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			Chronic obstructive pulmonary disease (COPD) has been a major public health problem and is still a formidable challenge for clinicians. It is urgent to find new compounds for minimizing the risk of disease progression and exacerbation especially in the early phase of COPD. A traditional Chinese medicine (TCM) formula, Chuan Bei Pi Pa dropping pills (CBPP), was tested in this study to investigate its potential mechanisms in preventing the exacerbation of COPD. Phosphoproteomics analysis for a smog stimulated early stage COPD mice model was employed to detect the underlying molecular mechanisms of CBPP. In addition, protein–protein interaction (PPI) and bioinformatics analyses were included to analyze the key proteins and predict the key bioactive compounds. The results indicated that peiminine (PEI) target epidermal growth factor receptor (EGFR) prevented the exacerbation of COPD by inhibiting the EGFR signaling pathway, and ursolic acid (UA) can alleviate inflammation disorders via inhibition of CASP3 on mitogen-activated protein kinase (MAPK) signaling pathway. After in vivo and in vitro evaluations, we revealed that PEI from CBPP, as a lead compound, can improve lung function and alleviate pulmonary fibrosis by acting on the EGFR and MLC2 signaling pathways. Furthermore, the approach described here is an effective way to analyze and identify the bioactive ingredients from a mixture by functional proteomics analysis.
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			Introduction

			Air pollution has become a major global problem in developing countries, particularly those with rapid industrialization (Beran et al., 2015). Only 12% of urban population meet the World Health Organization air quality standards (Norebert, 2016). Air pollution has been affirmed to be related to the mechanisms of compromised pulmonary immune defense in animals and humans. Both acute and chronic living in air pollution contribute to health risks, which can cause from slight stimulation of the upper respiratory system to chronic respiratory diseases [chronic obstructive pulmonary disease (COPD)], e.g., asthma and lung cancer (Hoffmann et al., 2012; Ko and Hui, 2012; Wellenius et al., 2012).

			COPD has been a main public health problem and remains a formidable challenge for clinic treatment. Because of the high incidence rate and fatality rate of COPD, it has made challenges for human health (López-Campos et al., 2016). The most common drugs for the treatment of COPD are muscarinic antagonists, beta-agonists, and inhaled corticosteroids (Tashkin and Fabbri, 2010). The severity of COPD is divided into four stages: mild, moderate, severe, and very severe. Maintenance therapy with drugs is used in patients with stage II to IV COPD. However, current drug treatments for COPD only have the effect of inhibiting chronic inflammation, and it can’t reverse the course of disease or prevent exacerbation of COPD (Mohamed Ismail et al., 2018). To minimize the risk in the course of disease, exacerbation is the key in stage I of COPD, but there are no effective means to achieve this goal (Singh et al., 2016). Hence, it is necessary to develop a novel composite drug for treatment in stage I COPD to improve bronchodilation and lung function and alleviate inflammation, thereby preventing the exacerbation of COPD.

			Traditional Chinese medicine (TCM) plays a significant role in the therapeutic process of chronic diseases (Changxiao, 2018). In the clinic, Yupingfeng granules alleviated the exacerbations of stage II to III and increased the condition in stage II to IV of COPD (Ma et al., 2018). Hence, it is possible to find promising compounds from TCM formulas. Chuan Bei Pi Pa dropping pills (CBPPs) are a traditional format and have been used for eliminating inflammation of the lung and improving lung function (Jin Tao et al., 2016). Therefore, CBPP has the potential to prevent COPD by alleviating the stimulation of air pollution in the early phase. CBPP is composed of five herbal medicines, which are loquat leaf (Eriobotrya japonica Thunb), fritillary (Fritillaria), Pinellia ternata (Pinellia ternata), balloon flower (Platycodon grandiflorus), and oil extracts from mint (Mentha haplocalyx Briq). The chemical studies carried out by UPLC/Q-TOF MS revealed that the primary components are pentacyclic triterpenoids and alkaloid (Jin Tao et al., 2016). Although the prediction of the mechanisms of action of these compounds had been accomplished by network pharmacology, it has not been verified.

