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Abstract

Background
CFF-1 is an effective treatment option for prostate cancer patients, but there is a lack of network
pharmacology research on its molecular mechanism.

Methods
Based on bioavailability and drug-likeness, the main active ingredients of CFF-1 were obtained through
the Traditional Chinese Medicine System Pharmacology (TCMSP) database. The GeneCard, OMIM,
PharmGKB, Therapeutic Targets database, and DrugBank were used to construct prostate cancer target
gene sets. Construct an ingredients-target network and a protein-protein interaction network respectively,
and GO and KEGG enrichment analysis were performed. After merging the two networks, important target
genes were obtained in the merged network, and virtual screening of CFF-1 active ingredients was
performed on these important target genes. Then the dynamic process of the binding of two small drug
molecules to the target protein was simulated by molecular dynamics.

Results
112 active ingredients of CFF-1 and 206 prostate cancer target genes were identi�ed. The results of GO
and KEGG enrichment analysis showed that the target genes regulated by CFF-1 were involved in prostate
cancer-related signaling pathways. Two important target genes were obtained in the merge network, as
well as the small molecules with the best binding among the active ingredients of CFF-1 were obtained
through a virtual screening tool developed by us. Finally, simulate the dynamic process of two small
molecules binding to the target protein.

Conclusion
In conclusion, this study predicted the potential molecular mechanism of CFF-1 in the treatment of
prostate cancer through network pharmacology and found important target genes and their active
ingredients in CFF-1. This provided a direction for future research on CFF-1 and promoted the reasonable
application of CFF-1 in the clinical treatment of prostate cancer.

Introduction
Prostate cancer is the second most deadly cancer in males [1]. At present, the main treatment methods
for prostate cancer are chemotherapy, radiotherapy, and some combination therapies [2–4]. Because the
tumor has the characteristics of metastasis and gene mutation, prostate cancer will still develop and
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metastasize after treatment [5, 6]. Therefore, new therapy methods are still needed to be developed for
treating prostate cancer.

Over-activation of ESR1 and MAPK14 has been reported in prostate cancer [7, 8]. In the tumor, ESR1 and
BARX2 can coordinately regulate cell growth and invasion [9]. Activated MAPK14 can promote IL-1
induced cell proliferation and reduce TNF-induced apoptosis [10, 11]. The estrogen signaling pathway
and MAPK signaling pathway have been reported to be necessary for the development of tumors [12, 13].

Traditional Chinese Medicine (TCM) has a long history and unique characteristics. Many researchers
have found that TCM can suppress diseases (including cancer) by improving the body's immunity [14].
Also, TCM has little cytotoxicity and side effects during the treatment process [15] and has systemic
effects that Western medicine does not have [16]. Although TCM has these unique advantages, the
molecular mechanism of its treatment of cancer is still unclear. CFF-1 was a kind of Compound TCM,
which was created by famous TCM doctor Fusong Xu of Jiangsu Province Hospital of Traditional
Chinese Medicine. Studies have shown that CFF-1 can inhibit the growth of prostate cancer cells and
promote cancer cell apoptosis through PI3K-AKT and EGFR-related signaling pathways [17, 18]. Based on
the network relationship of disease, genes, and drugs, network pharmacology is widely used to
systematically and comprehensively research the network of drugs in treating diseases and to explain the
overall impact of drugs on the body. With the development of bioinformatics, it also provides the
possibility for TCM network pharmacology research [19, 20]. Therefore, it is important to systematically
research the molecular mechanism of CFF-1 in the treatment of prostate cancer through bioinformatics.

In this study, the molecular mechanism of CFF-1 inhibition of prostate cancer was researched based on
network pharmacology. The Results demonstrated CFF-1 mainly inhibited prostate cancer by inhibiting
ESR1 of the estrogen signaling pathway and MAPK14 of the MAPK signaling pathway. By using the
virtual screening tool developed by ourselves, the small molecules that best bind to ESR1 and MAPK14
among the TCM components were evaluated. Finally, the dynamic process of the binding of small drug
molecules to the target protein was simulated by molecular dynamics. Our results provided new ideas
and directions for the clinical and experimental research of CFF-1 in inhibiting prostate cancer in the
future.

