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Pulmonary fibrosis (PF) is a clinically common disease caused by many factors, which will lead to lung function decline and even respiratory failure. Jingyin granule has been confirmed to have anti-inflammatory and antiviral effects by former studies, and has been recommended for combating H1N1 influenza A virus (H1N1) infection and Coronavirus disease 2019 (COVID-19) in China. At present, studies have shown that patients with severe COVID-19 infection developed lung fibrotic lesions. Although Jingyin granule can improve symptoms in COVID-19 patients, no study has yet reported whether it can attenuate the process of PF. Here, we explored the underlying mechanism of Jingyin granule against PF by network pharmacology combined with in vitro experimental validation. In the present study, the active ingredients as well as the corresponding action targets of Jingyin granule were firstly collected by TCMSP and literature data, and the disease target genes of PF were retrieved by disease database. Then, the common targets were subjected to Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses, and then a PPI network and an ingredient–target network were constructed. Next, UPLC-MS was used to isolate and identify selected representative components in Jingyin granule. Finally, LPS was used to induce the A549 cell fibrosis model to verify the anti-PF effect of Jingyin granule in vitro. Our results indicated that STAT3, JUN, RELA, MAPK3, TNF, MAPK1, IL-6, and AKT1 were core targets of action and bound with good affinity to selected components, and Jingyin granule may alleviate PF progression by Janus kinase 2/signal transducers and activators of transcription (JAK2/STAT3), the mammalian nuclear factor-κB (NF-κB), the phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt), tumor necrosis factor (TNF), and the extracellular signal-regulated kinases 1 and 2 (ERK1/2) signaling pathways. Overall, these results provide future therapeutic strategies into the mechanism study of Jingyin granule on PF.
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HIGHLIGHTS

1. Jingyin granule has a potential anti-pulmonary fibrosis effect.
2. The representative active components of Jingyin granule may include arctigenin, quercetin, luteolin, kaempferol, rutin, gallic acid, and chlorogenic acid.
3. The UPLC-MS method was used to identify arctigenin, quercetin, luteolin, kaempferol, rutin, gallic acid, and chlorogenic acid in Jingyin granule.
4. Jingyin granule inhibited the expression of AKT1, JAK2, MAPK1, MAPK3, RELA, PI3K, STAT3, TNF, etc.
5. Jingyin granule may mediate pulmonary fibrosis through JAK2/STAT3, NF-κB, PI3K-AKT, TNF, and ERK1/2 signal pathways.
INTRODUCTION
Fibrosis, which may occur in any organ, is the outcome of dysregulated tissue repair responses to multiple types of tissue injury, particularly during chronic inflammatory disease processes. Pulmonary fibrosis (PF) is an excessive reparative response to tissue injury characterized by spontaneous, progressive scarring of the lungs in the absence of infectious or autoimmune etiologies (Cui et al., 2020). During the development of PF, fibroblast proliferation and extracellular matrix massive aggregation were accompanied by epithelial cell inflammation injury, and the injury site was gradually replaced by fibrous connective tissue to form fibrotic foci. As a fatal malignant disease of the lung, idiopathic pulmonary fibrosis (IPF) has an unknown etiology, a very poor prognosis, and a very high mortality rate, even worse than several cancers, and lung transplantation is the only curative treatment (Vancheri et al., 2010). Europe and North America have a higher incidence with 3–9 new cases per 100,000 per year, whereas Asia and South America report a lower incidence with approximately half a million new cases per year in China (Hutchinson et al., 2015). The incidence of IPF is high in the elderly, and the condition gradually deteriorates with age, and importantly, the survival rate varies greatly among different patients (Kim et al., 2015), with a median survival of 3–5 years following diagnosis (Raghu et al., 2018), and a 3-year survival rate of only 50% (Cui et al., 2020).
Halting IPF progression and curing remain a challenge, though some drugs are able to produce a significant reduction in lung function decline. Based on safety and efficacy in clinical trials, pirfenidone and nintedanib were approved for the treatment of IPF by the Food and Drug Administration (FDA) in 2014, a revolutionary act in conditionally recommending treatment in the 2015 ATS/ERS/JRS/ALAT guideline (Saito et al., 2019). However, the current drugs do not reverse the progression of fibrosis and are associated with side effects such as gastrointestinal intolerance and skin reactions (Guo et al., 2019). Currently, lung transplantation is the only available effective treatment strategy of IPF, but is subject to a limited donor organ supply and the wide variability in clinical course (Collard et al., 2016). Thus, the therapy emphasizes the urgent need to develop novel strategies for the prevention and more effective treatment of this refractory respiratory disease.
