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Background: Compound Kushen injection (CKI) is a traditional Chinese medicine preparation for clinical treatment of cancer
pain or treatment of various types of solid tumors. The purpose of this study was to identify the main active
compounds from CKI and to investigate its anti-cancer mechanisms via drug target biological network phar-
macology construction and prediction.

Material/Methods: Constituents of CKI were retrieved from Traditional Chinese Medicine Systems Pharmacology (TCMSP) database.
Disease targets were collected in the Human Gene (Gene Cards) and Human Mendelian Inheritance (OMIM)
databases. “Ingredients-protein targets-pathway” networks were constructed using Cytoscape. STRING data-
base platform to construct enrichment of protein-protein interactions (PPl), related diseases and pathways net-
work. Gene Ontology (GO) biological functions and Kyoto Encyclopedia of Genes and Genomes (KEGG) path-
way of were performed to investigate by using Bioconductor tool for analysis.

Results: The results indicated that 60 constituents of absorption, distribution, metabolism, and excretion (ADME) fil-
tration resulted in 33 constituents exhibiting significant correlations with anti-cancer and CKI may target 113
proteins, including IL6, EGFR, CASP3, VEGFA, MYC, and ESR1. GO and KEGG enrichment analysis results show
that 129 biological processes and 93 signal pathways associated with cancer. It mainly involves cancers such
as prostate cancer, bladder cancer, hepatocellular carcinoma, colorectal cancer, breast cancer, etc. Active ingre-
dients might also induce apoptosis in cancer cells via the p53 and PI3K-Akt signaling pathway mechanism.

Conclusions: This study was based on pharmacological networks results for the prediction of the multi-constituent, multi-
target, and multi-pathway mechanisms of CKI, which might be a promising potential therapeutic and preven-
tion candidate for anti-cancer. However, based on computer data mining and analysis, this study still needs to
be further verified by in vivo/in vitro experiments, and the safety of CKI needs to be evaluated.
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Background

Nowadays, cancer is considered among one of the leading
causes of human death in the world, which creates a severe
economic burden on society and the family. According to the
latest statistics from the International Agency for Research
on Cancer (IARC), the incidence and mortality of cancer are
increasing rapidly around the world. Although the huge ad-
vancement has evolved in the treatment of cancer by surgery,
radiotherapy, chemotherapy, and immunotherapy in the past
decades, the discovery of more effective and less toxic cancer
treatments is a highly active area of research [1].

Compound Kushen injection (CKI, commercial name Yan Shu)
is mainly used to treat cancer-related pain. CKI consists of 2
main herbs, Kushen (Sophorae Flavescentis Radix) and Baituling
(Smilacis Glabrae Rhixoma). There are many ingredients in the
Chinese herbal medicine Sophorae Flavescentis Radix, with ma-
trine and oxymatrine the 2 main components, which can exert
anti-inflammatory, anti-tumor, anti-viral, and cardiovascular
protection effects [2,3]. Recent evidence shows that Smilacis
Glabrae Rhixoma also produces anti-cancer actions, such as
it beng reported to effectively suppress the phosphorylation
of Akt (Thr308), thereby inhibiting gastric cancer cell prolifer-
ation and metastasis and accelerating its apoptosis through
Akt-mediated signaling pathways [4]. This indicates that the
components of both major drugs in CKI can exert anti-cancer
effects through multiple biological processes or multi-target
related pathways.

In the study of traditional Chinese medicine compound prepa-
rations and monomers, network pharmacology has been wide-
ly used in China, including data collection, target prediction,
network analysis of multi-component interactions and signal
path prediction. The screening of multi-target of traditional
Chinese medicines, the synergy between each active ingredi-
ent and the joint application of traditional Chinese medicines
and marketed drugs are the focus of research [5]. Traditional
Chinese medicine preparations contain many active ingredi-
ents, the mechanism of action is complicated. It is necessary
to establish a network pharmacology method for traditional
Chinese medicines, mainly based on systemic and molecular
levels, to discover the active ingredients present in traditional
Chinese medicines, to elucidate the mechanism of action of
each active ingredient and to predict the target genes and phar-
macological effects of these ingredients [6]. Network pharma-
cology emphasizes the integration of biological networks with
drug action networks, to analyzes the relationship of the ac-
tive ingredients of the drug and disease-associated genes by
nodes or network modules in the network, from finding a sin-
gle ingredients to a comprehensive network analysis to fur-
ther clarify the anti-cancer mechanism of each active ingredi-
ent of the drug [7]. Conversely, researchers can predict whether
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a pharmaceutical preparation containing such a monomer has
anti-cancer properties by discovering the anti-cancer effect of
the monomer.

