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Abstract

Astragalus membranaceus and Ligustrum lucidum are the common main components in Chinese patent medicine
preparations which have been widely used in combination chemotherapy for tumor treatment. However, the specific
mechanism of their anti-cancer effect has not been fully elucidated, and the traditional monomer research mode can
hardly reflect the feature of Chinese medicine in treating diseases. In this study, virtual screening was used to explore
the mechanism of “Astragalus-Ligustrum” drug pair in the treatment of non-small cell lung cancer (NSCLC). 28 active
ingredients and 180 active ingredient targets were screened out from the drug pair by network pharmacology. Among
them, 10 components, including quercetin and kaempferol, are the main active ingredients in the drug pair, whose
mechanism of anti-NSCLC is to modulate the pathways of PI3K-Akt, PD-1/PD-L1, and T-cell receptor, and by affecting
the biological processes such as protein phosphorylation and cellular response to growth factor stimulation. Then
molecular docking and molecular dynamics validation showed that the complexes can bind tightly to target proteins in
the active pocket through van der Waals, hydrophobic and mi-bonds. The binding of PD-L1 to the main active ingredient
may be one of the important mechanisms of its anti-NSCLC action. At last, Survival curve analysis and
immunohistochemical analysis showed TP53, PIK3R1, PD-L1 and other target genes above had significant differences
in expression in lung cancer patients. In conclusion, this study explored the active components of "Astragalus-
Ligustrum" drug pair in anti-NSCLC and elucidated the mechanism of its action.

Highlights

1. Quercetin, kaempferol, isorhamnetin, huperzine, astragaloside and other 10 components were identified as the main
active ingredients of "Astragalus-Ligustrum" drug pair for its anti-NSCLC treatment.

2. All the active ingredients except for huperzine had strong binding activity with AKT1 and PD-L1.

3.The binding activity between PD-L1 and the main active ingredient might be one of the important mechanisms.

1. Introduction

Lung cancer is one of the common malignant tumors in the world. Its incidence and mortality rates are high over the
few decades, and the 5-year survival rate is only 21.7%.[1] According to histopathological characteristics, lung cancer
can be divided into non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC), of which NSCLC accounts
for about 80-85% of all.[2] The clinical symptoms of NSCLC patients are not obvious or asymptomatic in the early
stage of the disease, which is highly insidious. As the condition progresses, symptoms such as low fever, cough, and
difficulty breathing gradually appear, which greatly affects the patient's life and safety.[3] Currently, surgery is the most
desirable treatment for these patients.[4] Although minimally invasive techniques have achieved greater results in
recent years, the results of surgery alone are still not optimistic, especially in the N2 stage, where the local recurrence
rate and distant metastasis rate can be as high as 20% and 50% or even more, respectively. The suitability of surgical
treatment for patients with intermediate to advanced disease is still debatable. Currently, the preferred treatment still
relies on medical drug therapy such as chemotherapy, radiotherapy, immunotherapy, and targeted therapy, but it is
often accompanied by many adverse effects such as bone marrow suppression, gastrointestinal reactions, and liver
and kidney function impairment due to different patient tolerance. In addition to improving the quality and prolonging
the survival of patients, an increasing number of studies have found Chinese medicine as an adjuvant therapy to
enhance the effect of internal medicine treatment and reduce the related adverse effects. [5]

A series of studies has found that immunosuppression of tumor microenvironment is an intrinsic factor in the
development of tumor, and tumor immunotherapy can stimulate and enhance the immune function of the body to
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control and kill tumor cells.[6] According to traditional Chinese medicine theory, tonic Chinese medicine has become an
important and indispensable part of lung cancer treatment because of its characteristics of increasing the immune
function of the body, improving microcirculation, reducing clinical symptoms and prolonging survival time with tumor.
[6] Astragalus is the dried root of Astragalus mongolica or Astragalus membranaceus, a legume.[7] Ligustrum is the
fruit of Chaste Tree, a plant of the family Lignanaceae, both of which are common tonic Chinese medicines[8]. It has
obvious anti-cancer effects on tumor cell growth and metastasis of stomach, colon, breast, lung, mammary gland, and
can regulate the immune function of cancer patients. Chinese patent medicine preparations of Ligustrum lucidum and
Astragalus membranaceus as the main components (such as Zhenqi Fuzheng capsule, Zhengi Fuzheng granule and
Zhengi Fuzheng dispersible tablet) have been widely used in combination chemotherapy for tumor treatment.[9]
However, the specific mechanism of their anti-cancer mechanism has not been fully elucidated, and because of the
multi-component and multi-target integrated regulation of traditional Chinese medicine in treating diseases, the
traditional monomer research mode can hardly reflect this feature of Chinese medicine in treating diseases. The
development of modern bioinformatics and systems pharmacology elaborated the special synergistic interactions
among the herbs of Chinese medicine formulations through a multi-target and multi-pathway approach. In which
network pharmacology exploit the pharmacological mechanism of drug action in the biological network, analyzes the
drug's interaction with specific nodes or modules in this network, and explores the drug target from a holistic
perspective. Molecular docking can help in the prediction of the binding conformation and binding mode or orientation
between a receptor and a ligand and is especially valuable for studying changes of substrate conformation during the
formation of Chinese medicine complexes.