Since patients with PF mainly present with progressive dyspnea, cough spitting saliva, chest pain, vomiting, dry mouth, shortness of breath, etc., traditional Chinese medicine (TCM) has summarized it as “lung impediment” or “lung wilting” and the earliest descriptions date back to The Yellow Emperor’s Inner Canon (first century C), the earliest Chinese medical book. It has been generally accepted that PF is mainly caused by the following key pathogenic factors: six-excess external contraction (Wai gan liu yin), internal damage by the seven affects (Nei shang qi qing), qi deficiency (Qi xu), phlegm-stasis (Tan yu), and blood-stasis (Xue yu). Based on pattern identification as the basis for treatment determination, combined with the application of invigorating the blood circulation and transforming phlegm (Huo xue hua tan), supporting and restoring the normal function (Fu zheng gu ben), and so on, TCM treatment of IPF has obvious advantages in improving symptoms and delaying progression.
Jingyin granule is modified from ancient formula Yinqiao Powder, mainly composed of nine herbs [Nepeta cataria Linn. (Jingjie), Lonicera japonica Thunb. (Jingyinhua), Euonymus japonicus Thunb. (Sijiqing), Houttuynia cordata Thunb. (Yuxingcao), Indigofera tinctoria Linn. (Daqingye), Taraxacum mongolicum Hand. (Pugongying), Arctium lappa L. (Niubangzi), Saposhnikovia divaricata (Trucz.) Schischk. (Fangfeng), and Glycyrrhiza uralensis Fisch. (Gancao)]. Subject to clinical judgment, it has detoxification, analgesic, and anti-inflammatory effects and have been used for pulmonary wind-heat cold, acute bronchitis, and acute pneumonia for more than 40 years. Guidance is provided on the pulmonary syndrome of mild wind-heat (aversion to cold with fever or no fever, red tongue with thin and yellow fur, sore pharynx, cough, scant sputum, etc.) of Coronavirus Disease 2019 (COVID-19) patients by Jingyin granule in “COVID-19 Chinese medicine treatment program (second trial edition) in Shanghai.” Jingyin granule has been recommended to the fourth Shanghai’s medical assistance team to Wuhan and with good clinical effect on COVID-19 in Raytheon Hospital, Wuhan, Hubei.
A network pharmacology study by Wang et al. identified that Jingyin granule could protect against COVID-19 through 88 target genes, among which NOS2, ADAM17, CDK4, MAPK14, and MAPK1 were the top GO-BP enrichment analysis genes (Wang et al., 2021). As indicated in the Guideline on Diagnosis and Treatment of COVID-19 (Trial Version 7th) that was officially issued by the National Health Commission of the People’s Republic of China, interstitial fibrosis of the lung might occur in patients with severe COVID-19 (Zhang et al., 2021). Autopsy on patients who died of COVID-19 also showed disrupted alveolar architecture and fibrosis of the pulmonary interstitium (Huang et al., 2020). Therefore, whether Jingyin granule could prevent PF is worth exploring. The underlying mechanisms should be further explored by pharmacological evaluation, and its potential for the prevention and treatment of PF also needs to be evaluated.
Network pharmacology was first proposed by the UK pharmacologist Andrew L. Hopkins in 2007 (Hopkins, 2007), which integrates several disciplines such as systems biology, network biology, computational biology, multi-target pharmacology, and molecular pharmacology. Network pharmacology is widely used in the research of Chinese medicines as some drugs’ potential targets for combating diseases are obtained by utilizing it. Current network pharmacology has made a pivotal contribution to the development of Chinese medicines in the prevention and treatment of PF diseases as well as in the COVID-19 outbreak (Jin et al., 2021).
