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A B S T R A C T

Aims: This study aims to screen the potential targets of tetrandrine (Tet) against pulmonary fibrosis (PF) based on
network pharmacological analysis, molecular docking and experimental verification.
Main methods: The network pharmacology methods were employed to predict targets, construct Tet-PF-
intersection target-pathway networks, and screen the candidate targets. The molecular docking was performed
using AutoDockTools1.5.6. TGF-β1-induced human lung adenocarcinoma A549 cells were used as an in vitro
experimental verification model, taking dexamethasone (Dex) as the positive control, to verify the effects of Tet
on the mRNA expression of the candidate targets.
Key findings: Six candidate targets were predicted based on network pharmacology and molecular docking, namely
PIK3CA, PDPK1, RAC1, PTK2, KDR, and RPS6KB1. The experimental verification results showed that Dex and Tet
presented quite different pharmacological effects. Specifically, compared with the model group, both Dex and Tet
(5 μМ) significantly increased the mRNA expression of PIK3CA and KDR (P < 0.001). Dex up-regulated the mRNA
expression of PDPK1 and RAC1, while Tet (1.25 μМ) down-regulated (P < 0.001). Dex up-regulated the mRNA
expression of PTK2, but Tet had no effect. Dex down-regulated RPS6KB1 mRNA expression, while Tet (5 μМ) up-
regulated (P < 0.01).
Significance: Combined with the results of theoretical calculation and experimental verification, and considering
the roles of these targets in the pathogenesis of PF, Tet might antagonize PF by acting on PDPK1 and RAC1. The
results of this study will provide scientific reference for the prevention and clinical diagnosis and treatment of PF.
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1. Introduction

Pulmonary fibrosis (PF) is a group of chronic progressive pulmonary
interstitial diseases. It belongs to the category of fibroproliferative dis-
eases and is in the final stage of interstitial lung diseases. In recent years,
the incidence rate and prevalence rate of PF have been increasing year by
year [1]. The prognosis of the disease is poor, and it is listed as a re-
fractory disease by the World Health Organization (WHO). The main
characteristics of the disease are the production of a large amount of
collagen due to the proliferation of pulmonary stromal cells, excessive
deposition of extracellular matrix components during the repair of lung
injury, the significant adverse changes of alveolar epithelial cell pheno-
type, and the differentiation of fibroblasts into myofibroblasts [2]. At
present, the clinically recognized treatment is the use of glucocorticoids,
antioxidants, immunosuppressants, and anti-fibrosis drugs (pirfenidone,
nidanib ethylsulfonate, etc.) [3, 4].
Figure 1. Workflow chart of network pharmacological a
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In addition to the above clinical drugs, we should also pay attention to
the potential value of natural products in anti-PF. Natural products refer
to the components or metabolites in animals and plants, marine organ-
isms and microorganisms, as well as many endogenous components in
humans and animals. Natural products are widely used in medicine,
health science, biology, pharmacy, etc. [5, 6]. Natural products have
been an important treasure house in new drug discovery. Recently, many
natural products with unique structure and promising pharmacological
potential for the treatment of PF have been reported [7, 8, 9].

Tetrandrine (Tet) is a bisbenzylisoquinoline-like alkaloid extracted
from the root of Stephamia tetrandra S.Moore. Clinically, it is often used to
prevent and treat arthritis, hypertension, tumor, silicosis (it has been
used to treat silicosis for 50 years), liver fibrosis, lung cancer and other
diseases because of its remarkable anti-inflammatory, analgesic, anti-
hypertensive, anti-fibrosis, and anti-free-radical pharmacological effects
[10, 11, 12, 13]. Besides, the latest research shows that natural com-
pounds and their derivatives may be used for developing potent
nalysis and experimental verification in this study.



Table 1. Databases used for pharmacological target screening of Tet and path-
ological target screening of PF.

Databases Websites

PubChem https://pubchem.ncbi.nlm.nih.gov/

ChemicalBook https://www.chemicalbook.com/ProductIndex.aspx

Swiss ADME http://targetnet.scbdd.com/

SwissTargetPrediction http://www.swisstargetprediction.ch/

TargetNet http://targetnet.scbdd.com/

UniProt https://www.uniprot.org/

GeneCards https://www.genecards.org/

DrugBank https://go.drugbank.com/

OMIM https://www.omim.org/

TTD http://db.idrblab.net/ttd/

DisGeNET https://www.disgenet.org/

STRING https://string-db.org/cgi/about

DAVID 6.8 https://david.ncifcrf.gov/

RCSB PDB https://www.rcsb.org/

Venny https://bioinfogp.cnb.csic.es/tools/venny/

Bioinformatics http://www.bioinformatics.com.cn/
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therapeutics with significant activity against SARS-COV-2, providing a
promising frontline of fighting the coronaviruses pandemic [14].