Although there have been many reports on anti-cancer studies
of CKI, its interactive “Active ingredients-protein targets-sig-
naling pathway” and the related anti-cancer molecular mecha-
nisms remain unclear. Therefore, in this study, the active ingre-
dients of CKI were screened by network pharmacology and the
network of protein interactions was constructed to analyze its
biological processes and mediated signaling pathways, which
provided a reference for further anti-cancer research of CKI.
Figure 1 illustrated network pharmacology analysis workflow.

Material and Methods

Chemical ingredients database and active compounds
screening

According to the keywords “Sophorae Flavescentis Radix”
and “Smilacis Glabrae Rhixoma”, all chemical constituents of
2 individual herbs in CKI were retrieved from the Traditional
Chinese Medicine Systems Pharmacology Database and Analysis
Platform (TCMSP, http://Isp.nwu.edu.cn/) and related literature.
The active constituents of CKI were screened by applying the
absorption, distribution, metabolism, and excretion (ADME)
criteria in pharmacokinetics, including oral bioavailability (OB)
>30% and drug-likeness (DL) >0.18 [8,9]. The OB value mainly
reflects the proportion of the drug absorbed into the body cir-
culation by the human body, and the DL value mainly indicates
the similarity between the compound and the known drug in
the component, and both provide an important reference for
the collection of active ingredients [10,11].

Disease-associated targets

We collected different gene targets associated with a keyword
“cancer” and “tumor” from the Online Mendelian Inheritance
in Man (OMIM, http://www.ncbi.nlm.nih.gov/omim) database
and the Human Gene Database (GeneCards, http://www.gene-
cards.org). Obtained targets were imported into UniProt (http://
www.uniprot.org/) to search their information, including name,
functions, symbol, and gene ID [16]. All known gene targets
are cataloged, providing a basis for further research and anal-
ysis of the common target of “drug-disease”.

Construction of networks

The screened pharmaceutically active ingredients were intro-
duced into the “drug-disease” common target gene, and the vi-
sual composition network of the active ingredient-cancer targets
was constructed by Cytoscape 3.7.1 (http://www.cytoscape.org/)
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Figure 1. Workflow of the network pharmacology analysis of compound Kushen injection (CKI) constituents against cancer targets.

software. In the network diagram, the node represents the ac-
tive ingredients of CKI and gene protein, the relationship be-
tween the active ingredient and the target of action was en-
coded by edges. In addition, the importance of the interaction
between the nodes is determined by the number of lines con-
necting the target genes in the network.
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Construction of target proteins interaction

The “drug-disease” target was imported into the STRING bio-
logical database (https://string-db.org/) for studying target
protein interactions, also known as protein-protein interac-
tions (PPI), and all the targets were only limited the species
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as “Homo sapiens”. In the PPI diagram, each solid circle rep-
resents a gene, and the middle of the circle shows the struc-
ture of the protein, while the circles are connected by lines of
different colors. Each line represents the biological process be-
tween protein and protein, including regulation of gene expres-
sion, signal transduction, cell migration and so on.

Enrichment analysis for target proteins

Bioconductor 3.8 (http://www.bioconductor.org/) provides
tools for the analysis and comprehension of high-throughput
genomic data, which mainly using the R statistical program-
ming language to development and process bioinformatics
data. Target genes were utilized for the Gene Ontology (GO)
enrichment analysis and the Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathways using Bioconductor, thereby ex-
tracting the biological function and cancer-related pathways
of the target proteins. CKI was predicted to exert anti-cancer
effects by regulating the biological function of the target pro-
tein or related signaling pathways. Among them, the lower the
P value, the more prominent the correlation between the tar-
get protein and cancer, and the threshold of P<0.05 was re-
garded as significant difference.

