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Background: As air pollution has increased in severity over recent years, fine particulate matter (PM)
(<25 pm; PM2.5) has led to a greater incidence of disease, including airway hyperresponsiveness (AHR). Ping
Feng Qingfei Mixture (PFQF) is effective in treating AHR caused by PM2.5. As there is a lack of knowledge
regarding the mechanisms of PFQF in the treatment of AHR, we conducted a network pharmacology study
to clarify this issue.

Methods: We obtained the composition of PFQF from the traditional Chinese medicine (TCM) systems
pharmacology database and its potential targets. The potential targets of AHR were obtained from the
Online Mendelian Inheritance in Man and Gene Cards databases. Then psychophysiological interaction,
KEGG pathway, and Gene Ontology biological process analyses were carried out for targeting PFQF in
treating AHR. We further constructed a related network diagram and verified the experimental results in
molecular docking.

Results: We identified a total of 4 core active compounds, and through KEGG analysis obtained multiple
signaling pathways, including T helper17 (Th17) cell differentiation and interleukin-17 (IL-17) signaling
pathway. Our molecular docking also verified that PFQF could effectively regulate the imbalance of Th17-T
regulatory (Treg) cells.

Conclusions: PFQF can effectively treat the AHR caused by PM2.5 through Th17-Treg immune balance.
The combination of molecular docking and network pharmacology provides a way to elucidate the complex

mechanism of action of this Chinese herbal medicine.
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Introduction

Airway hyperresponsiveness (AHR) is a response to
excessive airway contraction caused by various inhalation
stimuli, including chemical and physical stimuli (1). AHR
is common in many respiratory diseases, such as asthma,
allergic rhinitis, upper respiratory tract infection, acute
and chronic bronchitis, etc. (2). Many scholars have
explored the mechanism of AHR and found that there are
many relevant factors, including gene regulation, airway
inflammation, nerve factors, and airway smooth muscle and
airway remodeling (3). Airway inflammation is the basis of
AHR (4). In many developing countries, including China,
people’s living environment and health are increasingly
affected by air pollution. Inhalable particulate matter
(PM) is an important factor leading to air pollution (5).
Fine particles (PM2.5, particle size <25 pm) are inhaled
through the nasal cavity, collect in the lungs, and then
enter the alveolar cavity, and may even enter circulation.
This causes inflammation and immune responses in
the lungs and throughout the body (6). Studies have
shown that PM2.5 is closely related to the formation and
aggravation of AHR and airway inflammation (7,8). At
present, there is no special diagnosis and treatment plan
for haze, and anti-inflammatory, antiallergic, and drugs
used to relieve spasm of the airway smooth muscles are
the main treatment options for AHR. These can include
bronchodilators and inhaled corticosteroids. Long-term
use of these drugs can induce certain adverse reactions,
leading to poor compliance. Glucocorticoid therapy
has good anti-inflammatory and immunosuppressive
effects, but its disadvantages are also obvious. Long-term
use of glucocorticoids may cause complications such as
hypertension, hyperglycemia, and liver failure (9). Given
this, for the AHR caused by PM2.5, identifying the most
effective Chinese herbal medicine may provide a more
benign alternative treatment.

Chinese herbal medicines have been widely used in the
treatment of a series of diseases for thousands of years.
It has the advantages of low price and wide availability.
Moreover, many herbal drugs are obtained from nature,
so the side effects are minimal (10). Therefore, for the
treatment of AHR, it is of great significance to identify the
traditional Chinese medicine (T'CM) compounds with most
curative effect. Based on observations of the preparation of
Ping Feng Gujin mixture in hospital during the period of
severe acute respiratory syndrome (SARS), we prepared a
mixture of effective prescriptions, named Ping feng Qingfei
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(PFQF), to prevent lung injury. This medicinal mixture
is composed of Hedysarum multijugum Maxim (“Huang
Qi” in Chinese, or HQ), Phragmitis rhizoma (“Lu Gen”
in Chinese, or LG), Pseudostellariae radix (“Tai Zi Shen”
in Chinese, or TZS), Lilii bulbus (“Bai He” in Chinese,
or BH), Atractylodes macrocephala Koidz (“Bai Zhu” in
Chinese, or BZ), Siraitia grosvenorii (“Luo Han Guo” in
Chinese, or LHG), Perilla frutescens (“Zi Su” in Chinese,
or ZS), and Saposhnikoviae radix (“Fang Feng” in Chinese,
or FF), and has been successfully prepared in the hospital.
Owing to its complex composition and different targets, the
mechanism of PFQF is difficult fully elucidate. Here, for
the first time, we combine molecular docking verification
and methodology of network pharmacology prediction to
study the therapeutic effects of PFQF.