Although Tet has rich pharmacological effects, its mechanisms of
action on PF has not been fully explained. Network pharmacology is an
integrated approach that blends the disciplines of systems biology and
bioinformatics and network science to investigate the underlying mo-
lecular mechanisms between drugs and therapeutic targets [15]. Mo-
lecular docking is a computer-aided drug simulation technique based on
molecular structure that helps to predict the interactions that occur be-
tween molecules and biological targets by simulating molecular geome-
try and interaction forces to screen for the best way to bind small
molecule compounds (drugs) to largemolecule substances (proteins) [16,
17]. In this study, in order to further explore the underlying mechanisms
of Tet in the treatment of PF, the targets and pathways of Tet in the
treatment of PF based on network pharmacological analysis were pre-
dicted. Then, molecular docking simulation was performed between Tet
and possible targets screened by network pharmacology. Finally, the
above targets were verified by experiments, the workflow diagram for
this study was shown in Figure 1. The results of this study will provide
scientific reference for the basic research and clinical diagnosis and
treatment of PF.

2. Materials and methods

2.1. Databases

The databases used in this study were listed in Table 1.
2.2. Pharmacological target screening of Tet

The CAS number of Tet was retrieved from the ChemicalBook data-
base. The canonical SMILES string and 3D structure were downloaded
from the PubChem database and saved in "SDF" format. The 3D structure
was uploaded to the SwissTargetPrediction platform (Download Apr 20,
2021). Target prediction was carried out on TargetNet platform (Down-
load Apr 14, 2021) by using the canonical SMILES string. After stan-
dardized processing by UniProt database [18], the targets predicted by
the two databases were merged and the duplicate targets were deleted.
2.3. Pathological target screening of PF

With "pulmonary fibrosis" as the keyword, GeneCards (Download Apr
30, 2021), DrugBank (Download Apr 15, 2021), OMIM (Download Apr
3

14, 2021), TTD (Download Apr 23, 2021) and DisGeNET (DownloadMay
12, 2021) databases were used to predict the pathological targets of PF.
The targets obtained from the above five databases were normalized by
the UniProt database and duplicate values were removed.

2.4. Intersection target screening and protein-protein interaction network
construction

The Venny 2.1.0 online analysis tool was employed to analyze the
intersection of Tet pharmacological targets and PF pathological targets,
and draw the Wayne diagram. The above intersection targets were sub-
mitted to the STRING 11.0 database to construct the PPI network. In the
column of "multiple proteins", the organismwas set to "Homo sapiens", the
lowest interaction score was set to "highest confidence (0.900)", nodes
without connection in the network were set to hide, and other parame-
ters were set to the default values. The obtained data were downloaded in
TSV format and imported into Cytoscape 3.8.2 software for visualization
and analysis.

2.5. GO and KEGG analysis

The intersection targets of Tet pharmacological targets and PF path-
ological targets were imported into DAVID 6.8 database. The identifier
was set to "Official Gene Symbol", the list type was set to "Gene List", and
the species type was set to "Homo sapiens" for GO and KEGG analysis. The
top 20 entries were filtered according to the number of target genes and P
value. The "Bioinformatics" online platform was used for visualization
analysis.

2.6. Tet-PF intersection targets - pathway network construction

The network file (network.xlsx) and the attribute file (type.xlsx) were
created in an Excel spreadsheet. The Tet-PF intersection targets - pathway
network was constructed by using Cytoscape3.8.2 software. The network
topology analysis and centrality properties (including degree, closeness
centrality, and betweenness centrality) were employed by "Analyze
Network" in Cytoscape3.8.2 software.

2.7. Molecular docking

The targets with node degrees greater than the median were selected
to dock with dexamethasone (Dex) and Tet. The target protein structures
were downloaded from the RCSB PDB database, and the screening
principles were as follows. Firstly, the species was selected as "Homo
sapiens". Secondly, the source of the protein structure was obtained by X-
crystal diffraction. Thirdly, the resolution should be as high as possible
(Resolution: Best to Worst (Resolution <3Å)). Fourthly, the type of
polymeric entity should be protein. Fifthly, a composite crystal structure
containing the original ligand was required. The SDF format of Tet was
converted to Mol2 format using Open Babel. The PyMOL software was
used to remove the water molecules and small molecule ligands from the
target proteins downloaded from the PDB database. The Auto-
DockTools1.5.6 software was used to dock the target proteins with Dex
and Tet. The binding energy was calculated using AutoGrid. To improve
the accuracy of the calculation, the parameter "Number of GA Runs" was
set to 50, the Lamarckian Genetic Algorithm was employed as the output
method, and the rest were set to the default values. After setting the
above parameters, the molecular docking operation was executed.

