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Abstract

Background Traditional Chinese medicine (TCM) has been extensively used for neoplasm treatment and has pro-
vided many promising therapeutic candidates. We previously found that Centipeda minima (C. minimay), a Chi-

nese medicinal herb, showed anti-cancer effects in lung cancer. However, the active components and underlying
mechanisms remain unclear. In this study, we used network pharmacology to evaluate C. minima active compounds
and molecular mechanisms in lung cancer.

Methods We screened the TCMSP database for bioactive compounds and their corresponding potential targets.
Lung cancer-associated targets were collected from Genecards, OMIM, and Drugbank databases. We then established
a drug-ingredients-gene symbols-disease (D-I-G-D) network and a protein—protein interaction (PPI) network using
Cytoscape software, and we performed Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)
enrichment analyses using R software. To verify the network pharmacology results, we then performed survival analy-
sis, molecular docking analysis, as well as in vitro and in vivo experiments.

Results We identified a total of 21 C. minima bioactive compounds and 179 corresponding targets. We screened 804
targets related to lung cancer, 60 of which overlapped with C. minima. The top three candidate ingredients identified
by D-I-G-D network analysis were quercetin, nobiletin, and beta-sitosterol. PPl network and core target analyses sug-
gested that TP53, AKT1, and MYC are potential therapeutic targets. Moreover, molecular docking analysis confirmed
that quercetin, nobiletin, and beta-sitosterol, combined well with TP53, AKT1, and MYC respectively. In vitro experi-
ments verified that quercetin induced non-small cell lung cancer (NSCLC) cell death in a dose-dependent manner.
GO and KEGG analyses found 1771 enriched GO terms and 144 enriched KEGG pathways, including a variety of cancer
related pathways, the IL-17 signaling pathway, the platinum drug resistance pathway, and apoptosis pathways. Our

in vivo experimental results confirmed that a C. minima ethanol extract (ECM) enhanced cisplatin (CDDP) induced cell
apoptosis in NSCLC xenografts.

Conclusions This study revealed the key C. minima active ingredients and molecular mechanisms in the treatment
of lung cancer, providing a molecular basis for further C. minima therapeutic investigation.
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Introduction

Lung cancer is one of the most common malignan-
cies and the leading cause of all cancer-related deaths
worldwide [1, 2]. Non-small cell lung cancer (NSCLC)
represents approximately 85% of lung cancer cases.
Current treatments for NSCLC mainly include surgery,
radiotherapy, chemotherapy, targeted therapy, or some
combination of these [3, 4]; however, the therapeutic
efficacy of available treatments is not yet satisfactory.
The majority of NSCLC patients have advanced dis-
ease at diagnosis and are not candidates for surgery [5,
6] and chemotherapy and radiotherapy effectiveness is
frequently limited due to the onset of drug resistance
and adverse effects. Thus, alternative therapeutic strat-
egies are urgently needed for NSCLC treatment.

Many natural products and derivatives, such as Vinca
alkaloids, taxanes, and camptothecins, have become
part of the standard neoplasm chemotherapy repertoire
[7]. Traditional Chinese medicine (TCM) has been
used in cancer treatment for thousands of years, pro-
viding a rich basis for anti-carcinogen discovery and
development. TCM products have been shown to exert
anti-cancer effects through multiple signaling pathways
and molecular targets [8]. Centipeda minima (L.)A.Br.
et Aschers (C. minima), also called Ebushicao in TCM,
belongs to the daisy family Asteraceae [9], is native to
the tropical regions, and is famous for its extraordi-
nary efficacy in treating nasal allergy, whooping cough,
asthma, and malaria in TCM [10]. Phytochemical stud-
ies revealed that C. minima chemical constituents
mainly include terpenoids, flavonoids, sterols, sapo-
nins, monophenols, fatty acids, and amides [11]. Crude
extracts and purified compounds from C. minima have
been shown to exert promising anti-cancer effects in
a variety of human malignancies such as lung cancer,
multiple myelomanasopharyngeal carcinoma, breast
cancer, and colon cancer [12-15]. Nevertheless, the
C. minima ingredients with anti-cancer activities are
poorly characterized. Our previous studies found that
a C. minima ethanol extract (ECM) combined with
cisplatin (CDDP) had synergistic anti-cancer effects
both in vitro and in vivo [16]; however, the underlying
molecular mechanisms remain ill-defined.

