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Objective. Yifei Sanjie Formula (YFSJF) is an effective formula on pulmonary fibrosis (PF), which has been used in clinic for more
than 30 years. In order to investigate the molecular mechanism of YESJF in treating PF, network pharmacology was used to predict
the cooperative ingredients and associated pathways. Methods. Firstly, we collected potential active ingredients of YFSJF by
TCMSP databases. Secondly, we obtained PF-associated targets through OMIM and Genecards database. Finally, metascape was
applied for the analysis of GO terms and KEGG pathways. Results. We screened out 76 potential active ingredients and 98
associated proteins. A total of 5715 items were obtained by GO enrichment analysis (P < 0.05), including 4632 biological processes,
444 cellular components, and 639 molecular functions. A total of 143 related KEGG pathways were enriched (P < 0.05), including
IL-17 signaling pathway, T cell receptor signaling pathway, TNF signaling pathway, calcium signaling pathway, TH17 cell
differentiation, HIF-1 signaling pathway, and PI3K-Akt signaling pathway. Conclusion. YESJF can interfere with immune and
inflammatory response through multiple targets and pathways, which has a certain role in the treatment of PF. This study lays a

foundation for future experimental research.

1. Introduction

Pulmonary fibrosis (PF) is a common and irreversible
pathological outcome of many chronic lung diseases, which
is characterized by progressive alveolar epithelial injury and
abnormal repair. In recent years, the incidence rate and
mortality rate of PF are increasing [1]. It is reported that the
annual incidence rate of the disease is 4.6~16.3 per 100,000
and the prevalence rate is 13~20 per 100,000 [2]. At present,
the pathogenesis of PF is not completely clear. The main
clinical treatment can be made with glucocorticoids, im-
munosuppressants, antioxidants, and biological agents [3].

However, these drugs cannot effectively reverse the devel-
opment of PF and bring multiple side effects to some extent.
Therefore, it is necessary to explore other treatments in order
to both control the symptoms of the patients and extend
their life span.

Yifei Sanjie Formula (YFSJF) is an effective formula in
treating PF, which is authorized by professor Qingshen Li, a
famous physician of traditional Chinese medicine in
Yunnan Province. The formula is based on Yupingfeng
formula, which is composed of Sangbaipi (Mori Cortex),
Zhebeimu (Fritillariae Thunbrgii Bulbus), Jiezi (Sinapis Se-
men), Ezhu (Curcumae Rhizoma), and Sanqgi (Panax
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Notoginseng (Burk.) F. H. Chen Ex C. Chow). In the whole
formula, drugs are compatible with each other to achieve the
effects of tonifying qi, eliminating phlegm and removing
blood stasis. The preliminary research of the research group
confirmed [4, 5] that the formula can promote the meta-
bolism and absorption of extracellular matrix such as col-
lagen fibers and then alleviate the development of PF.
Modern pharmacological studies have found that most of
Chinese medicine in YFSJF can alleviate PF by improving
autoimmune function [6], relieving excessive inflammation,
inhibiting apoptosis, and reducing collagen deposition [7].
However, the specific mechanism needs to be further
studied.

Network pharmacology is based on high-throughput group
data analysis, computer virtual computing, and network da-
tabase retrieval [8]. The relationships between components,
proteins, and related pathways are expounded on the whole as
well as explained their material basis and functions mechanism
[9]. Therefore, the application of network pharmacology to the
study of the mechanism of action of TCM has unique ad-
vantages and great potential for development. In this study,
network pharmacology was used to obtain the main ingredi-
ents, potential targets and pathways of YFSJF in the treatment
of PF. The detailed workflow is shown in Figure 1.

2. Materials and Methods

2.1. Collection of Potential Active Ingredients and Associated
Targets. The active ingredients and corresponding targets of
YESJF were collected from Traditional Chinese Medicine
Systems Pharmacology database [10] (TCMSP database,
https://tcmspw.com/tcmsp.php) under the conditions of
oral bioavailability (OB) >30% and drug-like (DL) >0.18.
The targets data in the TCMSP database were collected from
the DrugBank database [11] (https://www.drugbank.ca/).
The UniProt database [12] (https://www.uniprot.org/) was
utilized to convert the obtained target names of YESJF to the
gene names.

2.2. Construction of the YFSJF-Active Ingredient-Action
Target Network. The active ingredients in YFSJF and their
corresponding gene names were import into Cytoscape
software [13] (version3.7.1, http://www.biostars.org/p/
260759) to construct the YFSJF-active ingredient-action
target network and were analyzed with the tool Network
Analyzer.

2.3. Prediction of Potential Targets of PF Treated by YFSJF.
The GeneCards database [14] (https://www.genecards.org/)
and the Online Mendelian Inheritin man database [15]
(OMIM, https://omim.org/) provide functional information
for all known and putative human genes. Using the “PF” as
the keyword, the species was designated as “Homo sapiens
(Human)” to obtain the associated targets of the disease.
The targets associated with the ingredients of YFSJF and
those associated with PF were analyzed with the Venn di-
agram package in R Program, and a Venn diagram was
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made. The intersection of the targets both from the two
groups was served as the potential targets of YESJF on PF.

2.4. Construction Target-Disease Network. In order to get a
better understanding of diseases related to YFSJF, the po-
tential targets were projected to the Therapeutic Target
Database [16] (TTD, http://db.idrblab.net/ttd/) to collect
their corresponding diseases. Then, diseases were classified
into groups according to the Medical Subject Headings
Browser [17] (MESH Browser, https://www.ncbi.nlm.nih.
gov/mesh/?term=). Finally, target-disease network was
constructed based on potential targets and their corre-
sponding diseases. The importance of nodes with “Degree”
was constructed with Network Analyzer.

2.5. Construction YFSJF-PF PPI Core Network. The obtained
potential targets were imported to the STRING database [18]
(https://string-db.org/), the protein species was set as
“HOMA sapiens”, and the minimum interaction threshold
was set as “medium confidence” (>0.4). Next, Network
Analyzer was used to evaluate the importance of the nodes
with “Degree”. The final network was constructed based on
the nodes with positive degree, and then, the network was
exported to an image.

2.6. Enrichment of Gene Ontology (GO) and Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) Pathway. The potential
targets of YFSJF on PF were introduced into the Metascape
[19] (https://metascape.org/gp/index.html#/main/stepl) for
enrichment analysis. P <0.05 was accepted to obtain main
GO and KEGG pathways, and the first 20 pathways were
screened out. Afterwards, Cytoscape software was used to
analyze the enrichment of GO and KEGG pathways for
potential targets, and the relationship between potential
targets and biological functions or disease-related pathways
was screened out and visualized.

