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Abstract
Purpose

Jinwei decoction can enhance the anti-in�ammatory effect of glucocorticoid (GC) on chronic obstructive pulmonary disease (COPD) by restoring the activity
of HDAC2. But the upstream mechanism of Jinwei decoction on HDAC2 expression is not clear.

Objective

To explore whether Jinwei decoction can enhance the anti-in�ammatory effect of GC on COPD through microRNA21 (miR-21) by network pharmacology.

Methods

The TCMSP database was used to screen active ingredients and target genes of Jinwei decoction, and miRWalk2.0 was used to predict downstream target
genes of miR-21. COPD-related genes were identi�ed by searching GeneCards and OMIM databases; Venny 2.1 was used to screen intersection genes; Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways of intersection genes were analyzed by R software. Protein-protein
interactions (PPIs) were analyzed by Cytoscape 3.7.2 software to identify core genes. Finally, interactions between main compounds and potential targets
were veri�ed by molecular docking.

Results

Two hundred ninety-two active ingredients, 316 Jinwei drug targets, 10170 miR-21 target genes, 6617 COPD target genes, and 184 intersection gene were
identi�ed. Eleven core proteins of PPI networks may be involved. GO enrichment analysis showed that oxidative stress, regulation of in�ammatory response,
hormone transport, and histone modi�cation were involved; KEGG pathway enrichment analysis concentrated in the PI3K-Akt, mitogen-activated protein kinase
(MAPK), HIF-1, neutrophil extracellular bactericidal network, and other signaling pathways.

Conclusion

Jinwei decoction can regulate histone deacetylase-2 activity and enhance the anti-in�ammatory effect of GC on COPD by modulating miR-21. Its mechanism
of action may be related to its effect on the PI3K Akt, MAPK, and TNF signaling pathways and neutrophil extracellular trap formation through miR-21. 

1. Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by chronic in�ammation of airways, pulmonary parenchyma, and pulmonary vasculature.
Alveolar macrophages, T lymphocytes (especially CD8+ cells) and neutrophils aggregate in various pulmonary foci, and a subset of patients develop
eosinophil-enriched in�ammation [1]. Glucocorticoid (GC) is currently recognized as the most rapidly acting and potent anti-in�ammatory drugs in the therapy
of chronic in�ammatory airway diseases, and have demonstrated good clinical e�cacy in the treatment of bronchial asthma [2,3]. However, COPD patients do
not bene�t from inhaled corticosteroids (ICS) alone. ICS treatment neither delays the long-term decline of forced expiratory volume in one second nor reduces
the mortality of COPD patients [4,5]. Although a number of studies have shown that COPD patients with blood eosinophil counts of   ≥ 300/μL or ≥ 100/μL
and with more than two moderate acute exacerbations or one hospitalization per year can bene�t from ICS combined with one or two long-acting
bronchodilators, other COPD patients do not receive such bene�t [6]. This �nding is explained by the increased airway in�ltration of neutrophils, macrophages,
and CD8+ T lymphocytes in the setting of COPD [1,7], as well as increased levels of in�ammatory mediators such as IL-8, TNF-α, and granulocyte macrophage
colony stimulating factor related to these cells. GC treatment can neither inhibit airway in�ammation effectively, nor prevent the decline of pulmonary function
associated with airway in�ammation [8]. In sum, GC therapy alone cannot inhibit the in�ammatory response of COPD effectively.

The limited anti-in�ammatory effect of GCs in COPD is related to decreased histone deacetylase-2 (HDAC2) activity [8-10]. In the rat models of COPD with
HDAC2 diminishing, the e�cacy of GCs is also reduced. If HDAC2 activity is protected or restored, GC sensitivity can be reestablished [9]. HDAC2 expression
and activity may be reduced in lung cells or tissue by multiple factors that include oxidative stress caused by smoking, thus disrupting the dynamic balance of
histone acetyl transferase/HDAC. GCs cannot recruit HDAC2 to the co-activated complex region; consequently, GCs can neither inhibit the transcription of
in�ammatory genes effectively nor reduce the secretion of airway in�ammatory factors[8-10]. However, the upstream mechanism of GCs is not clearly
understood.

MicroRNAs (miRNAs) are implicated in the pathogenesis of COPD[11]. MiRNAs are non-coding single-stranded RNAs that are highly conserved and widely
distributed among eukaryotes. They play a post-transcriptional regulatory role primarily by inhibiting the expression or translation of target genes [12,13].
MiRNAs impact a range of biological processes, such as in�ammation, cell proliferation, differentiation, and death; and may play an important role in the
development and progression of COPD by regulating gene expression[14]. Mir-1246, mir-1258, mir-556-3p, mir-1468-5p, mir-126-5p, and mir-130b-5p are up-
regulated, while mir-182-3p, mir-497-5p, and mir-492 are down-regulated in COPD[11]. MiR-9, miR-21, miR-126 have been associated with corticosteroid-
insensitive asthma and COPD[9]. MiR-21 contributes to severe, steroid-insensitive asthma by suppressing HDAC2 activity through phosphoinositide 3-
kinase[15]. However, the targeting effect of miR-21 on HDAC2 in COPD is not clear.

