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Colchicine is an alkaloid with antitumor effect isolated from Colchicum autumnale plants, it has been 
reported in multiple studies as a potential treatment for coronavirus disease-19 and this study applied 
network pharmacology and bioinformatics analysis to explore the potential mechanism of colchicine against 
non-small cell lung cancer and coronavirus disease-19. The R software was used to determine the differentially 
expressed genes of non-small cell lung cancer/coronavirus disease-19, and carry out prognostic analysis and 
clinical analysis of the differentially expressed genes, the targets of colchicine were obtained from various 
databases, the protein-protein interaction network of intersection targets of colchicine and non-small 
cell lung cancer/coronavirus disease-19 was constructed, enrichment analysis of gene ontology and kyoto 
encyclopedia of genes and genomes pathways was performed by Metascape database and the molecular 
docking and molecular dynamics simulation were completed. We obtained a total of 716 differentially 
expressed genes and identified 13 potential prognostic genes associated with the clinical characterization of 
non-small cell lung cancer/coronavirus disease-19 patients. C-C motif chemokine ligand 2, toll like receptor 
4, intercellular adhesion molecule 1, peroxisome proliferator activated receptor gamma, interleukin 17A, 
interferon gamma, angiotensin I converting enzyme, fos proto-oncogene, nuclear factor kappa B inhibitor 
alpha, TIMP metallopeptidase inhibitor 1 and secreted phosphoprotein 1 were core targets. The intersection 
targets of colchicine and non-small cell lung cancer/coronavirus disease-19 were mainly enriched in biological 
processes such as inflammatory response, response to cytokine and response to lipopolysaccharide, as well 
as signal pathways such as interleukin 17 signaling pathway, hypoxia inducible factor 1 signaling pathway 
and nucleotide binding oligomerization domain-like receptor signaling pathway. The results of molecular 
docking showed that the colchicine is better combined with the core targets. Analysis of molecular dynamics 
simulation showed that the protein and ligand form a stabilizing effect. Based on bioinformatics analysis 
and network pharmacology, we obtained biomarkers that may be used for the prognosis of non-small cell 
lung cancer/coronavirus disease-19 patients and revealed that colchicine may play a potential role in the 
treatment of non-small cell lung cancer/coronavirus disease-19 by regulating multiple targets and multiple 
signaling pathways and participating in multiple biological processes.
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Currently, Coronavirus Disease 2019 (COVID-19), 
caused by Severe Acute Respiratory Syndrome 
Coronavirus 2 (SARS-CoV-2), is spreading globally 
with high morbidity and mortality[1], it is the biggest 
health problem perplexing the world nowadays. 
It has been reported that cancer patients are more 

susceptible to SARS-CoV-2 infection than the general 
population[2], lung cancer is the third most common 
cancer in the world and the leading cause of cancer 
death worldwide[3], Non-Small Cell Lung Cancer 
(NSCLC) is the most common pathological type of 
lung cancer, accounting for 85 % of all lung cancers[4], 
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with high morbidity and mortality[5]. Unfortunately, due 
to immunosuppression, increased comorbidities and 
underlying lung damage, lung cancer patients have a 
higher mortality rate than normal individuals infected 
with SARS-CoV-2[6,7] and they have more severe 
complications[8]. COVID-19 is still spreading rapidly 
around the world and the number of NSCLC patients 
is also increasing, the treatment of NSCLC/COVID-19 
presents enormous challenges for researchers, so there 
is an urgent need to develop potential therapeutic drugs 
for NSCLC/COVID-19. Colchicine is an alkaloid 
isolated from Colchicum autumnale plants[9], it is a  Food 
and Drug Administration (FDA)-approved treatment 
for inflammatory diseases such as gout and familial 
Mediterranean fever[10,11] and has anti-inflammatory, 
anti-fibrotic, immunomodulatory, and anti-tumor 
effects, etc. A clinical study by Deftereos showed that 
compared with patients receiving a placebo, patients who 
received colchicine gave up oxygen supplementation 
earlier and after 1 w of treatment, significantly reduced 
C-Reactive Protein (CRP) levels[12]. A retrospective 
cohort study showed that colchicine administration 
can reduce the mortality of COVID-19 patients and 
contribute to the improvement of patients’ clinical 
symptoms[13]. Another study reported that patients 
treated with colchicine were approximately 5 times 
more likely to be discharged from the hospital and 
had a lower mortality rate compared with the standard 
group[14]. The timing and dose of colchicine are still in 
the exploratory stage, Pourdowlat’s study showed[15] 
that colchicine could improve the clinical outcome of 
COVID-19 patients and reduce pulmonary infiltration 
under the condition of reasonable selection of the 
time and dose of therapeutic intervention. In addition, 
the latest meta-analysis showed[16] that colchicine 
treatment reduced CRP levels and COVID-19 severity 
in patients. These studies appear to reveal colchicine 
as a potential treatment for COVID-19. In addition, 
colchicine is a well-known anticancer compound, this 
may be primarily due to its ability to inhibit mitosis by 
inhibiting microtubule formation, leading to cell cycle 
arrest, apoptosis and cell death[17]; however, abnormal 
cell proliferation and apoptosis are the most basic 
characteristics of tumor cells and inhibition of cancer 
cell proliferation and induction of cancer cell apoptosis 
are important anti-tumor mechanisms. Colchicine has 
shown anticancer effects in Hepatocellular Carcinoma 
(HCC), cholangiocarcinoma, cervical cancer, gastric 
cancer, breast cancer[18-21], etc. The anti-proliferative 
effect of colchicine on HCC cells is related to the 
expression of anti-proliferative genes A-Kinase 

Anchoring Protein 12 (AKAP12) and Transforming 
Growth Factor Beta 2 (TGFB2)[22], clinically acceptable 
concentrations of colchicine have anticancer effects 
on HCC. Zhang’s experimental study showed that 
colchicine induced apoptosis of gastric cancer cells 
by activating the caspase-3-mediated mitochondrial 
apoptosis pathway[23]. In a cohort study[24], a reduction in 
all-cause cancer risk in gout patients was associated with 
colchicine use (p=0.001). In addition, Bhattacharya, et 
al.[25] found that colchicine can induce autophagy and 
senescence in lung cancer cells and combined with 
autophagy inhibitors can become an effective treatment 
strategy for lung cancer. However, there is currently 
no research on the mechanism of colchicine against 
COVID-19 and NSCLC and further exploration is 
needed.