Results

Screening of active ingredients and related targets

In this study, TCMSP compound data were obtained from data-
bases such as DrugBank, HIT, TTD, PharmGKaB, etc. It is known
that CKl is mainly composed of 2 herbs, Kushen and Baituling.
Through the TCMSP database search, 113 ingredients and 963
related targets of Kushen, 74 ingredients of Baituling and
904 related targets were obtained. A total of 60 compounds
were obtained from the TCMSP database using OB >30% and
DL >0.18 as screening conditions. Convert the corresponding
gene name into Gene Symbol through the UniProt database,
delete duplicate and non-human-derived targets, and finally
get 346 drug targets.

Prediction of anti-cancer targets of active ingredients

A total of 26 363 target genes related to cancer were collected
from the Genecards database and the OMIM database, of which
26 087 targets were obtained from the Genecards database
and 276 targets were mined in the OMIM database. After in-
tegrating and deleting the duplicated genes, 33 effective ac-
tive ingredients were obtained (Table 1). Most of the active
ingredients isolated from CKI include quercetin, luteolin, beta-
sitosterol, naringenin, phaseolin, stigmasterol, formononetin,
diosgenin, glyceollin and wighteone. These ingredients possess
potent pharmacological activity. For example, quercetin, luteolin,
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beta-sitosterol, and naringenin are all-natural flavonoids with
good pharmacological activity in terms of antioxidant, anti-
inflammatory and anti-cancer activities [13-16]. A large num-
ber of in vivo or in vitro studies have demonstrated that the
major active ingredients in CKI have anti-cancer properties. For
example, phaseolin has an inhibitory effect on hepatoma cell
line H4IIE [17]. Stigmasterol has an apoptosis-inducing effect
on liver cancer (HepG2) cells [18]. Formononetin targets the
FGFR2-mediated Akt signaling pathway, thereby inhibiting tu-
mor growth and angiogenesis [19].

Construction and analysis of drug-active ingredient-target
gene network

Thirty-three effective active ingredients, cancer, and 113 “drug-
disease” key target genes were introduced into Cytoscape 3.7.1
software to construct a visualized active ingredient-cancer
target network (Figure 2). There are 148 nodes and 494 lines
shown in Figure 2; the octagonal purple node is the Chinese
medicine preparation CKl; the red diamond node is cancer; the
yellow oval node is 113 core target genes; the green triangle
node represents 33 effective active ingredients. According to
the analysis of the network, each effective active ingredient
acts on at least 1 target gene, and each gene is regulated by
at least 2 active ingredients, indicating the action character-
istics of CKI multiple active components and multiple targets.
The active components of CKI with the most target gene are
quercetin, luteolin, naringenin, phaseolin, stigmasterol, for-
mononetin, diosgenin, wighteone, etc. In addition, the main
targets of the active ingredient and target gene linkage de-
gree >10 are PTGS1, PRSS1, PPARG, NCOA2, and ESR1. This
study speculates that these targets might be a key target for
CKI treatment of cancer.

Analysis of target protein interaction network (PPI)

The STRING database platform was used to construct a network
of target protein interactions, and the targets of CKI active com-
ponents and cancer target genes were imported. The selected
species were “Homo sapiens”, and the combined score >0.4.
Threshold, the final protein-protein interaction network was
obtained (Figure 3). As can be seen from Figure 3, there are a
total of 113 solid circles of many colors, each circle represents
a key target gene, and the center of the dot shows the pro-
tein structure of the target gene. In the PPI network, the link-
age of each target gene represents a meaning, such as protein
homology, gene co-expression, gene co-evolution, and inter-
genetic adjacency. Statistical analysis was performed on each
target gene to obtain the top 30 proteins with the highest num-
ber of adjacent genes (Figure 4). The proteins with more than
40 connectivity degrees were IL6, EGFR, CASP3, VEGFA, MYC,
ESR1, CCND1, AR, ERBB2, FOS, MTOR, and PPARG. The more
adjacent genes, the more prominent the role of this gene in
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Table 1. Active ingredients and ADME (absorption, distribution, metabolism, and excretion) parameters of Kushen and Baituling.