Traditional Chinese medicine (TCM) can detoxify and confer synergy in the prevention and treatment of diseases such as arthritis[16] and cancer[17]. However,
there are few reports of TCM-based COPD therapies. Jinwei Decoction is an empirical formula for the treatment of stable COPD that has been used clinically
for more than two decades with excellent results. The formula is composed primarily of: Radix Astragali, Rhizoma Polygonati, Rhizoma Atractylodis
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Macrocephalae, Pinellia Ternata, Pericarpium Citri Reticulatae, Semen Brassicae, Salvia miltiorrhiza, Radix Paeoniae Rubra, Peach Kernel, Angelica Sinensis,
Prepared Rehmannia Glutinosa, Ephedra, Almond, Ganodorma Lucidum, Rhizoma Phragmitis and Ginkgo. Jinwei decoction improved pulmonary function in a
rat model of COPD; reduced the in�ltration of macrophages, lymphocytes and neutrophils in lung tissue; reduced the formation of compensatory emphysema
and delayed airway remodeling; decreased IL-8 and TNF-α levels in lung homogenate; and increased HDAC2 expression in lung tissue and HDAC2 content in
lung homogenate. The mechanism is related to the recovery of HDAC2 activity, which enables GCs to activate Glucocorticoid Receptor, recruit HDAC2 to
regions of transcriptional activation, increase histone deacetylation, and inhibit the expression of in�ammatory factors [18]. However, the upstream mechanism
of Jinwei decoction on HDAC2 expression is not clear. The pathways by which Jinwei decoction modulates the anti-in�ammatory effect of GCs in COPD
remain to be elucidated.

This study aimed to combine network pharmacology and bioinformatics to explore whether Jinwei Decoction regulates HDAC2 activity by interacting with
miR-21 to enhance the anti-in�ammatory effects of GCs on COPD. This hypothesis may provide a basis for further experimental validation (Figure 1).

2. Results
2.1 Active ingredient screening results. A total of 292 active ingredients of Jinwei decoction were identi�ed by the TCMSP platform (Table S1), including 20
from Radix Astragali, 12 from Rhizoma polygonati, 7 from Radix Atractylodis Macrocephalae, 13 from Radix Pinelliae, 5 from Radix Chenpi, 3 from Radix
leucorrhizus, 65 from radix salviae miltiorrhizae, 15 from radix paeoniae rubra, 23 from Radix Angelicae, 2 from Radix familiaris, 23 from Radix ephedra, 19
from almonds, 61 from Radix lucidum, 1 from root of ruticola, 21 from Radix Atractyloides. There were 316 target genes of Jinwei decoction (Table S2),
suggesting that its effects are mediated through the action of multiple components on multiple targets. Basic information of some TCM components is
shown in Table 1.

2.2 Prediction of miR-21 downstream target genes. 10170 target genes of miR-21 were screened by miRWalk2 (including miRWalk, miRanda, RNA22, and
TargetScan databases) (Table S3).

2.3 COPD target genes. According to the search conditions, 6577 and 143  COPD-related genes were identi�ed by the GeneCards (Table S4) and OMIM
databases (Table S5), respectively. After eliminating 103 repetitive genes, 6617 target genes were �nally included.

2.4 Construction of “drug-COPD-mir-21” intersection target gene database. Target genes corresponding to drug, COPD, and miR-21 were introduced into Venny
2.1, and 184 intersection genes were identi�ed (Figure 2).

2.5 GO enrichment analysis. GO enrichment analysis of 184 cross-genes showed enrichment primarily in the regulation of oxidative stress response; small
molecule metabolic processes; epithelial cell proliferation; DNA-binding transcription factor activity; MAP kinase activity;   serine/threonine kinase activity;
in�ammatory response; protein kinase B signaling; hormone transport; phosphatidylinositol-mediated signaling; and histone modi�cation (Figure 3).

2.6 KEGG pathway enrichment analysis results. KEGG pathway enrichment analysis of 184 cross-genes showed that there were 178 enrichment pathways
under the condition of Q value < 0.05. According to the count, the �rst 30 output bubbles were selected, (Figure 4), and the neutrophil extracellular bactericidal
network was constructed (Figure 5). They were mainly enriched in the PI3K-Akt, MAPK, HIF-1, TNF, Toll-like receptor, and NF-kappa B signaling pathways; and
in Th17 cell differentiation and neutrophil extracellular trap formation (Table 2).

2.7 Mapping of TCM ingredient-intersection gene-miR-21 regulatory network. The regulatory network of TCM ingredient - intersection gene - miR21 was drawn
by Cytoscape 3.7.2 software (Figure 6). Data of TCM ingredients corresponding to intersection genes are shown in Table 3.

2.8 PPI network and core genes. The PPI network of 184 common target genes of drug-COPD-miR21 constructed by the STRING platform showed that 184
nodes played a direct or indirect role in drug-gene interaction, involving 6292 ledages (Figure 7). According to the screening conditions, AKT1, TP53, VEGFA,
EGFR, EGF, CASP3, MAPK1, MAPK 8, STAT3, ESR1, CCND1, CTNNB1, CDH1, SIRT1, MMP2, FGF2, IL10, AR, PPARG, FOXO1 and other core genes were obtained
by network topology analysis with CytoNCA, (Figure 8).