Network pharmacology is an emerging discipline based 
on the theory of systems biology, which is widely 
used to predict and analyze the molecular mechanism 
of drug action and identify potential drug targets[26]. 
Bioinformatics analysis is a valuable strategy for 
comprehensive analysis of large databases including 
complex genetic information[27] and is widely used 
to identify interactions between gene signatures and 
tumors[28]. Molecular docking is commonly used to 
study protein and ligand interaction modes and to 
calculate affinities, and molecular dynamics simulates 
various ligand and receptor motions through Newtonian 
mechanics to assess stability and flexibility[29,30]. In this 
study, we used network pharmacology, bioinformatics 
analysis, molecular docking and Molecular Dynamics 
Simulation (MDS) to help more systematically predict 
the potential mechanism and targets of colchicine in 
anti-COVID-19 and NSCLC at the molecular level. 
The flow chart of this study was shown in fig. 1.

Fig. 1: Research flow chart
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MATERIALS AND METHODS
Acquisition of disease-related genes:
We obtained data of NSCLC from The Cancer 
Genome Atlas (TCGA) data portal (https://tcga-data.
nci.nih.gov/tcga/), downloaded the Ribonucleic Acid 
(RNA) sequencing data and clinical data of Lung 
Adenocarcinoma (LUAD) and Lung Squamous Cell 
Carcinoma (LUSC) patient. Differentially Expressed 
Genes (DEGs) of NSCLC were obtained by screening 
with the “limma” package of the R 3.6.3 software 
(https://www.r-project.org/), the threshold was False 
Discovery Rate (FDR) <0.05 and  |logFold Change 
(FC)|>1. We obtained targets of COVID-19 from 
Genecards database[31] (https://www.genecards.org/), 
PubChem database[32] (https://pubchem.ncbi.nlm.nih.
gov/), Online Mendelian Inheritance in Man (OMIM) 
database[33] (https://omim.org/) and National Center 
for Biotechnology Information (NCBI) Gene database 
(https://www.ncbi.nlm.nih.gov/) and then we listed 
the targets in the UniProt database[34] (http://www.
uniprot.org/) incorporates the “Human” search term 
and normalizes the naming. Finally, we used the 
“VennDiagram” package to construct a Venn diagram to 
obtain the intersection genes of NSCLC and COVID-19 
and used the “pheatmap” package to construct the 
volcano and heat map of the intersection DEGs.

Construction of prognostic models and clinical 
analysis:
We used the “survival” package of R software to perform 
NSCLC and COVID-19 intersection genes univariate 
and multivariate cox regression analysis and draw 
forest plots and then used multivariate cox regression 
analysis to combine risk scores with different clinical 
characteristics of patients to perform related prognostic 
analysis, with the “beeswarm” package for this process.

Validation of the prognostic risk model:
We performed survival analysis and risk analysis based 
on the results of multivariate cox regression analysis, 
divided into high-risk and low-risk groups according 
to the average risk score and further determined the 
relationship between survival probability, survival 
time, survival status and gene expression between 
the two groups, with R packages such as “survival”, 
“survminer”, “time Receiver Operating Characteristic 
(ROC)”, “pheatmap”, etc.

Acquisition of colchicine-related targets:
We obtained the detail information of colchicine from the 
Pubchem database and we collected candidate targets 

of colchicine from the Traditional Chinese Medicine 
Systems Pharmacology (TCMSP) database[35] (http://
lsp.nwu.edu.cn/tcmsp.php/), the Swiss target Prediction 
database[36] (http://www. swisstargetprediction.ch/), 
STITCH database[37] (http://stitch.embl.de/), Genecards 
database (https://www.genecards.org/), SEA database[38] 
(https://sea .bkslab.org/), Drugbank database[39] (https://
www.drugbank.ca/), BATMAN-TCM database[40] 
(http://bionet.ncpsb.org.cn/batman-tcm/) and ETCM 
database[41] (http://www.tcmip.cn/ETCM/). We used 
the Uniprot database to merge the “human” search to 
correct the candidate target protein to the official name 
and then deduplicate to obtain the candidate target 
of colchicine after merging. We used the TBtools[42], 
tool to map the candidate targets of colchicine and the 
intersection genes of NSCLC and COVID-19 onto the 
UpSet map and identified the intersection targets of 
drugs and diseases.

Construction of Protein-Protein Interaction (PPI) 
network and prediction of core targets:
In order to better understand the PPI between colchicine 
and NSCLC/COVID-19 intersection targets,	  we 
used the STRING database[43] (https://www.string-db.
org/) to construct the PPI network of the intersection 
targets. We visualized it using Cytoscape 3.8.2[44] 
software and screened core targets with the cytohubba 
plugin’s “Maximal Clique Centrality (MCC)”, “Density 
of Maximum Neighborhood Component (DMNC)”, 
“Maximum Neighborhood Component (MNC)”, 
“Degree” algorithms and Venn diagrams[45].