3. Results

3.1. Information of Potential Active Ingredients and Their
Targets in YFSJF. A total of 76 active ingredients of YFSJF
with OB >30% and DL >0.18 were obtained from the
TCMSP database. Among them 20 ingredients were from
Hedysarum Multijugum Maxim (HMM), 11 from Sap-
oshnikoviae Radix (SR), 7 from Atractylodes Macrocephala
Koidz (AMK), 7 from Fritillariae Thunbrgii Bulbus (FTB), 3
from Sinapis Semen (SS), 24 from Mori Cortex (MC), 8 from
Panax Notoginseng (Burk.) F. H. Chen Ex C. Chow (PN), and
3 from Curcumae Rhizoma (CR) (Supplementary Table 1).
All active ingredients were entered into the TCMSP data-
base, and a total of 141 targets were found. Then, a visual
YES]JF-active ingredients target network was constructed by
using Cytoscape3.7.1 (Figure 2), containing 236 nodes and
1552 edges, and showed that the mean degree of candidate
ingredients was 16.01. Among them, 31 ingredients were
with degree value higher than 16.01. The top 10 active in-
gredients in degree value are as shown in Table 1. Especially,
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FIGURE 2: The drug-component-action target network. Composited of 1 Formula (purple), 3 efficiency (green), 8 Chinese medicinal

materials (red), 76 compounds (yellow), and 141 targets (blue).

quercetin, kaempferol, and beta-sitosterol act on 88, 56 and
52 targets, respectively, which were located in the center of
the drug-component-action target network and therefore
are representative active ingredients of YFSJF. As for the
targets, ESR, AR, PTGS2, F2, and PPPARG were targeted by
62, 57, 51, 42, and 42 compounds of YFSJF, respectively,

which indicated that these targets might be largely involved
in the underlying action mechanisms of YFSJF.

3.2. Protein Interaction Network (PPI) and Core Network
Analysis. Through GeneCards and OMIM database, a total
of 6059 PF disease targets were obtained. Through the Venn
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TaBLE 1: Top 10 basic information of ingredients in YFSJF by their degree values.
2D . L
MOL Id Molecule name Degree OB DL . Chinese medicine
structure
MOL000098 Quercetin 88 4643 027 Hedysarum Multijugum Maxim
MOL000422 Kaempferol 56  41.88 0.24 Hedysarum Multijugum Maxim
MOL000358 Beta-sitosterol 52 3691 075 ! d Fritillariae Thunbrgii Bulbus
MOL000378 7-O-Methylisomucronulatol 48  74.69 0.29 Hedysarum Multijugum Maxim
. Panax Notoginseng (Burk.) F. H.
MOL000449 Stigmasterol 45  43.83 0.75 Chen Ex C. Chow
1
MOL000354 Isorhamnetin 37 49.60 030 % Hedysarum Multijugum Maxim
|
1
MOL000392 Formononetin 37 69.67 0.21 S0 Hedysarum Multijugum Maxim
|
MOL000371 3,9-Di-O-methylnissolin 36 53.71 0.48 None Hedysarum Multijugum Maxim
1
MOL000296 Hederagenin 35 3691 075 % Curcumae Rhizoma
|
MOL0003g0  (03R> 11aR)-9, 10-Dimethoxy-6a, Lla-dihydro-6H- 55 ¢\ 5 47 None  Hedysarum Multijugum Maxim
benzofurano [3, 2-c] chromen-3-ol
*Cited from the DrugBank database.
diagram package in R Program, the 6059 disease targets and
the 141 active ingredient targets were used to draw a Venn
diagram. And 98 overlpped targets were obtained for both
(Figure 3). In order to study the interaction between the S0l o8 "
potential targets in vivo and find the key targets, the 98
overlapped targets were analyzed based on the String da-
tabase. The genes corresponding to the target proteins were
input to the String database, and a total of 98 nodes and 806
PF YFSJF

edges with an average degree of 16.4 (Figure 4) were ob-
tained. Through the Network analyzer tool, we analyzed the
network that the node was bigger and the color was redder
and the degree of the protein was larger (Figure 5).
According to the Figure 5, IL6, TNF, VEGFA, TP53,
MAPKI, JUN, and EGF are the main targets of the active
ingredients of YFSJF. It was suggested that the mechanism of
YESJF for treating PF was closely related to these core
targets. In summary, YFSJF played a cooperative role in
treating PF through multiple potential targets.

3.3. Target-Disease Network of YFSJF. Target-disease (T-D)
network was constructed based on the potential targets and
corresponding diseases. As shown in Figure 6, T-D network
included 156 nodes (75 targets, 71 target-related diseases,
and 10 disease categories) and 181 target-disease

FIGURE 3: Venn diagram of targets of PF treated by YESJF. A total
of 98 overlapped genes between the YFSJF and PF were obtained.

interactions. The 71 diseases can be classified into 10 groups
according to the MeSH Browser. Most of the collected
diseases belonged to neoplasms (18/71), followed by car-
diovascular diseases (12/71), immune system diseases (10/
183), and respiratory diseases (6/71), which suggested that
YESJF might act on multiple diseases. Moreover, PF is the
common pathological outcome of many chronic lung dis-
eases, and the results showed that the potential targets were
related to respiratory diseases including asthma, acute
asthma, bronchus asthma, coronavirus disease 2019 (covid-
19), respiratory disease syndrome, chronic obstructive PF,
and adult respiratory disease syndrome. The above results
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FIGURE 4: The protein-protein interaction (PPI) network.

Tap— P CHBKT ycngas
FQ REL2
BGL2 \ \ GSIM1

RXRB N \ 3 RXRA

GSK3B \ \ { SL@BA3
LT —— 3 \ PIKBCG

: ABR

a Ve dl \P | W1 SAK1

PT@S1 ‘ - VE‘A i3 y m4\‘:,'-_,' I [ ATPSB
P LTS RS IR A

EQR@=3t=7 p 3 ; AN CHRM3
MIP3 P S\ PPERG
< LS w1 e
PPRBCA ¥ / 5‘-{‘33‘ vo7a DRP4
MNP £/ . '!\_ ’ ) .
CHRNAT " A / Uit ) / CwsD
) . VAN Y @ ¢
N@O1 .0 |
oodde O ,;* _“. L __,"l ‘wl '.D CHRM2
'y A by 2

coudle VC’JY.A4 3 F“' CR jcbtz | A .

- N + 4 L
CYRIAZ PLEAU ,C&M - MADB
L2 } OPRM1 Wt W 0 P o D ADRA2C
NREC2 ADRB2 e Hty s HIR2A DRD1
HSRAS - ~GUA1
OPROD1 GFIR sgpe AGHE =
SULTIET N A e ADOYAP1
GABRA1 19 ; \ l ADRA2A
ADRATA onc1
ADRA1B

MBT
PQ‘PRI‘CA SOMSA KCIH?PTcRa

F1GURE 5: The bar plot of the protein-protein interaction (PPI) network. The node size and color represent the importance of the node in the
network.