Therefore, in this study, network pharmacology was used to screen the active ingredients of "Astragalus-Ligustrum'
drug pair through relevant databases, and matched their targets with the disease targets of cancer to screen out the
potential key targets of its anticancer therapy. The drug-component-target network and key target protein network were
constructed and molecular dynamics validated, with the aim of providing a comprehensive understanding of the
mechanism of "Astragalus-Ligustrum" drug pair against cancer in a systematic manner. The protocol of our study
procedures is shown in Fig. 1.

2. Materials and Methods

2.1 Screening of active ingredients and targets in the "Astragalus-
Ligustrum" drug pair

Use Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP)
[10],https://old.tcmspe.com/tcmsp.php)to collect all chemical components of Astragalus and Ligustrum. Absorption,
Distribution, Metabolism and Excretion (ADME) studies are designed to investigate how Chinese medicine can reach
the target organs and exert their effects. Among those, oral bioavailability (OB) = 30% and drug likeness (DL) can be
used as a screening condition for potentially active constituents. Through PubChem database [11], The TCMSP target
data were supplemented by downloading the structural formulae of the components through the PubChem database
and then importing them into the Swiss Target Prediction database [12] (http://www.swisstargetprediction.ch/) for
further target prediction. Subsequently, the targets were imported into the Uniprot database [13]
(https://www.uniprot.org/), with the species restricted to "Human", to normalize the protein target information.

2.2 Screening of NSCLC disease-related targets

Using "non-small cell lung cancer" and "NSCLC" as search terms, we mined the Genecards database [14] (
https://www.genecards.org/), OMIM database (Online Mendelian Inheritance in Man, OMIM) [15] (https://omim.org/)
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for potential targets for NSCLC. This is supplemented by the Drugbank [16] ( https://go.drugbank.com/) collection of
clinical first-line Western drug targets for NSCLC. After merging the above disease database targets, duplicate values
were removed to obtain the relevant targets for NSCLC.

2.3 Access to active ingredients and common targets in NSCLC by
"Astragalus-Ligustrum” drug pair

In order to clarify the interaction between the relevant targets of the "Astragalus-Ligustrum" drug pair and the targets of
NSCLC, a Venn diagram of "disease targets" and "component targets" was created by using the online program Venny
2.1.0 (https://bioinfogp.cnb.csic.es/tools/venny/index.html).The intersection of the two sets of targets was used to
identify their common targets, and then using Cytoscape 3.8.2 software to construct a "drug-target-disease"
visualisation network.

2.4 Construction and analysis of protein-protein interaction network
(PPI)

The common targets were imported into the online String database [17] (https://string-db.org/). “Organism” was set to
"Homo sapiens", single node was removed in the network, the minimum interaction threshold was set to "highest
confidence (>0.900). The minimum interaction threshold was set to "highest confidence (>0.900)", and other
parameters were kept as default values to construct the PPl network graph. The network topology parameters were
analysed by importing the relevant information into Cytoscape 3.8.2 software and filtered according to the indicators
of Degree, Betweenness and Closeness to obtain the core targets of Astragalus- Ligustrum drug for the treatment of
NSCLC and its efficacy. The core targets and the main active ingredients of the drug were identified.

2.5 Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG)

Pathway enrichment analysis was performed using the Metascape platform[18] (http://metascape.org/gp/index.html)
for GO and KEGG enrichment of key targets. Bar graphs were plotted against the enriched gene counts. Take the top
10 entries in GO for biological process (BP), cellular component (CC) and molecular function (MF) and the top 10
entries in KEGG to visualize. Based on this study, the biological process and key signaling pathways of the
"Astragalus-Ligustrum" drug pair in the treatment of NSCLC were investigated.

2.6 Molecular docking forecasts

The main active ingredient in the "active ingredient-target-pathway" network was selected for molecular alignment with
the core target to verify the reliability of the network analysis. A 3D structure of the ligand active ingredient in SDF
format was downloaded from the PubChem database and the mol2 file was exported using ChemBio 3D Ultra 14.0
file. The 3D structures of the targets were searched for from the RCSB Protein Data Bank (PDB, https://www.rcsb.org/)
[19] and saved in pdb format. PyMOL software (www.pymol.org) was used to dehydrate the 3D structure of the protein
in the PDB download file, and then AutoDockTools-1.5.6 software was used to dehydrate and hydrogenate the active
ingredient and target protein, and convert both the active ingredient and target protein file formats to pdb format.
Molecular docking was carried out using Auto Dock Vina software (https://vina.scripps.edu/) to investigate the
binding interaction between the components and the target site. After docking, the binding energy was used as a
reference for screening the active compounds and the affinity < -5.0 kd/mol was used as the basis for screening the
active ingredient targets of the “Astragalus-Ligustrum” drug pair [20].

2.7 Molecular dynamics simulations
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MD simulations were performed using the Gromacs 2018.4 program [21] at constant temperature and pressure as well
as periodic boundary conditions. The Amber14SB all-atom force field [22] and the TIP3P water model [23]were applied.
During the MD simulations, all bonds involving hydrogen atoms were constrained using the LINCS algorithm [24]with
an integration step of 2 fs. Electrostatic interactions were calculated using the (Particle-mesh Ewald) PME method
[25]. The non-bonded interaction truncation value was set to 10 A and updated every 10 steps. The simulation
temperature was controlled by the V-rescale temperature coupling method at 298.15 K [26] and the pressure was
controlled by the Parrinello-Rahman method [27] at 1 bar. The steepest descent method was used to minimize the
energy of the two systems to eliminate too close contact between the atoms. Then, 1 ns of the 298.15 K condition was
used for the NVT and NPT equilibrium simulations were then performed at 298.15 K. Finally, 100 ns MD simulations
were performed for the system and the conformation was saved every 10 ps. The visualization of the simulation
results was done using the Gromacs embedded program and VMD.