Considering the accuracy of the docking method, it was processed
with a sampling algorithm, and its quantification index was the root-
mean-square deviation (RMSD) of the atomic positions. The ligands in
the crystal structures downloaded from the PDB database were extracted
using PyMOL software, after which the predicted ligand conformations
were extracted by re-docking the ligands to the protein molecules using
AutoDockTools1.5.6 software. The "align" tool of PyMOL was used to
analyze the difference between the predicted conformation and the
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Table 2. Primers used in RT-qPCR.

Gene GenBank accession number Primer Sequence (50-30) Product Size

GAPDH NM_01357943 Forward CAGGAGGCATTGCTGATGAT 138

Reverse GAAGGCTGGGGCTCATTT

E-cad NM_001317185 Forward CTGATTCTGCTGCTCTCTTGCTGTTTC 127

Reverse GGTCCTCTTCTCCGCCTCCTTC

Col-I NM_001200 Forward TCCCGACAGAACTCAGTGCTATCTC 102

Reverse GACACACCCACAACCCTCCACAAC

FN NM_001365522 Forward AGAGGCATAAGGTTCGGGAAGAGG 80

Reverse CGAGTCATCCGTAGGTTGGTTCAAG

PIK3CA NM_006218 Forward CGGTGACTGTGTGGGACTTATTGAG 111

Reverse TGTAGTGTGTGGCTGTTGAACTGC

PDPK1 NM_001261816 Forward TGTCCCAACACTCCCATCATCCCCTAG 80

Reverse CTTCGTCCTCCTCCTCACACTCCGTACTGCTCTATGTTGCTGCCTGAC

RAC1 NM_0018890 Forward TGTCCCAACACTCCCATCATCCCCTAG 143

Reverse ACAGCACCAATCTCCTTAGCCATG

PTK2 NM_001387644 Forward AGGCAGTATTGACAGGGAGGATGG 111

Reverse CGAGGCGGTTTCTTTGGTGGAG

KDR NM_002253 Forward AGGGAGTCTGTGGCATCTGAAGG 80

Reverse GTGGTGTCTGTGTCATCGGAGTG

RPS6KB1 NM_001272044 Forward TGCTGTGGATTGGTGGAGTTTGG 148

Reverse TCTGGCTTCTTGTGTGAGGTAGGG
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conformation in the original crystal and calculate the RMSD value. In
order to screen out the best conformation of molecular docking, the
screening threshold values of the binding energy and the RMSD value
were -5 kcal/mol and 2Å, respectively [19, 20]. Finally, PyMOL software
was used for visualization.

3. In vitro experimental verification

3.1. Materials

Dex and Tet were purchased from MedChemExpress Co., Ltd. Trans-
forming growth factor-β1 (TGF-β1) was purchased from PeproTech Inc.
RNAsimple Total RNA Kit, FastKing gDNA Dispelling RT SuperMix, and
RealUniversal Color PreMix (SYBR Green) were purchased from Tiangen
Biotech (Beijing) Co., Ltd. The PCR primers were synthesized by Sangon
Biotech (Shanghai) Co., Ltd. The primer sequences were shown in
Table 2.

3.2. Cell culture

Human lung adenocarcinoma A549 cells were cultured in DMEM
culture medium containing 10% fetal bovine serum and 1% penicillin-
streptomycin (complete medium) and incubated at 37 �C in a humidi-
fied 5% CO2 atmosphere.

3.3. Construction and characterization of TGF-β1-induced A549 fibrosis
model

The TGF-β1-induced A549 fibrosis model was established by referring
to the relevant literature [21]. Briefly, A549 cells at the logarithmic
growth stage were inoculated in 24-well-plates and incubated for 24 h,
followed by starvation treatment for 24 h. The culture medium was
discarded, and DMEM culture medium containing 3% fetal bovine serum
was added to the culture wells of the control group, while DMEM culture
medium containing 3% fetal bovine serum and TGF (5 ng/mL) was added
to the culture wells of the model group. After 48 h, the morphology of
cells was observed by inverted microscope. The cells of each group were
collected and the total RNA was extracted. The mRNA expression levels
of epithelial marker - E-cadherin (E-cad), interstitial markers - type I
collagen (CoL-I) and fibronectin (FN) were measured by RT-qPCR,
4

combined with the changes of cell morphology, to comprehensively
judge whether the cell fibrosis model was successful [22, 23].

