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INTRODUCTION 
 

Meningitis is a serious disease featured with infection-

induced diffusivity inflammation in the brain. 

Commonly, the meningitis may be caused by viral or 

bacterial infection, and the clinical symptoms may 

include headache, nausea and fever [1]. The onset of 

meningitis can be acute and chronic, and potential 

syndrome of acute stage will progress from hours to 

days [2]. In some countries including underdeveloped 

Africa, the morbidity of bacterial-induced meningitis is  

 

increasing yearly due to poor living condition [3]. In 

China, the mounting cases of acute meningitis has 

posed the economic burden for local government as the 

insufficient health-care occurs in outlying district [4]. 

The diagnosis of meningitis can have clinical 

manifestation and medical detection (blood, imaging 

tests), however, the bacterial meningitis therapy is 

clinically hard to cure due to the life-threatening 

complications [5]. In addition, the pathogenetic causes 

of meningitis are not entirely revealed so far. 

Accordingly, current anti-meningitis strategy warrants 
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ABSTRACT 
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estrogen receptor alpha (ESR1), caspase-8 (CASP8), nerve growth factor (NGF) of calycosin-anti-meningitis were 
identified. The molecular processes of calycosin-anti-meningitis were screened and identified, including 
reduction of inflammatory development. Furthermore, the molecular pathways of calycosin-anti-meningitis 
were revealed, including suppression of NF-kappa B, Toll-like receptor, TNF signaling pathways. Molecular 
docking findings uncovered the docking capacity of calycosin with meningitis and potential pharmacological 
activity of calycosin against meningitis. In conclusion, these bioinformatic data uncovered the network targets 
and mechanisms of calycosin-anti-meningitis. And the current findings indicated that the vital targets might be 
used as potent biomarkers for detecting meningitis. 
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to be further explored through developing potential 

active ingredient. Historically, Chinese herbal medicine 

may be applied for effective treatment of endemic 

disease, such as gout [6]. Calycosin, rich in a Chinese 

herb of Radix astragali, is experimentally evidenced 

with some pharmacological activities, such as anti-

cancers, anti-aging [7, 8]. Furthermore, neuroprotective 

action of calycosin is reported in preclinical study [9]. 

However, anti-meningitis effect exerted by calycosin 

has not been reported. An applicable tool of network 

pharmacology is recently established for screening 

candidate genes/targets, and uncovering functions and 

curative mechanisms of potential active ingredient 

against disease [10, 11]. Interestingly, our previous 

reports have revealed the biotarget and therapeutic 

mechanisms of vitamin C against liver injury, and 

plumbagin to treat colorectal cancer [12, 13]. In this 

bioinformatics study, we used a promising approach of 

network pharmacology to screen out the candidate 

biotarget, and characterize the functions and pharma-

cological mechanisms of calycosin-anti-meningitis 

before the bioinformatics findings would be validated in 

our future experiments.  

 

RESULTS 
 

Predictive genes/targets of calycosin and meningitis 
 

Following the bioinformatics assays, a number of 2832 

meningitis-associated genes/targets were screened and 

obtained. The 89 well-reported genes/targets of 

calycosin were collected by using the online-based 

databases. And another 47 mapped targets of calycosin-

anti-meningitis were identified by use of the FunRich 

software. Subsequently, other 186 targets were 

harvested from the STRING database based on the 

minimum required interaction score (0.04), and a PPI 

network of calycosin-anti-meningitis were plotted, as 

showed in Figure 1. 

 

Topology parameters in PPI network from vital 

targets 
 

Further, all mapped intersection genes were imported to 

Cytoscape, and then the topological parameters of 

calycosin-anti-meningitis were determined and reported 

by using NetworkAnalyzer assays, as shown in 

candidate genes for data visualization (Figure 2). 

Following with the assays of Network Statistics and 

Simple Parameters, the average degree of freedom 

calculated in the target was 12.837, and the maximum 

degree of freedom was 49. Therefore, the range of vital 

target screening conditions was designed as from 26 to 

49, and then 7 vital targets were obtained, showing as 

EGFR, TNF, EGF, ATM, ESR1, CASP8, and NGF 

(Figure 3).  