Evidence-Based Complementary and Alternative Medicine

- Thyroid
rain
cancerRetinoblastoma
g Small=cell
Pancreatic
lung
caneey | cancer HER2/NEU
Metastatic | overexpressing
colorectal ‘ breast
cancer cancer
Multiple Non-small-cell
lung
myeloma
cancer
Hereditary q Coronary Kaposi Neoplasms 7 ) Chronlc. Respiratory C T
4 failure lymphocytic oronavirus
hemorrhagic artery sarcoma e 4 distress Disease
telangiectasia disease el syndrome 2019
Cut: /Acute
Myocardial fiosts y coie Chronic {CoVID-19)
infarction N Jcel GE bstructi Bronchial
4 obstructive ronchial
syndrome lymphoma leukaemia .
¢ f pulmonary €S| irator asthma
i Breast Solid diseasery . v
Cardiovascular Artenly cancer tumour/cancer / System
Dysrhythmias < 4 \\“Follicular L / Adult
& Diseases stenosis phoma Lung  Melanoma’ / rediI Acute
9 X cancer i/ § - asthma
N \ ql AV v/ ' syndrome  Asthma
Cerebrovascular Angina { |/ / Z
ischaemia pectoris { o4 \ 5.
EGFR CCL2 MMP1- F7  THBD PTGER3 TP53 = F2 5 - African Corneal
el InigEgiient OPRM1CYP3A4 VEGFASLC6A3 GJA1 ADRA2A ACHE ~PDE3A trypangggpiasis XSy
failure . claudicatiol s .
Hypertension—— I CHEK1 CTSD PIK3CG  F10 ~ RXRA “GSK3B‘KCNH2ADRA1B
PPP3CA" IGFIR | PLAU OPRD1 CHRM3 CCNA2 | PGR / JUN Infections ...
Thrombocytopenia ) 8 Trypanosomiasis i i
Disseminated HadfoBilia— ALOX5° EGF SCNSAKCNMATHSPAS MAPK8 ADRB2 ' LTA4H ° ) infection
intravascular B BCL2 , SELE ¢ CA2 HTR2A"~ MET AR GABRA1 CHRM1 Lymphatic
coagulation IL6 ' CDK2 NOS3 PIM1 ~ AHR . PLAT .MAOB L2 filariasis
Atopic "ESR2 | TNF RXRB PPARG ODC1 MAPK1 XDH CHRNA7 Urologic
i Heglelia HTR3A CHRM2MAPK14 MMP2 = F3  TOP1 | DPP4 MMP3 fRepal) Di NP
Immune iy transplantation Diseases
ADRA2C. IFNG ADRA1A A 1 D t
s # / igestive
Primary S.yStem . 7/ Alcoholic Svet Hepatic
haer M Diseases Bleeding hepatitis yStem fibrosis
lymphoMEN8Lytosis I Diseases
Diabetic /Depression
Systemic .
}llupus TP f::ot 4 Ocular Glaucoma/ocular
erythematosus Bleeding™ sclerosis oo 4, i Cushing 5 Psychlatry Maijor disease hypertension
disorder; s, Endocrined'sease AHXIEty d depressive \ E
Sud disorder an JiSoroer ye
yStem Psychology Diseases
Hamons DiS€aSES Type Attetion
: > Schizophrenia deficit Opén-angle
deficiency ; . hyperactivity
f : diabetes e, 3 glaucoma
Diabetic Cognitive disorder
complication impairment

FIGURE 6: Target-disease network. A total of 65 target genes (blue) were connected to 71 diseases (yellow), which were divided into 14

categories (green) according to Medical Subject Headings.

supplied a systematic evidence for the TCM theory that
YESJF had extensive pharmacological activities and was
successfully applied to the treatment of various diseases.

3.4. GO Enrichment Analysis. GO function of 98 action
targets (P < 0.05) was enriched with Metasape. Top 20 terms
are shown in Figure 7 (Supplementary Table 2). The results
showed that the main biological processes were involved in
cellular response to nitrogen compound, response to toxic
substance, blood circulation, cellular response to organic
cyclic compound, and positive regulation of cell migration,
and response to inorganic substance; the cell locations were
membrane raft, receptor complex, integral component of
postsynaptic membrane, extracellular matrix, and plasma
membrane protein complex. The molecular functions they
play were protein kinase activity, protein homodimerization
activity, protein domain-specific binding, oxidoreductase
activity, serine hydrolase activity, and receptor regulator

activity. Then, the GO-gene network was constructed
(Figure 8). It was manifested that the targets of YFSJF were
mainly involved in the regulation of cell growth and dif-
ferentiation, repair of tissue damage, regulation of innate
immunity and adaptive immunity, and initiation of apo-
ptosis (killing tumor cells, virus infected cells, or activated
T cells). The effects on PF could be achieved through the
regulation of cell differentiation and gene expression and
regulation of immune system and autonomic nervous
system.

3.5. Pathway Enrichment Analysis. The Metasape was used
to perform KEGG pathway enrichment analysis based on the
98 targets. According to the results with significance
(P <0.05), enrichment analysis yielded 144 pathways and
visualization analysis of the top 20 signaling pathways
(Figure 9), including calcium signaling pathway, IL-17
signaling pathway, TNF signaling pathway, PI3K-Akt sig-
naling pathway, and Th17 cell differentiation. In addition,
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represents the significant enrichment counts of these terms, while the Y-axis represents the categories of “biological process” in the GO of

the target gene.

the pathway-gene network was constructed to further prove
the core gene representatives that played an important role
in the pathways (Figure 10). As shown, YFSJF can affect
multiple pathways through multiple targets, playing a role in
regulating immunity, alleviating inflammation, and then
intervening in the occurrence and development of PF at the
overall level. The top 20 pathways with their representative
enriched terms are specified in Table 2.

4. Discussion

TCM is guided by the overall concept and based on the
principle of differentiation of symptoms and treatments.
TCM plays a synergistic role in the treatment of diseases,
removing pathogenic factors, regulating viscera, and sup-
porting vital energy. As a clinical effective formula for treating
PF, YESJF has the effects of tonifying qi, eliminating phlegm

and eliminating blood stasis in TCM theory. Despite the
remarkable clinical effect of this prescription, no systematic
mechanism study has been conducted. Based on the research
idea of disease-gene-target-drug, this paper systematically
elaborated the mechanism of action of YFSJF from the mi-
croscopic molecular point of view by applying the technology
of network pharmacology and provided a reference for fur-
ther research on the mechanism of action of YFSJF against PF.