This study aimed to observe the effects of Jingyin granule on an in vitro cell model of PF, determining the protein expression levels of Janus kinase 2/signal transducers and activators of transcription (JAK2/STAT3), the mammalian nuclear factor-κB (NF-κB), the phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt), tumor necrosis factor (TNF), and the extracellular signal-regulated kinases 1 and 2 (ERK1/2), and to investigate the anti-fibrotic mechanism in preventing PF.
METHODS
Main Candidate Active Ingredients and Targets of Jingyin Granule
The major components of Jingyin granule were obtained by public database screening and literature review. “Jingjie,” “Jinyinhua,” “Sijiqing,” “Yuxingcao,” “Daqingye,” “Niubangzi,” “Fangfeng,” and “Gancao” were respectively retrieved in TCMSP (Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform, http://tcmspw.com/tcmsp.php), and the active ingredients were selected. The active ingredients of Taraxacum mongolicum Hand. (Pugongying) were mainly summarized by searching relevant literatures. The chemical information of main active ingredients was traced back to PubChem database (https://pubchem.ncbi.nlm.nih.gov/). The databases retrieved for potential therapeutic targets of Jingyin granule are the following: TCMSP, SEA (https://sea.bkslab.org/), HitPick (http://mips.helmholtz-muenchen.de/hitpick/), Swiss TargetPrediction (http://www.swisstargetprediction.ch/), and STITCH (http://stitch.embl.de/).
Collection of Pulmonary Fibrosis-Related Targets
The human target genes related to PF were searched from DisGeNET (https://www.disgenet.org/), GeneCards (https://www.genecards.org/), and OMIM (https://www.omim.org/) potential Disease Targets analysis platforms. After data deduplication/integration, intersecting genes were obtained and considered as therapeutic targets relevant to PF. Drug and corresponding target data that have been validated for the treatment of PF were obtained from DrugBank (https://go.drugbank.com/) and TTD (http://db.idrblab.net/ttd/) database.
Drug-Target-Disease Network Construction
The predicted action targets of the compounds in Jingyin granule and PF-related disease targets were imported into the Venn online tool (http://www.bioinformatics.com.cn/) to obtain the common targets and Venn diagram. Then, the intersection targets were confirmed by UniProt (https://www.uniprot.org), and Cytoscape software was used to construct a lung fibrosis target network of the main component actions of Jingyin granule.
Construction of Protein–Protein Interaction Network
To evaluate the importance of the intersection targets, these targets were imported into the STRING database (https://string-db.org/) and Cytoscape software to construct and analyze the PPI network of potential PF targets. The core targets in the PPI network were identified.
Functional Enrichment Analysis of Shared Targets
To explore the biological process of Jingyin granule attenuating PF, the screened 109 targets were subjected to gene ontology (GO) enrichment analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis using the clusterProfiler package based on R language with p < 0.05, q < 0.05 of filtering thresholds.
Molecular Docking of Bioactive Components
To verify the binding ability of key components with key targets and explore their accurate binding modes, molecular docking simulation is usually used with the PDB database (http://www.rcsb.org/), PyMOL (2.0) software (http://www.pymol.org/2/), and AutoDock Vina software (http://vina.scripps.edu/). We selected representative targets as receptors in the PPI network and used the representative therapeutic ingredients as the ligand of molecular docking.
Experiment Validation
Materials and Methods
Chemicals and Instruments
Arctigenin (CAS: 7770-78-7, MW: 372.41, purity ≥98%), quercetin (CAS: 117-39-5, MW: 302.24, purity ≥97%), luteolin (CAS: 491-70-3, MW: 286.24, purity ≥98%), kaempferol (CAS: 520-18-3, MW: 286.24, purity ≥98%), rutin (CAS: 153-18-4, MW: 610.52, purity ≥98%), gallic acid (CAS: 149-91-7, MW: 170.12, purity ≥98%), and chlorogenic acid (CAS: 327-97-9, MW: 354.31, purity ≥98%) were purchased from Shanghai Yuanye Bio-technology Co. Ltd. (Shanghai, China). A Waters Acquity UPLC coupled with a Xevo G2-XS Q-TOF quadrupole mass spectrometer was used (Waters Co., Milford, MA, United States).
