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Abstract

BACKGROUND

Although Liu-Wei-Bu-Qi capsule (LBC) inhibits tumor progression by improving the
physical condition and immunity of patients with Lung cancer (LC), its exact

mechanism of action is unknown.

AIM
Through compound multi-dimensional network of chemical ingredient-target-disease-
target-PPI network, the principle of action of Chinese medicine prescription was

explained from molecular level.

METHODS
Network pharmacology and molecular docking simulations were used to analyze the
relationship among the main components, targets, and signaling pathways of LBC in

treatment of LC.

RESULTS
From the analysis, 360 LBC active ingredient-related targets and 908 LC-related targets

were identified. PPI network analysis of the LBC and LC overlapping targets identified




16 hub genes. KEGG analysis suggested that LBC can target the VEGF signaling

pathway, Toll-like receptor signaling pathway, prolactin signaling pathway, FoxO
signaling pathway, PI3K-Akt signaling pathway and HIF-1 signaling pathway in the
treatment of LC. Molecular docking simulations showed that quercetin had the best
affinity for MAPK3, suggesting that quercetin in LBC may play an important role in the

treatment of LC.

CONCLUSION
The results showed that the active ingredients in LBC can play a crucial role in the
treatment of LC by regulating multiple signaling pathways. These results provide

insights into further studies on the mechanism of action of LBC in the treatment of LC.

INTRODUCTION

Lung cancer (LC) was the leading cause of cancer-related deaths and had the
second highest incidence rate worldwide in 2020[L Since most of the patients are
usually diagnosed when they are in the middle or advanced stage of disease, surgery is
usually not an option, which necessitates the use of chemotherapy or radiotherapy.
However, conventional chemotherapy and radiotherapy are associated with significant
side effects and suppression of the immune system, leading to premature termination of
treatment(2l.

Traditional Chinese medicine (TCM) has high efficacy, is associated with mild and
few side effects and is being explored as a safe and effective adjuvant therapy for LC.
Liu-Wei-Bu-Qi capsule (LBC) is a type of TCM that consists of Panax ginseng C. A. Mey
(Shengshaishen, SSS), Hedysarum Multijugum Maxim (Huangqgi, HQ), Alpiniae
Oxyphyliae Fructus (Yizhiren, YZR), Polygonati Odorati Rhizoma (Yuzhu, YZ),
Cinnanmomi Cortex (Rougui, RG) and Citrus reticulata (Chenpi, CP). LBC can reduce
radiotherapy and chemotherapy-induced side effects such as anorexia and hair loss,

and improve the immune response of tumor patientsil. Herbal compounds have been




shown to have anti-tumor effects, including Ginsenoside Rh2, a ginseng extract that
converts M2 macrophage phenotype to M1 phenotype in the microenvironment and
prevents migration of LC cellsll. Astragalus polysaccharide, the main active component
of HQ, inhibits the proliferation of human LC cells A549 and NCI-H358 by inhibiting
NF-kB signaling pathway [51.

Although many herbal compounds have been found to have anti-tumor effects,
most studies have focused on the anticancer effects of individual components rather
than herbal complexes. The mixing of herbal compounds to achieve maximum efficacy
can be aided by computer technologies such as network pharmacology and molecular
docking simulation, which can be used to accurately screen the active ingredients and
targets of Chinese herbs and predict their mechanisms intreatment of different
diseases. Network pharmacology is the use of ‘multi-dimensional-target -pathway’
network diagrams to identify genes and proteins interactions and thus predict potential
mechanism of drug action in the treatment of various diseaseslel. In this study, we used
network pharmacology and molecular docking simulation to predict the potential
mechanism of LBC action in the treatment of LC. Findings from this study will provide
insights into further studies involving in vitro and in vivo models. The workflow

diagram is shown in Figure 1.

MATERIALS AND METHODS
2.1 Identification of the active ingredients in LBC A search of TCMSP and TCMID

databases was done to identify the active ingredients of LBC. The information on
potential targets of the active ingredients was imported into UniProt for searching and
normalization, and the structure data files were downloaded in Pubchem after
removing duplicates. The structures of the active ingredients were imported into
Discovery Studio 2017R2 to predict the ADMET parameters of the LBC. Compounds
with ADMET_Absorption_Level of 0, 1, 2 and ADMET_Solubility_Level of 1, 2, 3, 4
were included for further analysis. The links to the databases and platforms used in this

study are shown in table 1.