			In nature, the phosphorylation of protein is one of the main regulatory mechanisms. Phosphorylation is a key regulator in biological processes of cells and is involved in the regulation of diverse processes. Rapid advances in phosphoproteomics analysis have opened new avenues for analyzing and identifying the bioactive nutrients in vivo (Girolamo and Petsalaki, 2017). These analyses allow us to detect the alteration of protein phosphorylation levels and analyze the potential mechanisms by which compound mixtures act by phosphoproteomics analysis. This analysis provides the possibility to continue to find promising compounds. The worth of phosphoproteomics analysis has been demonstrated to provide the information of mechanisms in diseases and elucidating the mechanisms of action of bioactive compounds in many studies (Locard-Paulet et al., 2016; Wei et al., 2016). Phosphoproteomics analysis has been used to find the mechanism of resistance of melanoma cells to serine/threonine-protein kinase B-raf (BRAF) inhibitors, which increased MAPK10 phosphorylation and regulated the key substrates in the Rho/ROCK signaling axis, providing basis for the novel combination therapy with an mTOR inhibitor for the latter (Parker et al., 2015). In addition, phosphoproteomics data suggest that resveratrol inhibits autophagy in serum-deprived cells by decreasing the phosphorylation of PRAS40T246 and PRAS40S183 and increasing the binding of PRAS40 to RAPTOR/TORC1 in the mTORC1 signaling pathway (Alayev et al., 2014).

			In this study, we evaluated the effects of CBPP treatment in mice exposed to smog stimulus as a model of early stage of COPD. We employed the phosphoproteomics analysis method to detect the alterations in protein phosphorylation levels in lung tissues, to identify the potential targets, and to provide the means to prevent the exacerbation of COPD. Then, we analyzed the phosphorylated proteins by bioinformatics methods and detected the effects of the main compounds on inflammation, cell contraction, and fibrosis-related signaling pathways by molecular biological methods. The results demonstrated the potential of the bioactive compounds from CBPP to act as therapeutics for the prevention of COPD by alleviating inflammation and improving lung function in exacerbation of COPD.

			Materials and Methods

			Reagents and Materials

			CBPP (lot no. 635031) was donated by no. 6 TCM Factory of Zhongxin Pharmaceuticals (Tianjin, China). The quality of each herb was verified by marker compounds. Peiminine [PEI; purity > 98%, determined by high-performance liquid chromatography (HPLC)] was purchased from Aladdin (Shanghai, China). Chemiluminescent HRP substrates were purchased from Millipore Corporation (MA, USA). Primary antibodies anti-MLC2 (#3627), anti-phospho-MLCS19 (#3671), anti-ERK1/2 (#9102), anti-NF-kB (#8242), anti-phospho-ERK1/2 (#4370), anti-phospho-NF-kB (#3033), anti-β-Actin (#4970), anti-GADPH (#2118), and a goat anti-rabbit IgG secondary antibody (#7074) were purchased from Cell Signaling Technology (Beverly, MA, USA). Anti-ROCK1 (ab45171), anti-phospho-ROCK1T455+S456 (ab203273), anti-AKT (ab39364), and anti-phospho-AKTS473 (ab81283) were purchased from Abcam (Cambridge, UK). All the reagents used in cell culture were purchased from Gibco BRL Life Technologies (Grand Island, NY, USA).

			Animal Experiments and Sample Preparation

			Male Kunming mice (18–22 g) were purchased from the Experimental Animal Center of the National Institute for the Control of Pharmaceutical and Biological Products (Beijing, China, lot no. 0006407). The animals were housed in a suitable environment and were free to get food and water. The mice adjusted to the environment in 3 days. These mice were divided into six groups (n = 12) randomly: the control group (Con), the model group (Mod), the positive dexamethasone group (Dex, 0.2 mg/kg daily), and different CBPP dose treatment groups (200 mg/kg CBPP-H, 100 mg/kg CBPP-M, and 50 mg/kg CBPP-L). Then, the mice were exposed to a mixture of SO2 (60–120 PPM) and heavy smog from the cigarette (approximately 2000 PM2.5) twice a day for half an hour at a time. The entire process was continued for 45 days. On the 10th day of exposure, the drugs were given intragastrically to each group for the following 5 weeks. Con and Mod received the same volume of saline.