Here we applied network pharmacology and molecu-
lar docking to explore C. minima active ingredients and
mechanisms against NSCLC. Network pharmacology,
based on the general ideas of systems biology, is con-
sidered to be an efficient method for identifying drug
mechanisms of action, and molecular docking is a pow-
erful tool used in structural molecular biology and in
computer-aided drug design [17]. Furthermore, we per-
formed in vitro and in vivo experiments to verify the
obtained results (Fig. 1).
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Materials and methods

Screening for C. minima active components and targets
The Traditional Chinese Medicine Systems Phar-
macy Database and Analysis Platform (TCMSP, http://
Isp.nwu.edu.cn/tcmsp.php) is a unique systems pharma-
cology platform for Chinese herbal medicines that cap-
tures relationships among drugs, targets, and diseases.
All ingredients were annotated using the Mol ID which
is a unique numbering system for the TCMSP database.
To identify C. minima compounds that may influence
NSCLC, we preliminarily screened compounds col-
lected from the TCMSP database using oral bioavailabil-
ity (OB) and drug-likeness (DL) as parameters. OB is an
important pharmacokinetic parameter used to measure
a drug’s ADME (absorption, distribution, metabolism,
excretion) in vivo. DL refers to the structural similar-
ity between herbal ingredients and known drugs, and it
plays a major role in new drug development. In this study
we selected compounds with OB>30% and DL>0.18
as candidate active ingredients for further analysis. We
searched for active compound standard names in the
PubChem database (https://pubchem.ncbi.nlm.nih.gov/).
Chemical constituents’ protein targets were obtained
from the TCMSP database with OB >30% and DL>0.18
as screening conditions. Chemical ingredient and target
databases were constructed using the data extracted from
the TCMSP database.

Target prediction

Lung cancer related targets were obtained from the
Online Mendelian Inheritance in Man database (OMIM,
http://omim.org/), Genecards database (https://www.
genecards.org/), and Drugbank database (http://www.
drugbank.ca/) using “lung cancer” as the keyword. The
chemical constituents’ targets collected above were sub-
sequently mapped to the lung cancer related targets, and
the candidate targets related to both C. minima and lung
cancer were obtained using VENNY2.1 (https://bioin
fogp.cnb.csic.es/ tools/ venny/). All targets were finally
identified and normalized using the UniProt database
(https://www.uniprot.org/).

Drug-ingredients-gene symbols-disease (D-1-G-D) network
construction

Cytoscape [18] is an open source software platform
that visualizes complex networks by integrating any
type of attribute information. We imported the identi-
fied candidate targets, bioactive compounds, diseases,
and herbs into Cytoscape 3.7.2 to construct a D-1I-G-D
network. In this network, nodes indicate drugs, active
ingredients, targets, and diseases, and the edges indi-
cate the interactions between them. The network ana-
lyzer Cytoscape plug-in was applied to obtain network
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Fig. 1 Schematic diagram summarizing how mechanisms associated with C. minima in lung cancer were identified using network pharmacology,
molecular docking, and experimental validation
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topology parameters, such as nodes, degrees, and edge
betweenness.

Protein-protein interaction (PPl) network construction

To obtain protein—protein interaction relationships, can-
didate target gene data were imported into the STRING
database (https://string-db.org/) [19] with “Homo sapi-
ens” as the selected species and the minimum required
interaction score limited to a medium confidence score
of 0.400. The results were downloaded in TSV format and
imported into Cytoscape 3.7.2 to visualize the PPI net-
work interactions. The CytoHubba Cytoscape plugin was
used to identify hub genes in the PPI network.

Bioinformatic annotation

We input candidate targets into R4.0.5 software to per-
form GO and KEGG enrichment analyses. P-value <0.05
and Q-value<0.05 were considered statistically signifi-
cant. The GO enrichment analysis included cellular com-
ponents (CC), biological processes (BP), and molecular
functions (MF). The top twenty significant terms for each
category are presented, and bubble diagrams were drawn
using R4.0.5 software. KEGG enrichment analysis clari-
fied C. minima potential mechanisms against lung can-
cer, and we constructed bubble charts depicting the top
20 significant pathways [20].

NSCLC gene expression dataset analysis

We used the Kaplan—Meier plotter (http://www.kmplot.
com) to determine the correlation between hub gene
expression and NSCLC patient prognosis.

Component-target molecular docking

Molecular docking is a method used to study intermo-
lecular interactions and predict their binding modes and
affinity [21]. Here, we used it to confirm interactions
between C. minima core compounds and hub targets in
treating lung cancer and to verify the network pharma-
cology predictions’ accuracy. The specific process was as
follows:

2.7.1 Small ligand molecule file preparation: Three-
dimensional (3D) files for C. minima were downloaded in
SDF format from the PubChem database and converted
to PDB format using OpenBabel. They were saved as
PDBQT ligand files using AutoDock Tools 1.5.6 software.