3.4. Exposure experiment and measurement of relative gene expression
levels

A549 cells in logarithmic growth stage were inoculated into 24-well-
plates. The exposure groups were set as follows: the control group
(complete medium), the model group (5 ng/mL TGF-β1), Dex positive
control group (5 ng/mL TGF-β1 and 120 μg/mL Dex), Tet low dose group
(5 ng/mL TGF-β1 and 1.25 μМ Tet), Tet medium dose group (5 ng/mL
TGF-β1 and 2.5 μМ Tet), Tet high dose group (5 ng/mL TGF-β1 and 5 μМ
Tet). Cells were treated for 48 h. The treated cells were collected and the
total RNA was extracted. The mRNA expression levels of E-cad, Col-I, FN,
PIK3CA, PDPK1, RAC1, PTK2, KDR, RPS6KB1were detected by RT-qPCR.

3.5. Statistical analysis

The verification experiment was repeated three times. The relative
mRNA expression levels were calculated using the 2-△△CT method. The
data were expressed as mean � standard deviation (mean � SD). The
data were statistically analyzed using SPSS 25.0 and plotted using
GraphPad Prism8.0 software. The data were analyzed with one-way
analysis of variance (ANOVA) followed by the Post-Hoc LSD test. P <

0.05 was considered statistically significant difference.

4. Results

4.1. Screening results of Tet pharmacological targets

After screened by SwissTargetPrediction database, 105 targets were
obtained, and 59 targets were obtained after screened by TargetNet
database (with values greater than zero). After merging and deleting
duplicate values, 143 Tet pharmacological targets were finally obtained
(Supplementary Excel Table 1).

4.2. PF pathological target screening

After the prediction and analysis of GeneCards and DisGeNET data-
bases, 5440 and 924 PF pathological targets were obtained respectively.



Figure 2. Venn diagram of Tet pharmacological targets and PF patholog-
ical targets.

Table 3. The detailed information on the screened targets of PPI network.

Gene name Degree Gene name Degree

PIK3CA 24 PTK2 11

SRC 17 PRKCD 10

HSP90AA1 15 KDR 9

PDPK1 13 TBXA2R 9

RAC1 13 CHRM1 8

PRKCA 12 PRKCB 8

RPS6KB1 12 JAK2 7

Note: Only the top 14 targets in terms of degree value are listed here.
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Then, the targets corresponding to the values greater than or equal to the
median were further screened, and 2722 (score �3.68) and 199 (score
�0.064) PF pathological targets were obtained respectively. After the
prediction and analysis of DrugBank, OMIM, and TTD databases, 19475
and 5 PF pathological targets were obtained respectively. After merging
and deleting duplicate values, 2750 PF pathological targets were finally
obtained. The analysis results produced by Venny2.1.0 showed that there
Figure 3. PPI network of the pote
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were 84 Tet-PF intersection targets (Figure 2, Supplementary Excel
Table 1).

4.3. PPI network construction and analysis

There were 62 nodes (proteins) and 165 edges (indicating the rela-
tionship between proteins) in PPI network. The node area represented
the degree value of the node. The larger the node area, the greater the
corresponding degree value, indicating that the node was more impor-
tant, such as PIK3CA, SRC, HSP90AA1, PDPK1, RAC1, PRKCA, etc
(Figure 3, Table 3).

4.4. GO and KEGG analysis

Go analysis included biological process (BP), molecular function (MF)
and cellular component (CC). The results of BP analysis showed that the
ntial targets of Tet against PF.



Figure 4. Bubble diagram of GO analysis results of the potential targets of Tet against PF. Notes: Only the top 20 entries sorted according to P value (P < 0.05) and the
corresponding count value were listed. The size of the bubble indicated the number of targets enriched on this entry, and the color indicates P value.
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Figure 5. Bubble diagram of KEGG analysis results of the potential targets of Tet against PF. Notes: Only the top 20 entries sorted according to P value (P < 0.05) and
the corresponding count value were listed. The size of the bubble indicated the number of targets enriched on this entry, and the color indicates P value.

Figure 6. Tet-PF intersection targets - pathway network. Notes: The text box with yellow shading represented Tet-PF intersection targets. The text box with blue
shading represented the pathway. The area of the node represented the size of the degree value.

J. Li et al. Heliyon 8 (2022) e10201
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Table 4. Basic information on Tet-PF intersection targets.

Targets Full Name Degree

PIK3CA Phosphatidylinositol 4,5-bisphosphate 3-kinase catalytic
subunit alpha isoform

16

BAD Bcl2-associated agonist of cell death 12

PDPK1
(PDK1)

3-phosphoinositide-dependent protein kinase 1 9

RAC1 Ras-related C3 botulinum toxin substrate 1 8

PTK2 Focal adhesion kinase 1 7

KDR Vascular endothelial growth factor receptor 2 6

RPS6KB1 Ribosomal protein S6 kinase beta-1 6

DRD1 D(1A) dopamine receptor 5

HTR4 5-hydroxytryptamine receptor 4 5

JAK1 Tyrosine-protein kinase JAK1 5

ROCK2 Rho-associated protein kinase 2 5

INSR Insulin receptor 4

CSF1R Macrophage colony-stimulating factor 1 receptor 4

PTGER1 Prostaglandin E2 receptor EP1 subtype 4

XIAP E3 ubiquitin-protein ligase XIAP 4

CDK1 Cyclin-dependent kinase 1 3

JAK2 Tyrosine-protein kinase JAK2 3

CCNA2 Cyclin-A 3

TUBB2B Tubulin beta-2B chain 2

CYP2C19 Cytochrome P450 2C19 2

Table 5. Basic information of docking of Dex and Tet with the screened targets.