4.1. Therapeutic Effect of Main Active Components of YFSJF on
PF. Previous research findings [20], YFSJF has a certain
therapeutic effect on PF, which can significantly improve lung
tissue damage and reduce the degree of pulmonary fibrosis. The
main active quercetin and beta-sitosterol of Astragalus mem-
branaceus, Panax notoginseng, and Morus Alba have antioxi-
dant and anti-inflammatory effects. Studies [21, 22] have
shown that quercetin can inhibit AKT/mTOR signaling
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FIGURE 8: GO-GENE-components network. In the figure, blue rectangle represents genes, yellow cycles represent ingredients, and green

triangles represent BP, CC, and MF.

pathway, reduce inflammatory response and collagen depo-
sition, and alleviate PF by downregulating IL-6, IL-8, TGF-beta,
NF-kB, COL-1, COL-3, and VEGF as well as ATG5 and CL3.
The ingredient can also inhibit the expression of TGF-beta 1
and miR-21, enhance the activity of Smad7, and inhibit the
TGF-beta 1/Smads signaling pathway, thereby alleviating the
inflammatory response and collagen deposition. Beta-sitosterol
can significantly reduce LPS-induced pulmonary edema and
inflammatory response and reduce the release of TNF-a and
IL-6 [23]. YU et al [24] found that beta-sitosterol could alleviate
PF by inhibiting EMT through inhibiting the TGF-beta 1/Snail
pathway to alleviate PF. Yang et al [25] found that Ivy saponin
can reduce inflammatory injury of endothelial cells and protect
vascular endothelial cells from inflammation injury by regu-
lating the NF-kappa B signaling pathway, inhibiting the

adsorption of inflammatory factors and adhesion molecules.
Based on the study, the ingredients of YFSJF can act on
multiple targets and play a synergistic role, which may be the
material basis of YFSJF in the treatment of PF.

4.2. Molecular Mechanism Analysis of YFSJF Based on
Pathogenesis of PF. According to the research report on the
active ingredients of YFSJF, it was indicated that the pre-
vention and treatment of PF mainly involved PI3K/AKT
signaling pathway, HIF-1 signaling pathway, TNF signaling
pathway, IL-17 signaling pathway, T cell receptor signaling
pathway, calcium signaling pathway, and Th17 cell differ-
entiation. It played roles in regulation on immune,
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pathway categories with significant (P < 0.05) were selected. The X-axis represents the significant enrichment counts of these terms, and the
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FIGURE 10: Pathway-gene network. In the figure, rectangle represents genes (red), circular represent pathway (green), and circular represent

components (blue).
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TaBLE 2: Functions of potential target genes based on KEGG analysis.
1d Term P value Q value Gene
Age-rage signaling pathway in ~ ~ MMP2/BCL2/CCL2/COL3A1/SELE/IL6/MAPK1/MAPK14/
hsa04933 diabetic complications 974E-16 841E-14  \/\ pK8/NOS3/PIM1/THBD/E3/JUN/TNE/VCAMI/VEGEA
Fluid shear str nd MMP2/BCL2/CCL2/TP53/SELE/GSTM1/HMOX1/IFNG/
hsa05418 O e e 1.86E—14 8.03E—13  MAPK14/MAPK8/NQO1/NOS3/THBD/PLAT/JUN/TNE/
VCAMI1/VEGFA
AR/BCL2/CDK2/TP53/EGFR/GSK3B/IGF1R/MAPK1/EGF/
hsa05215 Prostate cancer 1.01E-09 2.90E-08 MMP3/PLAT/PLAU
HTR2A/ADRA1A/ADRA1B/ADRB2/DRD1/EGFR/PRKACA/
hsa04020 Calcium signaling pathway 520E-09 1.12E-07 CHRMI1/CHRM2/CHRM3/CHRNA7/NOS2/NOS3/PTGER3/
PPP3CA
. . CCL2/GSK3B/IFNG/IL6/MMP1/MAPK1/MAPK14/MAPKS8/
hsa04657 IL-17 signaling pathway 9.60E—-09 1.66E-07 MMP3/JUN/TNE
. . MMP2/BCL2/TP53/EGFR/ESR2/IGF1IR/MAPK1/MAPK14/
hsa01522 Endocrine resistance 1.50E-08 2.16E-07 MAPKS/PRKACA/JUN
L . MMP2/COL3A1/EGFR/MMP1/MAPK1/MAPK14/MAPKS8/
hsa04926 Relaxin signaling pathway 2.73E-08 3.37E-07 PRKACA/NOS2/NOS3/JUN/VEGEA
. . AHR/IFNG/IL2/IL6/MAPK1/MAPK14/MAPK8/RXRA/RXRB/
hsa04659 Th17 cell differentiation 3.81E-08 4.11E-07 PPP3CA/JUN
. . BCL2/EGFR/HMOX1/IGF1R/IFNG/IL6/MAPK1/NOS2/NOS3/
hsa04066 HIF-1 signaling pathway 4.62E-08 4.43E-07 EGF/VEGFA
Neuroactive ligand-receptor HTR2A/ADRA1A/ADRA1B/ADRA2A/ADRA2C/ADRB2/
hsa04080 intera%tion p 5.74E-08 4.96E—-07 OPRDI1/DRD1/GABRA1/NR3C1/CHRM1/CHRM2/CHRM3/
OPRM1/CHRNA7/ADCYAP1/PTGER3/F2
. . BCL2/CDK2/TP53/EGFR/GSK3B/MET/IGF1R/IL2/1L6/MAPK1/
hsa04151  PI3K-Akt signaling pathway  1.06E-07 8.33E-07  cpypary/CHRM2/NOS3/PIK3CG/EGE/RBL2/RXRA/VEGFA
hsa05142 Chagas disease (An}erlcan 2 59E—07 1.86E—06 CCL2/TFNG/IL2/IL6/MAPK1/MAPK14/MAPKS8/NOS2/JUN/
trypanosomiasis) TNF
EGEFR tyrosine kinase inhibitor
hsa01521 resistance 2.92E-07 1.94E-06 BCL2/EGFR/GSK3B/MET/IGF1R/IL6/MAPK1/EGF/VEGFA
hsa05219 Bladder cancer 3.88E-07 2.39E-06 MMP2/TP53/EGFR/MMP1/MAPK1/EGF/VEGFA
. . ADRA1A/ADRA1B/ADRA2A/ADRA2C/ADRB2/KCNMA1/
hsa04022 cGMP-PKG signaling pathway 4.76E—-07 2.74E-06 PDE3A/OPRD1/MAPK1/NOS3/PTIK3CG/PPP3CA
. . MMP2/BCL2/CTSD/EGFR/ESR2/MAPK1/PRKACA/OPRM1/
hsa04915 Estrogen signaling pathway 5.25E-07 2.83E-06 NOS3/PGR/JUN
hsa04668 TNF signaling pathway 6.25E—07 3.18E—06 CCLZ/SELE/IL6/MAPK1/M\I]\(}:)E;/?I/MAPKS/MMP3/]UN/TNF/
Transcriptional misregulation in B 3 TP53/CCNA2/MET/IGF1R/IL6/MPO/PPARG/RXRA/RXRB/
hsa05202 cancer 1.51E-06 7.20E-06 MMP3/PLAT/PLAU
hsa05144 Malaria 1.58E-06 7.20E-06 CCL2/SELE/MET/IFNG/IL6/TNF/VCAM1
hsa04660 T cell receptor signaling pathway 3.06E—06 1.32E-05 GSK3B/IFNG/IL2/MAPK1/MAPK14/MAPKS/PPP3CA/TUN/

TNF

inhibition on inflammation, and alleviation on the occur-
rence and development of pulmonary fibrosis.