2.7.2 Macromolecular receptor file preparation: Recep-
tor 3D structures were obtained from the Protein Data
Bank (PDB, http://www.rcsb.org/, in PDB file format).
Pymol 2.5.2 software was then used to extract the target
proteins’ original ligand conformation by removing water
molecules, co-crystallized ligand, and ions. Subsequently,
AutoDock tools 1.5.6 was used to add polar hydrogen and
Gasteiger charge to the processed receptors’ structures.
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The structures were then saved as PDBQT protein recep-
tor files.

2.7.3 Defining docking parameters: The receptor and
ligand PDBQT structures were imported into Autodock
Tools 1.5.6 and the molecular docking range was defined.
The docking center was set on the macromolecule, and
the center coordinate (center x/y/z) and box size (size
x/y/z) parameters were set to keep the protein completely
covered by the docking box.

2.7.4 Docking and visualization: Autodock Vina 1.1.2
was used to conduct molecular docking and calculate
docking affinity. The molecular docking results analysis
refers to the binding energy (AGbind). A binding energy
less than -5 kJ-mol™" indicates that the target has certain
binding activity with the compound [22]. The lower the
binding energy, the better the docking effect. Finally, the
compound and protein docking results were analyzed
and visualized using Pymol 2.5.2.

Experimental validation

Chemicals and reagents

CDDP was purchased from Sigma Aldrich (St. Louis,
MO, USA). Primary antibodies against Bcl-2 and GAPDH
and all secondary antibodies were purchased from Cell
Signaling Technology (Beverly, MA, USA). High purity
(98.02%) quercetin was obtained from MedChemExpress
(Monmouth Junction, NJ, USA).

Cell culture

A549 and H1299 cells, two commonly used NSCLC cell
lines, were purchased from the American Type Culture
Collection (ATCC, Manassas, VA, USA). A549 cells were
cultured in Dulbecco’s Modified Eagle Medium (DMEM)
supplemented with 10% fetal bovine serum (FBS). H1299
cells were maintained in RPMI-1640 medium containing
10% FBS. All reagents listed above were purchased from
Gibco (CA, USA). Cells were cultured in a humidified
incubator with 5% CO, at 37 °C.

Cell viability assay

A549 and H1299 cells were seeded in 96-well plates at
a density of 4000 cells per well, incubated for 24 h, and
then treated with quercetin at the indicated concentra-
tions for 48 h. The cells were then incubated with Cell
Counting Kit-8 (CCK-8) solution for an additional 1 h at
37 °C and the absorbance was measured at 450 nm using
a microplate reader (ThermoFisher, Waltham, MA).

ECM preparation

ECM powder was prepared using 95% ethanol as previ-
ously described [23]. ECM was dissolved in ethanol to
make a stock solution of 200 mg/ml and then diluted in
corn oil to final concentrations of 20 and 40 mg/ml.
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In vivo animal experiments

BALB/c nude mice were obtained from Guangdong
Medical Laboratory Animal Center. All mice were main-
tained in the specific pathogen free grade laboratory, and
were subcutaneously inoculated with A549 cells (1x 107
cells mixed with 50 pl PBS and 50 pl Matrigel) into the
right flank. 14 days after subcutaneous injection, the
mice were randomly divided into 5 groups (seven mice
per group): (1) vehicle control (solvent: 10% ethanol in
normal saline); (2) ECM group (200 mg/kg ECM gavaged
daily); (3) CDDP group (2 mg/kg CDDP injected i.p. once
every three days); (4) CDDP+ECM-L (100 mg/kg); (5)
CDDP +ECM-H (200 mg/kg). Mice were sacrificed at the
end of the experiment by decapitation, and the tumors
were collected for western blotting and hematoxylin
and eosin (HE) staining.

Western blotting

Samples were lysed in RIPA lysis buffer. The bicin-
choninic acid assay (BCA assay) was performed to quan-
tify protein concentrations. Equal amounts of protein
were separated by SDS-PAGE using 10% polyacrylamide.
Next, proteins were transferred to PVDF membranes.
Membranes were blocked with 5% fat-free milk, cut into
strips, and incubated with primary antibodies and sec-
ondary antibodies. Detection was performed using an
enhanced chemiluminescent kit (Millipore, MA, USA).
Images were acquired using a ChemiDoc XRS system
with Quantity One software (Bio-Rad, Richmond, CA,
USA).

HE staining

The tumor tissue was collected and fixed in 4% para-
formaldehyde. Then the samples were dehydrated with
an alcohol concentration gradient and xylenes and then
embedded in paraffin. For HE experiments, Sects. (4 um)
were stained with hematoxylin and eosin, and the
slides were observed and photographed under a light
microscope.

Statistical analysis

Statistical analyses were performed using SPSS software
17.0 and GraphPad Prism 7.0. Data shown is from at least
three independent experiments (mean *standard error
of the mean (SEM)). To determine differences, unpaired
t-tests and one-way ANOVA were performed. P-val-
ues <0.05 were considered statistically significant.