Enrichment analysis of Gene Ontology (GO) 
function and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway:

We used the Metascape database[46] (https://metascape.
org/gp/index.html) to perform enrichment analysis of 
GO function and KEGG pathway for the intersection 
targets of colchicine and NSCLC/COVID-19, with a 
threshold of enrichment of the number of set genes ≥3 
and p<0.01. We used the bioinformatics online platform 
(http://www.bioinformatics.com.cn/) to complete 
the visualization of the significantly enriched results 
and used the Cytoscape 3.8.2 software to construct 
the chemical component-target-pathways interaction 
network.

Molecular docking:

We obtained the protein structure of core targets and 
reported potential anti-COVID-19 targets SARS-
CoV-2 3CL hydrolase (Protein Data Bank (PDB) ID: 
6LU7) and Angiotensin Converting Enzyme 2 (ACE2) 
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(PDB ID: 1R42) from the PDB database (https://www.
rcsb.org/)[47]. We used the Chem Three Dimensional 
(3D) module of Chem Office software to minimize the 
energy of ligand compound and save it in 2 mol format, 
imported the receptor protein into Pymol software to 
remove water and other ligands, used the Autodock 
tools v.1.5.6 software to add hydrogen to the receptor 
protein and ligand, select the twisted key of the ligand, 
saved it in PDBQT format and used Autodock Vina[48] 
to select the most suitable binding site to complete the 
molecular docking, and then used Pymol software to 
visualize the results of molecular docking.

MDS:
We used Gromacs 5.1.2 software, GROMOS96 43a1 
force field and the Simple Point-Charge (SPC) water 
model to perform MDS. We obtained topology files of 
proteins and ligands, defined unit boxes, filled solvent 
water molecules, added ions to ensure charge neutral 
of the simulated system, heated the entire system for 
50 000 steps and simulated temperatures from 0 K to 
300 K, used the steepest descent method to minimize 
energy. We used the position constraint to perform the 
NVT and NPT ensemble equilibrium with a step size of 
2 fs and a total time of 100 ps for the energy-minimized 
system, lifted the constraints after simulating the 
dynamic equilibrium and performed 10 ns MDS. 

The results were visualized by QtGrace software. In 
order to understand the conformational changes and 
stability of protein-ligand complexes during MDS, we 
introduced the gmx trjconv and gmx sham programs of 
Gromacs and plotted Two Dimensional (2D) and Three 
Dimensional (3D) Free Energy Landscape (FEL) to 
analyze MDS trajectories.

RESULTS AND DISCUSSION
We obtained the NSCLC, RNA sequencing data and 
clinical data from the TCGA data portal, including 
594 LUAD-related gene expression files (54 normal 
samples and 535 tumor samples) and 515 cases, 551 
LUSC-related files (49 normal samples and 502 tumor 
samples) and 501 cases. We used R software to obtain a 
total of 11 213 differentially expressed genes related to 
NSCLC, including 8383 up-regulated genes and 2830 
down-regulated genes. By searching with Genecards 
database, PubChem database, OMIM database and 
NCBI Gene database, merging and deduplicating, we 
obtained a total of 3675 genes related to COVID-19. The 
two parts of genes were mapped to the Venn diagram, 
as shown in fig. 2 and a total of 716 intersection DEGs 
were obtained, including 469 up-regulated genes and 
247 down-regulated genes and we draw the volcano 
plot and heat map of intersection DEGs, as shown in 
fig. 3.

Fig. 2: The intersection genes of NSCLC and COVID-19
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We performed a univariate Cox proportional Hazard 
Ratio (HR) regression analysis by the “survival” package 
based on information such as gene expression, survival 
time and survival status of NSCLC and COVID-19 
intersecting genes, and identified 23 genes, as shown 
in fig. 4A, based on the KM value and p<0.05, 13 key 
genes were identified by multivariate Cox proportional 
HR regression analysis, such as Lactate Dehydrogenase 
A (LDHA), Secreted Phosphoprotein 1 (SPP1), Low 
Density Lipoprotein Receptor Class A Domain 3 
(LDLRAD3), Plakophilin 2 (PKP2), Endoplasmic 
Reticulum Oxidoreductase 1 Beta (ERO1B), 
Polypeptide N-Acetylgalactosaminyltransferase 2 
(GALNT2), ERO1A, 	 Four and a Half LIM Domains 
2 (FHL2), Mitochondrial Ribosomal Protein L15 
(MRPL15), G Protein-Coupled Receptor 37 (GPR37), 
Glutathione Peroxidase 8 (GPX8), Myelin Regulatory 
Factor (MYRF) and Fas Associated via Death Domain 
(FADD), as shown in fig. 4B and listed in Table 1. 
Prognostic analysis of relevant clinical characteristics 
was performed based on the results of multivariate 
Cox proportional HR regression analysis and clinical 
information, as shown in fig. 5 and listed in Table 2. The 
expression of GALNT2 and MRPL15 was significantly 
correlated with age, the expression of FADD, 
LDLRAD3, PKP2, SPP1 was significantly correlated 
with gender, the expression of GPX8 and MRPL15 was 
significantly correlated with the pathological stage of 
NUSCLC and the expression of FADD was significantly 

correlated with M stage, ERO1B and MRPL15 were 
significantly associated with N stage.

Based on risk scores, we divided patients into high-risk 
and low-risk groups. Survival analysis was performed 
on the 13 genes of the multivariate Cox proportional 
HR regression analysis and the results showed that 
there was a significant difference between the survival 
probability of the low-risk group and the high-risk 
group, as shown in fig. 6A, time-dependent ROC curve 
of the survival probability risk score for 1 y, 3 y, 5 y 
Area Under the Curve (AUC) were 0.677, 0.645 and 
0.607, respectively, the model has good accuracy, as 
shown in fig. 6B. We constructed a heat map of the risk 
score distribution, survival status and gene expression 
for 13 genes, showing the correlation between the two 
groups, as shown in fig. 7.