2.8 Survival analysis of key target genes

The Kaplan-Meier Plotter database (https://kmplot.com/analysis/)was used to assess the relationship between target
genes and the prognosis of patients with non-small cell lung cancer [28]. A survival analysis of the gene in lung cancer
survival prognosis was obtained by entering the name of the core target in the "GENE Symbol", and P <0.05 was
considered to be significantly associated with patient survival. Further in-depth identification of non-small cell lung
cancer and normal human gene levels using the GEPIA2 online database[29] (http://gepia2.cancer-pku.cn/) yielded a
result of P < 0.05 suggesting that this gene is a prognostic target for non-small cell lung cancer, suggesting a
relationship between this gene and patient prognosis.

2.9 Immunohistochemical analysis

Immunohistochemistry is the localization, characterization as well as quantitative detection of the corresponding
antigen or antibody by means of antigen-antibody reactions and tissue chromogenic reactions in tissue cells in situ
with the help of markers. The Human Protein Atlas (HPA) database[30] (https://www.proteinatlas.org/) was used to
analyze the protein expression of intersectional targets in normal and lung cancer tissues. The differences in protein
expression in normal and tumor tissues were compared according to the intensity of protein staining in the tissues and
the percentage of stained cells.

3. Result
3.1 Acquisition of active ingredients and targets

The active ingredients of Astragalus-Ligustrum (botanical names were checked with http://www.theplantlist.org) were
obtained in the TCMSP database according to the screening criteria (OB = 30%, DL = 0.18). Among them, 17 active
ingredients of Astragalus and 13 active ingredients of ligustrum were obtained according to the screening criteria (OB
=>30%, DL = 0.18), as shown in Table 1. There were two active ingredients of Astragalus and Ligustrum, Quercetin and
Kaempferol, respectively. The target proteins corresponding to each active ingredient screened according to the above
criteria were obtained from the database, and the TCMSP target data were supplemented by target prediction from
PubChem database and Swiss Target Prediction database. Finally, the Uniprot protein database was used to
standardize the protein target information, and the corresponding targets of "Astragalus-Ligustrum" were identified. At
last, the Uniprot protein database was used to standardize the protein target information, and a total of 570 targets
were identified for "Astragalus" and " Ligustrum "
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Table 1
The Active Ingredient Information of "Astragalus—Ligustrum " combination

Pharmaceuticals No

Astragalus Al

Al16

A17

Ligustrum L1

Molecular Name
(24S)-24-Propylcholesta-5-
ene-3beta-ol

Quercetin

Mairin

Jaranol

Hederagenin

Isorhamnetin
3,9-di-O-methylnissolin
7-0-Methylisomucronulatol
Methylnissolin

Bifendate

Formononetin

Calycosin

Kaempferol

FA

(3R)-3-(2-hydroxy-3,4-
dimethoxyphenyl)chroman-
7-ol

IsomuqronuIatol—7,2'—di-0—
glucosiole

1,7-Dihydroxy-3,9-
dimethoxy pterocarpene

Luteolin

Quercetin

Beta-sitosterol

Kaempferol

Taxifolin
Lucidumoside D

Lucidumoside D_qgt

MW

428.7

302.23

456.7
314.29
472.7
316.26
314.3
316.3
300.3
418.3
268.26
284.26
286.24

441.4

302.32

464.5

314.29

286.25
302.25

414.79
286.25

304.27
568.63
406.47

MW: molecular weight; OB: oral bioavailability;DL: drug likeness;

OB(%)
36.23
46.43

55.38
50.83
36.91
49.60
53.74
74.69
64.26
31.10
69.68
47.75
41.89

68.96
67.67
49.28
39.05

36.16
46.43

36.91
41.88

57.84
48.87
54.41

DL

0.78

0.28

0.78
0.29
0.75
0.31
0.48
0.30
0.42
0.67
0.21
0.24
0.24

0.71

0.26

0.62

0.48

0.25
0.28

0.75
0.24

0.27
0.71
0.47

Mol ID

MOL000033

MOL000098

MOL000211
MOL000239
MOL000296
MOL000354
MOL000371
MOL000378
MOL000380
MOL000387
MOL000392
MOL000417
MOL000422

MOL000433

MOL000438

MOL000439

MOL000442

MOLO000006
MOL000098

MOL000358
MOL000422

MOL004576
MOL005146
MOL005147

PubChem
CID

15976101

5280343

64971
5318869
73299
5281654
15689655
15689652
14077830
108213
5280378
5280448
5280863