Long-term or repetitive cellular damage in pulmonary
fibrosis initiates immune-related damage repair process,
resulting in the proliferation of abnormally activated fi-
broblasts [26]. KEGG enrichment analysis showed that IL-17
signaling pathway, T cell receptor signaling pathway, cal-
cium signaling pathway, Th17 cell differentiation pathway,
and other pathways were obtained. Many literatures found
that the above pathways were related to immune response,
indicating that YFSJF could play an immune regulatory role
through multiple pathways.

T cells are important immune cells, which mediate
adaptive immune responses in humans and express calcium
ions in T lymphocyte release activates Ca>* release-activated

Ca®" channel, transient receptor potential channel, puri-
nergic receptor), and voltage-gated potassium channel
subfamily A member 3 and other ion channels [27]. The
activity of these ion channels can regulate the electro-
physiological activity of immune cells and then effectively
regulate the activity of immune cells. Calcium ion channels
directly participate in the regulation of intracellular signal
transduction process by regulating the change of intracel-
lular calcium concentration and then regulate the immune
response [28]. Calcium ions, as second messengers, play an
important role in the immune response of immune cells.
They participate in the regulation of intracellular signal
transduction processes. Therefore, regulating the concen-
tration of calcium ions in cells is important to maintain the
normal function of immune cells. Studies have shown that
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knocking out ORAII in mouse T cells or human T cells
weakens calcium influx in cells and severely impedes
adaptive immune responses in mice or humans. Th17 cells, a
distinct lineage of activated CD4" T cells, are raised in the
airways and lungs of PF patients, upregulating tissue in-
flammation, and exacerbate alveolar destruction by pro-
ducing IL-17, an important pathogenic factor. Th17 cells also
exert direct influence on epithelial cells, smooth muscle cells,
and airway fibroblasts to induce neutrophil chemokine se-
cretion [29, 30]. Quercetin-3-$-D-glucopyranosyl-7-Of-D-
gentiobioside (QGG) can significantly improve the survival
conditions, growth ratio, and pulmonary functions of rats,
which can reduce the ratio of CD4" IL-17"/FOXP3"CD4" in
peripheral blood and reduce the apoptosis of lung tissues,
repair damaged tissue, and maintain the integrity of organ
[31]. Th17 cells can produce a large amount of IL-17, and the
most characteristic members of the IL-17 family, IL-17A,
and IL-17F, form homodimers or heterodimers to bind the
heterodimer IL-17RA and IL-17RC complexes and activate
downstream signaling to achieve biological effects such as
host defense or the pathogenesis of autoimmune diseases
and other inflammatory diseases [32]. Baldeviano G C et al
[33] have found that blocking endogenous IL-17 improves
the degree of bleomycin-induced fibrosis in mice, which may
be related to the Bax/Bcl-2-mediated mitochondrial apo-
ptosis pathway. Pulmonary inflammation occurs in mice at
all times when exposed to cigarette smoke, while IL-17
secreting cells are recruited to promote IL-17 secretion [34].
Anti-IL-17 antibody can reduce the number of neutrophils
in mice and the concentration of MUC5AC in bron-
choalveolar lavage fluid and attenuate neutrophilic airway
inflammation [35]. The studies have shown that quercetin
inhibits IL-17-stimulated RANKL production in RA-FLS
and IL-17-stimulated osteoclast formation. Quercetin
dihydrate induced an insignificant change in the level of IL-2
and IL-6 and slightly increased in IFN-y content [36].
Therefore, YFSJF played an important role in regulating
immunity through IL-17 signaling pathway, T cell receptor
signaling pathway, calcium signaling pathway, and Th17 cell
differentiation.

PF is characterized by alveolar interstitial inflammatory
cell infiltration, fibroblast proliferation, and alveolar in-
terstitial fibrous connective tissue deposition. The aggre-
gation of inflammatory cells and the release of cytokines
will induce a large number of collagen fibers, resulting in
the remodeling of lung tissue structure, reduction of al-
veolar number, deformation, atresia, and loss of lung
function [37]. Therefore, inflammatory response also plays
an important role in PF. It has been reported that THF,
PI3K/Akt, and HIF-1 pathways are closely related to in-
flammatory response and interfere with the occurrence and
development of PF, which is consistent with the results of
this study.
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Tumor necrosis factor (TNF) is a kind of cytokines,
which can promote cell growth, differentiation, and apo-
ptosis and induce inflammation by binding to specific re-
ceptors on the cell membrane [38]. TNF-alpha can induce
the release of cytokines such as TGF-beta, IL-1, IL-6, and
NF-kappa B to form a cytokine network, which together
leads to the occurrence of PF. It was found that nintedanib
and BLM-MSCs exerted their anti-inflammatory effect
through minimizing the expression of TNF-« and IL-6 and
decrease in the alveolar wall thickening, both in the in-
flammatory infiltrate and in the collagen fiber deposition
[39]. Hypoxia-inducible factor 1 (HIF-1) widely exists in the
human body under hypoxic environment, regulates the
body’s response to hypoxia, regulates cellular oxygen bal-
ance, and induces the expression of hypoxia genes [40]. Hae-
Rim et al [41] have found that the serum HIF-1a level in
patients with PF is significantly increased, which can be used
as an index to judge the severity of IPF and evaluate the
therapeutic effect. The PI3K/AKT/mTOR pathway plays an
extremely important biological function in cell growth,
survival, proliferation, apoptosis, and autophagy [42]. PI3K
can be activated by tyrosine kinases to produce PIP3, which
can bind to and activate AKT and then activate mTOR [43].
Peiminine is the active ingredient of Fritillariae Thunbergii
Bulbus, which can regulate the activity of PI3K/Akt/mTOR
pathway to slow down the process of epithelial-mesenchymal
transition (EMT) and then inhibit the invasion and mi-
gration ability of A549 cells [44]. 3-Sitosterol-D-glucoside
can inhibit the growth and lung metastasis of animal tumors
to some extent, upregulate miR-10a expression, inhibit
PI3K-AKT signaling pathway, reverse the expression levels of
EMT, and inhibit the expression of metastatic related cy-
tokines, eventually inducing apoptosis and inhibit metastasis
in tumor cells [45]. Combined with the previous studies [4],
YESJF was found to reduce the expression of CoL-I and CoL-
II1, reduce the deposition of extracellular matrix, inhibit the
phosphorylation of PI3K, Akt, and mTOR, alleviate the
pulmonary fibrosis caused by inflammation, activate auto-
phagy, and promote the metabolism and absorption of
extracellular matrix such as collagen fiber.