Targets PBD
ID

Degree (Dex/
Tet)

RMSD (Å)
(Dex/Tet)

Binding Energy (kcal/
mol) (Dex/Tet)

PIK3CA 6pys 16/16 1.444/0.001 -7.51/-8.35

PDPK1(PDK1) 5lvo 9/9 0.789/0.001 -7.86/-9.51

RAC1 5o33 8/8 1.530/0.000 -7.36/-8.54

PTK2 6yoj 7/7 0.841/0.001 -7.55/-8.51

KDR 2xir 6/6 1.038/0.001 -7.26/-7.77

RPS6KB1 3wf7 6/6 0.849/0.001 -8.48/-7.52

Notes: The determination of the above protein list was based on the degree value
(greater than 5) and the source of protein structure (from X-ray diffraction).
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above intersection targets involved 244 entries, including response to
drug, protein autophosphorylation, peptidyl-tyrosine phosphorylation,
vascular endothelial growth factor receptor signaling pathway, peptidyl-
tyrosine autophosphorylation, etc. There were 60 entries related to MF,
which were mainly involved in ATP binding, transmembrane receptor
protein tyrosine kinase activity, protein kinase activity, protein tyrosine
kinase activity, protein serine/threonine kinase activity, etc. There were
35 entries related to CC, which were mainly located in plasma mem-
brane, integral component of plasma membrane, cell surface, receptor
complex, cytosol, etc. The top 20 entries of BP, MF, and CC were sorted
according to P value (P < 0.05) and count value, and bubble diagrams
were drawn with the "Bioinformatics" online platform (Figure 4).

KEGG analysis results showed that 84 Tet-PF intersection targets
involved 83 pathways, mainly including PI3K-AKT signaling pathway,
pathways in cancer, focal adhesion, proteoglycans in cancer, and cAMP
signaling pathway, etc (Figure 5).

4.5. Tet-PF intersection targets - pathway network

Figure 6 showed Tet-PF intersection targets - pathway network built
by Cytoscape3.8.2. The results of KEGG pathway analysis showed that a
total of 59 targets were involved in the top 20 pathways. Further analysis
showed that a total of 20 intersection targets were involved. The larger
the node area, the greater the degree value, which means that the more
nodes connected to this node, the more important regulation role of this
node in the network. There were 41 nodes (20 targets, 20 pathways, 1
compound) and 113 edges in this network. Among these 20 targets, the
more important targets for network regulation included PIK3CA, BAD,
PDPK1, RAC1, PTK2, RPS6KB1, etc (Table 4).

4.6. Molecular docking

According to the network topology analysis data, the median of the
potential targets was 5. Considering both the degree value (greater than
5) and the source of protein structure (from X-ray diffraction), 6 key
target proteins (PIK3CA, PDPK1, RAC1, PTK2, KDR, RPS6KB1) were
screened. The molecular docking results showed that the calculated
RMSD values of small molecules (Dex and Tet) docking with the active
sites of these 6 proteins were less than 2 Å, suggesting that the above
8

docking results had good reproducibility. The binding energies of the
above docking were all less than -5.0 kcal mol�1, indicating that the
ligand molecule binds well to the receptor protein (Table 5). The visual
analysis results showed that Dex and Tet might bind to the amino acids
near the active sites through hydrogen bond (Figures 7 and 8).
4.7. Verification experiment

4.7.1. Identification of in-vitro model of PF
Microscopic examination showed that A549 cells in the control group

appeared cobblestone-like while the cells became elongated and shuttle-
shaped in the TGF-β1 treatment group (Figure 9). The results of RT-qPCR
showed that the mRNA expression of E-cad in the TGF-β1 treatment group
was decreased to 62% (P < 0.05), while the mRNA expression of Col-I and
FN was increased to 3.52-fold and 1.57-fold (P < 0.01) compared with the
control group. These results indicated that the exposure of TGF-β1 (5 ng/mL)
for 48 h could induce EMT in A549 cells (Figure 10).