2.9 Molecular docking. According to the core gene network combined with GO and KEGG enrichment analysis, potential active ingredients such as quercetin, β-
sitosterol, stigmasterol, kaempferol, (-) - epigallocatechin gallate (-), and luteolin were predicted for their binding ability with potential target genes such as
MAPK1, EGFR, EGF, MAPK 8, CASP3, STAT3, ESR1, CCND1, CDH1, AR, ERBB2, MPO. Visualization analysis was performed by PyMOL software. Taking MPO as
an example, see Figure 9 and Table 4 for details.

3. Discussion
Our results suggest that Jinwei decoction may regulate HDAC2 activity by interfering with miR-21expression, thus enhancing the anti-in�ammatory effect of
GCs on COPD. The mechanism may be related to modulation of the PI3K Akt and MAPK signaling pathways and the neutrophil extracellular bactericidal
network through miR-21.

3.1 Effect of active ingredients on COPD and miR-21. Our study revealed that the active ingredients of Jinwei decoction included quercetin, (-) -
epigallocatechin gallate (-), kaempferol, luteolin, β-sitosterol, stigmasterol, and baicalein. Studies have shown that these ingredients have therapeutic effects
on COPD, and that some ingredients directly affect the sensitivity of COPD to GC treatment. Furthermore, these ingredients also have regulatory effects on
miR-21.
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3.1.1 Therapeutic effects of active ingredients on COPD. Studies have suggested that multiple active ingredients of Jinwei decoction can impede the onset
and progression of COPD. Notably, quercetin can restore GC sensitivity. Peripheral blood mononuclear cells from COPD patients demonstrated corticosteroid
insensitivity that was reversed following quercetin exposure. In addition, quercetin reversed GC insensitivity in U937 human monocytes induced by cigarette
smoke extract (CSE).The mechanism of action was ascribed to the activation of AMPK and upregulation of nuclear factor erythroid 2-related factor 2
expression[19]. 

Epigallocatechin gallate (EGCG) can reduce the production and accumulation of reactive oxygen species (ROS) in airway epithelial cells (AECs) induced by
CSE, inhibit lipid peroxidation, and regulate oxidative stress response. In addition, EGCG can inhibit the activation of NF-κB and downstream expressions of
in�ammatory mediators in AECs induced by CSE. These results suggest that EGCG has antioxidant and anti-in�ammatory effects in AECs exposed to CSE[20]. 

Kaempferol prevents COPD exacerbations and disease progression, possibly by attaching to the I-kappa-B-kinase beta (IKK2) ATP binding site, thereby
inhibiting IKK2 through phosphorylation[21]. Kaempferol prevents and reverses neutrophilic pleocytosis in the bronchoalveolar lavage �uid (BALF) of BALB/c
mice exposed to cigarette smoke; its mechanism may be related to reductions of IL-1α. and CXCL-5 expression[22]. 

Luteolin can signi�cantly decrease serum TNF-α levels and improve dyspnea and ventilatory function in COPD patients[23]. Baicalein can reduce LTC4
expression in the arterial plasma of COPD patients and improve respiratory function [24].

3.1.2 Regulation of miR-21 by active ingredients. Multiple ingredients of Jinwei decoction regulate miR-21 expression, particularly in pulmonary �brosis (PF)
and cancer. However, their regulatory effects in COPD have rarely been reported.

In a rat model of pulmonary interstitial �brosis induced by intratracheal injection of bleomycin (BLM), miR-21 and TGF - β 1 were signi�cantly increased.
Quercetin inhibited TGF-β 1 and miR-21 expression and enhanced Smad7 activity through the TGF-β 1/Smad signaling pathway, thereby attenuating PF [25].
Quercetin protected BEAS-2B cells against Cr (VI) – induced malignant transformation by targeting miR-21-Pdcd4 signaling[26]. 

EGCG can downregulate the pulmonary expressions of miR-21, TGF-β1mRNA, Smad2mRNA, α-SMAmRNA and COL-ImRNA, while up-regulating Smad7 protein
expression in a BLM-induced pulmonary �brosis rat model. The mechanism was ascribed to down-regulation of miR-21 and inhibition of TGF-β1/Smad
signaling pathways [27]. EGCG can inhibit tumor cell proliferation by regulating mir-16 and miR-21, and can regulate the expression of miRNAs in HepG2
cells. In addition, EGCG can inhibit miR-21 expression in solid tumors such as prostate cancer[28]. EGCG also reduced the expressions of miR-21 and mir-192,
increased the level of miR-29a/b/c, and attenuated disease severity in a rat model of cadmium chloride-induced chronic renal injury and �brosis[29]. 