Network pharmacology has gained a wide range of
application value in drug target recognition, active ingredient
study, action mechanism research, preclinical research
of efficacy, safety evaluation, and some other areas (11).
The purpose of our work was to make out the natural
compounds of PFQF using network pharmacology and to
explore key targets of PFQF in the treatment of AHR, so
as to comprehend its molecular docking verification and
potential mechanism of action. Our study plan is illustrated
in Figure 1. We hope the experimental results of this study
can promote awareness of PFQF and provide an alternative
treatment for PM2.5-induced respiratory diseases.

Methods
Screening of the active ingredients of PFQF

The compounds present in PFQF were selected from
the TCMSP database. In order to identify the active
components of PFQF, the ingredients conforming to
the requirements of both oral bioavailability (OB) >30%
and drug-likeliness (DL) >0.18, based on the published
literature and the information extracted from the TCMSP
database, were identified for further analysis (12).

Acquiring the target protein of the selected compounds

All the active ingredients were input into the TCMSP
database to obtain the known targets, while the 2D structure
of the compounds obtained from PubChem were imported
into the Swiss Target Prediction database. A threshold
(probability, P>0.6) was set to obtain more credible targets
for each compound (13).
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Figure 1 Study framework based on an integration strategy of network pharmacology.

Search targets of AHR

We selected the therapeutic target data from the following
resources: Online Mendelian Inheritance in Man (OMIM),
and Gene Cards human gene database. Furthermore, the
official names of the genes (PFQF and AHR) were acquired
from UniProt, a protein sequence database, with “Homo
sapiens” being the selected species. The names of the
targets were then modified into gene and UniProt ID (14).
Finally, we mapped the target genes of PFQF active
constituents and AHR-related target genes, and screened
the coincident target genes as the related targets of PFQF
treatment for AHR.

Protein-protein interaction (PPI) network of target protein
interaction

Using the STRING database, we constructed a detectable
target of PFQF anti-AHR protein interaction. STRING is
a database of known and predicted PPIs which can reflect
the interaction between proteins iz vivo. The target protein
of PFQF against AHR was amplified using the STRING
database, and we input them into Cytoscape software. We
used the “Analysis Network” tool in Cytoscape to construct
the PPI network and obtain the relevant parameters.
Based on the 4 parameters of degree, closeness centrality,
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betweenness centrality, and stress, we performed a topology
analysis on the PPI network to acquire the hub nodes.

Enrichment analysis of Gene Ontology and Kyoto
Encyclopedia of Genes and Genomes pathway

After topology analysis, the hub target was used to analyze
the enrichment of KEGG pathway through the Cytoscape
plugins, ClueGo and CluePedia. We further analyzed the
enrichment of hub genes in Gene Ontology (GO) biological
process. We input the related target genes of PFQF for
treating AHR into DAVID (Database for Annotation,
Visualization and Integrated Discovery) v. 6.8.

Molecular docking

Using LeDock software (LePhar), we conducted a
simulation of the receptor ligand docking of the core target
in KEGG pathway with the main active compounds in
the first 5 positions of degree. A binding energy less than
0 indicates the stable bound between ligand and receptor
molecules. The larger the absolute value, the stronger
the stability. If the binding energy was more than 0, this
indicated that the conformation of the ligand and receptor
molecules could not be bound stably, and a higher absolute
value represent more instability of the conformation (15).

Ann Palliat Med 2021;10(4):4747-4759 | http://dx.doi.org/10.21037/apm-21-802



4750

Statistical analysis

The pathway information of the selected targets was
retrieved from the KEGG pathway enrichment analysis.
The topological data were analyzed by Cytoscape version
3.6.0. for Windows. Pathway enrichment analysis was
performed using DAVID v. 6.8.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Results
Screening of compounds and acquisition of targets

73 active compounds were screened according to chemical
similarity and acquired 225 (after deleting the duplicates)
related targets. As shown in Figure 24, we constructed a
herbal-compound-target network diagram comprising 306
nodes and 1,234 edges. We used the “Analysis Network”
tool in Cytoscape to acquire the degree parameter of the
network. According to this network diagram, we found that
the top 3 compounds of degree parameter were quercetin
(MOL000098), kaempferol (MOL000422), B-sitosterol
(MOL000358), and stigmasterol (MOL000449) (1able I).