241106144

10380176

125142

5316760

5280445
5280343

222284
5280863

439533
10531060
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Pharmaceuticals No  Molecular Name MW OB(%) DL Mol ID I(D:::DbChem
L8 (20S)-24-ene-3B,20-diol-3- 486.86 40.23 0.82 MOL005169 -
acetate
L9 Eriodictyol 288.27 71.79 0.24 MOLO005190 440735
L10  Syringaresinol 450.48 83.13 0.80 MOL005195 -
diglucoside_qt
L11  Lucidusculine 401.6 30.11 0.75 MOL005209 101286217
L12  Olitoriside 696.87 65.45 0.23 MOLO005211 94348
L13  Olitoriside_qt 40455 103.23 0.78 MOL005212 -
MW: molecular weight; OB: oral bioavailability;DL: drug likeness;

3.2 Acquisition of NSCLC-related targets and common targets of
drugs and diseases

The 792 NSCLC disease-related target proteins were collected from Drugbank, Genecards and OMIM databases, and
then merged and de-duplicated. The online software Venny 2.1.0 was used to intersect the 792 NSCLC disease targets
with the 570 component targets standardized in "2.1" to obtain 180 anti-NSCLC targets of "Astragalus-Ligustrum" drug

pair (Fig. 2).
3.3 Active ingredient-target network construction

The topological analysis of the 180 active targets of the "Astragalus-Ligustrum" drug pair against NSCLC obtained in
"2.2" was carried out by constructing a network with its active ingredients (Fig. 3), The top 10 active ingredients were A-
L-1 Quercetin, A-L-2Kaempferol, A6 Isorhamnetin, A4 Jaranol, A9 Methylnissolin, A15 (3R)-3-(2-hydroxy-3,4-
dimethoxyphenyl) chroman-7-ol, A7 3,9-di-O-methylnissolin, A8 7-0-Methylisomucronulatol, L1 Luteolin, L9 Eriodictyol.
Among the above, A-L-1 Quercetin, A-L-2Kaempferol can be found in both Astragalus and Ligustrum, L1 Luteolin, L9
Eriodictyol can be found in Ligustrum. The rest are the active ingredients in Astragalus. These components may be the
core active ingredients of the "Astragalus-Ligustrum” drug pair against NSCLC, thus forming a complex network of
drug-component-target-disease interactions. Each active ingredient acts on multiple targets, and each target has
multiple active ingredients acting on it, reflecting the multi-component and multi-target mechanism of action of the
"Astragalus-Ligustrum" drug pair against NSCLC.

3.4 Protein interactions (PPI) network construction and key
proteins screening

The 180 interacting targets were imported into the STRING platform to obtain protein interaction relationships and plot
the PPI network (Fig. 4). The magnitude of the degree value in the figure reflects the size of the node, and the color
gradient is related to the betweenness centrality. The thickness of the edge and the gradient of the color are adjusted
by the Edge betweenness and Combined score, respectively. The bigger the circle and the darker the color, the more of
the protein is associated with other proteins in the whole network, and the more important it is. The highest confidence
level (>0.900) was chosen, and the average node degree value of the network was 13.3. The top 11 (3 times the
average node degree value) protein targets were obtained by CytoScape analysis, which were TP53 (Degree = 57), SRC
(Degree = 56), STAT3 (Degree = 55), PIK3R1 (Degree = 50), AKT1 (Degree = 50), HSP90AA1 (Degree = 49), MAPK3
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(Degree = 49), MAPK1 (Degree = 46), PIK3CA (Degree = 45), JUN (Degree = 39), RELA (Degree = 39). These protein
targets are at the core of the potential key targets of “Astragalus-Ligustrum” drug pair for the treatment of NSCLC, and
the network was analyzed, edited and visualized by Cytoscape.

3.5 GO functional analysis and KEGG pathway analysis

GO functional analysis and KEGG signaling pathway enrichment analysis were performed on 180 intersecting targets
of "Astragalus-Ligustrum" drug pair for NSCLC treatment by Metascape database, in which, GO analysis identified 221
biological process (BP), 77 cellular component (CC) and 95 molecular function (MF). Among the results of GO
analysis, BP changes were mainly in the regulation of protein and amino acid phosphorylation, autophosphorylation
and cell surface receptor and transmembrane receptor-mediated signaling pathways, involving protein
phosphorylation, enzyme-linked receptor protein signaling pathway, response to growth factor, cellular response to
growth factor stimulus, transmembrane receptor protein tyrosine kinase signaling pathway, protein
autophosphorylation, peptidyl-tyrosine modification, peptidyl-tyrosine phosphorylation, regulation of
phosphatidylinositol 3-kinase signaling, peptidyl-tyrosine autophosphorylation and other biological processes in which
Genes were enriched.

CC changes in membrane rafts and associated protein kinase complexes, as evidenced by the enrichment of genes in
membrane microdomain, membrane raft, transferase complex, transferring phosphorus-containing groups, cell-
substrate junction, focal adhesion, plasma membrane raft, caveola, protein kinase complex, serine/threonine protein
kinase complex and cyclin-dependent protein kinase holoenzyme complex.