Kaempferol may play a protective role against hypoxia/reoxygenation-induced cardiomyocyte injury by regulating the Notch1/phosphatase and tensor
homology (PTEN)/Akt signaling pathway via miR-21[30]. Kaempferol can inhibit the proliferation, migration, and invasion of HepG2 cells by downregulating
miR-21 and upregulating PTEN, as well as inactivating the PI3K/Akt/mTOR signaling pathway[31]. Kaempferol activates the BMP signaling pathway, induces
miR-21 expression, downregulates DOCK4, 5 and 7, and thereby inhibits cell migration[32]. 

Luteolin can protect PC-12 cells against H2O2-induced oxidative damage by upregulating miR-21, activating the PI3K/Akt pathway, and inactivating the
PDCD4/p21 pathway[33]. Baicalein signi�cantly reduced pulmonary expressions of miR-21, TGF-β1, and p-smad-2/3 in a rat model of BLM-induced pulmonary
interstitial �brosis, and may inhibit �brosis through its reduction of miR-21 and TGF-b/Smad signaling, and its antioxidant and anti-in�ammatory
properties[34]. Baicalein can also inhibit the differentiation of human lung �broblasts, possibly by decreasing STAT3 activity and increasing the expression of
the miR-21 target gene Spry1[35].

3.2 Targets of Jinwei decoction are related to COPD and miR-21. Core genes including AKT1, FOXO1, TP53, CCND1, MAPK1, MAPK8, VEGFA, EGFR, EGF,
CASP3, STAT3, ESR1, CTNNB1, CDH1, SIRT1, MMP2, FGF2, IL10, AR, and PPARG were identi�ed by high-throughput gene expression database, Venny 2.1, and
PPI analyses. Our study revealed that targets of Jinwei decoction are associated with COPD, and that AKT1, MAPK1, and MAPK8 are directly related to GC-
resistant COPD. In addition, Jinwei Decoction targets were also associated with miR-21.

3.2.1 Targets of Jinwei decoction are related to COPD. AKT1 is a member of the Akt family. Akt is one of the key downstream molecules activated by the PI3K
kinase signaling pathway, which mediates in�ammatory response[36,37], oxidative stress[36,38], and corticosteroid sensitivity[36] in COPD. CSE and oxidants
released from in�ammatory cells activate the PI3K-δ/Akt pathway, which plays an important role in cell signal transduction. Exposure of U937 cells to CSE
induces Akt phosphorylation and decreases HDAC2 levels[39]. In addition, AKT1 may be associated with the onset and progression of emphysema[40]. AKT1 is
involved in stimulatory signaling and protein synthesis in the skeletal muscle of COPD patients [41].

MAPK includes p38 mitogen-activated protein kinase (p38MAPK), c-Jun N-terminal kinase (JNK), and extracellular signal-regulated kinase (ERK)[42]. CS, LPS,
in�ammatory factors and oxidative stress can activate the p38MAPK pathway[43]. p38MAPK is signi�cantly elevated in the sputum of patients with COPD; the
degree of its activation correlates with airway in�ammation and spirometry results[44]. U937 cells exposed to CSE have reduced sensitivity to corticosteroid
treatment caused by increased c-Jun expression due to phosphorylation of p38MAPK, ERK 1/2, and JNK[42].

EGFR expression in bronchial biopsy specimens of smokers with and without COPD was increased compared with non-smokers[45]. Moreover, increased EGFR
in the airways of smokers and COPD patients is related to increased mucin production and goblet cell proliferation[46]. Concurrently, hypoxia induces
transcription factor-1 (HIF-1) to activate EGFR downstream, which leads to the upregulation of multiple genes, including VEGF, and induces mucus production
[47].
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3.2.2 Jinwei decoction targets are related to miR-21. Targets of Jinwei decoction in asthma[15,49,50], pulmonary interstitial �brosis[51], and lung cancer[52] are
associated with miR-21, but reports of this association in COPD are limited.

The relationship between Akt-1 and miR-21 has been con�rmed in severe steroid-insensitive asthma. miR-21 expression was increased in murine models of
severe steroid-insensitive asthma induced by either Chlamydia muridarum, Hemophilus in�uenzae, mouse-adapted in�uenza A H1N1virus, or respiratory
syncytial virus. These models disclosed PI3K-mediated phosphorylation and pAKT translocation, decreased HDAC2 levels, and steroid insensitivity[15]. CASC7
can inhibit the PI3k/AKT signal pathway by targeting miR-21[49], and TGF-β1-smad-mir-21 signaling can inhibit the PI3K-Akt pathway activity by lowering the
PTEN levels [50], further supporting the potential role of miR-21 as a therapeutic target to enhance GC sensitivity.

The relationship between MAPK and miR-21 has been con�rmed in PF. miR-21 expression was increased in a BLM-induced pulmonary interstitial �brosis
model in rats. Resveratrol (RES) reversed the increase of miR-21 and relieved in vivo signs of PF. The inhibitory effect of RES on BLM-induced PF is ascribed to
the regulation of miR-21 via the MAPK/AP-1 pathway[51].

The relationship between EGFR and miR-21 has been con�rmed in lung cancer studies. Most cases of non-small cell lung cancer cases exhibit both EGFR and
miR-21 expression in tumor cells, which further supports the notion that the EGFR pathway in�uences miR-21 expression. The inhibition of miR-21 expression
by egfr-tkiag1478 indicates that the EGFR signaling pathway is involved in the positive regulation of miR-21 expression[52].