Results

Screening for C. minima active components and related
targets

We obtained a total of 108 C. minima compounds from
the TCMSP database. After screening for bioactive
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compounds using specific OB and DL conditions, we
selected 21 active ingredients for further analysis, includ-
ing sesquiterpenoids (plenolin, arnicolide D, arnicolide
C, florilenalin angelic acid, florilenalin isobutyrate,
senecioylplenolin, helenalin, 2beta-hydroxyl-2,3-dihy-
drogen-6-O-angeloplenolin, and 2,3,11,13-tetrahydro-
helenalin), triterpenoids (taraxasteryl acetate, taraxerol,
and (18alpha,19alpha)-5alpha-Urs-20(30)-ene-3beta-ol
palmitate), steroids (sitosterol, stigmasterol, and beta-
sitosterol), flavonoids (quercetin der., nobiletin, and
quercetin), amino and amide derivatives (aurantiamide
acetate), and phenols (8-hydroxy-9,10-diisobutyryloxy-
thymol and (Z)-3,3}5,5’-Tetramethoxystilbene). Detailed
information about these compounds is listed in Table 1.

Potential target identification

After collecting potential targets from the TCMSP data-
base, converting them into the UniProt database, and
deleting redundant items, we obtained 179 known target
symbols associated with C. minima. We also screened a
total of 804 genes related to lung cancer from the OMIM,
Genecards, and Drugbank databases. We obtained a
total of 60 overlapping genes (Fig. 2, see Venn diagram)
and used these as C. minima candidate targets against
lung cancer. Some of the target information is shown in
Table 3.

D-I-G-D network analyses

The D-I-G-D network contained 73 nodes (60 genes, 11
chemicals, 1 drug, and 1 disease) and 163 edges. In this
network, the blue and red nodes represent C. minima
and lung cancer, respectively. The 60 purple nodes repre-
sent the overlapping genes between C. minima and lung
cancer, and the 11 pink nodes indicate active ingredients
in C. minima (10 active ingredients with no common
intersection targets were deleted). In addition, the degree
of a node was evaluated by the proportion of edges con-
nected to the node, which represents its importance in
the network (Fig. 3). Quercetin, nobiletin and beta-sitos-
terol had the top three degree value, thus we considered
them be the major potential C. minima compounds for
lung cancer treatment (Table 2).

PPl network analyses

The constructed PPI network contained 60 nodes and 961
edges (Fig. 4A). Nodes and edges represent proteins and
the connections between two proteins, respectively. We
visualized the String result predictions using Cytoscape
software (Fig. 4B). The node colors (light to dark) and
sizes (small to large) are proportional to the node
degrees. Nodes with a higher degree are considered to be
more important in the network. The top 30 identified hub
genes with the highest degree of connectivity were: TP53,
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Table 1 21 representative components from C. minima and their corresponding OB, DL scores and predicted structures
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Table 1 (continued)

Mol ID Molecule Name Structure OB(%) DL
MOLO011724 Florilenalin isobutyrate 5553 038
—o )
§ o N
NAA /SO
W \ |
MOLO11726 Senecioylplenolin 90.22 037

MOLO011727 (18alpha,19alpha)-5alpha-Urs-20(30)-ene-3beta-ol palmitate 33.84 030

MOL011728 2,3,11,13-tetrahydrohelenalin 7036 0.19

MOL000359 Sitosterol 36.91 0.75

MOL000449 Stigmasterol 3691 0.75

MOL004961 Quercetin der. 46.45 0.33
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Table 1 (continued)
Mol ID Molecule Name Structure OB(%) DL
MOL005828 Nobiletin 61.67 052
MOL000596 Taraxasteryl acetate 43.08 0.74
g5
[
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MOL007415 Aurantiamide acetate 58.02 0.52
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(degree=53) and MYC (degree=52) showed the three
highest node degrees (Fig. 4C and Table 3). Survival
analysis indicated that expression of top ten genes were
closely linked to the lung cancer prognosis (Fig. 5), which
was consistent with the results above.

