These are closely related to the uncontrolled cell
proliferation, cell invasion and metastasis of triple negative breast cancer.

In summary, this study uses network pharmacology methods to reveal the mechanism of Pulsatilla as a
potential drug for the treatment of triple negative breast cancer, it may be related to the coordinated
regulation of apoptosis, cell cycle, and cell proliferation. At the same time, this study provides new ideas
and methods for the application of network pharmacology to explore the speci�c mechanism of anti-
cancer Chinese medicine. However, this study only brie�y veri�ed the mechanism of one of the active
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ingredients in Pulsatilla. Therefore, further experiments are needed to verify the results of this study and
to explore the mechanism of Pulsatilla as a potential anti-breast cancer drug.
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Figure 1

Compound-compound target network (red hexagon is the compound component, blue circle is the
compound component target)
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Figure 2

a. The intersection of compound component targets and triple negative breast cancer targets b.
Compound target-tri-negative breast cancer related target protein interaction network (marked in green is
the intersection of compound target and triple-negative breast cancer target) c. Hub gene screening
results calculated by 12 methods
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Figure 3

a GO enrichment map: the 10 most signi�cant GO terms in the three GO categories. (The CC has only 7
entries) b Intersection gene enrichment analysis (vertical axis: KEGG pathway, horizontal axis: enrichment
factor)

Figure 4

a. The proliferation curve of MDA-MB-231 cells treated with different concentrations of sitosterol b.
Caspase-3 expression in MDA-MB-231 cells treated with different concentrations of sBeta-Sitosterol
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