UPLC Analysis
The Jingyin granule (2 g, lot# 200302) was dissolved with methanol and vortex mixed for 15 s. The solution was in an ultrasonic water for 30 min. Then, the solution was centrifuged at 12,000 rpm for 10 min, and the supernatant was fixed to 25 ml with methanol. Aliquot (1 μl) was injected into UHPLC-MS for analysis. All separations of Jingyin granule were performed using a Waters Acquity UPLC T3-C18 column (100 × 2.1 mm, 1.7 μm, Waters Co., Milford, MA). The flow rate was 0.2 ml/min, and the column temperature was 40°C. The mobile phase was 0.1% formic acid water (phase A) and methanol (phase B) with gradient elution, and the elution program was: 0–4 min, 90%–75%A; 4–8 min, 75%–75%A; 8–13 min, 75%–40%A; 13–18 min, 40%–25%A; 18–20 min, 25%–2%A; 20–21 min, 2%–90%A; 21–23 min, 90%–90%A.
Mass spectrometric analysis was performed by both positive and negative ion modes, sensitivity mode (resolution: 30,000). Capillary voltage: 3.0 kV; sample cone voltage: 40 V; source offset voltage: 80 V; source temperature: 120°C; desolvation temperature: 450°C; cone gas: 50 L/h; desolvation gas: 800 L/h; nebulizer pressure: 6.0 bar; mass number correction range: m/z 50‒800; correction solution: 0.5 mM sodium formate solution; flow rate: 10 μl/min; real-time correction lock spray: 1 ng/UL leucine enkephalin solution, m/z 556.2771. Data acquisition was performed using MSE, data types were continuous, energy range was 25–35 V, and scanning time was 0.2 s.
Cell Culture
A549 cells were purchased from the Cell Bank of Chinese Academy of Sciences and cultured at 37°C in a humidified atmosphere of 5% CO2 and 95% air and in sterile DMEM-H supplemented with 10% fetal bovine serum (Gibco, USA), 100 U/ml penicillin, and 100 ng/ml streptomycin. Cells were seeded in 6-well plates and cultured for 24 h at 37°C. When the A549 cells reached 70%–80% confluence, the culture medium of the cells was replaced with DMEM-H supplemented with 1% fetal bovine serum, 100 U/ml penicillin, and 100 ng/ml streptomycin for 12 h. After that, the cell culture medium was replaced with DMEM-H supplemented with 2% fetal bovine serum, and then treated with 10 μg/ml LPS (from Escherichia coli 0111: B4, Sigma-Aldrich, St. Louis, MO, USA) and arctigenin, quercetin, luteolin, kaempferol, rutin, gallic acid, and chlorogenic acid alone or in combination for up to 24 h, respectively.
Western Blot Analysis
For Western blot analysis, cell lysate was added after the cells were washed three times by PBS. The isolated proteins were quantified and separated on sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) (10%), transferred onto a PVDF membrane, and blocked with 5% BSA. After blocking, the proteins were incubated with antibodies overnight at 4°C with primary antibody β-actin (1:3,000, Affinity, USA), Phospho-AKT (1:1,000, Proteintech, USA), AKT (1:1,000, CST, USA), JAK2 (1:1,000, CST, USA), Phospho-JAK2 (1:1,000, CST, USA), p44/42 MAPK (ERK1/2) (1:1,000, CST, USA), Phospho-p44/42 MAPK (ERK1/2) (1:1,000, CST, USA), STAT3 (1:1,000, CST, USA), Phospho-STAT3 (1:1,000, CST, USA), NF-κB (1:1,000, CST, USA), Phospho-NF-κB (1:1,000, CST, USA), PI3K (1:1,000, CST, USA), Phospho-PI3K (1:1,000, CST, USA), and TNF-α (1:1,000, CST, USA), followed by horseradish peroxidase (HRP)-linked anti-rabbit (1:2,000, CST, USA) or anti-mouse (1:2,000, CST, USA). The protein bands were analyzed by Tanon 4600SF (Tiangong Technology Co., Ltd., Shanghai, China) with chemiluminescence substrate.
Statistical Analysis
SPSS 25.0 software and GraphPad Prism 8.0.2 software were used for data analysis and processing, and the results were expressed as mean ± standard deviation (SD). One-way analysis of variance (ANOVA) was used for comparisons between groups. Values of p < 0.05 were considered statistically significant.