			After 45 days, retro-orbital blood samples were taken from the mice. The blood was centrifuged at 4,000 r/min for 5 min, and serum supernatant was used in the testing. Then, the animals were euthanized, and the right lungs were ligated. To prepare the bronchoalveolar lavage fluid (BALF), the left lung was washed with 0.9 ml of phosphate buffer saline (PBS) three times. The BALF was centrifuged and the supernatant was collected for cytokine analysis. The cell precipitate was resuspended in PBS (100 ml) for leukocyte counts. The inflammatory cytokines, such as TNF-α and IL-8, in the serum were measured by ELISA kits. Then, the right lung was fixed in 4% paraformaldehyde 24 h and cut into slices for hematoxylin and eosin (H&E) staining and Masson staining. The left lung was rapidly stored at −80°C for isotope techniques of relative labeling and absolute quantification (iTRAQ) quantitation phosphoproteomics analysis.

			Protein Extraction, Digestion, and iTRAQ Quantitation Phosphoproteomics Analysis

			Six lung tissue samples, including samples from the Con, Mod, and CBPP-H groups, were chosen for iTRAQ-based quantitation phosphoproteomics analysis. Each group had two biological repetitions, marked 1 and 2. First, protein extracts and quality control using Bradford and SDS-PAGE were performed. Second, the protein was digested to peptides with trypsin. Then, the peptides were labeled with different iTRAQ-8 plexes. Con1 and Con2 were labeled with iTRAQ 114 and 115, Mod1 and Mod2 with iTRAQ 116 and 113, and CBPP1 and CBPP2 with 119 and 121. The peptides were purified and enriched using TiO2 chromatography. Then, a set of tandem HPLC and Q-Exactive mass spectrometry (MS) was established for the qualitative assay. Proteome Discoverer 1.4 (Thermo Fisher) in combination with Mascot 2.3 analysis software was used to analyze MS data and to identify phosphorylation sites and peptides. The screened peptides were compared to each group, such as Con vs. Mod, CBPP vs. Mod, and CBPP vs. Con. The division value of the differential expression quantity of two groups was shown as the Log2 ratio. Cluster analysis was implemented with MATLAB 2011a (MathWorks, USA).

			Bioinformatics Analysis

			To identify the pathways, we used the UniProt-GOA database, Gene Ontology (GO) annotation data, and kyoto encyclopedia of genes and genomes (KEGG) database. To analyze the significant difference pathways, the data were corrected as p-value < 0.05. Then, the pathways were classified according to the KEGG. The protein–protein interaction (PPI) and function protein analysis were used to identify the protein function and interaction. The details of this experiment are reported in our previous work (Wang et al., 2019). In molecular docking, we used Protein Data Bank (PDB), SYBYL 2.0 software, AutoDock 4.2, and Pymol in the analysis. The details of this experiment are reported in our previous work (Ma et al., 2017).

			Cell Culture and Western Blot

			The BEAS-2B cell line was cultured in 1640 supplemented with 1% penicillin-streptomycin and 10% fetal bovine serum. Human bronchial smooth muscle cells (HBSMCs) were cultured with complete F12-DMEM with 1% penicillin-streptomycin and 10% fetal bovine serum. All cells were incubated in a humidified incubator at 37°C in a 5% CO2 atmosphere. The Western blot analysis protocol was as reported in our previous study (Ma et al., 2017).

			Statistical Analysis

			The results were shown as the mean ± standard deviation (SD). For single comparisons, significant differences between the means were determined using Student’s t-test. A p-value less than 0.05 was considered to indicate significant differences. All data were processed using GraphPad Prism 5.01 software.