Mol ID Molecule name Structure BO(%) DL Herb
OH 0
(2R)-5,7-dihydroxy-2-(4-
MOL001040 hydroxyphenyl)chroman-4- 5 42.36 0.21 Kushen
one HO 0 w””©\
OH
0 0
MOL001484 Inermine <0 O OH 7518 0.54 Kushen
0
OH
MOL003542 8-isopentenyl-kaempferol HO 0 38.04 0.39 Kushen
OH
OH 0
MOL003627 Sophocarpine 64.26 0.25 Kushen
H W
OH
MOL003648 Inermin <0 0 65.83 0.54 Kushen
0 0
MOL003673 Wighteone 42.8 0.36 Kushen
MOL003680 Sophoridine 60.07 0.25 Kushen
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Table 1 continued. Active ingredients and ADME (absorption, distribution, metabolism, and excretion) parameters of Kushen and

Baituling.
Mol ID Molecule name Structure BO(%) DL Herb
HO 0
MOL000392 Formononetin O 69.67 0.21 Kushen
0 OH
OH
HO 0
OH
MOL004580 cis-Dihydroquercetin 66.44 0.27 Kushen or
Baituling
OH
OH 0
0
(2R)-7-hydroxy-2-(4-
MOL004941 hydroxyphenyl)chroman-4- ] 71.12 0.18 Kushen
one HO 0~
OH
OH 0
5,7-dihydroxy-2-(3-hydroxy-
MOL005100 4-methoxyphenyl)chroman- ol 47.74 0.27 Kushen
4-one HO 0 O
0/
MOL005944 Matrine 63.77 0.25 Kushen
i i
OH
HO 0 OH
MOL000006 Luteolin 36.16 0.25 Kushen
OH 0
MOL006596 Glyceollin 97.27 0.76 Kushen
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Table 1 continued. Active ingredients and ADME (absorption, distribution, metabolism, and excretion) parameters of Kushen and

Baituling.
Mol ID Molecule name Structure BO(%) DL Herb
MOL003347 Hyperforin 44.03 0.6 Kushen
(2S)-7-hydroxy-2-(4-
hydroxyphenyl)-5-methoxy-8-
MOL 4 48. b Kush
0L00660 (3-methylbut-2-enyl)chroman- 8.09 0.39 ushen
4-one
0 0
MOL006613 Kushenin 47.62 0.38 Kushen
HO 0
OH
MOL006620 Kushenol J_qt 50.86 0.24 Kushen
MOL006623 Kushenol,t 51.28 0.64 Kushen
HO _~OH
MOL006626 Leachianone,g i OH 60.97 0.4 Kushen
0 OH
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Table 1 continued. Active ingredients and ADME (absorption, distribution, metabolism, and excretion) parameters of Kushen and

Baituling.
Mol ID Molecule name Structure BO(%) DL Herb
OH 0
MOL006630 Norartocarpetin | 54.93 0.24 Kushen
HO 0
HO OH
MOL000456 Phaseolin 78.2 0.73 Kushen
OH
MOL000098 Quercetin 46.43 028  Kushenor
Baituling
OH
OH 0
'S
HO 0
MOL013117 47-dihydroxy-5-methoxyl-6- 37.03 0.28 Baituling
methyl-8-formyl-flavan
0 OH
MOL013119 Enhydrin 40.56 0.74 Baituling
(2R,3R)-2-(3,5-

MOL013129 dihydroxyphenyl)-3,5,7- 63.17 0.27 Baituling

trihydroxychroman-4-one
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Table 1 continued. Active ingredients and ADME (absorption, distribution, metabolism, and excretion) parameters of Kushen and

Baituling.