RESULTS
Based on the multi-component, multi-target, and multi-channel function of Chinese medicines, this study found the mechanism of the anti-PF effect of Jingyin granule, which provides a theoretical basis for Jingyin granule in the treatment of PF. This workflow is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Flow chart of network pharmacology research on the mechanism of Jingyin granule in anti-pulmonary fibrosis.
Active Components and Predicted Therapeutic Targets Results of Jingyin Granule
A total of 126 major chemical constituents of Jingyin granule were obtained from TCMSP public databases combined with literature screening public databases (Figure 2). ADMET properties of seven of the active ingredients were evaluated using ACD/labs software and the SwissADME online system (http://www.swissadme.ch/), as shown in Table 1. The most relevant targets were selected based on the target information of each database, with TC > 0.4 in SEA, precision >50% in HitPick, the top 15 with the highest scoring value in swisstargetprediction, and stitch based on a score >0.4. A total of 272 potential targets were obtained.
[image: Figure 2]FIGURE 2 | One hundred twenty-six components in Jingyin granule.
TABLE 1 | Information on representative chemical constituents of Jingyin granule.
[image: Table 1]Collection of Disease Targets
PF-related targets were searched in DisGeNET, GeneCards, OMIM, DrugBank, and TTD databases. A total of 1,152 targets were obtained after merging and deleting duplicate values. As shown in Figure 3, 111 predicted targets were obtained after the Jingyin granule-related targets were mapped to PF-related targets using the Venn. The details of common target genes are shown in Table 2. The 111 targets of intersection were confirmed by UniProt database, and a lung fibrosis–target network of the main components acting on Jingyin granule was constructed by Cytoscape software (Figure 4).
[image: Figure 3]FIGURE 3 | Venn diagram of common targets of pulmonary fibrosis and Jingyin granule.
TABLE 2 | Shared hub targets between pulmonary fibrosis and Jingyin granule.
[image: Table 2][image: Figure 4]FIGURE 4 | Components–targets network of Jingyin granule against pulmonary fibrosis.
PPI Network Analysis Results
A predicted PPI relationship network about 111 predicted targets was constructed in STRING and visualized by Cytoscape (Figures 5A,B). The 35 genes in the PPI network have much higher network degree value, betweenness, and closeness centrality compared with the other genes (Figure 5C).
[image: Figure 5]FIGURE 5 | PPI network of potential pulmonary fibrosis targets acted by major components of Jingyin granule (A,B). The top 35 genes in the PPI network (C).
GO Analysis and KEGG Pathway Enrichment Analysis of Shared Targets
In order to clarify the biological mechanisms of Jingyin granule against PF, the enrichment analysis of GO and KEGG pathway on 111 targets were performed by the cluster Profiler package based on R language. The GO enrichment analysis annotated the function of key genes from three terms: biological processes (BP), cellular component (CC), and molecular function (MF). A total of 2,709 GO terms were obtained based on p-value, and the top 9 items of three parts were selected (Figure 6). The BP was related to cellular response to chemical stress (GO: 0062197), response to oxidative stress (GO: 0006979), response to lipopolysaccharide (GO: 0032496), response to molecule of bacterial origin (GO: 0002237), reactive oxygen species metabolic process (GO: 0072593), cellular response to oxidative stress (GO: 0034599), regulation of apoptotic signaling pathway (GO: 2001233), regulation of reactive oxygen species metabolic process (GO: 2000377), and response to reactive oxygen species (GO: 0000302). The MF was related to receptor ligand activity (GO: 0048018), signaling receptor activator activity (GO: 0030546), cytokine receptor binding (GO: 0005126), cytokine activity (GO: 0005125), DNA-binding transcription factor binding (GO: 0140297), phosphatase binding (GO: 0019902), RNA polymerase II-specific DNA-binding transcription factor binding (GO: 0061629), ubiquitin-like protein ligase binding (GO: 0044389), and protein phosphatase binding (GO: 0019903). The CC was related to membrane raft (GO: 0045121), membrane microdomain (GO: 0098857), membrane region (GO: 0098589), vesicle lumen (GO: 0031983), cytoplasmic vesicle lumen (GO: 0060205), secretory granule lumen (GO: 0034774), plasma membrane raft (GO: 0044853), caveola (GO: 0005901), and RNA polymerase II transcription regulator complex (GO: 0090575). A total of 177 KEGG pathways were obtained based on p-value, and the top 30 were selected, such as the AGE-RAGE signaling pathway (hsa04933), TNF signaling pathway (hsa04668), Toll-like receptor (TLR) signaling pathway (hsa04620), and PI3K-Akt signaling pathway (hsa04151) (Figure 7). Then, a Target Genes–Pathways Network was constructed to reveal the relationship between hub targets and pathways intuitively (Figure 8).