4.7.2. Effect of Dex and Tet on the relative mRNA expression of E-cad, Col-I
and FN in TGF-β1-induced A549 cells

Compared with the TGF-β1 treatment group, the mRNA expression of E-
cad in Dex group was increased to 8.64 times (P< 0.001), while the mRNA
expression levels ofCol-Iand FNwas decreased to 50%and 23% respectively
(P < 0.001). The results in Tet group were similar. Taking Tet low dose
group as an example, the mRNA expression of E-cad was up-regulated to
3.06 times (P < 0.001), while the mRNA expression of CoL-I and FN were
down-regulated to 52% and 14%, respectively (P < 0.001) (Figure 11).

4.7.3. Effect of Dex and Tet on the mRNA expression of the selected targets
in A549 cells

4.7.3.1. The mRNA expression of PIK3CA and KDR. Compared with the
control group, the mRNA expression of PIK3CA and KDR in the model
group were up-regulated (P < 0.01). Compared with the model group,
the mRNA expression of PIK3CA and KDR in Dex group were up-
regulated to 3.91-fold and 2.45-fold, respectively (P < 0.001). The re-
sults of Tet group were similar. Taking Tet high dose group as an
example, the mRNA expression of PIK3CA and KDR were up-regulated to
3.38-fold and 2.36-fold, respectively (P < 0.001) (Figure 12A,B).

4.7.3.2. The mRNA expression of PDPK1. Compared with the control
group, the mRNA expression of PDPK1 in the model group were down-
regulated (P < 0.001). Compared with the model group, the mRNA
expression of PDPK1 in Dex group was up-regulated to 197.54-fold (P <
0.001), while the expression in Tet low dose group was down-regulated
to 0.31-fold (P < 0.001), and there was no significant difference in other
Tet groups (Figure 12C).

4.7.3.3. The mRNA expression of RAC1. Compared with the control
group, the mRNA expression of RAC1 in the model group was increased
(P < 0.001). Compared with the model group, the mRNA expression of



Figure 7. Molecular docking diagram of Dex to the screened targets.
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RAC1 in Dex group was up-regulated to 1.19-fold (P < 0.05), while
the expression in Tet group was down-regulated (P< 0.01) (Figure 12D).

4.7.3.4. The mRNA expression of PTK2. Compared with the control
group, the mRNA expression of PTK2 in the model group was increased
(P < 0.001). Compared with the model group, the mRNA expression of
PTK2 in Dex group was up-regulated to 1.73-fold (P < 0.001), while the
expression in Tet group was not statistically significant (Figure 12E).
9

4.7.3.5. The mRNA expression of RPS6KB1. Compared with the control
group, the mRNA expression of RPS6KB1 in the model group was
increased (P < 0.001). Compared with the model group, the mRNA
expression of RPS6KB1 in Dex group was down-regulated to 0.67-fold (P
< 0.05), while the expression in Tet medium and high dose groups were
up-regulated 1.42-fold and 1.88-fold, respectively (P < 0.05)
(Figure 12F).



Figure 8. Molecular docking diagram of Tet to the screened targets.
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5. Discussion

5.1. Natural products as powerful tools against PF

PF refers to a group of interstitial lung diseases. Pathologically,
persistent inflammatory injury of lung tissue causes repeated destruction,
repair and excessive deposition of extracellular matrix, and thus leads to
the destruction of normal lung tissue structure and loss of function. At
10
present, the prevalence and mortality of PF is increasing. Taking idio-
pathic pulmonary fibrosis as an example, the estimated the adjusted
global incidence and prevalence of IPF to be in the range of 0.09–1.30
and 0.33–4.51 per 10000 persons, respectively [24]. The exact mecha-
nism is not completely clear, and there is a lack of specific and effective
treatment in clinic.

As a huge resource treasure-house, natural products have become an
important source of modern drug research and development. In recent



Figure 9. TGF-β1 (5 ng/mL) exposure for 48 h induced distinct morphological changes in A549 cells (200�).

Figure 10. The mRNA expression of E-cad, Col-I and FN in A549 cells after TGF-
β1 (5 ng/mL) exposure for 48 h. Notes: The asterisk indicated that there was a
significant difference compared with the control group (*P < 0.05, **P < 0.01,
***P < 0.001).
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years, many natural products, such as Tet, have been reported to have
anti-PF effects [25]. Finding active monomers with clear pharmacolog-
ical effects from natural products, clarifying the mechanism of action and
treating the multi-level characteristics of PF can give full play to the
multi-target treatment advantages of natural products. Therefore, in this
study, the underlying mechanism of Tet against PF was studied based on
network pharmacology, molecular docking and experimental
verification.