PPI network analysis

The AHR target data in OMIM and GeneCards databases
were integrated with a multisource database integration
method. A total of 809 AHR targets were obtained after
removal of duplicate values. The intersection of PFQF
and AHR-related targets were collected, and 83 common
targets were obtained as the related targets of PFQF in
AHR. We input these 83 target genes into the STRING
database to construct a PPI network diagram of 585 nodes.
The obtained targets were divided into 2 parts, including
585 targets (83 public targets and 402 other human protein
targets), which represented the PFQF in vivo response to
AHR. In total, there were 585 nodes and 16,771 edges
(Figure 2B). After this, the topological characteristics of
the PPI network were analyzed. Based on the 4 parameters
of DC (degree centrality), BC (betweenness centrality),
CC (closeness centrality), and stress, the index above the
median value was selected as the key index [27] (Figure 3)
and the core nodes of PFQF acting on AHR were obtained.
The threshold values of the first screening were degree
>44, closeness centrality >0.475958, betweenness centrality
>0.000701, and stress >8,960. Topological analysis and data
screening were then repeated, and 85 hub targets were
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obtained. The criteria for screening were degree >64.5,
closeness centrality >0.585431, betweenness centrality
>0.001343, and stress >1,458. We acquired 95 hub nodes
and constructed the related network diagram. The network
diagram (Figure 4A4) comprised 95 nodes and 2,866 edges
(Tible 2).

Enrichment analysis of KEGG pathway and GO biological
process (Figure 4B)

KEGG pathway analysis

The enrichment analysis of the KEGG pathway was
performed, and 95 HUB targets were derived through
ClueGO and CluePedia. A total of 102 KEGG pathways
were obtained by enrichment analysis (P<0.05). The results
show that the metabolic pathways were mainly involved in
T helperl7 (Th17), T helperl (Thl), and T helper2 (Th2)
cell differentiation, and interleukin-17 (IL-17) signaling
pathway. From this, we speculate that PFQF could play
a role by regulating the Th17-T regulatory (Treg) cells

imbalance.

GO analysis

After enrichment analysis of 95 hub targets using DAVID
v. 6.8, we identified 106 GO biological processes according
to P value <0.01. We obtained the first 20 GO biological
processes for further analysis, and found that PFQF
treats AHR by regulating cell proliferation, apoptosis,
inflammation, and angiogenesis.

Molecular docking

Core compounds in the first 4 positions of LeDock were
used for molecular docking with Foxp3 and RoRyt. The
results showed that the binding energies of all molecules
to proteins were less than 0, indicating that ligands could
spontaneously bind to receptors (Figure 5).

Discussion

Epidemiological research has shown that the increase of
PM2.5 in the air is closely related to the aggravation of
AHR symptoms (16). Further studies have found that the
current treatment for AHR, even long-term application of
medication, cannot completely prevent airway remodeling.
Chinese herbal medicine has shown unique advantages
in the treatment of haze injury, and could be used as
a supplementary treatment of AHR. In the process of
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Figure 2 Herbal-compound-target network and PPI network. (A) The herbal-compound-target network of PFQF in AHR treatment.
Green represents Chinese herbal medicine, red and orange represent compounds, and blue represents targets. The triangle represents
Chinese herbal medicine, the rectangle represents compounds, the hexagon represents targets. (B) PPI network diagram of targets of
traditional Chinese medicine. PFQF, Ping Feng Qingfei Mixture; AHR, airway hyperresponsiveness; PPI, protein-protein interaction.
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Table 1 Compound information sheet
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Molecule ID Molecule name Structure OB DL Herb
Quercetin MOL000098 46.43% 0.28 HQ
Kaempferol MOLO000422 41.88% 0.24 HQ, LHG
Beta-sitosterol MOL000358 36.91% 0.75 TZS, BH, LHG, ZS,
and FF
Stigmasterol MOL000449 43.83% 0.76 LG, BH

OB, oral bioavailability; DL, drug-likeliness; HQ, Huang Qi; LHG, Luo Han Guo; TZS, Tai Zi Shen; BH, Bai He; ZS, Zi Su; FF, Fang Feng;

LG, Lu Gen.