[image: Figure 6]FIGURE 6 | GO functional analysis of the shared targets of Jingyin granule and pulmonary fibrosis.
[image: Figure 7]FIGURE 7 | KEGG functional analysis of the shared targets of Jingyin granule and pulmonary fibrosis.
[image: Figure 8]FIGURE 8 | Target genes-pathways network of Jingyin granule.
The Molecular Docking of Representative Components and Core Target Proteins
Seven components were comprehensively selected on the basis of higher degree value in active ingredient–target network, higher content of components in lung, and higher content in Jingyin granule, respectively: arctigenin, quercetin, luteolin, kaempferol, rutin, gallic acid, and chlorogenic acid. The eight core target proteins (AKT1, JAK2, MAPK1, MAPK3, RELA, PI3K, STAT3, and TNF) with high degrees were selected as receptors. The selected compounds showed basically moderate binding potential to receptor proteins with good drug reference values (Figure 9A). The docking scores among them are shown in a heatmap (Figure 9B).
[image: Figure 9]FIGURE 9 | (A) Molecular docking results of Jingyin granule components and selected targets. (B) The docking scores of Jingyin granule components and core targets.
UPLC-MS Analysis
As a rapid, intelligent, reliable, and accurate technique for identification of chemical constituents, UPLC-MS is widely used in the field of TCM. The UPLC-MS method was used to identify the key components previously selected in Jingyin granule, and the typical chromatograms are shown in Figure 10. These seven compounds were identified unambiguously by comparing their accurate masses and retention times with those of pure reference compounds. Molecular weights and details are as shown in Table 3.
[image: Figure 10]FIGURE 10 | Chromatograms of the seven compounds detected in Jingyin granule. (1: gallic acid, 2: chlorogenic acid, 3: rutin, 4: quercetin, 5: luteolin, 6: arctigenin, 7: kaempferol).
TABLE 3 | Results of qualitative validation for the seven compounds detected in Jingyin granule.
[image: Table 3]Experimental Demonstration In Vitro
Based on the results of the PPI network, active compounds–disease targets network, and literature data, seven components (arctigenin, quercetin, luteolin, kaempferol, rutin, gallic acid, and chlorogenic acid) and eight targets (AKT1, JAK2, MAPK1, MAPK3, RELA, PI3K, STAT3, and TNF) played crucial roles in anti-PF. To explore the effects of anti-PF, 50 μM quercetin, 200 μM arctigenin, 75 μM gallic acid, 400 μM chlorogenic acid, 50 μM kaempferol, 50 μM luteolin, and 40 μM rutin were used. As per the results obtained, the expression of AKT1, JAK2, MAPK1, MAPK3, RELA, PI3K, STAT3, and TNF was decreased significantly after drug intervention compared with that in the model group (p < 0.05 or p < 0.01) (Figures 11A–N).
[image: Figure 11]FIGURE 11 | Effects of quercetin, arctigenin, gallic acid, chlorogenic acid, kaempferol, luteolin, and rutin on the protein expression of AKT, p-AKT, JAK2, p-JAK2, p44/42 MAPK (ERK1/2), p-p44/42 MAPK (ERK1/2), NF-κB, p-NF-κB, PI3K, p-PI3K, STAT3, p-STAT3, and TNF-α of LPS-induced A549 cells (A–N). *p < 0.05, **p < 0.01, compared with the LPS group.
DISCUSSION
The lung has the remarkable ability to repair and recover in response to constant exposure to many injuries, through a cascade of finally synchronized biological processes (Martinez et al., 2017). However, repeated microinjury to alveolar epithelial tissues may result in loss of epithelial integrity and dysregulation of regeneration; excessive repair may predispose the individual to PF. Those external stressors of epithelial damage include environmental and occupational factors such as smoking, viral infections and peripheral lung traction injury, genetic risk, and certain comorbidities (Selman et al., 2001). IPF, as a specific form of chronic, progressive lung disease of unknown cause, is characterized by decline in lung function, worsening quality of life, and early mortality (Cottin et al., 2019), but all currently relevant drugs can only delay lung failure, not reverse the course of PF, and have unavoidable side effects.