 

Findings of biological functions and pathway 

enrichment of vital targets 

 

All top KEGG signaling pathway of the vital target 

were revealed and presented through the DAVID

 

 
 

Figure 1. All genes of calycosin and meningitis were screened and identified prior to further identification of the mapping 
targets of calycosin-anti-meningitis. 
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database, and then the important target-related pathway 

interaction network was showed in Figure 4. The 

primary signaling pathway of vital targets in calycosin-

anti-meningitis were involved in effective regulation of 

Apoptosis, MAPK signaling pathway, Hepatitis C, 

FoxO signaling pathway, Proteoglycans in cancer, Rap1 

signaling pathway, Ras signaling pathway, PI3K-Akt 

signaling pathway, Bladder cancer, Pathways in cancer, 

Endometrial cancer, Legionellosis, NOD-like receptor 

signaling pathway, Non-small cell lung cancer, 

 

 
 

Figure 2. All candidate targets of calycosin-anti-meningitis were collected for construction of a PPI network.  
 

 
 

Figure 3. All vital targets of calycosin-anti-meningitis was screened and identified. 
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Pancreatic cancer, Glioma, p53 signaling pathway, 

RIG-I-like receptor signaling pathway, Melanoma, NF-

kappa B signaling pathway, ErbB signaling pathway, 

Prostate cancer, Gap junction, HIF-1 signaling pathway, 

Estrogen signaling pathway, Choline metabolism in 

cancer, Chagas disease (American trypanosomiasis), 

Toll-like receptor signaling pathway, TNF signaling 

pathway, Toxoplasmosis (more details shown in 

Supplementary Figure 1). Furthermore, the biological 

functions of vital targets were identified through the 

DAVID database, as revealed in positive regulation of 

nitric oxide biosynthetic process, activation of MAPKK 

activity, positive regulation of MAP kinase activity, 

activation of cysteine-type endopeptidase activity 

involved in apoptotic process, phosphatidylinositol-

mediated signaling, regulation of apoptotic process, 

death-inducing signaling complex assembly, MAPK 

cascade, positive regulation of catenin import into 

nucleus, positive regulation of apoptotic process, signal 

transduction, mammary gland alveolus development, 

positive regulation of phosphorylation, regulation of 

cell motility, regulation of tumor necrosis factor-

mediated signaling pathway, cellular response to 

estradiol stimulus, negative regulation of epidermal 

growth factor receptor signaling pathway, positive 

regulation of transcription, DNA-templated, extrinsic 

apoptotic signaling pathway via death domain receptors, 

ERBB2 signaling pathway, negative regulation of I-

kappaB kinase/NF-kappaB signaling, extrinsic 

apoptotic signaling pathway, cellular response to amino 

acid stimulus, intrinsic apoptotic signaling pathway in 

response to DNA damage, neuron projection morpho-

genesis, positive regulation of fibroblast proliferation, 

epidermal growth factor receptor signaling pathway, 

cellular response to organic cyclic compound, positive 

regulation of smooth muscle cell proliferation, cellular 

response to mechanical stimulus, regulation of 

phosphatidylinositol 3-kinase signaling, positive 

regulation of protein kinase B signaling, response to 

estradiol, phosphatidylinositol phosphorylation, 

transmembrane receptor protein tyrosine kinase 

signaling pathway, positive regulation of sequence-

specific DNA binding transcription factor activity, 

activation of MAPK activity, positive regulation of 

transcription from RNA polymerase II promoter, 

positive regulation of protein phosphorylation, negative 

regulation of gene expression, peptidyl-tyrosine 

phosphorylation, DNA replication, positive regulation 

of I-kappaB kinase/NF-kappaB signaling, protein 

autophosphorylation, positive regulation of ERK1 and 

ERK2 cascade, positive regulation of gene expression, 

cell surface receptor signaling pathway (more details 

shown Supplementary Table 1). More markedly, the top 

20 functional processes and molecular pathways of

 

 
 

Figure 4. An integrated network from vital targets was plotted and revealed the intersection association of target-disease-
function-pathway in calycosin-anti-meningitis. 
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calycosin-anti-meningitis were optimized and 

highlighted (Figure 5). Collectively, we concluded that 

the bioinformatics flow-scheme by using network 

pharmacology was demonstrated in Figure 6. 