DC=44

BC=0.000701
CC=0.475958
Stress=8960

585 nodes and 16771 edges

A
>

DC=64.5
BC=0.001343
CC=0.585431
Stress>1458

A
>

222 nodes and 7765 edges 95 nodes and 2866 edges

Figure 3 Network topology filter map. DC, degree centrality; BC, betweenness centrality; CC, closeness centrality.
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Figure 4 Results of PPI network of target protein and KEGG enrichment and GO enrichment analysis: (A) Construction of a protein-
protein interaction network expressed by hub the target protein. The node represents the degree: the higher the degree value, the darker
the color. (B) KEGG enrichment analysis and GO enrichment analysis. KEGG, Kyoto Encyclopedia of Genes and Genomes; GO, Gene
Ontology.
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Table 2 Information on hub targets

Gene Description UniProt Degree Source

AKT1 RAC-alpha serine P31749 92 Predicted
MAPK3 Mitogen-activated protein kinase 3 P27361 91 Predicted
INS Insulin P01308 87 Predicted
VEGFA Vascular endothelial growth factor A P15692 85 Validated
CXCL8 Interleukin-8 P10145 85 Predicted
STAT3 Signal transducer and activator of transcription 3 P40763 84 Predicted
TNF Tumor necrosis factor P01375 83 Validated
IL-6 Interleukin-6 P05231 83 Validated
EGF Proepidermal growth factor P01133 82 Validated
MAPK1 Mitogen-activated protein kinase 1 P28482 81 Validated
SRC Proto-oncogene tyrosine-protein kinase Src P12931 81 Predicted
MAPK8 Mitogen-activated protein kinase 8 P45983 80 Validated
TP53 Cellular tumor antigen p53 P04637 79 Validated
IGF1 Insulinlike growth factor | P05019 79 Predicted
FN1 Fibronectin P02751 77 Predicted
EDN1 Endothelin-1 P05305 77 Predicted
EGFR Epidermal growth factor receptor P00533 76 Validated
MMP9 Matrix metalloproteinase-9 P14780 75 Predicted
JUN Transcription factor AP-1 P05412 72 Validated
PTGS2 Prostaglandin G/H synthase 2 P35354 72 Validated
HRAS GTPase HRas PO1112 71 Predicted
FOS Proto-oncogene c-Fos P01100 71 Predicted
IL-10 Interleukin-10 P22301 71 Predicted
IL-1B Interleukin-1p P01584 71 Validated
IL-2 Interleukin-2 P60568 71 Validated
MTOR Serine/threonine-protein kinase mTOR P42345 70 Predicted
MAPK14 Mitogen-activated protein kinase 14 Q16539 70 Validated
MMP2 72 kDa type IV collagenase P08253 70 Validated
CcCL2 C-C motif chemokine 2 P13500 69 Validated
L4 Interleukin-4 P05112 69 Predicted
MYC Myc proto-oncogene protein P01106 69 Predicted
TLR4 Toll-like receptor 4 000206 69 Predicted
RHOA Transforming protein RhoA P61586 68 Predicted
ESR1 Estrogen receptor P03372 68 Validated
ICAM1 Intercellular adhesion molecule 1 P05362 68 Predicted

Table 2 (continued)
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Table 2 (continued)