Mol ID Molecule name Structure BO(%) DL Herb
MOL001736 (-)-Taxifolin 60.51 0.27 Baituling
MOL000358 beta-Sitosterol 36.91 0.75 Baituling
MOL000359 Sitosterol 36.91 0.75 Baituling

OH
HO 0
MOL004328 Naringenin 59.29 0.21 Baituling
OH 0
MOL000449 Stigmasterol 43.83 0.76 Baituling
MOL004576 Taxifolin 57.84 0.27 Baituling
MOL000546 Diosgenin 80.88 0.81 Baituling
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Figure 2. Drug-component target network of active ingredients of compound Kushen injection (CKI).

the network, and further speculation may be the key targets
for anti-cancer effects.

GO biological function annotation and KEGG pathway
enrichment analysis for targets

Then 113 target genes of the drug active ingredient-can-
cer intersection were introduced into Bioconductor bioinfor-
matics data processing tools. Filtering was performed with
P value=0.05 and Q value=0.05 as threshold values, and the
GO biological function and KEGG signaling pathway were en-
riched and analyzed by R statistical programming language.
There were 129 biological processes obtained through the en-
richment of GO biological functions. We then selected the top
20 functional terms with high enrichment for analysis. The ad-
justed P value represents the significance of the biological

process. The more the color of the column is red, the higher the
enrichment. The results indicate that the targets mainly were
associated with nuclear receptor activity, transcription factor
activity, direct ligand regulated sequence-specific DNA binding,
steroid hormone receptor activity, RNA polymerase Il-specific,
RNA polymerase Il proximal promoter sequence-specific DNA
binding, steroid binding, RNA polymerase Il transcription factor
binding, acetylcholine receptor activity, ubiquitin-like protein
ligase binding, cysteine-type endopeptidase activity involved
in apoptotic process, Hsp90 protein binding, estrogen recep-
tor binding, and nuclear hormone receptor binding (Figure 5).
Through the KEGG enrichment analysis, 93 related signaling
pathways were obtained. The top 20 signal paths with high
confidence and P-value less than or equal to 0.01 are selected
for analysis as showed in Figure 6. It can be seen from Figure 6
that the majority of the target genes mainly affect substances
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Figure 3. Anti-cancer protein target interaction network (PPI).

or signaling pathways, including proteoglycans, thyroid hor-
mone signaling pathway, human cytomegalovirus, Kaposi sar-
coma-associated herpesvirus, AGE-RAGE signaling pathway,
microRNAs, PI3K-Akt signaling pathway, p53 signaling path-
way, HIF-1 signaling pathway. Furthermore, prostate cancer,
bladder cancer, hepatitis B, hepatocellular carcinoma, colorec-
tal cancer, breast cancer and so on were also high correlation
to the key target genes. From these results, it is predicted that
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CKI might achieve anti-cancer effects mainly by regulating the
aforementioned signal pathways or target genes associated
with various cancers.
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Figure 4. Protein interaction relationship histogram of
compound Kushen injection (CKI).

Discussions

In modern medicine, cancer is caused by various carcinogenic
factors, leading to abnormal cell proliferation and differentia-
tion, which causes local tissues or organs to form lumps, also
known as tumors. Benign tumors have the characteristics of
clear borders, difficulty in metastasis and recurrence, no com-
pression on tissues or organs, and can be surgically removed.
However, malignant tumors grow faster, destroy the function
of surrounding tissues or organs, the boundary is unclear and
easy to metastasize, and it is easy to relapse after surgery,
eventually causing the patient to die due to organ failure [20].

HeR. etal.:
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The classification of cancer is usually named after the cancerous
tissue or organ, such as colon cancer, liver cancer, lung cancer,
stomach cancer and breast cancer. At present, the main treat-
ment of cancer by Western medicine is surgery-based, supple-
mented by chemotherapy, radiotherapy and molecular targeted
drugs, but at the same time chemotherapy and radiotherapy
have a serious negative impact on the normal cells of cancer
patients [21,22]. In recent years, traditional Chinese medi-
cine has had good effects in the treatment of cancer, includ-
ing assisting against cancer, reducing adverse reactions after
Western medicine treatment, effectively promoting the recov-
ery of organ function, and controlling complications [23,24].