 

Molecular docking findings 

 

In the EGFR protein, the RMSD of the original ligand 

was 3.889 Å. The hydrogen bonding between the pro-

ligand 8BS and the 5UGC protein acted on the amino 

acid residue with MET-793 (1.9Å), and the free binding 

energy with protein was -8.06 kcal/mol. Calycosin 

formed hydrogen bond with amino acid residue LYS-

745 (2.4Å), and the free binding energy with protein is -

8.9 kcal/mol (Figure 7A). In the TNF protein, the 

RMSD of the original ligand was 2.375 Å. The 

hydrogen bonding between the pro-ligand A7M and the 

6OOY protein acted on the amino acid residue with 

SER-60 (2.9Å), TYS-151(1.8Å), and the free binding 

energy with protein was -4.87 kcal/mol. Calycosin 

formed hydrogen bond with amino acid residue TYS-

151 (2.2Å), and the free binding energy with protein is -

6.7 kcal/mol (Figure 7B).  

 

DISCUSSION 
 

Sum-up of network pharmacology-based data, our 

bioinformatics findings using systematic pharmacology 

revealed the candidate and vital biotargets, biological 

functions, molecular pathways of calycosin-anti-

meningitis, respectively. More significantly, all vital 

biotargets of calycosin-anti-meningitis were eventually 

identified, including EGFR, TNF, EGF, ATM, ESR1, 

CASP8, NGF. Molecular docking results demonstrated 

that the binding capacity of calycosin with meningitis 

was significant, indicating the potential and pharma-

cological activities of calycosin against meningitis. 

Reportedly, EGFR, a transmembrane glycoprotein, can 

biologically activate some key signaling pathways 

response to extracellular irritation, such as NF-kappa-B 

signaling pathway [14]. Another evidence show that 

transactivation of EGFR may contribute to the 

development of bacterial meningitis-induced neuro-

inflammation [15]. TNF, a proinflammatory family, can 

be activated in intracephalic inflammation based on 

cytokine stress induced by pneumococcal meningitis, 

such as TNF-α and IL-1β [16]. EGF, a functional 

hormone, may promote the differentiation of certain 

epidermal and epithelial tissues and proliferation of 

several fibroblasts [17]. ATM, a nuclear phospho-

protein, may function as a DNA-damage sensor for 

screening genotoxic stresses and cell death [18]. ESR1, 

an estrogen receptor alpha, is linked to the modulation 

of specific gene expression that is contribute to control 

cell proliferation and differentiation in the tissue [19]. 

CASP8, a cysteine protease, mediates the activation of 

proteases that are responsible for the TNF signal-

induced cell apoptosis or death [20]. NGF, a nerve 

growth hormone, exerts the key roles in the main-

tenance and enhancement of nervous systems for

 

 
 

Figure 5. All top 20 biological processes and molecular pathways of calycosin-anti- meningitis from enrichment analyses 
were revealed and visualized. 



 

www.aging-us.com 19473 AGING 

 
 

Figure 6. A flow-chart using a network pharmacology approach aimed to reveal and characterize the biological targets, 
functions and molecular pathways in calycosin-anti-meningitis. 

 

 
 

Figure 7. Molecular docking data indicated that the binding capacity of calycosin with meningitis was significant in the vital targets of 
EGFR, 8BS-5UGC (A), TNF, A7M-6OOY (B). 



 

www.aging-us.com 19474 AGING 

inducing neuronal proliferation, differentiation and 

survival [21]. As reported in some studies, NGF may 

prevent memory impairment and re-induce hippocampal 

neurotrophin expression of pneumococcal meningitis in 

rats [22]. However, so far, there are no scientific reports 

regarding the associations between EGF, ATM, CASP8 

and meningitis. Together with current bioinformatics 

data and reference reviews, these network pharma-

cology-based findings revealed all candidate biological 

targets, processes and pharmacological pathways of 

calycosin-anti- meningitis, characterized with specific 

inhibition of cytonecrosis- and inflammation-asso-

ciated signaling pathways exerted by calycosin. 

Interestingly, calycosin may be a potential active 

ingredient to treat meningitis before further 

experimental validation. 

 

CONCLUSIONS 
 

In summary, the bioinformatics approach using network 

pharmacology can be used to effectively uncover the 

candidate and vital biotargets, functional processes, 

molecular signals of calycosin-anti-meningitis. Marked-

ly, all vital biotargets of calycosin-anti-meningitis are 

identified, and at least some of new anti-meningitis 

targets may include EGF, ATM, CASP8.   