Gene Description UniProt Degree Source
HGF Hepatocyte growth factor P14210 67 Predicted
DECR1 2,4-dienoyl-CoA reductase, mitochondrial Q16698 67 Predicted
PTEN Phosphatase and tensin homolog P60484 66 Predicted
CCND1 G1/S-specific cyclin-D1 P24385 66 Predicted
LEP Leptin P41159 66 Predicted
CDH1 Cadherin-1 P12830 65 Predicted
PECAM1 Platelet endothelial cell adhesion molecule P16284 65 Predicted
KDR Vascular endothelial growth factor receptor 2 P35968 64 Validated
KRAS GTPase KRas PO1116 64 Predicted
JAK2 Tyrosine-protein kinase JAK2 060674 64 Predicted
NOS3 Nitric oxide synthase, endothelial P29474 63 Validated
CSF2 Granulocyte-macrophage colony-stimulating factor P04141 63 Predicted
TGF-p1 Transforming growth factor -1 proprotein P01137 62 Predicted
VCAM1 Vascular cell adhesion protein 1 P19320 61 Validated
PPARG Peroxisome proliferator-activated receptor gamma P37231 61 Validated
PIK3R1 Phosphatidylinositol 3-kinase regulatory subunit alpha P27986 60 Predicted
ERBB2 Receptor tyrosine-protein kinase erbB-2 P04626 60 Predicted
CD44 CD44 antigen P16070 60 Predicted
TIMP1 Metalloproteinase inhibitor 1 P01033 59 Predicted
SERPINE1 Plasminogen activator inhibitor 1 P05121 59 Predicted
CXCL1 Growth-regulated alpha protein P09341 58 Predicted
PIK3CA PI3-kinase subunit alpha P42336 57 Predicted
STAT1 Signal transducer and activator of transcription 1-a/betaf P42224 57 Predicted
CAV1 Caveolin-1 Q03135 57 Predicted
CDC42 Cell division control protein 42 homolog P60953 55 Predicted
CAT Catalase P04040 55 Validated
PTPN11 Tyrosine-protein phosphatase non-receptor type 11 Q06124 54 Predicted
IRS1 Insulin receptor substrate 1 P35568 54 Predicted
SP90AA Heat shock protein HSP 90-a P0O7900 54 Predicted
HMOX1 Heme oxygenase 1 P09601 54 Validated
KNG1 Kininogen-1 P01042 53 Predicted
CRP C-reactive protein (cleaved into: C-reactive protein) P02741 53 Predicted
IGF1R Insulinlike growth factor 1 receptor P08069 51 Predicted
ADIPOQ Adiponectin Q15848 50 Predicted
RELA Transcription factor p65 Q04206 50 Predicted

Table 2 (continued)
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Table 2 (continued)
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Gene Description UniProt Degree Source

PTK2 Focal adhesion kinase 1 Q05397 49 Predicted
F2 Prothrombin P00734 48 Validated
NRAS GTPase NRas PO1111 47 Predicted
MPO Myeloperoxidase P05164 47 Validated
FOXO3 Forkhead box protein O3 043524 46 Predicted
EP300 Histone acetyltransferase p300 Q09472 45 Predicted
ITGB1 Integrin p-1 P05556 45 Predicted
VWF von Willebrand factor P04275 45 Predicted
CCR2 C-C chemokine receptor type 2 P41597 44 Predicted
POMC Pro-opiomelanocortin P01189 41 Predicted
PIK3R2 Phosphatidylinositol 3-kinase regulatory subunit 000459 41 Predicted
GCG Glucagon P01275 41 Predicted
CYBB Cytochrome b-245 heavy chain P04839 41 Predicted
SYK Tyrosine-protein kinase SYK P43405 41 Predicted
TAC1 Protachykinin-1 P20366 40 Predicted
GNAI1 Guanine nucleotide-binding protein P63096 37 Predicted
F2R Proteinase-activated receptor 1 P25116 37 Predicted
GNB1 Guanine nucleotide-binding protein P62873 36 Predicted
GNG2 Guanine nucleotide-binding protein P59768 36 Predicted
NPS Neuropeptide S POCOP6 34 Predicted
NPY Pro-neuropeptide Y (cleaved into: neuropeptide Y) P01303 31 Predicted
GNG7 Guanine nucleotide-binding protein 060262 30 Predicted
GNB3 Guanine nucleotide-binding protein P16520 30 Predicted
GNB5 Guanine nucleotide-binding protein subunit -5 014775 30 Predicted
OPRM1 Mu-type opioid receptor P35372 30 Validated

regulating inflammation and immune response in vivo,
Chinese herbal medicine functions through a variety of
natural compounds acting on multiple targets; thus, the
mechanism of action is particularly complex and difficult
to explain. Therefore, it is of considerable value using
network pharmacology based on big data bio-informatics to
gain deeper understanding of the molecular mechanism of
Chinese herbal medicine in treating certain diseases.
According to our herbal-compound-target network
diagram, 4 core compounds, quercetin, kaempferol, beta-
sitosterol, and stigmasterol, were identified. Quercetin is

© Annals of Palliative Medicine. All rights reserved.

a plant-derived flavonoid (chemical name: 3,3’,4’,5,7-pe
ntahydroxyflavonoid) which has a good antioxidative and
anti-inflammatory effects. Most plant-derived secondary
metabolites can directly affect the expression of key
proinflammatory molecules in inflammatory mediators (17).
Meanwhile, kaempferol is a natural flavonoid compound
isolated from plants. Kaempferol can effectively inhibit
the further development of allergic inflammation of the
intestinal cell model mediated by immunoglobulin E (IgE)
in vivo by inhibiting the secretion of allergic media. Flavonol
fisetin can improve the AHR of asthma, which is related
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Figure 5 Results of Molecular docking. (A) The thermogram
shows a large amount of statistical data on the binding of Foxp3
and RoRyt to the core compounds of PFQF. (B) Schematic
diagram of quercetin and RoRyt docking. PFQF, Ping Feng
Qingfei Mixture.