3.3 GO enrichment analysis suggests that Jinwei decoction might reduce histone expression. Our GO enrichment analysis suggests that smoking may induce
HDAC2 phosphorylation and decrease its activity. Smoking-induced phosphorylation of HDAC2 can also induce its ubiquitination and degradation, resulting in
decreased HDAC2 levels[53]. Oxidative and nitri�cation stressors promote the formation of peroxynitrite, which nitrates the tyrosine residues of HDAC2, leading
to its inactivation, ubiquitination, and degradation, thus lowering HDAC2 activity[54]. Although there is no direct evidence that the active ingredients of Jinwei
decoction regulate HDAC activities such as post-translational modi�cation, subcellular localization, and the interaction of co-expressive protein complexes,
they may interfere with oxidative stress and the in�ammatory response of COPD[55-57], suggesting that Jinwei decoction may inhibit the oxidative stress
response by reducing HDAC degradation. Jinwei decoction can regulate the post-translational modi�cation of HDAC2 and enhance its activity, augment the
anti-in�ammatory effect of GCs in COPD, and inhibit the expressions of IL-8 and TNF-α.

3.4 KEGG enrichment analysis suggests that Jinwei decoction may enhance GC sensitivity. Our KEGG analysis suggested that the enhancement of GC
sensitivity by Jinwei decoction might be related to the PI3K-Akt, MAPK, and HIF-1 signaling pathways and neutrophil extracellular trap formation. The main
ingredients of Jinwei decoction can interfere with the aforementioned pathways and reduce corticosteroid resistance.

The PI3K/Akt signaling pathway plays an important role in COPD, primarily in the regulation of in�ammatory cell activation[36,37], in�ammatory mediator
release[36,38], and GC resistance[36]. PI3K/Akt signaling is upregulated by multiple stimuli, and leads to decreased HDAC2 activity, GC resistance, and persistent
in�ammation[58].

HIF-1 signaling is also associated with GC resistance in COPD. Hypoxia activates HIF-1α expression in A549 cells, and then reduces HDAC2 levels, leading to
increased in�ammation and GC resistance. The mechanism is related to HIF-1α binding to the HIF reaction element at position 320, which antagonizes the
binding of polymerase II at this site and decreases HDAC2 promoter activity[59]. In addition, HIF-1α enhances MIF expression by binding to a speci�c region in
the MIF promoter, thus leading to GC-insensitive COPD[60]. 

GC resistance may be a direct consequence of p38MAPK activation in the in�ammatory microenvironment. Different p38MAPK isoforms are involved in
corticosteroid resistance in non-type-2/IL-8-related in�ammation at multiple disease stages[8]. The Th17/IL-17 axis may play a role in GC-resistant COPD
through an unknown mechanism that may be related to an increased proximal signal, such as IL-6 or IL-23, that upregulates the Th17 in�ammatory response.
Alternatively, termination of the normal Th17 response may be impaired due to a de�cient IL-27-related negative regulatory signal[61]. 

ROS accumulation and sulfhydryl/glutathione depletion induced by oxidative stress are associated with decreased HDAC2 expression and activity, leading to
steroid resistance in cellular and animal models [62]. COPD is a chronic in�ammatory disease characterized by neutrophilic in�ammation and the excessive
formation of neutrophil extracellular traps NETs, which are associated with GC-insensitive COPD [63].

Components of Jinwei decoction, such as quercetin, can reduce GC resistance in COPD [19]. However, there is no evidence that the active ingredients of Jinwei
decoction reduce GC resistance in COPD through the aforementioned pathways. However, numerous studies have shown that the active ingredients of Jinwei
decoction can regulate the expression of these pathways in pulmonary hypertension, rheumatoid arthritis, and other diseases. Quercetin protects against
sodium nitrite-induced hypoxia in liver, lung, renal, and myocardial tissues through the regulation of HIF, Bax, Smad-2, TGF-β, and Akt expression[60]. Quercetin
can reduce ROS levels in lung tissue of septic rats[64] and inhibit IL-1β expression in macrophages infected with Pseudomonas aeruginosa. Its mechanism of
action is related to the inhibition of MAPK (p38 and JNK2) phosphorylation that decreases NLRP3 expression[65]. Quercetin signi�cantly attenuated
in�ammation and reduced arteriolar wall thickness in a rat model of pulmonary arterial hypertension. The mechanism may be related to the regulation of
PARP1 and miR-204, and their downstream targets HIF1a and NFATc2[66]. In a murine model of rheumatoid arthritis (RA), quercetin exerted a therapeutic effect
by inhibiting NET formation through the inhibition of autophagy[67]. Quercetin promoted the apoptosis of �broblast-like synoviocytes taken from RA patients
by upregulating lncRNA-MALAT1 and MALAT1 expression, thereby inhibiting the PI3K/Akt pathway[68]. 