			Results

			Smog Stimulus-Induced Inflammation Alleviated by CBPP in Mice

			To evaluate the therapy effects of CBPP on smog stimulus-induced COPD in mice, the changes of lung histology, leukocyte number, and inflammatory cells infiltration were tested. As shown in Figure 1A, smog stimulation caused capillary congestion, as well as the obstruction of the small airways by a large number of acute or chronic inflammatory cell infiltrates, which were compared to the Con group. Meanwhile, the treatment with CBPP alleviated the lung injury and decreased the obstruction of the recruitment of inflammatory infiltrate and the small airways significantly (Figure 1B). As shown in Figure 1C, the number of leukocytes was significantly increased in the Mod group, which was compared with the Con group. However, the leukocytes were decreased after the treatment of CBPP in a dose-dependent manner. The results suggested that CBPP alleviated the injury and inflammation in the lung tissues.
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			Figure 1 | CBPP alleviated smog stimulus-induced inflammation in mice. (A) HE staining images (40-fold) of mice lungs. (B) Leukocyte numbers in BALF. (C) Inflammatory cell infiltration in mice lungs. *p < 0.05 and **p < 0.01 and ***p < 0.001 compared to the Mod. ###p < 0.001 compared to the Con (n = 6).

		


			ITRAQ-Based Quantitation Phosphoproteomics Analysis of Lung Tissues

			For exploring the underlying molecular mechanisms, an iTRAQ-based quantitation phosphoproteomics strategy was used. The Q-Exactive mass spectrometer (Thermo Fisher) was used for protein detection; the Proteome Discoverer analysis software (Thermo Fisher) was applied for further data analysis, and a musculus corresponding protein sequence database (76,576 protein sequences) was used as the searching database; 74,874 spectra maps were produced. With the condition of a false discovery rate (FDR) ≤ 0.01, 11,392 spectra maps were identified. Overall, 2,546 phosphorylated peptides and 2,116 phosphorylation sites (phosphors probability ≥ 0.75) were distributed on 1,120 phosphorylated proteins. On the protein level, there were commonly one to three phosphosites on each protein; on the peptide level, most had only single (90.42%) or double (9.11%) phosphosites. Additionally, protein phosphorylation usually occurred in serine (S) or threonine (T) or tyrosine (Y), which are involved in different biological processes. Most of the phosphosites were distributed on S (88.18%) and T (11.11%), with only 0.71% on Y (Figure 2A). Differential levels of phosphorylated proteins were screened under the standards of Control vs. Model (632 phosphorylated peptides), CBPP vs. Model (520 phosphorylated peptides), and CBPP vs. Control (554 phosphorylated peptides) according to log2 ratio ≤ 1.3 and log2 ratio ≥ 0.667. The up- or downregulated phosphorylated peptides are shown in red and green, respectively, in the volcano plots (Figure 2B).
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			Figure 2 | ITRAQ-based quantitation phosphoproteomics analysis of lung tissue. (A) Identification of phosphoproteome and displayed the information of phosphorylation of the protein, peptide, and amino acid. (B) Quantitation of phosphoproteome in volcano plots, satisfy multiple differences log2 ratio ≤ 1.3 or ≥0.667 and P-value ≤0.05; red dots: upregulated; green dots: downregulated. (C) The analysis of signaling pathways and function of significant phosphorylated peptides. (D) The heat map analysis of proteins related with inflammation, cancer, and the cytoskeleton, as well as information of identified phosphorylated peptide.

		


			The GO and KEGG Pathway Annotation of Phosphorylated Proteins

			GO is an international standardization of the gene function classification system, which has three ontologies that describe the molecular function and cellular component and biological process. As a result, a total of 42 significant phosphorylated peptides were screened and then clustered according to log2 ratio. Hence, the corresponding proteins of the 42 significantly different phosphorylated peptides were analyzed in the GO functional annotation.