Materials And Methods
Compounds and target gene screening of CFF-1

Based on Fusong Xu's treatment idea, Astragalus (Hedysarum Multijugum Maxim), Rehmannia
(Rehmanniae Radix Praeparata), Polygonatum (Polygonati Rhizoma), Curcumae Rhizoma, Turmeric
(Curcumaelongae Rhizoma), Polyporus (Polyporus Umbellatus (Pers) Fr), and Licorice were selected for
the subsequent analysis. According to TCMSP database [21], the chemical composition of CFF-1 was
obtained, and the screening condition were oral bioavailability (OB) > 30% and drug-likelihood (DL) > 0.18
[20]. Then potential targets of CFF-1 were collected in the TCMSP database and annotated with the
UniProt database (https://www.uniprot.org/).

https://tcmspw.com/tcmspsearch.php?qr=Hedysarum%20Multijugum%20Maxim.&qsr=herb_en_name&token=9b92b7886d6ef10e7865e251ccc02c68
https://tcmspw.com/tcmspsearch.php?qr=Rehmanniae%20Radix%20Praeparata&qsr=herb_en_name&token=9b92b7886d6ef10e7865e251ccc02c68
https://tcmspw.com/tcmspsearch.php?qr=Polygonati%20Rhizoma&qsr=herb_en_name&token=9b92b7886d6ef10e7865e251ccc02c68
https://tcmspw.com/tcmspsearch.php?qr=Curcumae%20Rhizoma&qsr=herb_en_name&token=9b92b7886d6ef10e7865e251ccc02c68
https://tcmspw.com/tcmspsearch.php?qr=Curcumaelongae%20Rhizoma&qsr=herb_en_name&token=9b92b7886d6ef10e7865e251ccc02c68
https://tcmspw.com/tcmspsearch.php?qr=Polyporus%20Umbellatus(Pers)Fr.&qsr=herb_en_name&token=9b92b7886d6ef10e7865e251ccc02c68
https://tcmspw.com/tcmspsearch.php?qr=licorice&qsr=herb_en_name&token=9b92b7886d6ef10e7865e251ccc02c68
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Acquisition of known prostate cancer target genes

Based on multiple databases, including GeneCard (https://www.genecards.org/), OMIM
(https://www.omim.org/), PharmGkb (https://www.pharmgkb.org/), Therapeutic Targets database (TTD)
(http://bidd.nus.edu.sg/group/cjttd/) and DrugBank (https://www.drugbank.ca/) databases, total genes
related to prostate cancer were obtained; and then these total genes were combined with total target
genes of CFF-1 active ingredients (screened by TCMSP database) to obtain the target genes of CFF-1
active ingredients in prostate cancer.

GO and KEGG enrichment analysis

The function and pathway enrichment analysis of the �nal intersection genes of CFF-1 was performed by
clusterPro�ler [22] and the cancer pathways analyzed from the KEGG database were presented
(https://www.genome.jp/kegg/).

Construction of protein-protein interaction (PPI) network and core gene screening

Constructed PPI network with STRING database [23] of CFF-1 target genes and displayed them with
Cytoscape [24]. According to six features de�ned by CytoNCA [25] (degree centrality (DC), betweenness
centrality (BC), closeness centrality (CC), eigenvector centrality (EC), network centrality (NC), and local
average connectivity (LAC)), the importance of PPI network nodes was calculated and core genes PPI
network was built.

Construction of merge network

According to the relationship between active ingredients and their target genes screened out from the
TCMSP database, an ingredient-target network was constructed with Cytoscape. Combined the PPI
network of core genes with the ingredient-target network of Cytoscape, the merged network of core target-
genes was constructed.

Virtual screening.