GO function enrichment analysis

We performed three categories of GO functional annota-
tion analysis on the 60 potential targets, and the top 20
significant terms from each category are shown in Fig. 5.
Overall, we identified 1771 GO functions, including 1630
BP functions, 30 CC functions, and 111 MF functions.
In the CC category, organelle outer membrane, outer
membrane, membrane raft, membrane microdomain,
and membrane region were enriched (Fig. 6A). In the BP
category, cellular response to chemical stress, epithelial
cell proliferation, regulation of apoptotic signaling path-
way, response to oxidative stress, and response to UV
were enriched (Fig. 6B). In the MF category, ubiquitin-
like protein ligase binding, DNA-binding transcription
factor binding, ubiquitin protein ligase binding, RNA

' Stigmasterol

Sitosterol

Aurantiamide
acetate

Arnicolide '.2
i Q‘

Fig. 3 The D-I-G-D network
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Table 2 Degree of 11 active components analyzed by Cytoscape
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Name Degree Average Shortest Betweenness Centrality Closeness Centrality Neighborhood Connectivity
Path Length

Quercetin 56 1.29166666666666 0.4085887517578 0.774193548387096  2.625

Nobiletin 14 245833333333333 0.0278022162841389 0.406779661016949  4.57142857142857

Beta-sitosterol 9 2.59722222222222 0.0114861722470546 0.385026737967914  5.33333333333333

Quercetin der. 6 2.68055555555555  0.00466774653605682 0.373056994818652  6.33333333333333

(2)-3,3,5,5-Tetramethoxystilbene 4 2.73611111111111  0.00200896612667914 0.365482233502538 7.5

Stigmasterol 4 2.73611111111111  0.00274291885661905 0.365482233502538  7.25

2beta-hydroxyl-2,3-dihydrogen-6-O- 4 2.79166666666666 0.0000734712997419672  0.35820895522388 1

angeloplenolin

8-Hydroxy-9,10-diisobutyryloxy- 2 2.79166666666666 0.0000734712997419672  0.35820895522388 A

thymol

Arnicolide D 2 2.79166666666666 0.0000734712997419672  0.35820895522388 A

Sitosterol 2 2.79166666066606 0.000507139860644078  0.35820895522388 7.5

Aurantiamide acetate 2 2.79166666666666 0.0000734712997419672  0.35820895522388 1

polymerase II-specific DNA-binding transcription fac-
tor binding, and nuclear receptor activity were enriched
(Fig. 6C).

KEGG pathway enrichment analysis

We identified a total of 144 pathways significantly asso-
ciated with target genes. The top 20 significant pathways
included cancer pathways, platinum drug resistance,
apoptosis, and IL-17 signaling pathway (Fig. 7, Table 4).
These pathways may be involved in the molecular mecha-
nisms underlying C. minima’s impact on lung cancer.

Compound-target interaction validation by molecular
docking

To further confirm the binding capability between active
drugs and important targets, we performed molecular
docking. The three top targets with the highest degrees
from the PPI network (TP53 (PDB ID:7BWN), AKT1
(PDB ID:4EJN), and MYC (PDB ID:7T1Z)) were consid-
ered key targets. Quercetin (PubChem CID:5,280,343),
nobiletin (PubChem CID:72,344) and beta-sitosterol
(PubChem CID:222,284), which had the highest degree
in the active components target network, were consid-
ered major active compounds. At the same time, Erlo-
tinib was used to be docked with the three proteins as
a positive drug [24]. The details of docking results were
shown in Fig. 8, and Table 5. All of the binding energy
values were smaller than -5 kJ-mol—1, suggesting that
they have good binding activity. Erlotinib was chosen
as positive control, and the binding energies of querce-
tin, nobiletin and beta-sitosterol were lower than that of
Erlotinib, indicating that the binding stability of querce-
tin, nobiletin and beta-sitosterol was better than that
of Erlotinib. Besides, we found that quercetin shows

the lowest binding affinity. Molecular docking analysis
showed that quercetin mainly forms six hydrogen bonds
with residues THR-97, GLU-95, LYS-107, THR-246 and
GLN-248 on TP53 protein (Fig. 8A), five hydrogen bonds
with residues THR-211, ASP-292, GLN-97, and ASN-54
on AKT1 protein (Fig. 8D), and eleven hydrogen bonds
with residues SER-427, TRP-425, ARG-465, ARG-505,
MET-587, and GLN-548 on MYC protein (Fig. 8G).

Quercetin induced NSCLC cell death

To investigate how quercetin from C. minima impacts
lung cancer cells, we performed a cell viability assay.
We found that quercetin treatment reduced NSCLC
cell viability in a dose-dependent manner (Fig. 9A).
After quercetin exposure, the number of adherent cells
decreased, and cells shrank and became round (Fig. 9B).
These results demonstrated that quercetin had significant
cytotoxic effects on NSCLC cells, which was consistent
with the network pharmacology results.

ECM enhances CDDP-induced cell apoptosis in NSCLC
xenografts

KEGG pathway enrichment analysis suggested that the
platinum drug resistance pathway and apoptosis path-
ways may be involved in C. minima’s effects on lung can-
cer cells. To validate these results, we performed in vivo
animal studies. CDDP as a most common platinum
drug, has been widely used in the first-line treatment of
lung cancer. We found that CDDP or ECM administra-
tion alone slightly induced apoptosis. However, ECM
and CDDP co-treatment robustly increased the apop-
tosis level (Fig. 10A). Bcl2 belongs to the anti-apoptotic
Bcl2 family and is required for cancer cells to survive
[25]. Consistently, combined ECM and CDDP treatment
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reduced Bcl2 expression compared with CDDP treatment
alone (Fig. 10B, C). These results demonstrated that ECM
enhanced CDDP’s anti-cancer effects, at least partly, due
to apoptosis pathway activation, consistent with the net-
work pharmacology results.