This study shows that quercetin, kaempferol, beta-sitosterol,
7-o-methylosmucronulatol, and stigmasterol can regulate
GSK3B, L2, IL6, MAPKSs, NOS2, and VEGFA and participate in
regulating PI3K-Akt signaling pathway, HIF-1 signaling
pathway, and IL-17 signaling pathway. This may be the main
material basis for YESJF to alleviate inflammatory reaction,
regulate immunity, inhibit fibroblast proliferation and promote
apoptosis, reduce collagen deposition, and finally to alleviate PF.
NOS2 and GSK3B are involved in multiple signal transduction
pathways and have high degree of freedom in the network of
component-target-pathway. Therefore, it can be speculated that
YFSJF might regulate signal transduction through NOS2 and
GSK3B, thus interfering with PF (Figure 11 and Table 3).
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FiGure 11: Hllustration of the mechanisms of YFSJF in treating PF.

TaBLE 3: Summary of the possible mechanism of YFSJF in intervention of PF.

Chinese medicine Ingredients Gene Pathway
ADRB2/EGFR/PRKACA/NOS2/NOS3/  Calcium signaling
PTGER3 pathway
CCL2/GSK3B/IFNG/IL6/MMP1/MAPK1/ IL-17 signaling
MAPK14/MMP3/JUN/TNE pathway
AHR/IFNG/IL2/IL6/MAPK1/MAPK14/ Th17 cell
RXRA/JUN differentiation
Hedysarum multijugum maxim/Panax BCL2/EGFR/HMOX1/IGF1R/IFNG/IL6/ HIF-1 signaling
notoginseng (burk.) F. H. Chen ex C. Chowi/ Quercetin MAPKI1/NOS2/NOS3/EGF/VEGFA pathway
Mulberry bark BCL2/CDK2/TP53/EGFR/GSK3B/IGF1R/ PI3K-Akt signali
IL2/IL6/MAPK1/NOS3/PIK3CG/EGF/ shaling
RBL2/RXRA/VEGFA pathway
CCL2/SELE/IL6/MAPK1/MAPK14/ TNF signaling
MMP3/JUN/TNF/VCAM1 pathway
GSK3B/IFNG/IL2/MAPK1/MAPK14/ T cell receptor

JUN/TNF signaling pathway




Evidence-Based Complementary and Alternative Medicine

TaBLE 3: Continued.
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Chinese medicine Ingredients Gene Pathway
ADRAI1B/PRKACA/CHRM1/CHRM2/ Calcium signaling
NOS2/NOS3/PPP3CA pathway
GSK3B/MMP1/MAPK14/MAPKS8/JUN/ IL-17 signaling
TNF pathway
MAPK14/MAPKS/PPP3CA/JUN _Thi7 cell
differentiation
Hedysarum Multijugum Maxim Kaempferol BCL2/HMOX1/IGF1R/NOS2/NOS3 HIF;;‘VgVZ;hng
BCL2/CDK2/GSK3B/IGF1IR/CHRM1/ PI3K-Akt signaling
CHRM2/NOS3/PIK3CG pathway
SELE/MAPK14/MAPKS8/JUN/TNEF/ TNF signaling
VCAMI1 pathway

MAPK14/MAPKS8/PPP3CA/JUN/TNF

T cell receptor
signaling pathway

HTR2A/ADRA1A/ADRA1B/ADRB2/
DRD1/PRKACA/CHRM1/CHRM2/
CHRM3/CHRNA7/NOS2

GSK3B/MAPK14/JUN

Fritillariae Thunbrgii Bulbus/Panax MAPKI4/JUN

Notoginseng (Burk.) F. H. Chen Ex Beta-sitosterol BCL2/NOS2

C. Chowi/Mulberry bark
BCL2/CDK2/GSK3B/CHRM1/CHRM2/

PIK3CG
MAPK14/JUN

GSK3B/MAPK14/JUN

Calcium signaling
pathway

IL-17 signaling
pathway
Th17 cell

differentiation

HIF-1 signaling
pathway

PI3K-Akt signaling
pathway

TNF signaling
pathway

T cell receptor

signaling pathway

HTR2A/ADRA1A/ADRA1B/ADRB2/
DRD1/PRKACA/CHRM1/CHRM2/

Calcium signaling

CHRM3/NOS2/NOS3 pathway
GSK3B/MAPK14 IL-17 signaling
pathway
MAPK14/RXRA/RXRB _Th17 cell
7.0- differentiation
Hedysarum Multijugum Maxim Methylisomucronulatol NOS2/NOS3 HIFé;tEizihng
CDK2/GSK3B/CHRM1/CHRM2/NOS3/  PI3K-Akt signaling
RXRA pathway
MAPK]14 TNF signaling
pathway
GSK3B/MAPK14 T cell receptor
signaling pathway
HTR2A/ADRA1A/ADRAI1B/ADRB2/ Caldi . i
PRKACA/CHRM1/CHRM2/CHRM3/ a C‘“:t‘hilvi“a ne
CHRNA7/NOS2/NOS3 pathway
Panax Notoginseng (Burk.) F. H. Chen Ex . RXRA . Th17 Fel.l
C. Chowi Stigmasterol differentiation
’ HIF-1 signalin
NOS2/NOS3 gnaing
pathway
CDK2/CHRM1/CHRM2/NOS3/RXRA | SK-Akt signaling
pathway
5. Conclusions indicated that quercetin, kaempferol, and beta-sitosterol in the

active ingredients of YFSJF could regulate PI3K/AKT signaling
YESJF has a therapeutic effect on PF, and the antifibrosis pathway, HIF-1 signaling pathway, TNF signaling pathway, IL-
mechanism mainly includes the effects on immunity, in- 17 signaling pathway, T cell receptor signaling pathway, cal-
flammatory factors and multiple signaling pathways. This study  cjum signaling pathway, and Th17cell differentiation, then
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alleviate inflammatory response, enhance immunity, inhibit
fibroblast proliferation and promote apoptosis, reduce collagen
deposition, and eventually alleviate pulmonary fibrosis. The
study further revealed the relevant mechanism of YFSJF in
preventing and treating PF broadened the clinical application
scope of YFSJF and also provided a new therapeutic idea for
preventing and treating PF. Due to the limitations of various
platform database data and corresponding analysis algorithms
and software functions, the results may be biased. In the next
step, we will carry out experimental verification based on the
results of this study.