According to the merged network, the three-dimensional structure of the proteins from the Research
Collaboratory for Structural Bioinformatics Protein Data Bank (RSCB PDB) database
(https://www.rcsb.org/) was obtained. Based on the regulatory relationship between target genes and
chemical ingredients in the merged network, the structures of chemical ingredients were obtained from
the PubChem database (https://pubchem.ncbi.nlm.nih.gov/) of National Center for Biotechnology
Information (NCBI). To obtain the results of the smallest binding a�nities between the target proteins and
the chemical ingredients in CFF-1, we developed a virtual screening tool named Do_virtual_screening
(https://github.com/daizao/Do_virtual_screening) based on AutoDock Tools [26] and AutoDock Vina [27].
After analysis using our screening tool, the minimum binding a�nities of each target protein were
obtained. The three-dimensional interactions between ligand and target protein were presented by Pymol
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(https://github.com/schrodinger/pymol-open-source) and two-dimensional putative docking pose of
ligand in the binding pocket was exhibited by LigPlot [28].

Molecular dynamics simulation

Perform molecular dynamics simulations with Gromacs [29] (2018.3 version) on the two core proteins
and the top-ranked ligand. And to make the simulation of protein structure and ligand reach a balanced
state, the two protein and ligand complexes were simulated for 100ns and 150ns, respectively.

Results

Screening of target genes of CFF-1 active ingredients in
prostate cancer
The �owchart of this study was shown in Fig. 1. According to the screening results of the TCMSP
database, CFF-1 contained 112 active ingredients, and it's found that licorice had the most target genes
(Table S1). In table S1, the same target genes could be regulated by different small ingredients from
different Chinese medicine, hence the regulation of CFF-1 on prostate cancer was diverse. According to
�ve databases (GeneCards, OMIM, PharmGkb, TTD, and DrugBank), the prostate cancer target genes were
obtained (Fig. S1a). After crossing the target genes of the above analysis methods, 206 target genes
regulated by CFF-1 were obtained in prostate cancer (Fig. S1b and Table S2).

Biofunctions and pathways of target genes of CFF-1 active ingredients in prostate cancer

In this study, GO and KEGG enrichment analysis was employed to �gure out the functions and pathways
of the target genes of CFF-1 active ingredients in prostate cancer. According to the GO enrichment
analysis of 206 genes, it was found that functions of these target genes in response to metal ion,
membrane raft, and nuclear receptor activity were the most signi�cant in BP (Biological Process), CC
(Cellular Component), and MF (Molecular Function), respectively (Fig. 2a). In the results of KEGG
enrichment analysis, prostate cancer signaling pathways including IL-17 signaling pathway, EGFR
tyrosine kinase inhibitor resistance, and PI3K-Akt signaling pathway, etc. were obtained (Fig. 2b). Besides,
other cancer-related pathways, such as colorectal cancer, bladder cancer, small cell lung cancer,
hepatocellular carcinoma, and chronic myeloid leukemia (Fig. 2b), were also signi�cantly enriched.
Therefore, these target genes (marked in red) played important roles in cancer pathways (including
estrogen signaling pathway and MAPK signaling pathway) (Fig. 2c).

Construction of the merge network of core PPI and drug active ingredients

Based on the screening results of the active ingredient and 206 target genes in the TCMSP database, we
constructed a network of active ingredients and target genes (Fig. 3). In this network, many target genes,
such as PTGS2, ESR1, MAPK14, AR, etc. could be regulated by a variety of active ingredients of CFF-1.
According to the STRING database, the PPI network of 206 target genes was obtained (Fig. 4a). The core
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PPI network was obtained from the PPI network of 206 target genes by analyzing the relationship
between nodes in the PPI network of 206 target genes (Fig. 4b). In the core PPI network, the genes, such
as TP53, AKT1, MAPK family genes, ESR1, etc. had complex regulatory relationships, indicating that
inhibiting these core genes might affect the entire PPI network in prostate cancer. After conjoint analysis
of the core PPI network and the network of active ingredients and target genes, the merge network was
rebuilt (Fig. 5). In the merge network, ESR1 and MAPK14 were repeatedly regulated by CFF-1 active
ingredients, indicating that these two genes played major roles in the process of CFF-1 inhibiting prostate
cancer.