We obtained the chemical structure of colchicine, 
as shown in fig. 8A and comprehensively searched 
and screened the candidate targets of colchicine from 
TCMSP, Swiss target prediction, STITCH, Targetnet, 
SEA, Drugbank, Batman and ETCM database. After 
data correction using the Uniprot database, a total of 
668 candidate targets of colchicine were obtained after 
merging and deduplication. The NSCLC and COVID-19 
intersection genes and colchicine targets obtained from 
2.1 were mapped onto the UpSet graph, as shown in 
fig. 8B and 64 intersection targets of colchicine and 
NSCLC/COVID-19 were obtained.

Fig. 3: (A): Volcano plot of NSCLC and COVID-19 intersection DEGs and (B): Heat map of NSCLC and COVID-19 intersection 
DEGs
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Fig. 4: (A): Forest plot of univariate cox analysis and (B): Forest plot of multivariate cox analysis

Fig. 5: Clinical analysis of 13 genes by multivariate cox analysis

Symbol Confidence interval HR HR.95 l HR.95 H p value

LDHA 0.00175 1.00175 1.00046 1.00305 0.00807

SPP1 0.00018 1.00018 0.99999 1.00037 0.0693

LDLRAD3 0.02998 1.03043 0.9999 1.0619 0.05076

PKP2 0.02061 1.02082 1.00103 1.04101 0.03915

ERO1B -0.0143 0.98578 0.96544 1.00655 0.17811

GALNT2 0.00626 1.00628 0.99881 1.01382 0.0997

ERO1A 0.00341 1.00341 0.99955 1.0073 0.08357

FHL2 -0.0104 0.98963 0.97675 1.00269 0.11918

MRPL15 0.00445 1.00446 1.00016 1.00878 0.04217

GPR37 0.02768 1.02807 0.9987 1.0583 0.06118

GPX8 0.02198 1.02223 1.00257 1.04227 0.02649

MYRF 0.04319 1.04414 1.02239 1.06634 5.8E-05

FADD 0.01078 1.01084 1.00018 1.02161 0.04628

TABLE 1: P-VALUE, RISK FACTOR HR AND CONFIDENCE INTERVAL OF MULTIVARIATE COX ANALYSIS
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Symbol Age Gender Stage T M N

SPP1 -0.727 (0.468) -2.917 (0.004) -0.48 (0.632) -0.746 (0.457) 0.627 (0.536) 0.368 (0.713)

LDLRAD3 -0.266 (0.790) -3.044 (0.002) -0.211 (0.833) -1.634 (0.104) 0.191 (0.850) -0.609 (0.543)

PKP2 -0.827 (0.409) -2.829 (0.005) -1.933 (0.055) -0.578 (0.564) -0.658 (0.516) -1.554 (0.121)

ERO1B -0.224 (0.822) 0.063 (0.950) 0.714 (0.476) -0.177 (0.860) 0.483 (0.632) 2.087 (0.037)

GALNT2 -2.417 (0.016) -1.668 (0.096) -1.249 (0.213) -1.617 (0.108) -0.501 (0.621) -0.723 (0.470)

ERO1A -1.047 (0.296) -1.905 (0.057) -1.799 (0.073) -1.34 (0.182) -0.192 (0.849) -1.266 (0.206)

FHL2 0.083 (0.934) 1.293 (0.197) -1.671 (0.096) -1.148 (0.253) -0.855 (0.400) 0.229 (0.819)

MRPL15 2.655 (0.008) -1.455 (0.146) -3.119 (0.002) -0.84 (0.402) -1.165 (0.254) -3.242 (0.001)

GPR37 0.34 (0.734) 0.764 (0.445) -1.236 (0.218) 0.437 (0.663) -0.777 (0.444) -1.035 (0.301)

GPX8 -0.616 (0.538) 1.505 (0.133) -2.348 (0.020) -1.594 (0.113) -1.136 (0.266) -1.733 (0.084)

MYRF -1.473 (0.141) 1.631 (0.104) -0.244 (0.808) -0.158 (0.875) -1.474 (0.151) 1.067 (0.287)

FADD -0.819 (0.413) -3.176 (0.002) 0.297 (0.767) -0.973 (0.332) 3.972 (1.669e-04) -1.368 (0.172)

RiskScore 0.664 (0.507) -1.805 (0.072) -1.765 (0.080) -1.441 (0.152) -0.754 (0.457) -1.904 (0.058)

TABLE 2: CLINICAL ANALYSIS OF DIFFERENT CHARACTERISTICS OF 13 GENES

Fig. 6: (A): Distribution of survival curves of 13 key genes and (B): Time-dependent ROC curves of 13 key genes
Note: (      ): High risk and (      ): Low risk, (      ): AUC at 1 y was 0.677; (      ): AUC at 3 y was 0.645 and (      ): AUC at 5 y was 0.607

Fig. 7: Heat map of the risk score distribution, survival status and gene expression for 13 key genes
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In order to better understand the protein-protein 
interactions of the cross-targets, we used the STRING 
database and Cytoscape 3.8.2 software to construct 
the PPI network of the cross-targets of colchicine and 
NSCLC/COVID-19, as shown in fig. 9, with a total of 
63 nodes and 381 edges. The four algorithms of the 
cytohubba plugin were used to screen the core target 
genes. The screening conditions were that the MCC 
value was greater than or equal to twice the median 
of 10 368, the DMNC value was greater than or equal 
to the median of 0.548813253832958, the MNC value 
was greater than or equal to twice the median of 18 and 
the degree value was greater than or equal to twice the 
median of 18 the candidate targets screened by the 4 
algorithms were mapped to the Venn diagram and 11 
core targets were identified, as shown in fig. 10, such 
as C-C Motif Chemokine Ligand 2 (CCL2), Toll Like 
Receptor 4 (TLR4), Intercellular Adhesion Molecule 1 
(ICAM1), Peroxisome Proliferator Activated Receptor 
Gamma (PPARG), Interleukin 17A (IL17A), Interferon 
Gamma (IFNG), ACE, Fos Proto-Oncogene (FOS), 
Nuclear Factor-Kappa-B-Inhibitor Alpha (NFKBIA), 
TIMP Metallopeptidase Inhibitor 1 (TIMP1), SPP1 
were listed in Table 3.