Based on syndrome differentiation, IPF is treated through a staged, multi-level dialectical application, and more comprehensive ideas and methods are also being used by TCM, such as staging treatment, prescription treatment, collateral treatment, and acupuncture combined with internal and external treatment (Zhang et al., 2021). Either as monotherapy or in combination with standard Western medical treatment, Chinese medicines usually exert a wider action spectrum in managing the entire medical disorders by the effects of synergism and attenuation (Wang, 2013). Multiple studies have demonstrated that the active agents of single herbs and Chinese medicine formulas, in particular, the flavonoids, terpenes, and alkaloids, have significant therapeutic effects on IPF, the related mechanisms of which appear to involve the regulation of inflammation, oxidant stress, and pro-fibrotic signaling pathways, among others (Li and Kan, 2017).
Jingyin granule obtained new drug approval in China in 2009 as a prescription for anti-atypical pneumonia and is recommended as a reserve medication in Shanghai for the prevention and treatment of H1N1 infection and COVID-19. The prescription of Jingyin granule is complex with many ingredients, some of which have been proven to possess potential benefits in antifibrotic treatment. Miao et al. (2019) demonstrated the protective effects of the water extract of Lonicera japonica Thunb. from liver fibrosis in mice treated with carbon tetrachloride (CCl4), the mechanism of which was inhibition of hepatic stellate cells (HSCs) activation, liver oxidative stress injury, and the epithelial–mesenchymal transition (EMT) process. The current study found that H. cordata Thunb. aqueous extract had obvious antioxidant and protective effects on rats with bleomycin-induced PF (Ng et al., 2007). Our previous network pharmacology study of H. cordata Thunb. identified that it may act through multiple signaling pathways to alleviate PF (Zhu et al., 2021). Our in vivo experimental study also clarified that sodium houttuyfonate, an adduct compound of houttuynin and sodium bisulfite, may alleviate the degree of fibrosis in bleomycin-induced PF model mice through the transforming growth factor-β (TGF-β)/Smads pathway (Shen et al., 2021). Arctigenin, the main element of A. lappa L., has multiple anti-visceral fibrotic functions, such as reversing TGF-β1-induced renal tubular EMT-like changes (Li et al., 2015) and reversing the EMT process in alveolar type II cells in paraquat (PQ)-induced lung fibrosis by the Wnt3a/β-catenin pathway (Gao et al., 2020). In addition, glycyrrhizic acid has been reported to show antifibrosis outcomes in PF and liver fibrosis (Gao et al., 2015; Liang et al., 2015).
We screened out a total of 126 active compounds (after deduplication) from 9 kinds of medicinal herbs in Jingyin granule through TCMSP database and literature search, according to the ADME principle (setting OB ≥ 30 and DL ≥ 0.18) (Tsaioun et al., 2016). Their corresponding target genes were then retrieved through the database and intersected on PF-related disease targets, resulting in 111 common target genes. The KEGG pathway enrichment analysis revealed the 142 significant (p < 0.001) possible pathways against PF including AGE-RAGE, TNF, IL-17, TLR, PI3K/Akt, and MAPK signaling pathway. After that, a PPI predictive relationship network of 111 predicted targets was constructed and revealed the top 10 hub genes, namely, STAT3, JUN, RELA, TP53, MAPK3, TNF, MAPK1, HSP90AA1, IL6, and AKT1.