Potential ligands targeting ESR1 and MAPK14 were obtained by virtual screening

According to the results of Do_virtual_screening (virtual screening tool developed by us,
https://github.com/daizao/Do_virtual_screening), we found that Glabrene and (2S)-2-[4-hydroxy-3-(3-
methylbut-2-enyl)phenyl]-8-8-dimethyl-2-3-dihydropyrano[2-3-f]chromen-4-one had the smallest binding
a�nities for ESR1 and MAPK14 among 46 ligands (Table S3). The docking result of Glabrene and ESR1
was displayed in 2D and 3D, hydrogen bond interaction between Arg and ligand was found (Fig. 6a).
Docking result of 2S)-2-[4-hydroxy-3-(3-methylbut-2-enyl)phenyl]-8-8-dimethyl-2-3-dihydropyrano[2-3-
f]chromen-4-one and MAPK14 was displayed in 2D and 3D, the hydrophobic interaction played a major
role (Fig. 6b).

Molecular dynamics simulation of the binding of ESR1 and MAPK14 to ligands

Based on the results of the two ligands and protein complexes, molecular dynamics simulations were
performed. The RMSD (root-mean-square deviation) of the carbon α skeleton represents the stability of
the three-dimensional structure model of the protein-ligand complex during molecular dynamics
simulation. After 100ns molecular dynamics simulation of ESR1 and glycyrrhizin, the RMSD value
balanced at 0.31nm (Fig. 7a). The short-range Coulomb force and the short-range Lanna-Jones potential
were − 85 (kJ/mol) and − 182 (kJ/mol) (Fig. 8a) at 100ns, respectively. Hence the complex of ESR1 and
ligand was dominated by electrostatic force and Van der Waals force. After 150ns molecular dynamics
simulation of MPAK14 and (2S)-2-[4-hydroxy-3-(3-methylbut-2-enyl)phenyl]-8-8-dimethyl-2-3-
dihydropyrano[2-3-f]chromen-4-one, the RMSD value balanced at 0.53nm (Fig. 7b). The short-range
Coulomb force and the short-range Lanna-Jones potential were − 6 (kJ/mol) and − 223 (kJ/mol) (Fig. 8b)
at 150ns, respectively. Hence the complex of MAPK14 and ligand was dominated by Van der Waals force.

Discussion
CFF-1 is a classic compound of Chinese traditional medicine which has been used in the clinic to treat
patients with prostate cancer in Jiangsu Hospital of Traditional Chinese Medicine for several years as a
hospital prescription. Studies have shown that CFF-1 can inhibit the growth of prostate cancer and induce
autophagy and apoptosis of prostate cancer cells through multiple signal pathways [17, 18]. Although
some molecular mechanism of CFF-1 inhibiting prostate cancer cells has been studied, the special
therapeutic effects of CFF-1 have not been researched.



Page 7/18

In the merge network, the drug active ingredients of licorice could regulate the expression of multiple
genes. In addition to licorice, the drug active ingredients of astragalus and Polygonatum could regulate
the expression of ESR1 and MAPK14 in the merge network. It has been reported that licorice, astragalus,
and Polygonatum can inhibit tumorigenesis in prostate cancer [30–33]. ESR1 is signi�cantly up-regulated
in androgen-deprived prostate cancer and promotes tumor cell proliferation [34]. MAPK14 promotes the
development and metastasis of cancer [8, 13], and is associated with an aggressive risk of prostate
cancer [35]. Therefore, CFF-1 inhibits the growth of prostate cancer cells, which might be achieved by
inhibiting ESR1 and MAPK14 through licorice, astragalus, and Polygonatum.