We used the Metascape database to perform the 
enrichment analysis of GO function and KEGG 
pathway for the intersection targets of colchicine and 
NSCLC/COVID-19, as shown in fig. 11, the number of 
enriched genes ≥3 and p<0.01, a total of 289 enriched 
GO entries were obtained. In terms of biological 
processes, the intersection targets are mainly enriched 
in the inflammatory response, response to bacterium, 
response to cytokine, response to lipopolysaccharide and 
response to molecule of bacterial origin, etc. In terms of 
cellular components, the intersection targets are mainly 
enriched in side of membrane, external side of plasma 

membrane, membrane raft, membrane microdomain, 
receptor complex, etc. In terms of molecular functions, 
the intersection targets are mainly enriched in signaling 
receptor activator activity, signaling receptor regulator 
activity, receptor ligand activity, G protein-coupled 
receptor binding, cytokine activity, etc.

The KEGG pathway enrichment analysis of intersection 
targets are enriched in 98 pathways, sorted by p-value, 
intersection targets are mainly enriched in lipid and 
atherosclerosis, COVID-19, rheumatoid arthritis, IL-
17 signaling pathway, influenza A, pathways in cancer, 
malaria, Cytokine-cytokine receptor interaction, 
Chagas disease, Yersinia infection, human T-cell 
leukemia virus 1 infection, Th17 cell differentiation, 
Hypoxia Inducible Factor 1 (HIF-1) signaling pathway, 
Nucleotide Binding Oligomerization Domain (NOD)-
like receptor signaling pathway, etc. In order to 
understand the interaction between colchicine, KEGG 
pathways and candidate targets, we used Cytoscape 
3.8.2 software to construct the interaction network about 
colchicine, candidate targets and KEGG pathways, as 
shown in fig. 12.

We used Autodock Tools v.1.5.6 and AutoDock Vina 
software to conduct molecular docking of colchicine 
with the core targets and screened the conformation 
with the highest binding energy for analysis. The 
binding energy is less than 0, which means that the 
protein and the ligand can bind in the natural state. The 
lower the docking score, the higher the binding energy, 
and more stable the binding between the protein and 
ligand. The binding energies of colchicine to core 
targets CCL2, TLR4, ICAM1, PPARG, IL17A, IFNG, 
ACE, FOS, NFKBIA, TIMP1 and SPP1 were all less 
than -6 kcal/mol and the binding activity is good, as 
listed in Table 4. 

Fig. 8: (A): Chemical structure of colchicine and (B): Up Set map of three candidate targets of colchicine, NSCLC and COVID-19
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Fig. 9: PPI networks of colchicine and NSCLC/COVID-19 intersection targets, color and area are proportional to degree

Fig. 10: (A): The intersection Venn diagram of core targets screened by MCC, DMNC, MNC and degree algorithms and (B): 11 
core targets

Rank Uniprot Symbol Degree MCC DMNC MNC logFC FDR Regulation

1 P13500 CCL2 33 1.80E+08 0.626504512 33 -1.851890715 2.89E-18 Down

2 O00206 TLR4 33 1.80E+08 0.574077356 33 -1.642107552 7.98E-52 Down

3 P05362 ICAM1 29 1.80E+08 0.675917591 29 -1.434852987 1.30E-28 Down

4 P37231 PPARG 26 1.67E+08 0.573981856 26 -1.624728173 8.80E-49 Down

5 Q16552 IL17A 25 1.28E+08 0.659783784 25 1.581943936 5.95E-05 Up

6 P01579 IFNG 24 1.76E+08 0.774763828 24 1.078131793 0.039079099 Up

7 P12821 ACE 22 5.20E+07 0.699819824 22 -1.958230062 1.06E-56 Down

8 P01100 FOS 22 1.31E+08 0.655669811 21 -1.876376017 2.37E-32 Down

9 P25963 NFKBIA 21 8.39E+07 0.604798878 21 -1.0864282 2.67E-29 Down

10 P01033 TIMP1 21 1.79E+08 0.802630286 21 1.026642657 7.77E-21 Up

11 P10451 SPP1 18 9.19E+07 0.866799693 18 4.715613019 2.13E-52 Up

TABLE 3: THE DETAILED INFORMATION OF 11 CORE TARGETS
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Fig. 11: GO functional enrichment and KEGG pathway enrichment analysis of the intersection targets of colchicine and NSCLC/
COVID-19, (A): GO functional enrichment of intersection targets in TOP10 biological processes; (B): GO functional enrichment 
of intersection targets in TOP10 cellular components; (C) GO functional enrichment of intersection targets in TOP10 molecular 
functions and (D): KEGG pathway enrichment of intersection targets

Fig. 12: The interaction network of colchicine, candidate targets and Top 20 KEGG pathways, Note: (  ): Colchicine;  
(  ): Up-regulated genes; (  ): Down-regulated genes and (  ): Top20 KEGG pathways