As a traditional Chinese medicine preparation, CKl can be used
for clearing away heat and dampness, cooling blood and de-
toxifying and relieving cancer or tumor pain [25], which has
been proven to have significant effects against cancer or tu-
mor [26,27]. In recent years, due to the extensive research on
natural drug products by experts and scholars in the Chinese
medicine industry, it has been found that there are many com-
ponents in Chinese herbal medicine, and different components
play different pharmacological effects [28]. CKI were a mix-
ture of natural compounds extracted from Kushen (Sophorae
Flavescentis Radix) and Baituling (Smilacis Glabrae Rhixoma),
which have been used for adjuvant anti-cancer clinical therapy
for more than 15 years. The main components of the Chinese
herbal medicine Kushen, matrine and oxymatrine, have a va-
riety of pharmacological activities, including anti-inflamma-
tory, anti-viral, anti-allergic, and cardiovascular protection,
especially in anti-cancer, they have a potential effect [29].
Recently, various bioactivities of Smilacis Glabrae Rhixoma
have been demonstrated by in vitro and in vivo assays, which
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Figure 5. Enrichment analysis of Gene Ontology (GO) biological process of anti-cancer targets gene from active ingredients of
compound Kushen injection (CKI).
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Figure 6. Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway which related to anti-cancer for targets of compound Kushen

injection (CKI).

include anti-inflammatory [30], antiviral [31], anti-cancer [32]
and immunomodulatory effects [33].

The active ingredients-target gene network constructed in
this study shows that 33 cancer-related active ingredients of
CKl, such as quercetin, phaseolin, naringenin, matrine, lute-
olin, glyceollin, formononetin, diosgenin, stigmasterol, taxi-
folin, wighteone, 8-isopentenyl-kaempferol, and beta-sitos-
terol. Accumulation of relevant literature or data highlights
that these 33 active ingredients are closely related to anti-can-
cer signaling pathways. Quercetin has been demonstrated to
have diverse biological effects, including inhibition of cell pro-
liferation in various cancers, as well as involvement in anti-
cancer signal transduction pathways [34]. Naringenin causes
apoptosis signal-regulation kinase 1 (ASK1) induced apopto-
sis mediated by reactive oxygen species (ROS), thereby reveal-
ing a mechanism for inhibiting pancreatic cancer cells [35].
Recent evidence demonstrated that luteolin directly regulates
the potential inhibitory effects on colorectal cancer cells by
modulating pleiotrophin (PTN) via miR-384 expression [36].
In one study [37], glyceollin was used in mouse mammary for
in vivo/in vitro experiments. Glyceollin exert anti-proliferative
effects mainly by reducing the expression of mitosis-related
factors and encoding cell cycle. It is further demonstrated that
glyceollin has the therapeutic potential for breast cancer. It was
found that formononetin inhibits the proliferation of bladder
cancer cells by modulating the miR-21-mediated PTEN/Akt sig-
naling pathway [38].