Network pharmacology analysis can provide as many possibilities as
possible. Molecular docking can theoretically verify the clues obtained in
network pharmacology analysis. The experimental verification can
further confirm the candidate molecules obtained in network pharma-
cology and molecular docking research. Using the progressive and
funnel-shaped research paradigm of the combination of network phar-
macology, molecular docking and verification experiment can not only
avoid the "castle in the air" -like conclusion of pure theoretical research,
but also avoid "The Blind Men and the Elephant" -like conclusion of pure
experimental research.
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5.2. The results of network pharmacology and molecular docking suggest
the candidate targets of downstream experimental verification

In this study, based on the network pharmacology method, the
intersection targets of Tet pharmacological targets and PF pathological
network targets were screened, and 6 candidate molecules were ob-
tained, namely PIK3CA, PDPK1 (PDK1), RAC1, PTK2, KDR and RPS6KB1.
The molecular docking method was used to theoretically verify the
possibility of Tet acting on the protein molecules encoded by these tar-
gets. The results showed that Tet could stably bind to these 6 molecules,
suggesting that Tet may produce the anti-PF effect by acting on these
targets. Finally, TGF-β1-induced A549 cells were used as the in vitro
experimental verification model, the effects of Tet exposure on the above
targets were studied from mRNA expression level.

5.3. Selection of positive control in validation experiment, and the effects of
Dex and Tet on the relative mRNA expression levels of EMT markers

A large number of studies have confirmed that TGF-β1 can down-
regulate E-cad (epithelial marker) expression, and up-regulate Col-I
and FN (interstitial markers) expression, induce extracellular matrix
deposition, and thus affect the progression of PF [26, 27, 28]. A549 cells
are basal epithelial cells of human alveolar adenocarcinoma, belonging
to type II alveolar epithelium. It is a commonly used cell model to study
the molecular mechanism of EMT. Therefore, in this study, TGF-β1-in-
duced A549 cells were used as a model for in vitro experimental
verification.

Dex is a synthetic glucocorticoid, which has the effects of anti-
inflammatory, improving vascular permeability and immunosuppres-
sion. It is widely used in clinic and can prevent the occurrence and
development of PF. Some studies have shown that Dex can reduce
bleomycin-induced PF in mice via TGF- β, Smad3 and JAK-STAT
signaling pathways [29]. Therefore, Dex was selected as the positive
control in this study. Compared with the model group, Dex and Tet
up-regulated the mRNA expression level of E-cad and down-regulated the
mRNA expression levels of Col-I and FN, suggesting that both Dex and Tet
could suppress EMT in epithelial cells by up-regulating the epithelial
markers and down-regulating the mesenchymal markers, so as to play an
anti-PF role [30, 31].

5.4. Different effects of Dex and Tet on the relative mRNA expression levels
of key regulatory genes in TGF-β1-induced A549 cells

Phosphatidylinositol-3 kinase catalytic subunit α (PIK3CA) gene en-
codes class I PI3K catalytic subunit P110α protein. PIK3CA has been
identified as an oncogene. PIK3CAmutation will increase kinase activity,
then continue to stimulate downstream AKT, activate PI3K/AKT
signaling pathway, and eventually increase cell invasion and metastasis.
In this study, TGF-β1 stimulation up-regulated the expression level of
PIK3CA in A549 cells. Similarly, Song et al. found that TGF-β1 increased



Figure 11. The mRNA expression of E-cad, Col-I, and FN in TGF-β1-induced A549 cells by Dex and Tet. Notes: The asterisk indicated that there was a significant
difference compared with the control group (*P < 0.05, **P < 0.01, ***P < 0.001), and the asterisk indicated that there was a significant difference compared with
the TGF-β1 treatment group (#P < 0.05, ##P < 0.01, ###P < 0.001).
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the expression of PIK3CA and PIK3CB in mouse primary lung telocytes,
while decreased the expression of PIK3CD and PIK3CG [32]. KDR/Flk-1
tyrosine kinase, one of the two vascular endothelial growth factor (VEGF)
receptors, induces mitogenesis and differentiation of vascular endothelial
cells [33]. The up-regulated expression level of VEGF/VEGFR
(KDR/Flk-1) was related to the increased number of pulmonary micro-
vessels and degree of PF [34]. Chen et al. found that Tet could effectively
suppressed the growth of and induced apoptosis in A549 cells. ELISA and
Western blotting results showed that Tet significantly up-regulated the
protein expression of PARP, Bax, intercellular adhesion molecule-1
(ICAM-1) and VEGF, while significantly suppressed the phosphoryla-
tion of Akt and protein expression of HIF-1α, suggesting that Tet might
suppress A549 cell viability and induce apoptosis via the VEGF/-
HIF-1α/ICAM-1 signaling pathway [35]. In this study, both Dex and Tet
(5 μМ) up-regulated the expression levels of PIK3CA and KDR. Taking the
roles of the above two molecules in the pathogenesis of PF, these effects
are considered to be secondary effects.