			These phosphorylated proteins were analyzed by the KEGG database. A total of 10 KEGG pathways were annotated, which can be divided into four categories. As shown in Figure 2C, the functions mainly have inflammation (green), cancer (blue), cytoskeleton (gray), and others. Meanwhile, four pathways were related to the actin cytoskeleton, four pathways were related to inflammation, and four pathways were related to cancer. Of the 42 phosphorylated proteins, 30 proteins were associated with the actin cytoskeleton, inflammation, or cancer. We focused on the pathways of the cytoskeleton and inflammation, which are the main biological processes of COPD. MLC2 and ROCK were associated with the actin cytoskeleton; ERK and NF-κB were associated with inflammation that was found in the phosphorylated proteins (Figure 2D, blue). The results suggest that CBPP can improve the state of lung cells by regulating the cytoskeleton and inflammation.

			PPI Analysis and Molecular Docking

			To further predict the key pathways on which CBPP acted, PPI analysis was used on the phosphorylated proteins related to the cytoskeleton and inflammation. As Figure 3A shows, there were a total of 341 proteins that interacted with the phosphorylated proteins, and the phosphorylated proteins were regulated by the six focused proteins in the protein–protein interaction network. The six focused proteins could be divided into MAPK and EGFR signaling pathways. The results suggest that CBPP mainly affects these two pathways to alleviate COPD. In our previous study, ursolic acid (UA) and PEI were identified as the main compounds of CBPP, and we have illustrated that UA affects MAPK signaling pathways by acting on CASP3 (Ma et al., 2017). Moreover, PEI has the potential to inhibit EGFR in EGFR signaling pathway. To analyze the interactions of PEI with EGFR (PDB:3W2S), molecular docking was used for further prediction. We then analyzed the top-scoring poses of PEI in all cases, which are displayed as 3D maps (Figure 3B). The hydroxyl of PEI interacted with Thr-790 and Arg-776 of EGFR. Meanwhile, the binding energy of PEI with EGFR was low. This finding suggested that PEI may act on EGFR. Thus, we integrated the iTRAQ quantitative, bioinformatics analysis, molecular docking, and the previous results to predict that PEI is the main ingredient that acts upon EGFR signaling pathways to improve the condition of lung cells. The signaling pathway on which PEI acts was predicted, as shown in Figure 3C. This prediction suggested that the potential activities of PEI were improving lung function and anti-fibrosis effects.
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			Figure 3 | Bioinformatics analyses for screening the key bioactive compound and predicting its target and signaling pathway. (A) The PPI analysis of the phosphorylated proteins related to the key node and function. (B) Molecular docking of PEI with EGFR; PyMOL software was used to display the 3D map of the interaction of PEI with EGFR (PDB:3W2S). (C) The bioinformatics pathway analysis was used to predict that the bioactive ingredient PEI acted on the EGFR signaling pathway.

		


			PEI Activates MLC2 and Improves Lung Function

			To verify the PPI analysis results, the effect of PEI on MLC2 was detected by Western blot. As shown in Figure 4A, Western blot analysis revealed that the phosphorylation of MLC2S19 was markedly increased by PEI treatment in HBSMC cells at different time points compared to the control group. This result is consistent with the phosphoproteomics and bioinformatic analyses. Based on this finding, we next investigated the effect of CBPP on the lung function in vivo. As shown in Figure 4B, compared to the Con group, smog stimulation caused bronchial wall thickness (Figure 4C), exfoliation of lung epithelial cells (Figure 4D), and an increase in the pulmonary mean linear intercept (MLI) (Figure 4E). Meanwhile, treatment with CBPP significantly reduced the histologically detectable injury in a dose-response manner. This result suggested that smog stimulation caused a decrease in lung function and that CBPP could improve lung function in COPD.
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			Figure 4 | PEI and CBPP increased phosphorylation of MLC2 and improved lung function. (A) HBSMC cells were stimulated by 10 µM PEI, phosphorylation of MLC2 was measured by Western blot, and the relative intensity data of P-MLC2S19 to GAPDH are represented by the mean ± SD of three groups, **p < 0.01 and ***p < 0.001. (B) HE staining images (400-fold) of bronchus, the statistics of bronchial wall thickness (C), exfoliation of lung epithelial cells (D), and MLI (E) in bronchus pathological section. *p < 0.05, **p < 0.01, and ***p < 0.001 compared to the Mod. ##p < 0.01 and ###p < 0.001, compared to the Con (n = 6).