Discussion

TCM is a complementary or alternative medical system
used to treat various diseases[26] and is also a poten-
tial source of candidate resources for cancer treatment.

C. minima, a Chinese herb commonly used in clinical
practice, has been shown to have anti-cancer [10, 27],
anti-proliferative [15, 28], antioxidant [29], anti-inflam-
matory [30-32] and antibacterial activities [33, 34]. In
our previous study, we confirmed the herb’s anti-cancer
effects in NSCLC both in vitro and in vivo [16], but the
underlying mechanism was unclear. The basic network
pharmacology theory is consistent with TCM’s holistic
principals and is well suited for analyzing multi-targeted
Chinese medicine [35-37]. Therefore, we used a network
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Table 3 Degree of core regulatory genes analyzed by Cytoscape

Name Symbol Degree Average Shortest Betweenness Centrality Closeness Centrality Neighborhood
PathLength Connectivity

Cellular tumor antigen TP53 59 1 0.0722608505365032 1 30.2203389830508

p53

RAC-alpha serine/threo- AKT1 53 1.10169491525423 0.0315358277834266 0.907692307692307 32.4528301886792

nine-protein kinase

Myc proto-oncogene MYC 52 1.11864406779661 0.0255695601596003 0.893939393939394 32.6153846153846

protein

Caspase-3 CASP3 50 1.15254237288135 0.0208417737179668 0.867647058823529 33.38

Epidermal growth factor ~ EGFR 50 1.15254237288135 0.0227701783764299 0.867647058823529 33.38

receptor

G1/S-specific cyclin-D1 CCND1 49 1.16949152542372 0.021544091177951 0.855072463768116 32.938775510204

Vascular endothelial VEGFA 49 1.16949152542372 0.022790927250528 0.855072463768116 33.734693877551

growth factor A

Transcription factor AP-1 JUN 49 1.16949152542372 0.0205966593849399 0.855072463768116 33.7551020408163

Estrogen receptor ESR1 49 1.16949152542372 0.0261671699202626 0.855072463768116 32.7551020408163

Mitogen-activated protein  MAPK8 49 1.16949152542372 0.0181275332954268 0.855072463768116 33.7959183673469

kinase 8

Mitogen-activated protein  MAPK1 48 1.1864406779661 0.0218192038686717 0.842857142857142 3375

kinase 1

Receptor tyrosine-protein  ERBB2 45 1.23728813559322 0.0156141252299837 0.808219178082191 34.0666666666666

kinase erbB-2

Pro-epidermal growth EGF 44 1.25423728813559 0.0122804258465005 0.797297297297297 35.5681818181818

factor

Prostaglandin G/H syn- PTGS2 44 1.25423728813559 0.0125590212737923 0.797297297297297 35.4090909090909

thase 2

Interleukin-8 CXCL8 42 1.28813559322033 0.0141048839673417 0.776315789473684 35.8571428571428

Tumor necrosis factor TNF 42 1.28813559322033 0.00833145827093525 0.776315789473684 36.2380952380952

Matrix metalloprotein- MMP9 41 1.30508474576271 0.00947791951541008 0.766233766233766 36.4878048780487

ase-9

Bcl-2-like protein 1 BCL2L1 38 1.35593220338983 0.00798927862460732 0.7375 36.6052631578947

Androgen receptor AR 37 1.3728813559322 0.010351431218464 0.728395061728395 36.081081081081

72 kDa type IV colla- MMP2 37 1.3728813559322 0.0062354852353676 0.728395061728395 38

genase

pharmacology approach that combined screening for
active components, drug targeting, network analysis, and
pathway analysis to explore the therapeutic mechanisms
underlying lung cancer treatment with C. minima.