 

MATERIALS AND METHODS 
 

Preparation of genes/targets of calycosin-anti-

meningitis 
 
All candidate genes/targets of calycosin were screened 

out and collected by use of traditional Chinese medicine 

systems pharmacology (TCMSP), Swiss Target 

Prediction, SuperPred-based databases, and all 

meningitis-associated genes/targets were gained through 

the databases of DisGeNET, Genecards. All the 

collected genes/targets of calycosin and meningitis were 

merged before being rectified by Uniprot database. 

After being mapped using Funrich software, the anti-

meningitis targets exerted of calycosin were identified, 

as described previously [23, 24].  

 

Identifying the vital target and interactive network 
 

The candidate targets of calycosin-anti-meningitis were 

further assayed for harvesting target-functional proteins 

through the functional protein association networks 

(STRING) database based on minimum interaction value. 

By using the Cytoscape software, the identified targets of 

calycosin-anti-meningitis were used to establish a protein-

protein interaction (PPI) network. To further use the 

NetworkAnalyzer setting for topological parameters, the 

vital targets of calycosin-anti-meningitis were screened, 

followed by visualization of the vital targets [25, 26]. 

Biological process and pathway enrichment analyses 

of vital targets 
 

By using the Database for Annotation, Visualization 

and Integrated Discovery (DAVID) database, all 

biological processes and Kyoto Encyclopedia of Genes 

and Genomes (KEGG) pathways of the vital targets of 

calycosin-anti-meningitis were revealed and visualized 

respectively. And then the targets were re-assayed by 

Cytoscape to form an interaction network of disease-

drug-target-pathway. By use of the Omicshare tool 

according to -LogP value, the advanced bubble 

diagrams of biological processes and KEGG  

signaling pathways were revealed and highlighted [27, 

28]. 

 

Molecular docking assay 

 

Using chemical-protein binding method, the vital 

targets of EGFR, TNF were screened out and identified 

for calycosin-based molecular docking analysis. After 

searching for EGFR and TNF specific proteins through 

the PDB database, 5UGC, 6OOY ligands were selected 

to dock with the calycosin compound. The ChemBio3D 

Draw in Chem Bio Office 2010 software was used to 

conduct three-dimensional structure of calycosin before 

docking the molecular structures of EGFR, TNF 

following MGLTools in Autodock Vina software. The 

rationality of the docking parameter setting was 

assessed according to the root mean square deviation 

(RMSD) of the ligand molecule. And the RMSD ≤ 4 Å 

was the threshold for the conformation of the ligand 

molecule [29, 30]. 

 

AUTHOR CONTRIBUTIONS 
 

Yongming Li, Bin Yang contributed to the conception, 

design of the manuscript. Yuan Nong, Yujia Liang, 

Xiaoliu Liang contributed to the acquisition, analysis, 

and interpretation of data in this manuscript. Yongming 

Li, Bin Yang drafted this manuscript. Yongming Li, Bin 

Yang revised this manuscript. All authors agree to be 

accountable for all aspects of work ensuring integrity 

and accuracy. 

 

CONFLICTS OF INTEREST 
 

These authors of this manuscript declare no conflicts of 

interest. 

 
FUNDING  
 

This study is primarily granted by the National Natural 

Science Foundation of Guangxi Province (No. 

2020GXNSFAA259044). 



 

www.aging-us.com 19475 AGING 

REFERENCES 
 

1. Rua R, McGavern DB. Advances in meningeal 
immunity. Trends Mol Med. 2018; 24:542–59. 

 https://doi.org/10.1016/j.molmed.2018.04.003 
PMID:29731353 

2. Putz K, Hayani K, Zar FA. Meningitis. Prim Care. 2013; 
40:707–26. 

 https://doi.org/10.1016/j.pop.2013.06.001 
PMID:23958365 

3. Soeters HM, Diallo AO, Bicaba BW, Kadadé G, Dembélé 
AY, Acyl MA, Nikiema C, Sadji AY, Poy AN, Lingani C, 
Tall H, Sakandé S, Tarbangdo F, et al, and MenAfriNet 
Consortium. Bacterial meningitis epidemiology in five 
countries in the meningitis belt of sub-Saharan Africa, 
2015-2017. J Infect Dis. 2019; 220:S165–74. 

 https://doi.org/10.1093/infdis/jiz358  
PMID:31671441 

4. Wu D, Li YX, Shao ZJ, Wang HY, Ning GJ, Li JH, Yin ZD. 
[Acute meningitis and encephalitis syndrome 
surveillance disease burden in four China prefectures]. 
Zhonghua Yu Fang Yi Xue Za Zhi. 2019; 53:164–68. 