Conflicts of Interest

The authors declare no conflicts of interest.

Authors’ Contributions

Bo Qiao and Yueying Wu have contributed equally to this
work.

Acknowledgments

This study was supported by the grants from the Science and
Technology Department of Yunnan Provincial-Yunnan
University of Traditional Chinese Medicine Applied Basic
Research Joint Special General Project (2017FF117-028) and
Science and Technology Department of Yunnan Provincial-
Yunnan University of Traditional Chinese Medicine Applied
Basic Research Joint Special General Project (2018FF001-
028).

Supplementary Materials

Supplementary Table 1: basic information of ingredients in
YESJE. Supplementary Table 2: the top 20 GO functional
categories. Supplementary Table 3: functions of potential
target genes based on KEGG analysis. (Supplementary
Materials)

References

[1] H. John, A. Fogarty, R. Hubbard, and T. McKeever, “Global
incidence and mortality of idiopathic pulmonary fibrosis: a
systematic review,” European Respiratory Journal, vol. 46,
no. 3, pp. 795-806, 2015.

N. J. Awadalla, A. Hegazy, R A. Elmetwally, and I. Wahby,

“Occupational and environmental risk factors for idiopathic

pulmonary fibrosis in Egypt: a multicenter case-control

study,” International Journal of Occupational & Environ-

mental Medicine, vol. 3, no. 3, pp. 107-116, 2012.

F. Chua, P. D. Sly, and G. J. Laurent, “Pulmonary fibrosis,”

American Journal of Respiratory Cell & Molecular Biology,

vol. 45, no. 5, pp. 1-15, 2005.

[4] J.-Z. Yu, Y. Ying, Y. Liu et al., “Antifibrotic action of Yifei
Sanjie formula enhanced autophagy via PI3K-AKT-mTOR
signaling pathway in mouse model of pulmonary fibrosis,”
Biomedicine ¢ Pharmacotherapy, vol. 118, Article ID 109293,
2019.

[5] Y. Liu, The Main Components of Rhizoma Curcumae Activates
Autophagy to Interfere Collagen Synthesis in HLF Cells,

[2

[3

Evidence-Based Complementary and Alternative Medicine

Yunnan University of Chinese Medicine, Kunming, China,
(In Chinese), 2019.

[6] Z. Chen, L. Liu, C. Gao et al., “Astragali Radix (Huangqi): a
promising edible immunomodulatory herbal medicine,”
Journal of Ethnopharmacology, vol. 258, Article ID 112895,
2020.

[7] S. Chun-Bin, Y. Ying, Q. Yi et al., “The main active com-
ponents of Curcuma zedoaria reduces collagen deposition in
human lung fibroblast via autophagy,” Molecular Immunol-
ogy, vol. 124, pp. 109-116, 2020.

[8] A. L. Hopkins, “Network pharmacology,” Nature Biotech-
nology, vol. 25, no. 10, pp. 1110-1111, 2007.

[9] Z. Gui-biao, Q.-Y. Li, Q.-L. Chen, and S.-B. Su, “Network
pharmacology: a new approach for chinese herbal medicine
research,” Evidence Based Complementary & Alternative
Medicine, vol. 2013, Article ID 621423, 9 pages, 2013.

[10] J. Ru, P. Li, J. Wang, W. Zhou et al., “TCMSP: a database of
systems pharmacology for drug discovery from herbal
medicines,” Journal of Cheminformatics, vol. 6, no. 1, p. 13,
2014.

[11] S.D. Wishart, Y. D. Feunang, C. A. Guo et al., “DrugBank 5.0:
a major update to the drugbank database for 2018,” Nucleic
Acids Research, vol. 46, no. D1, pp. D1074-D1082, 2017.

[12] M. C. Wei, “The UniProt Knowledgebase (UniProtKB): a
richly annotated protein database. Plant & Animal Genome,”
2013.

[13] S. Paul, A. Markiel, O. Ozier et al., “Cytoscape: a software
environment for integrated models of biomolecular interac-
tion networks,” Genome Research, vol. 13, no. 11,
pp. 2498-2504, 2003.

[14] S.Marilyn, I. Dalah, J. Alexander et al., “GeneCards Version 3:
the human gene integrator,” Database: The Journal of Bio-
logical Databases and Curation, vol. 2010, 2010.

[15] A.Hamosh, A. F. Scott, J. Amberger et al., “Online mendelian
inheritance in man,” Human Mutation, vol. 15, no. 1,
pp. 57-61, 2000.

[16] F. Zhu, S. Zhe, C. Qin et al., “Therapeutic target database
update 2012: a resource for facilitating target-oriented drug
discovery,” Nucleic Acids Research, no. D1, pp. D1128-D1136,
2012.

[17] B. Servenius, B. L. Persson, and A. Bresell, “Ontology an-
notation treebrowser: an interactive tool where the comple-
mentarity of medical subject headings and gene ontology
improves the interpretation of gene lists,” Applied Bio-
informatics, vol. 5, no. 4, pp. 225-236, 2006.

[18] C.-W. Hu, M.-Y. Ho, H.-A. Shui, and C.-B. Tsai, “Analysis of
dermal papilla cell interactome using STRING database to
profile the ex vivo hair growth inhibition effect of a vinca
alkaloid drug, colchicine,” International Journal of Molecular
Sciences, vol. 16, no. 2, pp. 579-598, 2015.

[19] Y. Zhou, B. Zhou, and L. Pache, et al., “Metascape provides a
biologist-oriented resource for the analysis of systems-level
datasets,” Nature Communications, vol. 10, no. 1, 2019.

[20] D. chen, Explore Yi Fei San Jie Fang Interventions Mechanism
of Pulmonary Fibrosis, Yunnan University of Chinese Med-
icine [D], Kunming, China, 2018, In Chinese.

[21] R. Verma, L. Kushwah, D. Gohel, M. Patel, T. Marvania,
S. Balakrishnan et al., “Evaluating the ameliorative potential of
quercetin against the bleomycin-induced pulmonary fibrosis
in wistar rats,” Pulmonary Medicine, vol. 2013, Article ID
921724, 10 pages, 2013.

[22] C. M. Wang, H. Huang, and Z.-X. Zhang, “The protective
effects of quercetin on bleomycin-induced pulmonary fibrosis


http://downloads.hindawi.com/journals/ecam/2020/8887017.f1.zip
http://downloads.hindawi.com/journals/ecam/2020/8887017.f1.zip

Evidence-Based Complementary and Alternative Medicine

in rats,” Chinese pharmacological bulletin, vol. 16, no. 1,
pp. 94-96, 2000.