2.2 Screening of LC-related targets and identification of overlapping targets Lung cancer-
related targets were identified using the search term "lung cancer" to search the
GeneCards [/, DisGeNet 8], TTDI?l and OMIM databases['?l. Overlapping targets from
the four databases were selected as LC-related targets and were used for further
studies. Active ingredients-related and therapeutic LC-related targets were imported
into Venn 2.1.0 platform and a Venn diagram was plotted to identify overlapping

targets.

2.3 Construction of PPl networks and identification of hub genes Protein-protein
interaction (PPI) networks were constructed by uploading the overlapping targets to
STRING database and setting the parameters as ‘human’ and ’‘confidence>0.400". The
PPI network information was imported into Cytoscape 3.8.2 software based on the
topological algorithm of cytoHubba plugin to identify hub genes and perform cluster

analysis to find gene clusters and derive sub network. [11]

2.4 GO and KEGG enrichment analysis We used the GO and KEGG pathway analysis
pipeline (P<0.05) in the DAVID 6.8 databasel!2! to predict the main biological processes
and signaling pathways associated with LBC-based treatment of LC based on the hub

genes identified. The results were visualized using Cytoscape software.

2.5 Construction of ‘Ingredient - Target - Pathway’ diagram Compound information, all key
targets and potential signaling pathways were imported into the Cytoscape 3.8.2 to
create the ‘Ingredient - Target - Pathway’ network and analyze the multicomponent-

target-pathway mechanism of LBC-based treatment of LC.

2.6 Molecular docking simulation of crucial targets and ingredients We collected the small
molecule compounds of the main active ingredients of Chinese medicine in mol2

format, downloaded the crystal structures of structurally complete, high-resolution,




ligand-bearing targets from the PDB protein database, and imported the data into
Discovery Studio 2017 R2 to perform molecular docking. The binding energies and

hydrogen bond numbers were calculated ['3l.

RESULTS

3.1 Identification of potential targets for LBC We identified 66 active ingredients in LBC,
with the main structures being phenylpropanoids, flavonoids, alkaloids and terpenoids.
We then used Discovery Studio 2017R2 software to find and screen 57 active
ingredients of LBC, including 14 of SSS, 12 of ZHQ, 12 of YZR, 4 of YZ, 11 of RG, and 4
of CP (Table 2). We further obtained 55 active ingredient in the target database (P>0.9),
and 360 potential targets were identified after removing duplicate values.

3.2 Identification of LC-related targets and construction of Venn diagram Disease-related
targets were selected from the GeneCards DisGeNET, TTD, and OMIM databases using
the search term ‘lung cancer’, with 908 targets being identified after deleting duplicate
values. Venn diagram analysis showed that there was an overlap of 69 targets between
active ingredient-related targets and LC-related targets (Figure 2A). A ‘Herbs-
Ingredients-Targets’ interaction network was then constructed to illustrate the

relationship among herbs, compounds and targets (Figure 2B).

S.Consfmr:fion of the PPI Network and Screening of hub Targets The PPI network showed
a total of 69 nodes (target proteins) and 719 edges (protein interactions). The darker the
red color of the target indicates the more targets that can effectively interact with the
target among the predicted LC-related targets (Figure 3A). Based on the five parameters
(MNC, DEGREE, MCC, CLONESS, EPC), top 20 targets were obtainedand the 16 targets
that overlapped from the five parameters were considered to be hub targets (Figure 3B).
The PPI network of 16 hub targets was plotted using Cytoscape, with a darker blue
color indicating a larger degree value (Figure 3C, Table3).




3.4 GO enrichment analysis GO enrichment analysis was carrjed out by importing 69
targets into DAVID 6.8 database. The analysis identified 259 biological processes (BP),
78 molecular functions (MF) and 38 cellular components (CC) that were associated with
the targets. The top 20 BP, CC, and MF terms were selected for visualization according
to the number of genes, with significance set at P<0.5 (Fig 4). The main BP terms
associated with LBC-based treatment of LC were cellular response to chemical stimulus,
cellular response to oxygen-containing compound, response to organic substance,
cellular response to organic substance, and response to chemical. The main MF terms
included compound binding of heterocyclic, organic cyclic and identical, transcription
factor activity, and direct ligand-regulated sequence-specific DNA binding. The main
CC terms were membrane raft, microdomain, and region, nucleoplasm and nuclear

part.

3.6 Construction of the ’Ingredie;ﬁq-ﬂzrget-Pathway network The information on each
individual herb including active compounds, key targets and pathways were imported
into Cytoscape-3.8.2 to build the “herbs-compounds-targets-pathways’ network (Figure
6A). Analysis using cytoHubba showed that estrogen and thyroid hormone signaling
pathways are closely associated with LBC-based treatment of LC. The network of these

two pathways and related targets and active components was constructed (Figure 6B).