No. Target name Energy (kcal/mol) Compound  

1 CCL2 -6.6

2 TLR4 -7.4

3 ICAM1 -6.8

4 PPARG -8.2

5 IL17A -6

6 IFNG -7.1

7 ACE -7.4 Colchicine

8 FOS -6.5

9 NFKBIA -6.9

10 TIMP1 -7.6

11 SPP1 -6.4

SARS-CoV-2
3CL -6.4

ACE2 -7.5

TABLE 4: MOLECULAR DOCKING OF COLCHICINE WITH CORE TARGET PROTEINS AND POTENTIAL 
ANTI-COVID-19 TARGETS
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We plotted the docking pattern of colchicine with 
binding energy less than -7 kcal/mol to PPARG, 
TIMP1, TLR4, ACE, IFNG as shown in fig. 13A. 
At the same time, we obtained the reported potential 
anti-COVID-19 targets SARS-CoV-2 3CL hydrolase 
and ACE2 and then molecularly docked them with 
colchicine. The highest binding energy of them was also 
less than -6 kcal/mol and the binding activity were good, 
as listed in Table 4. Colchicine binds to SARS-CoV-2 
3CL hydrolase, forms hydrogen-bonding interactions 
with residues THR-199 and MET-276, binds to ACE2, 
forms hydrogen-bonding interactions with residues 
GLN-442, GLU-406, THR-371, as shown in fig. 13B.

To evaluate the molecular docking results, we 
performed MDS of 4 complexes of colchicine with 
CCL2, PPARG, SARS-CoV-2 3CL hydrolase and 
ACE2 and obtained the square Root of Mean Square 
Deviation (RMSD) of the protein backbone and ligands 
of the MDS complexes, as shown in fig. 14, in terms of 
the RMSD of protein backbone-protein backbone, the 
mean±Standard Deviation (SD) of colchicine and CCL2 
was 0.322±0.084 (nm), the mean±SD of colchicine 
and PPARG was 0.353±0.056 (nm), the mean±SD of 
ACE2 was 0.286±0.034 (nm), and the mean±SD of 
SARS-CoV-2 3CL hydrolase was 0.232±0.042 (nm). 

In terms of ligand-ligand RMSD, the mean±SD of 
colchicine and CCL2 was 0.133±0.023 (nm), the 
mean±SD of colchicine and PPARG was 0.140±0.022 
(nm), the mean±SD of ACE2 was 0.141±0.021 (nm) 
and the mean±SD of SARS-CoV-2 3CL hydrolase was 
0.141±0.021 (nm), according to the RMSD results, 
both the protein and the ligand could  form stable 
interactions during the 10 ns MDS.

According to the analysis of MDS results, we learned 
that the MDS of 4 complexes of colchicine with CCL2, 
PPARG, SARS-CoV-2 3CL hydrolase and ACE2 
gradually became stable after 3 ns, therefore, we 
extracted the MDS trajectory of the 3-10 ns protein-
ligand complexes of the 4 systems, extracted the 
RMSD and radius of gyration of the protein, obtained 
the free energy of the conformation according to these 
two variables and plotted the FEL of 2D and 3D, as 
shown in fig. 15, to learn about free energy changes 
and stability of complex and protein conformations 
MDS, according to the FEL calculation, deep purple 
energy wells appeared in the FEL of the 4 complexes, 
indicating that the 4 complexes are stable, we extracted 
representative conformations of the 4 complexes 
with the smallest free energy and the most stable 
conformations for visualization, as shown in fig. 15.

Fig. 13: (A): Molecular docking diagram of colchicine with core targets PPARG, TIMP1, TLR4, ACE, IFNG and (B):  
Molecular docking diagram of colchicine with SARS-CoV-2 3CL hydrolase and ACE2

A

B

Fig. 14: The RMSD of MDS (A): The RMSD of backbone-backbone and (B): The RMSD of ligand-ligand
Note: (    ): Colchicine and CCL2 system; (    ): Colchicine and PPARG system; (     ): Colchicine and ACE2 and (     ): 
Colchicine and SARS-CoV-2 3CL hydrolase system
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At present, the devastating impact of the COVID-19 
pandemic caused by SARS-CoV-2 is unprecedented[49,50] 
and the development of the disease is receiving great 
attention from the global community. Inflammation is 
linked to the progression of COVID-19 disease, 
systemic inflammation is a hallmark of moderate-to-
severe COVID-19 disease[51], which leads to an 
excessive inflammatory response of the innate and 
adaptive immune systems, termed Cytokine Release 
Syndrome (CRS)[52]. Inflammation is also an important 
part of the tumor environment and plays an important 
role in the development and progression of malignant 
tumors[53]. Cancer patients, as one of the most susceptible 
populations, are facing severe disadvantages during the 
COVID-19 epidemic, lung cancer patients, in 
particular[54], have been reported to be more susceptible 
to SARS-Cov-2 infection and they are at higher risk of 
developing pneumonia and severe complications of 
COVID-19 on admission[55]. ACE2 is a functional 
receptor for SARS-CoV-2 to enter and replicate in host 
cells[56], and its expression level is thought to indicate 
susceptibility to COVID-19[57], the expression level of 
ACE2 in lung tissue is increased[58,59] and according to 
the analysis of a study, it is found that the messenger 
RNA (mRNA) expression of ACE2 is higher in lung 
and colorectal cancer than other types of cancer[60], 
which may be another explanation for lung cancer 
patients being more susceptible to SARS-CoV-2 
infection and at higher risk of severe COVID-19. 
Vaccination is effective in controlling COVID-19 
outbreaks, but studies have reported that vaccination in 
lung cancer patients is less effective than in healthy 
people[61,62]. In conclusion, the link between lung cancer 
and COVID-19 has been shown, at present, the number 
of patients with COVID-19 is still increasing rapidly 
nowadays, how to conduct research on the mechanism 
of association between the two diseases and the 