[23] T. Wen-Lin et al., “Therapeutic effect of intravenous bone
marrow-derived mesenchymal stem cell transplantation on
early-stage LPS-induced acute lung injury in mice,” Nan fang
yi ke da xue xue bao = Journal of Southern Medical University,
vol. 32, no. 3, pp. 283-290, 2012.

[24] 1. J. Bang, H. R. Kim, Y. Jeon et al, “S-Peltoboykinolic acid from
astilbe rubra attenuates TGF-f1-induced epithelial-to-mesenchymal
transitions in lung alveolar epithelial cells,” Molecules, vol. 24, no. 14,
2019.

[25] M. Sun, Y. Zhang, S. Xu et al., “Research progress in regu-
latory eff ects of saponins on the function of vascular en-
dothelial cells,” Progress in Pharmaceutical Sciences, vol. 38,
no. 6, pp. 409-418, 2014, In Chinese.

[26] W. Fuquan, X. Haifa, and Y. Shanglong, “Regulatory T cells
are a double-edged sword in pulmonary fibrosis,” Interna-
tional Immunopharmacology, vol. 84, Article ID 106443, 2020.

[27] R. L. O’'Hare Doig, W. Chic, M. K. Giacci et al., “Specific ion
channels contribute to key elements of pathology during
secondary degeneration following neurotrauma,” Bmc Neu-
roscience, vol. 18, no. 1, p. 62, 2017.

[28] L. A. Blatter, “Tissue specificity: soce: implications for Ca**
handling in endothelial cells,” Advances in Experimental
Medicine and Biology, vol. 993, pp. 343-361, 2017.

[29] G. G. Brusselle, G. F. Joos, and K. R. Bracke, “New insights
into the immunology of chronic obstructive pulmonary
disease,” The Lancet, vol. 378, no. 9795, pp. 1015-1026, 2011.

[30] B.L.Eppert, B. W. Wortham, J. L. Flury, and M. T. Borchers,
“Functional characterization of T cell populations in a mouse
model of chronic obstructive pulmonary disease,” The Journal
of Immunology, vol. 190, no. 3, pp. 1331-1340, 2013.

[31] D.Z. Albegova, O. V. Kamkina, S. I. Pavlova, Z. K. Albegova,
O. S. Laptev, and I. G. Kozlov, “Evaluation of the effect of
modified bioflavonoid and quercetin dihydrate on cytokine
secretion by mitogen-activated mononuclear cells,” Bulletin of
Experimental Biology ¢ Medicine, vol. 159, no. 5, pp. 626628,
2015.

[32] S. Lo Re, L. Dumoutier, I. Couillin et al., “IL-17A-Producing
p8 T and Th17 lymphocytes mediate lung inflammation but
not fibrosis in experimental silicosis,” The Journal of Im-
munology, vol. 184, no. 11, pp. 6367-6377, 2010.

[33] G. C. Baldeviano, J. G. Barin, M. V. Talor et al., “Interleukin-
17A is dispensable for myocarditis but essential for the
progression to dilated cardiomyopathy,” Circulation Research,
vol. 106, no. 10, 2010.

[34] G. Song, Z. Xu, W. Wang et al., “Influence of blocking of
interleukin-17 on pulmonary fibrosis and expression of Bax/
Bcl-2 in mice induced by bleomycin,” Acta Universitatis
Medicinalis Nanjing (Natural Science), vol. 38, no. 3,
pp- 317-321, 2018, In Chinese.

[35] N.Shen,J. Wang, M. Zhao, F. Pei, and B. He, “Anti-interleukin-17
antibodies attenuate airway inflammation in tobacco-smoke-
exposed mice,” Inhalation Toxicology, vol. 23, no. 4, pp. 212-218,
2011.

[36] K. Hae-Rim, K. Bo-Mij, J. Y. Won et al., “Quercetin, a plant
polyphenol, has potential for the prevention of bone de-
struction in rheumatoid arthritis,” Journal of Medicinal Food,
vol. 22, no. 2, pp. 152-161, 2018.

[37] L. Chunyan, X. Sun, A. Li, M. Mo, Z. Zhao et al., “S-Allyl-
mercaptocysteine attenuates Bleomycin-induced pulmonary
fibrosis in mice via suppressing TGF-f1/Smad and oxidative
stress pathways,” International Immunopharmacology, vol. 79,
Article ID 106110, 2020.

15

[38] S.G. Hymowitz, “Chapter 40-structure and function of tumor
necrosis factor (tnf) at the cell surface,” Handbook of Cell
Signaling, Elsevier Inc, Amsterdam, Netherlands, 2nd edition,
2010.

[39] E. S. Gad, A. A. A. Salama, M. F. El-Shafie, and
H. M. M. Arafa, “The anti-fibrotic and anti-inflammatory
potential of bone marrow-derived mesenchymal stem cells
and Nintedanib in bleomycin-induced lung fibrosis in rats,”
Inflammation, vol. 43, no. 1, pp. 123-134, 2020.

[40] G. N. Masoud and W. Li, “HIF-1a pathway: role, regulation
and intervention for cancer therapy,” Acta Pharmaceutica
Sinica B, vol. 5, no. 5, pp. 378-389, 2015.

[41] H. Xie, J.-t. Tan, R.-l. Wang, X.-X. Meng, X. Tang, and S. Gao,
“Expression and significance of HIF-1« in pulmonary fibrosis
induced by paraquat,” Experimental Biology and Medicine,
vol. 238, no. 9, pp. 1062-1068, 2013.

[42] J. M. Spangle, T. M. Roberts, and J. J. Zhao, “The emerging
role of PI3K/AKT-mediated epigenetic regulation in cancer,”
Biochimica et Biophysica Acta (BBA)-Reviews on Cancer,
vol. 1868, no. 1, pp. 123-131, 2017.

[43] F. Xu, L. Na, Y. Li, and L. Chen, “Roles of the PI3K/AKT/
mTOR signalling pathways in neurodegenerative diseases and
tumours,” Cell and Bioscience, vol. 10, no. 1, p. 54, 2020.

[44] D. 1. N. G. Zhi-danl, F. A. N. G. Ze-minl, W. A. N. G. Xu-
guangl et al., “Inhibition of peiminine on invasion and
migration of human lung cancer A549 cells by decreasing
epithelial-mesenchymal transition process via PI3K/Akt/
mTOR pathway,” Chinese Traditional and Herbal Drugs,
vol. 50, no. 6, pp. 107-112, 2019.

[45] H. Xu, Y. Li, B. Hang et al., “Anti-breast-Cancer Activity
Exerted by f-Sitosterol-d-glucoside from sweet potato via
upregulation of microrna-10a and via the pi3k-akt signaling
pathway,” Journal of Agricultural and Food Chemistry, vol. 66,
pp. 9704-9718, 2018.