Quercetin and kaempferol may inhibit 3T3-L1 adipocyte differentiation by interfering with Akt phosphorylation[69]. In a murine breast cancer model,
kaempferol suppressed pulmonary metastasis and signi�cantly reduced citrullinated histone H3 levels, a marker of NET formation. The mechanism may be
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related to the targeting of NETs through NADPH/ROS network signaling[70]. β-sitosterol exhibited a dose-dependent inhibition of in�ammatory responses in
in�uenza A virus - infected cells via NF-κB and p38MAPK signaling [71]. 

In a murine asthma model established by the intraperitoneal injection of ovalbumin, EGCG modulated the regulatory T cell (Treg)/Th17 balance to attenuate
in�ammation[72]. EGCG signi�cantly reduced airway in�ammation, decreased BALF eosinophilic and neutrophilic pleocytosis, decreased the percentage of
circulating Th17 cells, and increased the percentage of circulating Treg cells in asthmatic mice, possibly by modulating the tissue growth factor-β 1 signaling
pathway[73]. Baicalein exhibits protective effects against ROS-induced injury in rat lung mitochondria [74].

Our results suggest that the active ingredients of Jinwei decoction can modulate PI3K/Akt, MAPK, and HIF-1 signaling pathways and NETs. However, relevant
reports  in COPD are lacking. The therapeutic potential of Jinwei decoction calls for further investigation. In addition, our molecular docking study suggested
avid binding of multiple active ingredients of Jinwei decoction to drug targets, such as between quercetin and AKT1 or MPO, which further supports the
credibility of our bioinformatics results.

4. Conclusion
In summary, the present study indicates that Jinwei decoction may enhance the anti-in�ammatory effects of GC in COPD by targeting HDAC2 via miR-21, with
multi-target, multi pathway, and multi-level effects. All of the multiple signaling pathways modulated by Jinwei decoction are directly or indirectly related, and
are involved in oxidative stress, histone modi�cation, and in�ammatory response.

5. Materials And Methods
5.1 Screening active ingredients and target genes of Jinwei decoction. The active components of Jinwei decoction were screened in the pharmacology
database and analysis platform of the traditional Chinese medicine system (TCMSP, https://tcmspw.com/tcmsp.php) using criteria of oral bioavailability (OB)
≥ 30% and drug-likeness (DL)≥ 0.18. Corresponding target genes were obtained by consulting the literature and removing components without corresponding
targets. Target genes were then standardized by the UniProt database.

5.2 Screening of miR-21 target genes. Downstream target genes of miR-21 were predicted by using miRWalk2 (http://zmf.umm.uni-
heidelberg.de/apps/zmf/mirwalk2/).

5.3 Screening for COPD target genes. "Chronic obstructive pulmonary disease" was used as the key word to search for COPD-related genes in the GeneCards
(https://www.genecards.org) and OMIM (https://www.omim.org) databases. Multiple copies of identical genes were deleted.

5.4 Construction of “drug-copd-mir-21” intersection target gene database. Target genes of COPD, Jinwei decoction, and miR-21 were mapped in Venny 2.1
(https://bioinfogp.cnb.csic.es/tools/Venny/index.html) to obtain the intersection genes of drug-copd-mir-21. A database of intersection genes was
constructed.

5.5 GO enrichment and KEGG enrichment analyses. The BiocManager plug-in was installed in R 4.0.3 software. The threshold P (p-value) and the corrected p
value (Q-value) were set to 0.05. The core gene target points were analyzed by Gene Ontology (GO) and the Kyoto Encyclopedia of Genes and Genomes
(KEGG). The visualization process was conducted to produce bar graph, bubble graph and gene pathway map.

5.6 mapping the regulatory network of TCM compound formulas. The active components and cross genes of Jinwei decoction were used to draw the drug-
ingredient-intersection gene-mir-21 network in Cytoscape 3.7.2 software.

5.7 Constructing a protein-protein interaction network to identify core target genes. A protein-protein interaction (PPI) network was constructed by the drug-
copd-mir-21 intersection gene in the STRING (https://string-db.org/) platform. "Homo sapiens" was selected as the protein genus and species, 0.4 as the
lowest interaction threshold "medium con�dence", and other parameters were set as the default parameters. Network topology was analyzed by the CytoNCA
plug-in in Cytoscape 7.1.2 software. The degree centrality (DC), betweenness centrality (BC), closeness centrality (CC), eigenvector centrality (EC) and local
average connectivity (LAC) were selected. The degree value was twice the median value, and the other conditions were median value. Core genes of copd-mir-
21 were identi�ed.

5.8 molecular docking. According to the results of GO and KEGG enrichment analyses and the core gene network, potential target proteins were screened for
molecular docking with the active components, and binding forces were calculated. PubChem was used to obtain 2D structures of potential small molecule
ligands, which were imported into Chembio3d 14.0 software to draw 3D structural models. The 3D structures of potential target proteins were then obtained by
using the RCSB PDB database, which was imported into PyMOL 2.4 software to remove water molecules and small molecule ligands, and then imported into
AutoDock tools 1.5.6 to determine active pocket parameters and format conversion. Finally, AutoDock Vina software was used to compute molecular docking
and binding modes. The evaluation criteria were as follows: a binding energy < 4.25 kcal/mol suggested that the ligand had some receptor binding activity; a
binding energy < 5.0 kcal/mol suggested that it had better binding activity; while a binding energy < 7.0 kcal/mol suggested strong binding activity.