We screened 21 potential compounds from C. min-
ima and, eventually, 11 compounds were included
in our D-I-G-D network, including sesquiterpenoids
(arnicolide D and 2beta-hydroxyl-2,3-dihydrogen-6-O-
angeloplenolin), steroids (sitosterol, stigmasterol, and
beta-sitosterol), flavonoids (quercetin der., nobiletin, and
quercetin), amino and amide derivatives (aurantiamide
acetate), and phenols (8-hydroxy-9, 10-diisobutyryloxy-
thymol, and  1-[(Z)-2-(3,5-dimethoxyphenyl)vinyl]-
3,5-dimethoxybenzene). Our results indicated that these
11 compounds may be related to C. minima’s anti-cancer
effects. According to the 11 compounds’ D-I-G-D net-
work degrees and molecular docking analysis, quercetin
emerged as a key C. minima active compound against

lung cancer. Quercetin is a member of the flavonoid sub-
class of flavonols and has been found to exhibit significant
anti-tumor properties [38]. Quercetin has been shown to
inhibit proliferation in several cancer cell lines [39-41],
and one study found that quercetin had anti-tumor activ-
ity in NSCLCs harboring wild-type EGFR by inhibiting
AXL and inducing apoptosis [42]. Another study found
that quercetin induced pro-apoptotic autophagy in A549
and H1299 cells [43]. Our in vitro experiment confirmed
quercetin’s anti-tumor effects in NSCLC.

Further, our results suggest that TP53, AKT1, and
MYC may be key targets for C. minima active compound
anti-lung cancer activity. TP53 encodes p53 tumor sup-
pressor protein and acts as a critical failsafe mechanism
for cellular anti-cancer defenses [44—46]. TP53 has been
implicated in a number of fundamental biological pro-
cesses including DNA repair, cell-cycle arrest, apop-
tosis, autophagy, senescence, metabolism, and aging
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Fig. 5 The overall survival curve of lung cancer patients with high or low expression levels of TP53, AKT1, MYC, CASP3, EGFR, CCND1, ESRT, JUN,
MAPKS8, and VEGFA were determined using Kaplan-Meier analysis
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Fig. 7 Bubble chart of KEGG pathway enrichment analysis
Table 4 KEGG pathway enrichment analysis
ID Description P value P.adjust Qvalue Count
hsa05219 Bladder cancer 6.34E-25 1.29E-22 3.74E-23 16
hsa05212 Pancreatic cancer 1.06E-21 1.07E-19 3.10E-20 17
hsa05161 Hepatitis B 1.58E-21 1.07E-19 3.10E-20 21
hsa05215 Prostate cancer 2.22E-21 1.13E-19 3.27E-20 18
hsa05417 Lipid and atherosclerosis 2.84E-20 1.16E-18 3.34E-19 22
hsa05167 Kaposi sarcoma-associated herpesvirus infection 7.56E-20 257818 742E-19 21
hsa01522 Endocrine resistance 1.14E-19 3.32E-18 9.58E-19 17
hsa05210 Colorectal cancer 4.74E-19 1.21E-17 3.49E-18 16
hsa05160 Hepatitis C 7.11E-19 1.61E-17 4.66E-18 19
hsa01524 Platinum drug resistance 1.38E-18 2.82E-17 8.14E-18 15
hsa05163 Human cytomegalovirus infection 1.73E-18 321E-17 9.27E-18 21
hsa05418 Fluid shear stress and atherosclerosis 1.99E-18 3.39E-17 9.80E-18 18
hsa05205 Proteoglycans in cancer 5.58E-18 8.75E-17 2.53E-17 20
hsa04933 AGE-RAGE signaling pathway in diabetic complications 6.14E-18 8.95E-17 2.59E-17 16
hsa05207 Chemical carcinogenesis—receptor activation 1.09E-17 148E-16 4.29€E-17 20
hsa04210 Apoptosis 3.80E-17 4.85E-16 1.40E-16 17
hsa04657 IL-17 signaling pathway 7.92E-17 9.51E-16 2.75E-16 15
hsa05222 Small cell lung cancer 1.92E-15 2.18E-14 6.30E-15 14
hsa05223 Non-small cell lung cancer 2.09E-15 2.24E-14 6.47E-15 13
hsa05224 Breast cancer 3.50E-15 3.57E-14 1.03E-14 16

[47-50]. A TP53 tumor suppressor gene mutation occurs
in approximately 50% of NSCLC cases [51]. Alpha subu-
nit protein kinase B (AKT1), a member of the serine/
threonine protein kinase family, has been shown to have
a role in a variety of tumors, such as prostate cancer,