In the results of enrichment analysis, some cancer-related signaling pathways were obtained such as
Prostate cancer, Pancreatic cancer, Non-small cell lung cancer, colorectal cancer, and so on. The mapped
results of the KEGG database show that the number of genes in the cancer signaling pathway is the
largest. In the cancer signaling pathway, ESR1 [7] and MAPK14 [13] can promote tumor cell proliferation
through the estrogen signaling pathway and MAPK signaling pathway, respectively. AKT1 promotes
cancer cell invasion [36] and avoids apoptosis [37] through the PI3K-Akt signaling pathway. CCND1 can
be regulated by estrogens to promote the development of prostate cancer cells [38]. Although most of
these core genes were concentrated in the cancer signaling pathway, many virus-related signaling
pathways also appeared in the KEGG enrichment analysis. Since the same gene plays different functions
in different signaling pathways, the virus-related signal pathways were enriched. It is possible that the
emergence of virus-related pathways will improve the immunity of patients. The negative correlation
between the stemness of tumor cells and immunity indicates that immunity can inhibit the occurrence,
development, and metastasis of tumor cells [39]. Therefore, the emergence of virus-related pathways
might improve patient immunity and suppress tumors.

In summary, this study employed network pharmacological methods and techniques to identify 112 drug
components of CFF-1 and 206 potential targets in prostate cancer. According to the merge network
constructed by the core PPI network and the network of active ingredients with target genes, it was found
that ESR1 and MAPK14 could be regulated by licorice, astragalus, and Polygonatum. By the enrichment
analysis of GO and KEGG, the cancer-related signaling pathway, IL-17, and other signaling pathways were
signi�cantly enriched. It could be inferred that CFF-1 might inhibit prostate cancer and promote immune
response. And the tool (Do_virtual_screening) we developed could not only realize the virtual screening of
drug ingredients but also realize the reverse docking of active ingredients, which provided convenience for
future research on TCM. Due to the limitation of the database and software simulation, these results still
need to be con�rmed by experiments, and the internal implementation mechanism also needs to be
explained by related experimental results.

Conclusion
This study investigated the active ingredients and molecular mechanisms in the prostate cancer
treatment of CFF-1 from the perspective of network pharmacology. The active ingredients of CFF-1 are
composed of 112 compounds. There are 206 target genes involved in the treatment of prostate cancer by
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CFF-1, among which ESR1 and MAPK14 are the key target genes. From 112 compounds, the active
ingredients that best bind to ESR1 and MAPK14 were obtained with Do_virtual_screening developed by
us. Finally, the dynamic process of the binding of two small drug molecules to the target protein was
simulated by molecular dynamics. In CFF-1 treated prostate cancer, cancer-related signaling pathways
are signi�cantly enriched. Also, the results of this study provide a new way to further research the
mechanism of CFF-1 in treating prostate cancer.
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Figure 1

whole �owchart based on network pharmacology
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Figure 2

The results of GO and KEGG enrichment analysis (a) The results of GO enrichment analysis; (b) The
results of KEGG enrichment analysis; (c) Pathway map of CFF-1 in the treatment of prostate cancer. Red
represents the target genes suppressed by the active ingredient of CFF-1
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Figure 3

The network of CFF-1 active ingredients and target genes Different colors represent different Chinese
medicine ingredients. The grey lines represent ingredients from multiple Chinese medicine ingredients.
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Figure 4

The network of protein-protein interaction network (a) Protein-protein interaction network of 206 target
genes; (b) Protein-protein interaction network of core genes.
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Figure 5

A merge network of CFF-1 active ingredient network and core protein-protein interaction
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Figure 6

Results of molecular docking between ESR1 and MAPK14 (a) 2D and 3D images of ESR1, including a
2.8nm hydrogen bond and multiple hydrophobic interactions; (b) 2D and 3D images of MAPK14,
including multiple hydrophobic interactions.

Figure 7
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The RMSD value of protein and ligand (a) RMSD curve of ESR1 and ligand; (b) RMSD curve of MAPK14
and ligand.

Figure 8

Coulomb and Van der Waals force of protein and ligand (a) Coulomb force and Van der Waals force of
ESR1 and ligand; (b) Coulomb force and Van der Waals force of MAPK14 and ligand.
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