		


			PEI Inhibits the EGFR Signaling Pathway and Activates Pulmonary Fibrosis

			To verify the anti-fibrosis effects of PEI and CBPP, the effects of PEI on the EGFR signaling pathway in HBSMC cells were measured by Western blot. The phosphorylation of AKTS473 is regulated by EGFR, and it is a biomarker in pulmonary fibrosis (Korfhagen et al., 2009). As shown in Figure 5A, the phosphorylation of AKTS473 and GSK3β was increased in the EGF-treated group at 15, 30, and 60 min. However, the phosphorylation of AKTS473 was markedly inhibited at 15, 30, and 60 min, and the phosphorylation of GSK3β was markedly inhibited at 30 and 60 min, by PEI. The result is consistent with the prediction and suggests that PEI has anti-fibrosis effects by inhibiting EGFR. To verify the result in vivo, we next detected the histological changes in pulmonary fibrosis; as shown in Figure 5B and C, the deposition of collagen fibers was significantly increased in the smog stimulation group and was decreased after treatment with CBPP in a dose-response manner. This finding suggests that CBPP relieves the pulmonary fibrosis caused by chemical stimulation in COPD.
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			Figure 5 | PEI inhibited the EGFR signaling pathway, and CBPP alleviated pulmonary fibrosis. (A) BEAS-2B cells were pretreatment with PEI, then stimulated by 1 ng/ml EGF. The phosphorylation of AKTS473 and GSK3β was measured by Western blot, and the relative intensity data of P-AKTS473 and P-GSK3β to GAPDH are represented by the mean ± SD of three groups, *p < 0.05 and **p < 0.01. (B) Masson staining images (40-fold) of lung pathological sections and (C) statistics for the score of histological fibrosis, **p < 0.01 and ***p < 0.001 compared to the Mod. ###p < 0.001 compared to the Con (n = 6).

		


			Discussion

			It is increasingly recognized that bioactive compounds might influence chronic respiratory diseases. Sulforaphane has the active effect to the transcription factor Nrf2, which is reduced in the lungs of COPD patients, and the deficiency causes inflammation and corticosteroid resistance (Wise et al., 2016). Resveratrol has the anti-inflammatory effect in the treatment of COPD that acts by attenuating the release of inflammatory cytokines but is poorly bioavailable (Knobloch et al., 2014). Moreover, celastrol may attenuate COPD by inhibiting inflammation development by suppressing the Ednrb/Kng1 signaling pathway (Shi et al., 2018). Hence, it is very necessary to find active natural products to prevent early stage COPD from natural products. In this paper, phosphoproteomics technology was used to screen the classic prescription of CBPP, with the hope of providing a solution for identifying the key bioactive compounds and revealing its mechanisms.

			In COPD, chronic inflammation and structural remodeling are pivotal pathological features caused, in part, by the aberrant function of airway smooth muscle (Perry et al., 2018). Myosin light chain 2 (MLC2) is a diagnostic marker in COPD, and its phosphorylation plays key roles in the activation of actin and myosin motor to provide the contractility for several cellular processes in smooth muscle cells, such as cell contraction, stress fiber formation, cell motility, and cytokinesis (Duan et al., 2016). The improvement of the phosphorylation level of MLC2 is necessary for enhancing lung function. PEI is the main component of Fritillaria, and it has an effect to be an antitussive and a relaxant of bronchial smooth muscle (Wang et al., 2012). In our study, we found that PEI increased the phosphorylation of MLC2S19 by inhibiting EGFR in HBSMC, which could promote the contraction of smooth muscle and lung function.