Fig. 15: The FEL of 2D and 3D and representative conformations of minimum free energy. (A): The complex of colchicine and 
CCL2; (B): The complex of colchicine and PPARG; (C): The complex of colchicine and ACE2 and (D): The complex of colchicine 
and SARS-CoV-2 3CL hydrolase

treatment of NSCLC patients infected with SARS-
CoV-2 will be a major challenge now and in the future. 
The clinical studies have shown[63,64] that colchicine has 
achieved promising results in the treatment of 
COVID-19, possibly related to its antiviral and anti-
inflammatory properties[65,66] and according to our 
analysis of the references cited above, colchicine has 
significant anti-cancer effects on a variety of cancer 
cells and can be used to develop potential anticancer 
chemotherapeutic drugs[67], so we hypothesized that 
colchicine might be a potential treatment for NSCLC/
COVID-19 patients. This study applied bioinformatics 
analysis, network pharmacology, molecular docking 
and MDS combined analysis to predict the potential 
mechanism of action of colchicine against NSCLC/
COVID-19. The identification of potential biomarkers 
plays an important role in the prognosis of NSCLC/
COVID-19 patients and drug intervention. Using 
bioinformatics analysis in this study, we identified 716 
DEGs related to NSCLC/COVID-19, including 469 up-
regulated genes and 247 down-regulated genes, the 
DEGs are associated with the clinical characterization 
of NSCLC/COVID-19 patients and may be potential 
therapeutic targets for NSCLC/COVID-19, we 
performed multivariate Cox proportional HR regression 
analysis on this part of genes, LDHA, SPP1, LDLRAD3, 
PKP2, ERO1B, GALNT2, ERO1A, FHL2, MRPL15, 
GPR37, GPX8, MYRF and FADD were identified as 
key genes, evaluated the correlation between risk 
characteristics and clinical characteristics such as age, 
gender, pathological stage and tumor stage of NSCLC/
COVID-19 patients and combined with the validation 
results, we speculate that these 13 key genes may be 
associated with the development of NSCLC/COVID-19 
patients and may serve as diagnostic and prognostic 
biomarkers. Using network pharmacology, we obtained 
64 intersection targets of colchicine and NSCLC/
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COVID-19. By analyzing the PPI network of 
intersection targets, we identified 11 core targets such 
as CCL2, TLR4, ICAM1, PPARG, IL17A, IFNG, ACE, 
FOS, NFKBIA, TIMP1 and SPP1. Among them, TLR4 
plays an important role in pathogen recognition and 
innate immune activation, is closely related to the 
inflammatory response and is a key mediator during 
SARS-CoV-2 infection[68,69], according to relevant 
clinical reports[70], TLR4 enhances the activation of the 
NF-κB cascade signaling pathway and downstream 
genes and it is involved in the hyperinflammatory 
response of COVID-19 patients. Among the 
proinflammatory cytokines closely related to 
COVID-19, both IL-6 and TNF-α are located 
downstream of the TLR4 signaling pathway[71,72] and 
they are closely related to the production of the cytokine 
storm. Other proinflammatory cytokines like IL-1β, IL-
18, Interferon gamma (IFN-γ) and chemokines like 
CXCL-9, CXCL-10, CCL-2[73] were detected at higher 
levels in COVID-19 patients[74], these inflammatory 
factors migrate to other organs and tissues, damage the 
lungs and other organs and cause systemic 
inflammation. In addition, high levels of SPP1 increase 
in severe COVID-19 patients, the study speculates that 
SPP1 may be an upstream activator of abnormal innate 
responses to severe COVID-19 and may predict the 
pathological trajectory of COVID-19[75], ICAM1 and 
NFKBIA are key genes associated with COVID-19[76]. 
The ACE2 receptor is a homolog of the ACE receptor[77], 
which together balances the Renin-Angiotensin (RAS) 
system. Since the SARS-CoV-2 virus reduces the 
availability of ACE2 through ACE2 binding and entry, 
researchers believe that the RAS system and the 
imbalance of ACE1 and ACE2 activity (enhanced Ang 
II) play an important role in the stage of COVID-19 
infection[78,79]. In studies related to NSCLC, we learned 
that TLR4 is a functional receptor for resistin migration 
and invasion in LUAD cells, promoting LUAD 
metastasis through TLR4/NF-κB related pathway[80,81], 
TLR4 activation also protects the lung from 
inflammation during any underlying tumorigenesis[82]. 
Chemokine CCL2 can affect the development of lung 
cancer cell metastasis[83], its knockdown or autophagy 
induction can successfully reverse drug resistance in 
tumor cells[84], and may serve as potential predictors 
and therapeutic targets for survival in NSCLC 
patients[85]. IFN-γ often appears together with 
Programmed Death-Ligand 1 (PD-L1) in studies on the 
role of IFN-γ in lung cancer[86,87], IFN-γ plays an 
important role in cancer-related immunity[88], 
therapeutic strategies for Programmed Cell Death 1 