Abbreviations
COPD: chronic obstructive pulmonary disease

GC: glucocorticoid

https://tcmspw.com/tcmsp.php
https://www.genecards.org/
https://www.omim.org/
https://string-db.org/


Page 7/22

HDAC2:histone deacetylase2

EGCG: epigallocatechin gallate

GO: Gene ontology

KEGG: Kyoto encyclopedia of genes and genomes
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Table 1. Information of TCM ingredients of Jinwei decoction
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TCMSP ID Ingredient OB% DL Source

MOL000358 beta-sitosterol 36.91 0.75 Ginkgo, Pinellia Ternata, Radix Paeoniae Rubra, Angelica Sinensis, Rhizoma Polygonati, Ganoderma
Lucidum,Ephedra, and Peach Kernels

MOL000449 Stigmasterol 43.83 0.76 Ginkgo, Pinellia Ternata, Radix Paeoniae Rubra, Angelica Sinensis, Rhizoma Phragmitis, Prepared
Rehmannia Glutinosa, Almond

MOL000359 sitosterol 36.91 0.75 Pericarpium Citri Reticulatae, Radix Paeoniae Rubra, Rhizoma Polygonati, Prepared Rehmannia
Glutinosa, Almond

MOL002714

 

baicalein 33.52 0.21 Rhizoma Polygonati, Radix Paeoniae Rubra

MOL002776 Baicalin 40.12 0.75 Radix Paeoniae Rubra, Salvia miltiorrhiza

MOL000296 hederagenin 36.91 0.75 Radix Astragali,Ephedra, and Peach Kernel

MOL000492 (+)-catechin 54.83 0.24 Ginkgo, Radix Paeoniae Rubra, Almond

MOL001371 Populoside_qt 108.89

 

0.20 Ephedra, Peach Kernel

MOL001351 Gibberellin
A44

101.61 0.54 Ephedra, Peach Kernel

Table 2. KEGG pathway information of drug-COPD-mir-21 intersection genes.
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Path name Count Corresponding hub genes