The changes in MF were focused on kinase activity and enzyme binding, mainly related to related enzyme functions
like kinase binding, protein kinase binding, protein serine/threonine kinase activity, protein serine kinase activity, kinase
activity, phosphotransferase activity, alcohol group as acceptor, protein kinase activity, protein
serine/threonine/tyrosine kinase activity, protein tyrosine kinase activity and transmembrane receptor protein tyrosine
kinase activity. The top 10 positions were selected based on the results of "Gene Counts" for visualization (Fig. 5a)

A total of 221 results were obtained from KEGG enrichment analysis, and the top 10 signaling pathways were selected
for visualization based on "P-value" (Fig. 5b). The results mainly involved the PI3K-Akt signaling pathway, FoxO
signaling pathway, PD-L1 expression and PD-1 checkpoint pathway in cancer, C-type lectin receptor signaling pathway,
TNF signaling pathway, IL-17 signaling pathway, T cell receptor signaling pathway, Toll-like receptor signaling
pathway, NOD-like receptor signaling pathway and NF-kappa B signaling pathway. This result suggests that the
"Astragalus-Ligustrum" drug pair may play a role in the treatment of NSCLC through multiple signaling pathways.

3.6 Molecular docking

The potential core active ingredients of "Astragalus-Ligustrum" drug pair (Quercetin, Kaempferol Isorhamnetin, Jaranol,
Methylnissolin, (3R)-3-(2-hydroxy-3,4-dimethoxyphenyl) chroman-7-ol, 3,9-di-O-methylnissolin, 7-
OMethylisomucronulatol, Luteolin,Eriodictyol)) were predicted to bind with the potential key targets TP53, SRC, STAT3,
PIK3R1, AKT1 and the pathway-related core targets PD-1 and PD-L1 by the above network pharmacology method.
Generally, the lower the binding energy of the ligand to the receptor, the more stable the binding conformation and the
better the binding ability. Binding energies less than - 4.25 kcal- mol-1 suggest some ligand-receptor binding activity,
less than - 5.0 kcal- mol-1 good binding activity, and less than - 7.0 kcal- mol-1 strong binding activity [31]. The above
10 potential core active ingredients were docked with 5 potential core target proteins, and the results showed that all
the active ingredients had strong binding activity with TP53, SRC, STAT3, PIK3R1, AKT1, PD-1, PDL1, and especially
with AKT1 and PD-L1, except for huperzine, which had low binding activity with PD-1 receptor protein, as shown in Fig.
6a. The docking results with strong binding activity (<-9.60 kcal- mol-1) in Astragalus chasteensis(Fig. 6b) were
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visualized by PyMOL software to demonstrate the molecular docking technique to predict the binding ability of the
core components of "Astragalus-Ligustrum" to the target.

3.7 MD simulation analysis

The RMSD of all the atoms in the complex was varied with time (Fig. 7a), and the RMSD of the complex only
increased slightly at the beginning of the whole simulation process and stabilized around 5 ns; then there was a small
fluctuation between 10-15 ns, and it was speculated that the conformation of the small molecule and the protein had
changed due to the interaction, which made the binding between them more stable. The mean value of RMSD for the
whole process was 0.420 + 0.127 nm, indicating that the kinetic simulation was stable and reliable based on the force
field parameters, which could be used for further analysis. Figure 7b gives the Rg of the whole complex system with
the simulation time, and it can be found that the Rg of the whole system is relatively stable during the simulation, and
there is no obvious large fluctuation, and the average value of Rg is 2.849 + 0.033 nm during the whole process. The
SASA of the whole system was expanded due to the interaction between the external amino acid residues and the
solvent at the beginning of the simulation (Fig. 7c). The corresponding SASA became larger; then it started to decrease
and stabilize around 5 ns, indicating that the protein complex was basically stabilized in the solvent system at this
time. The overall SASA of the stabilized structure was smaller than the initial structure, and the structure of the
complex was more compact. The binding free energy between protein and small molecules (Table 2) was calculated
with the help of MM/PBSA method in the more stable 15-20 ns interval of RMSD. The total binding free energy
between small molecules and proteins is -142.486 kJ/mol, in which the electrostatic interaction of the system
including the electrostatic interaction under vacuum conditions and the polar solvation energy (AGele + AGPB) is
80.046 kJ/mol; the non-polar interaction can be used as the hydrophobic interaction energy, including the van der
Waals force interaction and the non-polar solvation free energy (AGvdw + AGPB). energy (AGvdw + AGnp) with -
222.532 kJ/mol for the non-polar interaction.

Table 2

Different Free Energy of Binding of Small Molecules to Protein
ltem Energy(kJ/mol) Delta
AGvdw(kJ/mol) -207.915 22.359
AGele(kJ/mol) -22.111 6.157
AGPB(kJ/mol) 102.157 17.110
AGnp(kJ/mol) -14.617 1.215
AGbind(kJ/mol) -142.486 15.209
AG vdw: van der Waals; AG ele: electrostatic energy; AGPB: gas phase basicity ; AGnp: non-polar solvation free
energies; AGbind: The binding free energies

Finally, the complex conformation after MD simulation was extracted and the interaction pattern between proteins was
analyzed in this paper (Fig. 8). The protein and small molecule can bind tightly to the target protein in the active
pocket through van der Waals, hydrophobic bonds and Pi bonds.