 https://doi.org/10.3760/cma.j.issn.0253-
9624.2019.02.008 PMID:30744290 

5. VanDemark M. Acute bacterial meningitis: current 
review and treatment update. Crit Care Nurs Clin North 
Am. 2013; 25:351–61. 

 https://doi.org/10.1016/j.ccell.2013.04.004 
PMID:23981452 

6. Chi X, Zhang H, Zhang S, Ma K. Chinese herbal medicine 
for gout: a review of the clinical evidence and 
pharmacological mechanisms. Chin Med. 2020; 15:17. 

 https://doi.org/10.1186/s13020-020-0297-y 
PMID:32082411 

7. Huang C, Li R, Shi W, Huang Z. Discovery of the anti-
tumor mechanism of calycosin against colorectal 
cancer by using system pharmacology approach. Med 
Sci Monit. 2019; 25:5589–93. 

 https://doi.org/10.12659/MSM.918250 
PMID:31352466 

8. Song L, Li X, Bai XX, Gao J, Wang CY. Calycosin improves 
cognitive function in a transgenic mouse model of 
Alzheimer’s disease by activating the protein kinase C 
pathway. Neural Regen Res. 2017; 12:1870–76. 

 https://doi.org/10.4103/1673-5374.219049 
PMID:29239334 

9. Hsu CC, Kuo TW, Liu WP, Chang CP, Lin HJ. Calycosin 
preserves BDNF/TrkB signaling and reduces post-
stroke neurological injury after cerebral ischemia by 
reducing accumulation of hypertrophic and TNF-α-
containing microglia in rats. J Neuroimmune 
Pharmacol. 2020; 15:326–39. 

 https://doi.org/10.1007/s11481-019-09903-9 
PMID:31927682 

10. Zhou R, Wu K, Su M, Li R. Bioinformatic and 
experimental data decipher the pharmacological 
targets and mechanisms of plumbagin against 
hepatocellular carcinoma. Environ Toxicol Pharmacol. 
2019; 70:103200. 

 https://doi.org/10.1016/j.etap.2019.103200 
PMID:31158732 

11. Li R, Ma X, Song Y, Zhang Y, Xiong W, Li L, Zhou L.  
Anti-colorectal cancer targets of resveratrol and 
biological molecular mechanism: analyses of network 
pharmacology, human and experimental data. J Cell 
Biochem. 2019. [Epub ahead of print]. 

 https://doi.org/10.1002/jcb.28404 PMID:30719773 

12. Su M, Guo C, Liu M, Liang X, Yang B. Therapeutic targets 
of vitamin C on liver injury and associated biological 
mechanisms: a study of network pharmacology. Int 
Immunopharmacol. 2019; 66:383–87. 

 https://doi.org/10.1016/j.intimp.2018.11.048 
PMID:30530052 

13. Liang Y, Zhou R, Liang X, Kong X, Yang B. 
Pharmacological targets and molecular mechanisms of 
plumbagin to treat colorectal cancer: a systematic 
pharmacology study. Eur J Pharmacol. 2020; 
881:173227. 

 https://doi.org/10.1016/j.ejphar.2020.173227 
PMID:32505664 

14. Sigismund S, Avanzato D, Lanzetti L. Emerging 
functions of the EGFR in cancer. Mol Oncol. 2018; 
12:3–20. 

 https://doi.org/10.1002/1878-0261.12155 
PMID:29124875 

15. Zhang J, Guan M, Wang Q, Zhang J, Zhou T,  
Sun X. Single-cell transcriptome-based multilayer 
network biomarker for predicting prognosis and 
therapeutic response of gliomas. Brief Bioinform. 
2020; 21:1080–97. 

 https://doi.org/10.1093/bib/bbz040 PMID:31329830 

16. Izadpanah K, Freyer D, Weber JR, Braun JS. Brain 
parenchymal TNF-α and IL-1β induction in 
experimental pneumococcal meningitis. J 
Neuroimmunol. 2014; 276:104–11. 