Phosphatidylinositol 3-kinase/phosphatidylinositide-dependent pro-
tein kinase 1 (PDPK1)/Akt signaling plays a critical role in activating
proliferation and survival pathways in PF. Chen et al. reported that the
protein levels of matrix metalloproteinases 9 (MMP-9), phosphorylated
PI3K, PDK1, Akt and NF-κB in human renal cell carcinoma 786-O and
769-P cells were markedly reduced after Tet treatment [36]. A more
powerful evidence was that targeting inhibition of HIF-1α/PDK1 axis
could significantly reduce bleomycin induced PF [37], which was basi-
cally consistent with the results of low-dose-Tet intervention in this study.

Rac1, a member of Rho GTPase superfamily, plays an important role
in the pathogenesis of PF. The mitochondrial import and direct electron
transfer from cytochrome c to Rac1 modulates mitochondrial H2O2
production in alveolar macrophages, and Rac1 null mice fail to develop
PF [38, 39]. Osborn-Heaford et al. employed alveolar macrophages from
normal volunteers and patients with IPF and asbestosis, bleomycin
(1.3–2.0 U/kg) or chrysotile (100 μg) intratracheally administered Rac1
null and Rac2 knockout mice, and human THP-1 macrophages as
experimental materials, and found that targeting the isoprenoid pathway
to alter Rac1 geranylgeranylation could halt the progression of PF after
lung injury [40]. Studies showed that cigarette smoke extract could
up-regulate the mRNA and protein expression of Rac1, and thus induce
12
EMT in A549 cells [41]. Similarly, in this study, TGF-β1 exposure
up-regulated the mRNA expression of Rac1 in A549 cells, while Tet
exposure down-regulated, suggesting that this molecule might be one of
the target for Tet to play an anti-PF role.

P70S6K1 is a serine/threonine kinase encoded by RPS6KB1. It is the
downstream target of mTOR. The phosphorylation of mTOR can cause its
activation, so as to further mediate downstream molecular biological
events, including but not limited to promoting the pathogenesis of PF. The
research showed that mTOR overactivation in alveolar epithelial cells and
compromised autophagy in the lungs are involved in the pathogenesis of
PF [42], and targeting the S6K pathway selectively modified the pro-
gression of PF in the subpleural compartment of the lung [43]. Similarly, in
this study, TGF-β1 exposure up-regulated the mRNA expression of
RPS6KB1 in A549 cells. Dex exposure down-regulated the mRNA expres-
sion of RPS6KB1, while Tet up-regulated, suggesting that this molecule
might be one of the target for Dex (but not for Tet) to play an anti-PF role.

Taken together, even though Dex and Tet have similar efficacy, they
show similar but different effects on the candidate targets of anti-PF
screened by network pharmacology and molecular docking. Consid-
ering the roles of these molecules in the pathogenesis of PF, Tet might
exert the anti-PF effect by acting on PDPK1 and RAC1.

6. Conclusion and perspectives

In this study, network pharmacology, molecular docking and verifica-
tion experiment were used to reveal the underlying mechanisms of Tet in
the pathogenesis of PF. The results showed that Tet might exert its anti-PF
effect by affecting PDPK1 and RAC1. The results of this study will provide
scientific reference for the basic research and clinical treatment of PF.

Before carrying out this research, we designed a broad-brush outline
on the basis of consulting relevant literature and classic bibliographies.
Further, on the basis of the results of the pre-research, wemade necessary
adjustments, such as the selection of the network pharmacology data-
base, the determination standard of differential expression indicators, the
basis for the selection of indicators in the experimental verification, etc.
The adjusted road map was taken as the final road map.

To sum up, this study did not fully comply with the published tech-
nical roadmap of a certain study. But according to the research needs, on



Figure 12. The mRNA expression levels of the screened targets in TGF-β1-induced A549 cells by Dex and Tet. Notes: The asterisk indicated that there was a significant
difference compared with the control group (*P < 0.05, **P < 0.01, ***P < 0.001), and the asterisk indicated that there was a significant difference compared with
the TGF-β1 treatment group (#P < 0.05, ##P < 0.01, ###P < 0.001).
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the basis of following the basic network pharmacological analysis and
experimental verification research strategy as a whole, some adjustments
in line with the specifications have been made.

In the experimental verification, this study uses the human lung
adenocarcinoma A549 cell model, which is widely used in the study of
the injury effects and molecular mechanisms of respiratory system
caused by numerous exogenous factors. In terms of the research results,
we can answer from a profile how Tet antagonizes the EMT promoting
effect caused by TGF-β1 to a certain extent.

In order to further understand the molecular mechanism of Tet
reversing EMT, we plan to use mouse modeling to explore the in vivo
pharmacological effect of Tet.
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