3.8 Survival curve analysis

The core genes of TP53, SRC, STAT3, PIK3R1, AKT1, PD-1, and PD-L1 screened by Cytoscape software were
introduced into the Kaplan-Meier Plotter (Fig. 9). PDCD1 and PD-L1 (CD274) genes were statistically significant (P <
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0.05) in relation to the overall survival rate. The overall survival rate of patients with low expression of TP53, SRC,
AKT1, PD-1 (PDCD1), and PD-L1 (CD274) was better than that of the high expression group, while the overall survival
rate of patients with high expression of PIK3R1 was better than that of the low expression group. To further
characterize the gene expression levels in lung cancer versus normal subjects, the GEPIA2 website was used to
analyze these five genes that may be associated with prognosis. TP53 had significant expression levels in lung
squamous carcinoma specimens compared with normal specimens, and PIK3R1 and PD-L1 had significant
differences in expression in both lung glandular and squamous carcinoma specimens (Fig. 10).

3.9 Immunohistochemical analysis

To further understand the differential expression of the key targets TP53, SRC, STAT3, PIK3R1, AKT1, PD-1, and PDL1
in lung cancer, validation of protein expression levels was tested. A search of the HPA database revealed that the
expression of the proteins encoded by these key target genes were significantly different in normal lung tissues and
lung tissues of lung cancer patients, as shown in Fig. 11. Among them, except for TP53, SRC, PD-1 and PD-L1, the
other three genes were expressed in normal lung tissues to different degrees. Compared with normal lung tissues,
PIK3R1 was lowly expressed in lung cancer tissues, while TP53, SRC, STAT3, AKT1, PD-1 and PD-L1 were expressed at
elevated levels. These results further suggest that the abnormal expression of these targets at the protein level may
have a relationship with the development of lung cancer.

4 Discussion

In this study, 28 active ingredients and 180 active ingredient targets were screened from the "Astragalus-Ligustrum’
drug pair. By analyzing the "drug-active-component-target" network, 10 components, including quercetin, kaempferol,
isorhamnetin, jaranol, methylnissolin, luteolin and eriodictyol, were identified as the main active components of
"Astragalus-Ligustrum" drug pair in the treatment of NSCLC. The results suggest that the active ingredients were
mainly flavonoids. Flavonoids are naturally occurring secondary metabolites, and more than 10,000 compounds have
been reported [32], which are safe and easy to obtain and have a wide range of pharmacological activities. Numerous
studies have shown that flavonoids have significant preventive and curative effects on many common cancers such
as lung, breast, and colon cancers, and are considered as potential candidates for new anti-cancer therapies [33].
Quercetin and kaempferol are the common active ingredients of Astragalus and Ligustrum. Quercetin is a flavonol
compound and an active ingredient in many herbal medicines with a wide range of anti-lung cancer mechanisms [34—
35]. Kaempferol has been shown to have various biological activities such as antioxidant, anticancer, anti-
inflammatory, atherosclerosis prevention, and protection of damaged cells [36—38]. In one study, kaempferol was
found to target and destroy the nuclei of A549 lung cancer cells when combined with gold nanoclusters [39].
Isorhamnetin, hualanganin, astragalus rosmarinicus chroman-7-ol, (3R)-3-(2-hydroxy-3,4-dimethoxyphenyl) chroman-7-
ol, 3,9-di-O-methylnisonic pea rosmarinicol, and 7-0-methyl-isomicroconvex sabinol are the active components from
Astragalus. It has been shown that isorhamnetin can inhibit the proliferation and induce apoptosis of NSCLC cells, and
its mechanism of action is related to the autophagic process[40]. Few studies have been reported on the rest of the
active ingredients related to lung cancer. In addition, lignocaine and sageol are the active components from Ligustrum.
Lignans significantly downregulated the expression levels of AIM2 mRNA and protein in NSCLC cells, thereby
inhibiting the activation of AIM2 inflammatory vesicles, inducing G2/M phase arrest in cancer cells, and suppressing
the EMT process to exert anti-tumor effects[41]. Sanguinarol exerted good antitumor effects on A549 human lung
cancer cells by inducing mitochondria-mediated apoptosis, G2/M cell cycle arrest and inhibition of m-TOR/PI3K/Akt
signaling pathway[42].
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Among the top 10 active ingredients ranked by degree value, 8 active ingredients attributed to Astragalus and 4 active
ingredients attributed to Ligustrum, indicating that "Astragalus-Ligustrum" drug pair plays a major role in the treatment
of NSCLC. In the PPI network, TP53, SRC, STAT3, PIK3R1 and AKT1 were identified as the core targets in the network,
which are the core targets of the "Astragalus-Ligustrum" drug pair in the treatment of NSCLC. TP53 is one of the first
oncogenes identified, and mutations of TP53 are found in more than 50% of human tumors, mainly missense
mutations[43, 44]. It has been reported that TP53-Mut is more common in squamous lung cancer than lung
adenocarcinoma, with a mutation rate of 65%, and is highly correlated with smoking[45, 46]. TP53 mutations
significantly increased immune checkpoint expression, activated effector T cells and increased interferon y levels, and
it is worth mentioning that the TP53/KRAS co-mutant subgroup showed increased PD-L1 expression and the highest
PD-L1+/CD8A +ratio[47]. SRC is a member of the SRC tyrosine kinase family, and aberrant Src activation is associated
with the development of several human tumors, including lung cancer, especially in adenocarcinoma, where SRC
kinase activity shows high levels and the degree of kinase activity increases with tumor enlargement [48]. The
association between SRC family kinase (SFK) member YES1 protein expression and The SFK inhibitor dasatinib acts
synergistically with anti-PD-1 to inhibit tumor growth in experimental models of NSCLC[49]. STAT3, an important
member of the signal transduction and transcriptional activator family, is a key signaling pathway molecule linking
inflammation and tumor, and STAT3-targeted therapies are now expected to be a promising clinical strategy [50]. The
AKT-STAT3 pathway is a downstream target of the EGFR signaling pathway, and Abdelhamed S et al found that
inhibition of AKT and STAT3 activity could downregulate PD-L1 expression in gefitinib-resistant NSCLC, suggesting
that STAT3 could be a potential therapeutic target for reversing acquired drug resistance in NSCLC[51]. PIK3R1, the
p85 regulatory subunit of phosphatidylinositol 3 kinase, is considered as a tumor suppressor and is under-expressed
in most tumors[52]. It is increasingly reported [53]that when PIK3R1 expression reduced in cancers such as lung and
breast cancer, phosphorylation of PI3K and AKT enhanced, leading to increased classical AKT signaling in these
tumorigenic phenotypes. AKT1 is one of the important isoforms of serine/threonine protein kinase, and studies
suggest that its expression is upregulated as an oncogene in NSCLC, which is closely related to tumor progression and
poor prognosis. It has been found [54]that the PI3K/AKT signaling pathway may affect the activity of immune cells in
the tumor immune microenvironment and negatively regulate the expression of PD-L1 in NSCLC cells, but further
studies are needed. In conclusion, TP53, SRC, STAT3, PIK3R1, AKT1 and other genes have been shown to be closely
related to the development of NSCLC, and it is assumed that the "Astragalus-Ligustrum" drug pair mainly exerts
regulatory effects through these targets to treat NSCLC. The molecular docking results showed that quercetin,
kaempferol, isorhamnetin, and isorhamnetin were all used in the treatment of NSCLC. The molecular docking results
showed that the core active ingredients such as quercetin, kaempferol, isorhamnetin, astragaloside, 7-O-methyl-
isoconvex sarcosol, lignan, sage phenol and TP53, SRC, STAT3, PIK3R1, AKT1, PD-1 and PD-L1 had strong binding
activities, which suggested that the results of this study were reliable.