 https://doi.org/10.1016/j.jneuroim.2014.08.625 
PMID:25218213 

17. Singh B, Carpenter G, Coffey RJ. EGF receptor ligands: 
recent advances. F1000Res. 2016; 5:F1000. 

 https://doi.org/10.12688/f1000research.9025.1 
PMID:27635238 

18. Amirifar P, Ranjouri MR, Yazdani R, Abolhassani H, 
Aghamohammadi A. Ataxia-telangiectasia: a review of 

https://doi.org/10.1016/j.molmed.2018.04.003
https://pubmed.ncbi.nlm.nih.gov/29731353
https://doi.org/10.1016/j.pop.2013.06.001
https://pubmed.ncbi.nlm.nih.gov/23958365
https://doi.org/10.1093/infdis/jiz358
https://pubmed.ncbi.nlm.nih.gov/31671441
https://doi.org/10.3760/cma.j.issn.0253-9624.2019.02.008
https://doi.org/10.3760/cma.j.issn.0253-9624.2019.02.008
https://pubmed.ncbi.nlm.nih.gov/30744290
https://doi.org/10.1016/j.ccell.2013.04.004
https://pubmed.ncbi.nlm.nih.gov/23981452
https://doi.org/10.1186/s13020-020-0297-y
https://pubmed.ncbi.nlm.nih.gov/32082411
https://doi.org/10.12659/MSM.918250
https://pubmed.ncbi.nlm.nih.gov/31352466
https://doi.org/10.4103/1673-5374.219049
https://pubmed.ncbi.nlm.nih.gov/29239334
https://doi.org/10.1007/s11481-019-09903-9
https://pubmed.ncbi.nlm.nih.gov/31927682
https://doi.org/10.1016/j.etap.2019.103200
https://pubmed.ncbi.nlm.nih.gov/31158732
https://doi.org/10.1002/jcb.28404
https://pubmed.ncbi.nlm.nih.gov/30719773
https://doi.org/10.1016/j.intimp.2018.11.048
https://pubmed.ncbi.nlm.nih.gov/30530052
https://doi.org/10.1016/j.ejphar.2020.173227
https://pubmed.ncbi.nlm.nih.gov/32505664
https://doi.org/10.1002/1878-0261.12155
https://pubmed.ncbi.nlm.nih.gov/29124875
https://doi.org/10.1093/bib/bbz040
https://pubmed.ncbi.nlm.nih.gov/31329830
https://doi.org/10.1016/j.jneuroim.2014.08.625
https://pubmed.ncbi.nlm.nih.gov/25218213
https://doi.org/10.12688/f1000research.9025.1
https://pubmed.ncbi.nlm.nih.gov/27635238


 

www.aging-us.com 19476 AGING 

clinical features and molecular pathology. Pediatr 
Allergy Immunol. 2019; 30:277–88. 

 https://doi.org/10.1111/pai.13020 PMID:30685876 

19. Dustin D, Gu G, Fuqua SA. ESR1 mutations in breast 
cancer. Cancer. 2019; 125:3714–28. 

 https://doi.org/10.1002/cncr.32345 PMID:31318440 

20. Tummers B, Green DR. Caspase-8: regulating life and 
death. Immunol Rev. 2017; 277:76–89. 

 https://doi.org/10.1111/imr.12541 PMID:28462525 

21. Minnone G, De Benedetti F, Bracci-Laudiero L. NGF and 
its receptors in the regulation of inflammatory 
response. Int J Mol Sci. 2017; 18:1028. 

 https://doi.org/10.3390/ijms18051028 
PMID:28492466 

22. Simões LR, Abreu RR, Generoso JS, Goularte JA, 
Collodel A, Giridharan VV, Arumanayagam AC, 
Valvassori SS, Quevedo J, Barichello T. Prevention of 
memory impairment and neurotrophic factors 
increased by lithium in wistar rats submitted to 
pneumococcal meningitis model. Mediators Inflamm. 
2017; 2017:6490652. 

 https://doi.org/10.1155/2017/6490652 
PMID:29200666 

23. Li R, Guo C, Li Y, Liang X, Yang L, Huang W. Therapeutic 
target and molecular mechanism of vitamin c-treated 
pneumonia: a systematic study of network 
pharmacology. Food Funct. 2020; 11:4765–72. 

 https://doi.org/10.1039/d0fo00421a PMID:32420559 

24. Li R, Guo C, Li Y, Qin Z, Huang W. Therapeutic targets 
and signaling mechanisms of vitamin C activity against 
sepsis: a bioinformatics study. Brief Bioinform. 2020. 
[Epub ahead of print]. 

 https://doi.org/10.1093/bib/bbaa079 PMID:32393985 

25. Wu K, Wei P, Liu M, Liang X, Su M. To reveal 
pharmacological targets and molecular mechanisms of 
curcumol against interstitial cystitis. J Adv Res. 2019; 
20:43–50. 