PI3K-Akt signaling
pathway

38 TLR4/TP53/VEGFA/AKT1/NOS3/EGFR/

EGF/FGFR1/PDGFRB/MAPK1/CCND1/

BCL2/ERBB2/RAF1/IGF2/ITGB3/FGF2/

RELA/MDM2/IGF1R/FLT1/MET/CHUK/

CDK6/KDR/ERBB3/BCL2L1/CREB1/

CASP9/MCL1/INSR/PIK3CG/CDK2/

PRKCA/RPS6KB1/GSK3B/RXRA/CHRM2

Human
cytomegalovirus
infection

36 IL1B/TP53/VEGFA/STAT3/AKT1/CTNNB1/

FAS/EGFR/CDKN2A/MAPK1/CCND1/CASP8/

RAF1/NFKBIA/ITGB3/RELA/MDM2/CASP3/

MAPK14/CYCS/CHUK/RB1/TBK1/CDK6/

CREB1/CASP9/SP1/BAK1/PRKCA/RPS6KB1/

GSK3B/PRKCB/PRKACA/E2F2/NFATC1/ADCY2

Proteoglycans in
cancer

33 TLR4/TP53/VEGFA/STAT3/AKT1/CTNNB1/

CAV1/FAS/EGFR/MMP2/FGFR1/MAPK1/CCND1/

ERBB2/RAF1/PLAU/IGF2/ESR1/HIF1A/ITGB3/

FGF2/MDM2/CASP3/IGF1R/MET/MAPK14/KDR/

ERBB3/PRKCA/RPS6KB1/PLCG1/PRKCB/PRKACA

Kaposi sarcoma-
associated
herpesvirus
infection

32 TP53/VEGFA/STAT3/AKT1/CTNNB1/FAS/STAT1/

MAPK1/CCND1/CASP8/RAF1/NFKBIA/HIF1A/FGF2/RELA/CASP3/MAPK14/CYCS/CHUK/RB1/TBK1/

CDK6/MAPK8/CREB1/CASP9/IL6ST/PIK3CG/

BAK1/GSK3B/PLCG1/E2F2/NFATC1

MicroRNAs in
cancer

32 TP53/VEGFA/STAT3/EGFR/CDKN2A/PDGFRB/MAPK1/CCND1/BCL2/ERBB2/RAF1/PLAU/ITGB3/MDM2/

CASP3/VIM/DNMT3A/MET/DNMT3B/CDK6/ERBB3/

CYP1B1/MCL1/SIRT1/ABCC1/BAK1/PRKCA/PLCG1/PRKCB/E2F2/BCL2L2/PRKCE

MAPK signaling
pathway

30 IL1B/TP53/VEGFA/AKT1/FAS/EGFR/EGF/FGFR1/

PDGFRB/MAPK1/ERBB2/RAF1/IGF2/FGF2/RELA/

CASP3/IGF1R/FLT1/MET/MAPK14/CHUK/MAPK8/

KDR/ERBB3/INSR/PRKCA/RASA1/PRKCB/PRKACA/

NFATC1

Human
papillomavirus
infection

30 TP53/VEGFA/AKT1/CTNNB1/FAS/STAT1/EGFR/EGF/PDGFRB/MAPK1/CCND1/CASP8/RAF1/

ITGB3/RELA/MDM2/CASP3/IRF1/CHUK/RB1/TBK1/CDK6/CREB1/CDK2/CCNA2/BAK1/FOXO1/RPS6KB1/GSK3B/PRKACA

Hepatitis C 29 TP53/STAT3/AKT1/CTNNB1/FAS/STAT1/EGFR/EGF/MAPK1/CCND1/CASP8/RAF1/NFKBIA/CXCL10/

RELA/CASP3/LDLR/CYCS/CHUK/RB1/TBK1/CDK6/CASP9/PPARA/CDK2/BAK1/GSK3B/E2F2/RXRA

Pathways of
neurodegeneration
- multiple diseases

29 IL1B/CTNNB1/FAS/SOD1/MAPK1/CHRM3/BCL2/

CASP8/RAF1/APP/RELA/CASP3/MAPK14/CYCS/

TBK1/MAPK8/SLC6A3/BCL2L1/CASP9/HSPA5/

BAK1/PRKCA/GSK3B/CASP7/PLCG1/PRKCB/

CHRNA7/GRIA2/HTT

Table 3. TCM ingredients and corresponding intersection genes.
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TCMSP ID Name OB DL Degree Source Intersection
Genes

MOL000098

 

quercetin 46.43 0.28 246 Ginkgo, Radix Astragali, Ephedra AR PPARG

EGFR
AKT1

VEGFA
CCND1

MMP2
MAPK1

IL10 EGF

CASP3
TP53

MOL000358

 

β-Sitosterol 36.91 0.75 184 Ginkgo, Pinellia Ternata, Radix Paeoniae Rubra, Angelica Sinensis,
Rhizoma Polygonati, Ganodorma Lucidum, Ephedra, and Peach Kernel

PGR
NCOA2

PTGS1
PIK3CG

KCNH2

PRKACA

CHRM3

SCN5A
GABRA2

PDE3A
ADRA1A

CHRM2

MOL000449 Stigmasterol 43.83 0.76 159 Ginkgo, Pinellia Ternata, Radix Paeoniae Rubra, Angelica Sinensis,
Rhizoma Phragmitis, Ephedra, Prepared Rehmannia Glutinosa,Almond

PGR
NR3C2

NCOA2
RXRA

PTGS1
ADRA2A

SLC6A2
SLC6A3

PLAU
MAOB

MOL006821 (-) -
epigallocatechin
gallate (-)

59.09 0.77 81 Ginkgo EGFR
STAT3

AKT1
VEGFA

CCND1
MMP2

MAPK1
IL10

EGF
CASP3

TP53
MAPK8

MOL000422 Kaempferol 41.88 0.24 96 Ginkgo,Radix Astragali, Ephedra AR PPARG

AKT1
CASP3

MAPK8

MOL002714 Baicalein 33.52 0.21 57 Pinellia Ternata, Radix Paeoniae Rubra, Rhizoma Polygonati AR AKT1

VEGFA
CASP3

TP53

MOL000006 Luteolin 36.16 0.25 72 Salvia miltiorrhiza, Ephedra AR EGFR
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AKT1
VEGFA

CCND1
MMP2

MAPK1
IL10

CASP3
TP53

PPARG

Table 4. Binding energy of top six compounds

CAS Molecule

name

Molecular

formula

MPO docking

Score(kcal/mol)

MAPK1 docking

Score(kcal/mol)

 

AKT1 docking

Score(kcal/mol)

522-12-3 quercetin C21H20O11 -9.4 -8.9 -8.1

83-46-5 beta-sito

sterol

C29H50O -8.9 -9.0 -7.3

83-48-7 Stigmasterol C29H48O

 

-9.6 -9.2 -7.8

520-18-3 kaempferol C15H10O6 -8.5 -8.4 -7.9

491-67-8 baicalein C15H10O5 -9.0 -8.9 -7.8

491-70-3 luteolin C15H10O6 -9.2 -9.0 -8.1

Figures

Figure 1

Flow chart of network pharmacology of Jinwei decoction in treating chronic obstructive pulmonary disease.
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Figure 2

"Drug-COPD-mir-21" intersection target genes.
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Figure 3

Drug-COPD-miR-21 intersection gene GO enrichment analysis.
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Figure 4

KEGG enrichment analysis of drug-COPD-mir-21 intersection genes.



Page 18/22

Figure 5

Neutrophil extracellular bactericidal network.
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Figure 6

TCM ingredient-intersection gene-miR21 regulatory network.
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Figure 7

Drug-COPD-miR21 intersection gene-PPI interaction network.
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Figure 8

Drug-COPD-miR21 core gene screen.

Figure 9

molecular docking diagram. a: MPO protein-quercetin; b: MPO protein-β-stigmasterol
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