IL-6 is a proinflammatory factor that was found to be elevated in the serum of patients with fibrotic diseases (Le et al., 2014). STATs mainly function as transcription factors and have seven member families (STAT1, STAT2, STAT3, STAT4, STAT5A, STAT5b, and STAT6) that regulate several physiological life activities, such as anti-inflammation. STAT3 together with JAK2 and their phosphorylated forms have all been examined in fibrotic lungs from patients with IPF (Milara et al., 2018). The IL-6/STAT3 signaling axis has been shown to play essential roles in the development of inflammatory and fibrotic diseases (O'Donoghue et al., 2012). JAKs are triggered by the activation of members of the IL-6 family that mediates subsequent phosphorylation and activation of STAT3. IL-6-mediated JAK/STAT3 signaling plays a vital role in the airway remodeling of asthma, and its inhibition prevents airway inflammation and remodeling, and blocks Th2 and Th17 cell expansion in a murine asthma model (Gavino et al., 2016). JUN is a component of the AP1 family of transcription factors that coordinates the transcriptional regulation of a multitude of genes that are essential for many cellular processes, including differentiation, proliferation, and apoptosis. JUN is highly expressed in all major human fibrotic conditions and as a downstream gene of MAPK-signaling cascades (Wernig et al., 2017). It has been proved that Jun-mediated CD47 enhancer activation can be amplified by IL-6, resulting in increased CD47 protein expression and induction of profibrotic and immunosuppressive gene expression (Cui et al., 2020). P65-RelA is a subunit of the NF-κB family. NF-κB activation is generally considered central to the innate immune response and will lead to exacerbated chronic inflammation and further reduced lung function. MAPK3 (ERK1) and MAPK1 (ERK2), the earliest identified MAPK pathways, are involved in growth factor signaling and regulate various cellular processes including cell proliferation, differentiation, and apoptosis. ERK1/2 can be activated by the IL-6-type family cytokine (Heinrich et al., 2003). Galuppo et al. (2011) confirmed that inhibition of MEK and ERK1/2 by PD98059, a highly selective inhibitor of MAP/ERK kinase1 (MEK1) activation, reduces lung injury and inflammation in a mouse model of bleomycin-induced PF. Similarly, Madala et al. (2012) demonstrated that selective inhibition of MEK prevents progression of lung fibrosis in the TGF-α-induced model. However, current studies also found that ERK1/2 activation in epithelial and endothelial cells subsides, accompanying progression of fibrosis in IPF, and by the later stage of IPF when fibroblast differentiation predominates, inhibition of ERK1/2 may promote IPF progression instead (Yoshida et al., 2002; Lai et al., 2016). AKT1, also referred to as protein kinase B alpha, is one of the three members of the human AKT serine–threonine protein kinase family. It has been shown that p-AKT1 was increased 3-fold in alveolar macrophages of IPF patients compared with normal tissues, and an increase in p-AKT1 expression was also observed in macrophages isolated from the lungs of BLM injured mice (Larson-Casey et al., 2016). Overexpressed AKT1 can increase mitophagy to increase macrophage-derived TGF-β1 expression and apoptosis resistance, thereby promoting fibrosis progression in mice.
Evidence suggests that lipopolysaccharide (LPS), as one of the pathogens that induce acute lung injury, can increase reactive oxygen species (ROS) and TGF-β production and macrophage infiltration, thereby promoting alveolar epithelial mesenchymal transition (EMT) and lung fibrosis (Qiu et al., 2019; Ding et al., 2020).
In this study, arctigenin, quercetin, luteolin, kaempferol, rutin, gallic acid, and chlorogenic acid in Jingyin granule were used for a functional study due to more connected targets in the ingredient–target network and more distribution in lung tissue in a pharmacokinetic study. Firstly, Jingyin granule was analyzed by a simple and accurate HPLC method, UPLC-MS, for the simultaneous separation and identification of the seven ingredients for functional evaluation. Molecular docking indicated that the key components combined well with target proteins. In vitro cell experiments proved that the important ingredients, arctigenin and luteolin, inhibited the production of fibrosis in LPS-induced A549 cells by suppressing the JAK2/STAT3, NF-κB, PI3K-AKT, TNF, and ERK1/2 signaling pathways. Moreover, we are doing the in vivo experiment to provide more mechanism study for the anti-fibrosis effect of Jingyin granule.
CONCLUSION
tIn conclusion, our present study systematically analyzed the related targets and signaling pathways of Jingyin granule against PF and conducted an in vitro experiment and demonstrated that Jingyin granule obviously inhibited the activation of JAK2/STAT3, NF-κB, PI3K/AKT, TNF, and ERK1/2 signaling pathways in LPS-induced PF. This underlying mechanism we elucidated may become a theoretical basis for the use of Jingyin granule for the treatment of PF.
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