The potential targets of "Astragalus-Ligustrum" drug pair for the treatment of NSCLC mainly involved protein
phosphorylation, enzyme-linked receptor protein signaling pathway, cellular response to growth factor stimulation,
transmembrane receptor protein tyrosine kinase signaling pathway and other biological processes through GO bio-
functional analysis. The enriched cellular fractions are mainly localized in the membrane raft and associated protein
kinase complex fractions and are predominantly involved in biological functions such as kinase binding and activity.
These biological processes are reflected in the targets and related pathways involved in drug resistance against
NSCLC. Among them, protein kinases are a class of phosphotransferases that mainly contribute to protein
phosphorylation, which is involved in most of the important life processes in cells. It has been demonstrated that
flavonoids have inhibitory effects on mitogen-activated protein kinases, cytokinin-dependent protein kinases, PI3K and
Akt/protein kinase B, thereby interfering with cell signaling, inducing apoptosis and inhibiting cancer cell proliferation,
promoting oncogene expression and suppressing oncogene expression[55, 56]. KEGG enrichment analysis revealed
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that KEGG enrichment analysis showed that “Astragalus-Ligustrum” drug pair treatment of NSCLC involves several
classical signaling pathways clearly associated with lung cancer, including PI3K-Akt, FoxO, PD-1/PD-L1, C-type lectin
receptor, TNF, IL-17, T-cell receptor, Toll-like receptor, NOD-like receptor, NF-kB, etc. The PI3K-Akt pathway is currently
one of the most important regulatory pathways in NSCLC and plays an important role in promoting NSCLC
proliferation and metastasis, inducing epithelial-mesenchymal transition (EMT), and influencing acquired drug
resistance in lung cancer [57-59]. There are many types of pathways in the entire KEGG database that are directly or
indirectly related to PI3K-Akt. Upon activation of PI3K-Akt signaling, it is transmitted to downstream pathways, leading
to the activation of a series of pathways, which include mTOR, VEGF, MAPK, FoxO, NF-kB, etc. PI3K-Akt can also be
activated by multiple upstream pathways, which PI3K-Akt can also be activated by multiple upstream pathways, and
these upstream signals can originate from PD-1/PD-L1, Toll-like receptors, B-cell receptors, JAK/STAT and other
signaling pathways, so PI3K-Akt signaling pathway can be downstream of multiple signaling processes, or it is a very
critical step of many signaling pathways. Another report showed that the PI3K-Akt pathway mediates immune escape
of tumor cells by affecting the activity of immune cells in tumor microenvironment and the expression of PD-L1, which
is involved in the formation of an immunosuppressive microenvironment [60]. The pathways mainly attributed to the
immune system in the present findings are PD-1/PD-L1, NOD-like receptors, C-type lectin receptors, Toll-like receptors,
T-cell receptors, and IL-17, and there are numerous studies showing that these pathways are closely related to the
development of NSCLC [61]. Besides, TNF is a classical inflammatory, tumor and immune-related signaling pathway,
and TNF-a may act as a tumor promoter gene, and in NSCLC TNF-a may regulate the cell cycle by activating the NF-«xB
signaling pathway, which in turn affects cell proliferation and apoptosis [62]. It is worth noting that these signaling
pathways are mostly related to immune response and inflammation, suggesting that the treatment of NSCLC disease
with "Astragalus-Ligustrum" drug pair may involve multiple pathways and targets, but focus on immune and
inflammatory aspects. In combination with core target analysis, TP53, SRC, STAT3, PIK3R1 and AKT1 also play
important roles in the PD-1/PD-L1 signaling pathway. Cancer immunotherapy is an increasingly successful strategy
for the treatment of patients with advanced or conventional treatment-resistant cancers, and T cells are key mediators
of tumor destruction, where they are critical for the specificity of tumor-expressed antigens. Based on this, further
study will subsequently focus on the mechanisms associated with the PD-1/PD-L1, the negative regulatory signaling
pathway for T cell activation.