 https://doi.org/10.1016/j.jare.2019.05.003 
PMID:31193808 

26. Yang J, Song H, Cao K, Song J, Zhou J. Comprehensive 
analysis of helicobacter pylori infection-associated 
diseases based on miRNA-mRNA interaction network. 
Brief Bioinform. 2019; 20:1492–501. 

 https://doi.org/10.1093/bib/bby018 PMID:29579224 

27. Li R, Song Y, Ji Z, Li L, Zhou L. Pharmacological 
biotargets and the molecular mechanisms of 
oxyresveratrol treating colorectal cancer: network and 
experimental analyses. Biofactors. 2020; 46:158–67. 

 https://doi.org/10.1002/biof.1583 PMID:31647596 

28. Yang Q, Wang S, Dai E, Zhou S, Liu D, Liu H, Meng Q, 
Jiang B, Jiang W. Pathway enrichment analysis 
approach based on topological structure and updated 
annotation of pathway. Brief Bioinform. 2019; 
20:168–77. 

 https://doi.org/10.1093/bib/bbx091 PMID:28968630 

29. Blaszczyk M, Ciemny MP, Kolinski A, Kurcinski M, 
Kmiecik S. Protein-peptide docking using CABS-dock 
and contact information. Brief Bioinform. 2019; 
20:2299–305. 

 https://doi.org/10.1093/bib/bby080  
PMID:30247502 

30. Badaczewska-Dawid AE, Kmiecik S, Koliński M. Docking 
of peptides to GPCRs using a combination of CABS-
dock with FlexPepDock refinement. Brief Bioinform. 
2020. [Epub ahead of print]. 

 https://doi.org/10.1093/bib/bbaa109 PMID:32520310 

  

https://doi.org/10.1111/pai.13020
https://pubmed.ncbi.nlm.nih.gov/30685876
https://doi.org/10.1002/cncr.32345
https://pubmed.ncbi.nlm.nih.gov/31318440
https://doi.org/10.1111/imr.12541
https://pubmed.ncbi.nlm.nih.gov/28462525
https://doi.org/10.3390/ijms18051028
https://pubmed.ncbi.nlm.nih.gov/28492466
https://doi.org/10.1155/2017/6490652
https://pubmed.ncbi.nlm.nih.gov/29200666
https://doi.org/10.1039/d0fo00421a
https://pubmed.ncbi.nlm.nih.gov/32420559
https://doi.org/10.1093/bib/bbaa079
https://pubmed.ncbi.nlm.nih.gov/32393985
https://doi.org/10.1016/j.jare.2019.05.003
https://pubmed.ncbi.nlm.nih.gov/31193808
https://doi.org/10.1093/bib/bby018
https://pubmed.ncbi.nlm.nih.gov/29579224
https://doi.org/10.1002/biof.1583
https://pubmed.ncbi.nlm.nih.gov/31647596
https://doi.org/10.1093/bib/bbx091
https://pubmed.ncbi.nlm.nih.gov/28968630
https://doi.org/10.1093/bib/bby080
https://pubmed.ncbi.nlm.nih.gov/30247502
https://doi.org/10.1093/bib/bbaa109
https://pubmed.ncbi.nlm.nih.gov/32520310


 

www.aging-us.com 19477 AGING 

SUPPLEMENTARY MATERIALS 
 

Supplementary Figure 

 

 

 

 

 
 



 

www.aging-us.com 19478 AGING 



 

www.aging-us.com 19479 AGING 



 

www.aging-us.com 19480 AGING 



 

www.aging-us.com 19481 AGING 



 

www.aging-us.com 19482 AGING 



 

www.aging-us.com 19483 AGING 



 

www.aging-us.com 19484 AGING 



 

www.aging-us.com 19485 AGING 



 

www.aging-us.com 19486 AGING 



 

www.aging-us.com 19487 AGING 



 

www.aging-us.com 19488 AGING 



 

www.aging-us.com 19489 AGING 



 

www.aging-us.com 19490 AGING 



 

www.aging-us.com 19491 AGING 

 
 

Supplementary Figure 1. More other molecular pathways of the core targets. 
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Supplementary Table 
 

 

 

Please browse Full Text version to see the data of Supplementary Table 1. 

 

Supplementary Table 1. More details of the KEGG signaling pathways of the core targets. 

 

 