(PD-1) or its ligand PD-L1 have been developed as 
immunotherapy against tumor progression in various 
cancer types including NSCLC[89], IFN-γ can induce the 
expression of PD-L1, interestingly, patients with 
tumors expressing both IFN-γ and PD-L1 had the best 
prognosis compared to either. TIMPs are tissue 
inhibitors of Matrix Metalloproteinases (MMPs) and 
TIMP1 has been the most studied, it mainly plays the 
role of promoting cell growth and anti-apoptosis in 
tumor tissue, TIMP1 is overexpressed in NSCLC tumor 
tissues and was later shown to have prognostic value in 
NSCLC[90,91]. SPP1 is an oncogene that is upregulated 
in NSCLC patients[92], involved in lung cancer 
proliferation, migration, invasion and cisplatin 
resistance, targeting SPP1 may be a potential lung 
cancer treatment strategy[93]. The activation of PPARG 
expression may be involved in inhibiting the 
development and progression of LUSC by regulating 
the upstream regulators and downstream marker genes 
of LUSC[94]. From the above, we speculate that these 
core targets may play a role in the potential treatment of 
NSCLC/COVID-19 patients by colchicine. In the GO 
functional enrichment results, the main enriched 
biological processes of colchicine and NSCLC/
COVID-19 intersection targets were related to 
inflammation, such as inflammatory response, response 
to cytokines, response to lipopolysaccharide, etc. The 
enrichment analysis of the KEGG pathway showed that 
64 intersection targets were mainly enriched in the IL-
17 signaling pathway (DEFB4A, FOS, IFNG, IL6, 
IL17A, MMP1, NFKBIA, CCL2, IKBKE), HIF-1 
signaling pathway (EGFR, EPO, IFNG, IL6, TF, 
TIMP1, TLR4), NOD-like receptor signaling pathway 
(CAMP, DEFB4A, IL6, NFKBIA, CCL2, TLR4, 
IKBKE, NLRP3) and so on. IL-17 is a pro-inflammatory 
cytokine group ligand, mainly produced by activated 
CD4+ T helper cells (Th17 cells)[95] and is involved in 
the pathological process of various diseases. It plays an 
important role in chronic inflammatory diseases, 
autoimmune diseases and various malignant 
tumors[96,97], it can up-regulate the production of 
Vascular Endothelial Growth Factor (VEGF) in cancer 
cells through the activation of the STAT3/GIV signaling 
pathway and promote tumor angiogenesis in NSCLC[98]. 
In addition, IL-17 is associated with cytokine storm[99], 
which occurs in severe COVID-19 patients, leading to 
Acute Respiratory Distress Syndrome (ARDS) and 
multiple organ failure[100,101], Mendoza believes[102] that 
IL-17 plays a key role in the immune deregulation 
observed in COVID-19 and other severe coronavirus-
mediated respiratory syndromes and modulation of IL-
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17 may be a potential treatment strategy for NSCLC/
COVID-19. Hypoxia is a common feature of both 
COVID-19 and lung cancer, and as a major regulator of 
oxygen homeostasis, HIF-1-related pathways may play 
an important role in promoting the development of lung 
cancer after infection	 with COVID-19[103], the 
hypoxia and inflammatory microenvironment of 
COVID-19 upregulates the expression of Hypoxia-
Inducible Factor 1-alpha (HIF-1α) and converts cell 
metabolism to aerobic glycolysis, promoting the 
occurrence and metastasis of lung cancer cells[104,105], 
strengthening research on HIF-1 may have important 
implications for the treatment of COVID-19 and 
NSCLC. Another significantly enriched KEGG 
pathway is the NOD-like receptor signaling pathway, 
which is involved in the regulation of multiple 
biological roles such as host injury, immunity and 
inflammatory responses[106,107], NLRP3 is an important 
member of this pathway and is one of the most 
characteristic inflammasomes, studies have shown[108] 
that the NLRP3 inflammasome can activate the 
production of IL-1β and 18, the main components of 
the inflammatory response in the LUAD cell line A549, 
but its role in the pathogenesis of lung cancer needs 
further study. Based on current evidence, down 
regulation of the NLRP3 inflammasome may attenuate 
the inflammatory cascade induced by SARS-CoV-2 
infection[109] and correlate with severity in COVID-19 
patients[110,111], interestingly, multiple studies have 
shown[112-114] that colchicine has an inhibitory effect on 
the NLRP3 inflammasome, blocking NLRP3, reducing 
the release of downstream cytokines like IL-1β and IL-
18 to reduce the inflammatory burden, this may be 
another explanation for the potential role of colchicine 
in COVID-19, but the specific mechanism is not 
completely clear and it still has great research value. 
Through molecular docking verification, we found that 
the binding energies of colchicine to 11 core targets 
were all less than -6 kcal/mol, which indicates that 
colchicine can effectively bind to these targets, among 
them, the binding energy of PPARG to colchicine is the 
highest among the core targets and the degree value of 
CCL2 is the highest among the core targets, so we 
predict that these two targets may play important roles 
in the anti-NSCLC/COVID-19 of colchicine, we chose 
the complexes of these two targets with colchicine for 
MDS, and calculated the RMSD and FEL, the results 
show that the two targets and colchicine can form stable 
effects and the two complexes are stable. Therefore, 
colchicine may exert its anti-NSCLC/COVID-19 effect 
by regulating core targets such as CCL2 and PPARG. 

3CL hydrolase, the main protease of SARS-CoV-2, 
plays a key role in mediating viral replication and 
transcription[115], the experimental study has shown[116] 

that potent 3CL hydrolase inhibitors can significantly 
reduce SARS-CoV-2 viral titers, reduce body weight 
and improve survival in mice, inhibition of this ACE2 
and 3CL hydrolase is a common strategy used to screen 
treatments for COVID-19[117,118], so we added the 
molecular docking of ACE2 and 3CL hydrolase with 
colchicine and the binding energies were -7.5 kcal/mol 
and -6.4 kcal/mol, respectively, combined with the 
results of MDS, colchicine can stably bind to these two 
targets against SARS-CoV-2, this result provides some 
theoretical evidence for colchicine against COVID-19. 
Combining computer network technology to predict the 
underlying mechanism of drug action disease can help 
improve the development efficiency of potential 
treatment methods. Although our study may provide a 
potential rationale for colchicine against NSCLC/
COVID-19, but further in vitro and in vivo experiments 
are still needed to verify the above findings in our study.

In this study, by using network pharmacology and 
bioinformatics analysis, we identified potential 
biomarkers associated with prognosis in NSCLC/
COVID-19 patients and we found that colchicine may 
against NSCLC/COVID-19 by regulating multiple 
targets and IL-17 signaling pathway, HIF-1 signaling 
pathway, NOD-like receptor signaling pathway and 
other signaling pathways. We hope to provide a 
reference for the development of colchicine and the 
treatment of NSCLC/COVID-19 patients.
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