3.8 Molecular docking simulation Molecular docking simulations were carried out
between the ingredients, protocatechuic acid, Dianthramine, quercetin, kaempferol and

quercetin, and the hub targets. The results showed that the binding energy of the targets




and their related compounds were all negative. A negative binding energy indicates
that the ligand can spontaneously bind to the receptor, with a smaller value indicating a
more stable binding energy. Most of the potential targets docked with quercetin, with
the docking energy of EGFR, ESR1, HSP90AA1, SRC, HIF1A, TNF and MAPK3 with
quercetin being -21.6109, -37.218, -40.1408, -37.7868, -38.3202, -61.2015, -50.4514,
respectively. Among them, MAPK3 had the lowest docking binding energy with
quercetin (Figure 7, Table 5).

DISEUSSION

LC is the most common malignant tumor worldwide, and its high morbidity and
mortality rates pose a serious threat to public health!™l, Chinese herbal medicine has
been shown to improve quality of life of patients by inducing apoptosis, inhibiting cell
proliferation, and suppressing tumor metastasis. It also extends patients' treatment
cycles by reducing the side effects of radiotherapy and activating the body's
immunityl!5l. Ginseng suppresses tumor migration and invasion and improves the
immune function of the body through regulating the interaction between tumor-
associated macrophages and LCl4l,

In this study, data mining was used to identify the core active ingredients of LBC.
Network pharmacology was then used to predict the multiple mechanisms of LBC-
based inhibition of LC. Venn diagram analysis found that there was an overlap of 69
targets between targets of LBC active ingredients and LC, indicating that LBC may
utilize the 69 genes as therapeutic targets in the treatment of LC. PPI protein network
map analysis identified 16 important key targets, including tumor-related targets such
as TP53, EGFR, HSP90AA1, HIF1A, and MAPK3. TP53 is a crucial tumor suppressor
gene and an emerging target for tumor gene targeting therapy, which strictly regulates
the initiation of the cell cycle and is able to repair damaged DNAI!®l. Upregulation of
the HSP90AA1 gene is associated with decrease in immunity and inhibition of the
ability of DNA to repair itselfl'7). EGFR is a member of ErbB [ family of tyrosine kinase

receptors and is considered a driver gene in tumor development['®l, VEGFA is an




important target in the inhibition of tumor progression, and its expression levels are
negatively correlated with progression and prognosis of LC19L These results suggest
that LBC contain a large number of antitumor compounds.

GO enrichment analysis showed that LBC components may induce apoptosis by
regulating the cellular oxidative stress response through modulation of transcription
factors and other factors in the treatment of LC. KEGG enrichment analysis showed that
13 and 11 potential targets were related to the PI3K-AKT and estrogen signaling
pathway, respectively. Dysregulation of the PI3K/AKT pathway is associated with
tumorigenesis, as well as high-grade and advanced tumors of LC. The PI3K-AKT-
mTOR signaling pathway is associated with cell proliferation, differentiation,
migration, apoptosis and protein synthesis, and is activated in a variety of tumors to
promote tumorigenesis/2l. Hamilton DH found that targeting estrogen receptor
signaling with fulvestrant enhanced immunity and reduced chemotherapy-induced
cytotoxicity in LC patients. He also found that estrogen signaling pathways affect LC
progression through induction of EMTI2L. Effects of estrogen signaling pathway in LC
are mainly mediated through nongenetic and genetic pathways!?l. This suggests that
LBC may be involved in regulating these pathways to exert anti-tumor effects in LC.

The results of molecular docking simulations demonstrated that the compounds
have affinity for the potential targets. These results further demonstrate the reliability
network pharmacology in predicting active compounds and their targets in relation to
their interaction with LC. The targets with the highest potential to dock with quercetin
were EGFR, ESR1, HSP90AA1, SRC, HIF1A, and TNF MAPK3, with binding energies of
-21.6109, -37.218, -40.1408, -37.7868, -38.3202, and -61.2015, respectively. Quercetin had
the best affinity for MAPK3. This illustrated that quercetin may be a crucial compound
in the LBC-based treatment of LC.

CONCLUSION

In this study, we used network pharmacology to integrate information from

various databases and perform preliminary validation using molecular docking to




elucidate the characteristics of LBC for the treatment of LC through “multi-components-
targets-pathways”. However, since the internal environment of organisms are complex,
the active compounds, key targets and mechanism of action of LBC in the treatment of
LC need to be verified using in vivo experiments. Results from such studies will provide

more scientific basis for the use of LBC in the treatment of LC patients.
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