In conclusion, 28 active ingredients and 180 active ingredient targets were screened from the "Astragalus-Ligustrum'
drug pair. 10 components, including quercetin and kaempferol were identified as the main active components in the
treatment of NSCLC. It affects protein phosphorylation, cellular response to growth factor stimulation and other
biological processes, regulates PI3K-Akt, PD-1/PD-L1 and other lung cancer-related pathways, and then intervenes in
the process of NSCLC. Further molecular kinetic results showed that the complex could bind to the target protein in the
active pocket through van der Waals, hydrophobic and Pi bonds between the protein and small molecules. The binding
activity between PD-L1 and the main active ingredient may be one of the important mechanisms of the anti-NSCLC
action of "Astragalus-Ligustrum” drug pair. The predicted results are close to the modern pharmacological research
results, which also support the feasibility of this study, and fit the holistic and systematic characteristics of Chinese
medicine. Given that this is only an exploration at the level of molecular mechanism, basic experiments still need to be
used subsequently to further validate its accuracy.
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Figure 1

The protocol of study procedures
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Figure 2

Venn diagram of “Astragalus—Ligustrum” drug pair in treatment of NSCLC

180 means the number of anti-NSCLC targets of “Astragalus-Ligustrum” drug pair
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Figure 3

Bioactive compound—-target network of "Astragalus-Ligustrum " drug pair

Green nodes: A represents Astragalus, L represents Ligustrum lucidum; The purple node: active ingredient; A-L
represents the common active ingredient of "Astragalus—Ligustrum " drug pair; Blue nodes represent NSCLC targets
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Figure 4

PPI network of "Astragalus—Ligustrum " combination in treatment of NSCLC

PPI:protein interactions; The magnitude of the degree value in the figure reflects the size of the node, and the color
gradient is related to the betweenness centrality. The thickness of the edge and the gradient of the color are adjusted
by the Edge betweennes and Combined score, respectively. The bigger the dot and the darker the color, the more of the
protein is associated with other proteins in the whole network, and the more important it is.

Page 21/27



BF

i
R

MF

Biological process L Cellular

PD-L1 expression and PD-1 checkpoint pathway in cancer
C—type lectin receptor signaling pathway -

IL-17 signaling pathway

TNF signaling pathway -

T cell receptor signaling pathway

Toll-like receptor signaling pathway -

FoxQ signaling pathway -

PI3K-Akt signaling pathway

NF-kappa B signaling pathway -

NOD-like receptor signaling pathway

Figure 5

GO enrichment analysis and KEGG pathways enrichment analysis (a)GO enrichment analysis of “Astragalus—
Ligustrum” drug pair in treatment of NSCLC; (b)KEGG pathways enrichment analysis of “Astragalus—-Ligustrum” drug

pair in treatment of NSCLC

count
L ]
® w
® w
®«

=log 10(pvalue)
-13
14
-15
~16
-17
-18

Page 22/27



& & 4 & b

N byt

B e ]

A
7 )
v -
] -
f'f{:?;’f
B

Luteolin-AKT1

Figure 6

Prediction of binding energies and Docking conformations

(a)Prediction of binding energies of active ingredients and key targets in "Astragalus—Ligustrum "; The vertical axis
represents the name of genes, and the horizontal axis represents the pathways. Each small block represents the signal
intensity of a gene expression in a bin, the darker the color, the stronger the signal intensity.

(b)Docking conformations of Quercetin, Kaempferol, Isorhamnetin and Luteolin with PD-L1 or AKT1
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Figure 7

Analysis of RMSD, RMSF, Rg, and SASA of the complex

(a) Changes of RMSD over simulation time; The vertical axis represents the changes of RMSD, and the horizontal axis
represents the change of time; (b) Changes of Rg over simulation time; The vertical axis represents the changes of Rg,
and the horizontal axis represents the change of time; (c) Changes of SASA over simulation time; The vertical axis
represents the changes of SASA, and the horizontal axis represents the change of time
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Combined mode diagram of small molecules and protein
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Figure 9

Survival curve and Protein expression of key targets in NSCLC or normal lung tissue

e
Expression (|
© low
high
0 o 10 o
Tiee | months)
" s 9 s 1

The vertical axis represents the survival rate, and the horizontal axis represents the observation time.
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Figure 10

Gene expression in LUAD, LUSC and normal lung tissue
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LUAD: lung adenocarcinoma; LUSC: lung squamous cell carcinoma
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Figure 11

Protein expression levels of key targets in normal lung tissue and lung cancer tissue
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