Target protein interaction network (PPI) analysis found that
the main target proteins of CKI active components and anti-
cancer are IL6, EGFR, CASP3, VEGFA, MYC, ESR1, CCND1, AR,
ERBB2, FOS, MTOR, and PPARG. Among them, IL6 is a pleio-
tropic cytokine, which induces epithelial-mesenchymal tran-
sition of cancer cells, thereby enhancing the invasiveness and
distant metastasis ability of cancer cells and exhibits high
expression in blood and tissues of cancer patients. A report
showed that formononetin reduces IL6 expression by regulating
mRNA [39]. EGFR is an epidermal growth factor receptor that
over-expressed and induces proliferation in cancer. Luteolin in-
duces apoptosis in glioblastoma through a downstream signal
mediated Akt/MAPK signaling pathway activated by EGFR [40].
Vascular endothelial growth factor (VEGF) is mainly involved
in neovascularization, which can upregulate the expression
of many known tumors, and its expression is associated with
tumor stage and progression. One study reported that low
concentrations of quercetin might inhibit the migration and
angiogenesis of cancer cells by downregulating VEGF protein
levels [41]. ESR1 is an estrogen receptor that binds to estrogen
in the body to promote the proliferation and differentiation of
breast cells and is also involved in the pathological processes
of breast cancer, endometrial cancer or osteoporosis [42]. AR
is an androgen receptor, which is highly expressed in tissues
such as prostate, testis, ovary and fat. It is closely related to
the development of various types of cancer such as prostate
cancer, bladder cancer or liver cancer.
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The GO biological function and KEGG pathway suggested
these targets are mainly associated with signal related path-
ways, such as thyroid hormone signaling pathway, AGE-RAGE
signaling pathway, PI3K-Akt signaling pathway, p53 signaling
pathway and HIF-1 signaling pathway. The main role of thy-
roid hormone is to promote the metabolism of matter and en-
ergy, maintain the body’s growth and development, and at the
same time regulates angiogenesis. Natural thyroid hormone
analogs can affect tumor-associated angiogenesis and are
important implications for cancer treatment [43]. One study
revealed that advanced glycation end products and their re-
ceptors (AGE-RAGE) interactions are associated with prostate
cancer and may be enhanced prostate cancer cell prolifera-
tion by the PI3K/Akt signaling pathway [44]. Phosphoinositide
3-kinase (PI3K) signaling is involved in the regulation of cell
functions such as proliferation, differentiation, apoptosis, and
glucose transport. The PI3K-Akt signaling pathway is closely
related to cancer proliferation, invasion, and metastasis and
is one of the most frequent and critical signaling pathways in
cancer. The active ingredient naringenin in CKl inhibits prolif-
eration and induces apoptosis of prostate cancer cells through
the PI3K/AKT signaling pathway [45]. Matrine is the active in-
gredient that also inhibits the proliferation and metastasis
of gastric cancer cells through the PI3K/AKT pathway [46].
Functional genomics studies reveal that p53 is a tumor sup-
pressor gene in vivo that is involved in the expression of mul-
tiple genes involved in apoptosis, growth arrest or senescence,
and the p53 pathway is one of the crucial signaling pathways
for cancer cell apoptosis. The active ingredient luteolin can be
a molecule for the therapy of cancer by acting on p53 signal-
ing pathway [47]. Hypoxia-inducible factor 1 alpha (HIF-1a) is
a regulator that plays an important role in tumor cell growth
and proliferation, which the mechanism of action is related to
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oxygen transport and angiogenesis. Downregulation of HIF-1o
can inhibit the proliferation, migration, and invasion of can-
cer [48]. Therefore, we found that these signaling pathways
are closely related to cancer, and the active components in CKI
can exert anti-cancer effects through these signaling pathways.

Conclusions

CKI as traditional Chinese medicine injection widely used in
clinical practice, might contain many components related to
pharmacological activity. It is still unclear which components
exert anti-cancer effects or mechanisms of action. In this study,
bioinformatics and network pharmacology were applied to ex-
plore the mechanism of CKI multi-component multi-targeting
to treat cancer. The results of this study indicate that we have
determined that CKl is rich in 33 anti-cancer related active in-
gredients, and some of its active anti-cancer effects have been
confirmed by some reports, such as quercetin, luteolin, narin-
genin, phaseolin, stigmasterol, formononetin, diosgenin and
wighteone. In the enrichment analysis of KEGG, PI3K-Akt and
p53 signaling pathways are important anti-cancer pathways
for CKI active components, and the active ingredients of CKI
have a certain therapeutic effect on prostate cancer, bladder
cancer, hepatocellular carcinoma, colorectal cancer, and breast
cancer. The comprehensive data of this study can provide a
theoretical basis for screening promising cancer drug candi-
dates, but still require in vivo or in vitro experimental verifica-
tion of CKI active ingredients.
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