to reducing the Th2 type response and inhibiting necrosis
factor (NF)-«xB and its downstream chemokines (18).
Beta-sitosterol can increase Thl cell activity and inhibit
Th2 cell activity, and thus has a clear inhibitory effect on
airway inflammation induced by allergens (19). Finally,
stigmasterol is a natural sterol belonging to a large group
of phytosterols. Studies have shown that it has the ability to
inhibit airway inflammation and remodeling by inhibiting
the response mediated by IgE induced by allergens (20).
These compounds are the material basis of PFQF in the
treatment of AHR.

According to the analysis of KEGG and GO
enrichment, we speculated that PFQF’s treatment effect
involves the regulation of Th17-Treg imbalance, and
subsequent molecular docking verified confirmed this
assumption. In recent years, Th17-Treg immune imbalance
has been found to be an important mechanism, along with
that of Th1/Th2 (21). Both Th17 and Treg immune cells
are derived from cluster of differentiation (CD)4+ T cells,
which are closely related to the differentiation process.
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Th17-Treg imbalance may play a key role in allergic airway
inflammation (22). The increase of Th17 level promotes
the inflammatory response, while the decrease of Treg
level leads to a decrease of the ability of the body to inhibit
an inflammatory response (23). Th17 immune cells are
T lymphocyte subsets which are different from both Thl
and Th2 immune cells, and could also cause AHR (24).
The specific marker of Th17 immune cells is RORy T,
which can produce many inflammatory factors, including
IL-17 and IL-6, that in turn can enhance the eosinophilic
airway inflammation mediated by Th2 cells (25). Studies
have shown that IL-17A, an inflammatory factor in Th17
cells, can stimulate airway epithelial cells, stromal cells,
and endothelial cells to secrete related proinflammatory
factors, leading to the activation of neutrophils, and
ultimately leading to asthma inflammation (26). These cells
can secrete IL-4, IL-10, and transforming growth factor
B-1 (TGF-P). All these cytokines have anti-inflammatory
effects, which can inhibit the hyperactive Th2-type
reaction. The FOXP3 gene is a specific transcription
regulator of Treg, which can promote the differentiation
of immature CD#4 cells into Treg cell subsets. If the
FOXP3 gene is mutated, it can affect the development and
maturation of Treg cells (27). It has been reported that
infusion of nonantigen-sensitized Treg cells into mice can
reduce AHR in asthmatic mice (28), and other studies have
shown that the Th17:Treg ratio is positively correlated
with AHR (25).

A major feature of Th17 cells is the production of
inflammatory factor IL-17. It is an activator of neutrophils
and is involved in the process of airway inflammation and
remodeling (29). IL-6 plays a key role in inflammation and
immunity. The expression level of IL-6 is closely related to
AHR, and the secretion of IL-6 figures prominently in the
pathogenesis of AHR (30). Furthermore, IL-6 can induce
immature ThO cells to polarize Th17, especially to RoR-yT
by activating the STAT?3 target gene (31). L-10 cytokines
are produced by Treg immune cells, which have anti-
inflammatory effects, and L-10 is an important cytokine for
the ability of Tregs to inhibit AHR (32). This includes not
only inhibiting the infiltration of eosinophils in the airway
but also achieving immune tolerance and protecting the
body’s airway during asthma (33). In addition, IL-10 levels
in asthmatic patients are generally low (34). It has been
reported that TGF-B is positively correlated with FOXP3
expression (35). TGF-P can regulate the differentiation
of Treg and Th17 cells and inhibit the proliferation and

expression of most immune cells (36).
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Conclusions

We systematically explored the pharmacological mechanism
of PFQF in the treatment of AHR caused by PM2.5
through network pharmacology and molecular docking.
Network pharmacology is uniquely suited to clarify the
therapeutic mechanism of TCM. Through network
pharmacology, we discovered that PFQF can mitigate AHR
through the Th17 cell differentiation and IL-17 signaling
pathway. Later molecular docking also confirmed the
regulation of Th17-Treg imbalance by PFQF. We hope
our study can act as an exemplar for modern research into
TCM and that PFQF can provide an alternative treatment
for haze-related diseases.
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