			In previous reports, fibrosis was observed in the lungs of COPD patients, predominately around small airways, and small airway fibrosis and obliteration are associated with the lung function decreasing. EGF is a ligand for EGFR, and activation of EGFR is related to pulmonary fibrosis in lung disease (Korfhagen et al., 2009). Moreover, the activation of the PI3K/Akt signaling pathway was regulated by EGFR-induced pulmonary fibrosis (Zhang et al., 2016). Thus, acting on the EGFR/PI3K/AKT signaling pathway is essential for the treatment of pulmonary fibrosis in COPD. PEI has an effect of alleviating the lung injury, which is bleomycin-induced in rats and of alleviating pulmonary fibrosis, which was associated with a reduction in the levels of connective tissue growth factor (CTGF), TGF-β, NF-κB, ERK1/2, and tumor necrosis factor ligand superfamily member 6 (FasL) in lung tissue (Guo et al., 2013). Nevertheless, few studies have stated the molecular mechanism of PEI in pulmonary fibrosis. In our study, EGF triggers the EGFR signaling pathway, which may induce fibrosis, and PEI can inhibit the activation of downstream targets of EGFR, such as AKT and GSK3β. This finding suggested the potential mechanism by which PEI exerts its anti-fibrosis effect by acting on EGFR on the EGFR signaling pathway. In addition, few bioactive compounds have been reported that have anti-fibrosis effects in the treatment of COPD at present. The results in this study may reveal a new bioactive compound for early intervention in pulmonary fibrosis.

			Studies have shown that the levels of activation of the p38 MAPK, JNK1/2, and ERK1/2 on MAPK signaling pathways are increased in patients with COPD (Lemire et al., 2012). This activation is because the MAPK signaling pathway is activated by the stimulation of cigarette smoke and air pollution and has increased activity in COPD alveolar macrophages. In addition, the MAPK signaling pathway is involved in the regulation of the synthesis of inflammation mediators at the level of transcription and translation, making it a potential target for anti-inflammatory therapeutics. Moreover, although the center of pulmonary fibrosis is cell death, the macrophage polarization that is led by the proper cytokine environment is critical too (Homer et al., 2011). Stefan et al. reported that inflammation leads to tissue injury and fibrosis by the expression of IL-13 (Fichtner-Feigl et al., 2006). Hence, IL-13 is critical for relieving inflammation in stage I of COPD. UA is the main anti-inflammatory compound in CBPP and is widely distributed in many plants. UA has been proven to have the potential for alleviating inflammation-associated diseases in clinical tests (Ikeda et al., 2008). Studies reported that UA has the effect to inhibit phosphorylation of MEK and c-Raf, and the downstream targets, such as ERK and JNK, which were induced by mitogen in lymphocytes (Kaewthawee and Brimson, 2013). In our previous study, our results suggested that UA reduced the cytokines and alleviated inflammation disorders via inhibiting CASP3. In this study, the analyses of phosphoproteomics and PPI are consistent with previous research and suggest that UA has the effect of alleviating inflammation by inhibiting CASP3. Moreover, PEI has the effect of decreasing the expression of NF-κB in our previous study, and it may be due to the inhibition on the phosphorylation of AKT, which was the upstream target of NF-κB. It suggested that PEI and UA may be synergistic in the treatment of inflammation, but it needs to be further verified.

			COPD is a complex disease and is only partially reversible; thus, the prevention of the exacerbation of COPD in the early phase is crucial. In this study, we identified the key bioactive compounds from CBPP by phosphoproteomics analysis and provided a solution for analysis and identification of the main natural products and bioactive compounds from a compound mixture. At the same time, the results suggested the potential of UA and PEI as therapeutic agents for preventing the exacerbation of COPD by acting on the MAPK, EGFR, and MLC2 signaling pathways.
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