osteosarcoma, ovarian cancer, and endometrial cancer,
by inducing apoptosis, inhibiting tumor cell proliferation,
and decreasing tumor cell invasion and metastatic capac-
ity [52-55]. AKT1 inhibition has been reported to pro-
mote migration and invasion of NSCLC cells with KRAS
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Table 5 The binding energy of compound and core targets
(kcal/mol)
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or EGFR mutations in vitro [56]. Wu et al. found that
miR-377-5p can inhibit lung cancer cell proliferation,
invasion, and cell cycle progression by targeting AKT1
signaling [57]. Thus, AKT1 has emerged as an attractive
target for new anti-cancer therapy development. MYC
consists of 3 paralogs, C-MYC, N-MYC, and L-MYC,
that are frequently deregulated driver genes in human
cancers [58]. A previous study found that MYC-induced
long non-coding RNAs inhibited NSCLC cell cycle arrest
and apoptosis by activating C-MYC and its downstream
effectors [59]. In our study, we used AutoDock Vina and
PyMOL software to investigate quercetin’s possible bind-
ing sites with related proteins and found that quercetin
had strong binding activity with TP53, AKT1, and MYC.
CDDP has been widely used in first-line lung cancer
treatment [60]. However, the development of chemoresist-
ance remains a major obstacle for treatment success [61].
We used GO enrichment analysis to annotate protein tar-
get functions in three main categories: BP, CC, and MFE.
Our KEGG pathway analysis revealed that these targets
were significantly enriched in a variety of cancer path-
ways, platinum drug resistance, and apoptosis pathways,
interesting areas for further research. Notably, recent
research found that quercetin could overcome CDDP
resistance in cervical cancer cells [62]. Additionally, our
previous research found that ECM can sensitize NSCLC
cells to CDDP and hypersensitize CDDP-induced apopto-
sis in NSCLC, but the underlying mechanism was unclear

-o- A549
-& H1299

Target Target (PDBID) Target Structure Compound Affinity
(kcal/
mol)

TP53 7BWN quercetin -8.8

nobiletin -74
beta-sitosterol -84
Erlotinib -7.3
AKT1 4EIN quercetin 94
nobiletin -6.7
beta-sitosterol  -7.1
Erlotinib -6.5
MYC 7TZ @ quercetin -9.0
{.‘;,‘;' 3 nobiletin 6.6
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Fig.9 Quercetin induced cell death of NSCLC. A CCK8 assay was conducted in A549 and H1299 cells treated with quercetin for 48 h. B A549 cells
were photographed and shown after being treated by quercetin for 48 h
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Fig. 10 Cminima enhances CDDP induced cell apoptosis in NSCLC xenografts. A A549 cells were subcutaneously inoculated in nude mice.
Representative pictures with HE staining of tumor tissues were shown. B Bcl2 protein levels in tumor tissues were detected by Western blotting.
C The relative protein levels of Bcl2 were determined using densitometry analysis. ECM-L, ECM 100 mg/kg; ECM-H, ECM 200 mg/kg. ™ p<0.01 vs.
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[16]. In the present study, western blotting and HE stain-
ing showed that ECM could significantly enhance CDDP-
induced apoptosis. All of these experimental results
validated our network pharmacology prediction results.
Based on our network pharmacology results and experi-
mental evidence from previous work, C. minima clearly
has the potential for use in developing new NSCLC treat-
ments. Additionally, our study demonstrated that network
pharmacology predictions can be used to characterize
TCM pharmacological mechanisms in detail. Evidence
suggests that C. minima functions as an anti-cancer drug
through multiple targets, amongst which inducing apop-
tosis and influencing platinum drug resistance were path-
ways identified by both in vivo and in vitro experiments.
However, the current work has several limitations. First,
more comprehensive TCM target gene databases are
needed to obtain more reliable results. Furthermore, it is
necessary to explore how the three hub genes change in
response to single-drug therapy or two-drug combina-
tion therapy. Finally, although we determined that querce-
tin was the most important bioactive compound in C.

minima, it may not be completely interchangeable for C.
minima. Thus, further studies investigating C. minima’s
anti-lung cancer molecular mechanisms are needed.

Conclusions

Here we used network pharmacology along with molec-
ular docking and experimental validation to explore C.
minima’s anti-lung cancer material basis and mecha-
nism of action. We found that quercetin was the key
active ingredient and that TP53, AKT1, and MYC may
be three potential C. minima targets in lung cancer treat-
ment. Additionally, we found that C. minima may exert
anti-cancer effects by inducing apoptosis and influenc-
ing platinum drug resistance. In conclusion, our research
provides a reference for further study of C. minima’s
potential clinical application for lung cancer treatment.

Abbreviations

C.minima  Centipeda minima (L.)ABr.et Aschers
NSCLC Non-small cell lung cancer
ECM Ethanol extract of C. minima
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TCMSP Traditional Chinese Medicine Systems Pharmacy database and
analysis platform

OMIM Online Mendelian Inheritance in Man

D-I-G-D Drug-ingredients-gene symbols-disease

PPI Protein—protein interaction

GO Gene Ontology

KEGG Kyoto Encyclopedia of Genes and Genomes

TP53 Cellular tumor antigen p53

AKT1 RAC-alpha serine/threonine-protein kinase

MYC V-myc myelocytomatosis viral oncogene homolog

OB Oral bioavailability

DL Drug-likeness

CcC Cellular component

BP Biological process

MF Molecular function
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