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Abstract: With the help of DrugBank, TTD and SuperPred, the action targets of lobotropin were
screened, and the action targets of gastric cancer were identified by DisGeNET, MalaCards and DigSee,
and the two were taken to intersect, and there were 13 identical action targets, namely: HSP90AAI,
NFKBI, MMPI1, MMP2, OGG1, ABCC1, CXCR4, MTOR, ESRI, TLR4, AR, NFE2L2 and ITGBI, and
the above genes were differentially expressed in gastric cancer by analysis of gastric cancer genes in the
TCGA database. Drug-target-disease-pathway mapping, target interaction (PPI) network construction
and KEGG and GO analysis of common targets screened five significant genes as NFKBI, TLR4, AR,
MTOR and ITGBI, respectively. molecular docking was performed to show that lobeline had binding
effect on all the above targets. Gene profiles of GSEI14210, GSE15459, GSE22377, GSE29272,
GSE51105 and GSE62254 were obtained from the GEO database plotting K-M survival curves indicated
that NFKB1, TLR4, AR, MTOR and ITGBI1 all had survival differences. Gastric cancer genes
downloaded from the TCGA database were immunocorrelated by immunoassay for co-expression targets.
The TIMER database was used to show the correlation of NFKBI1, TLR4, AR, MTOR and ITGBI on the
direction of immune infiltration of gastric cancer cells. In conclusion lobotropin regulates NFKBI1, TLR4,
AR, MTOR and ITGB] in gastric cancer tissues to achieve regulation of tumor progression.
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1. Introduction

Gastric cancer (STAD) is one of the most common cancers of the gastrointestinal tract worldwide
(121, Most patients can be cured with surgical resection. Patients with obvious early symptoms are usually
diagnosed at an advanced stage, and more than half of patients present with metastases *1. The remaining
patients without advanced disease undergo surgery, but most are treated with chemotherapy and
radiotherapy and eventually die from metastases. Therefore, in order to improve current radiotherapy,
there is a growing interest in developing effective drugs that inhibit the proliferation of tumour cells and
the ability of gastric cancer cells to metastasise.

In recent years in China, the proportion of people using Chinese medicine in the treatment of tumours
has been increasing year on year, and it is thought that adjuvant Chinese medicine plus Western
chemotherapy, radiotherapy and surgery as the main treatment is being accepted by more and more
doctors and patients 51, Glycoalkaloids (GA) are naturally occurring toxic compounds found in
abundance in vegetables such as potatoes and plants, but after numerous experiments it has been shown
that although glycoalkaloids are toxic to humans, they can be used to treat cancer by reducing the dose
(6781, Lycopodium is a naturally occurring bioactive component and one of the major sterols found in
lobelia and potato. Previous studies have shown that lycopodium acts as an inhibitor against a variety of
cancers, inhibiting tumour cell growth by controlling mitosis and inducing tumour cell death P19, [n
addition, some studies have shown that lycopene has anti-metastatic activity in various cancers
UII2I3I4INST Therefore, it is particularly important to identify potential lycopene for the treatment of
STAD as well as potential molecular mechanisms and to explore pathway A regarding the relationship

Published by Francis Academic Press, UK
-56-



Academic Journal of Medicine & Health Sciences

ISSN 2616-5791 Vol .4, Issue 1: 56-65, DOI: 10.25236/AJMHS.2023.040110

between lycopene and gastric cancer.

2. Materials and methods
2.1. Screening for drug-disease co-targe

TWith the help of DrugBank (https://www.drugbank.ca) ', TTD (http://bidd.nus.edu.sg/group/ttd)
[Mand SuperPred (https:/prediction.charite.de/) [8lfor lobotropin The drug targets were searched by
UniProt , TTD and SuperPred . The drug-acting targets were translated into acting genes by UniProt
(https://www.uniprot.org/) "9, Screening by DisGeNET (http://www.disgenet.org/) 2%, MalaCards
(http://www.disgenet.org/) ?and DigSee (http://210.107.182.61/geneSearch/) P?for Disease genes.
Combined with lobotropin action target genes gastric cancer genes were screened by jvenn
(http://www.bioinformatics.com.cn/) 3lfor tumor-acting genes.

2.2. Expression of co-interacting genes in gastric cancer samples

RNAseq data (level3) and corresponding clinical information for the stomach were obtained from
The Cancer Genome Atlas (TCGA) database (https://portal.gdc.com) [**. Analysis was performed using
R v4.0.3. The common target of action will be referred to as target in the following.

2.3. Drug-target-disease-pathway mapping and target interaction (PPI) network construction

The screened target genes were uploaded into DAVID, and the top 10 corresponding pathways were
screened by KEGG pathway analysis. The network topology parameters of drug-disease target-pathway
and drug-shared target-pathway were analyzed using the built-in tools of Cytoscape 3.7.1 software 231,
The obtained intersecting targets were then uploaded to STRING 11.0 platform to construct PPI network
models: "homo sapiens" was selected as the biological species and "highest confidence" (>0.9) was
selected as the minimum interaction threshold. "(>0.9) to obtain the PPI network (261,

2.4. Bioinformatics gene ontology (GO) analysis and Kyoto Encyclopedia of Genes and Genomes
(KEGG) signaling pathway enrichment analys

We used the KEGG rest API (https://www.kegg.jp/kegg/rest/keggapi.html) to obtain the latest KEGG
Pathway gene annotations as background, mapped the genes to the background set, and used the R
package clusterProfiler (version 3.14.3) for enrichment analysis to obtain the results of gene set
enrichment ). A minimum gene set of 5 and a maximum gene set of 5000 were set, and a P value of <
0.05 and a FDR of < 0.25 were considered statistically significant.

2.5. Molecular validation of key targets

In order to better elucidate the potential targets of lobotropin and specific protein binding activity in
gastric cancer, the targets with the highest ranking in the "drug-target-disease-pathway" network were
selected for molecular docking validation based on the above screened active ingredients and core targets,
respectively. The crystal structures of the core target protein receptors were downloaded from the RCSB
PDB database (https://www.rcsb.org/), and PyMoL software was used to remove the target protein
receptor-independent ligands and non-protein molecules (e.g. water molecules); the chemical structures
of the ligands were downloaded from the ZINC database (http://zinc.docking.org/). The chemical
structure of the ligand was downloaded from ZINC database; the target protein receptor and ligand small
molecules were pre-processed with AutoDock Tools, and the Grid Box was set up with the ligand as the
center, and the docking active site was obtained with Autogrid module to obtain the binding energy. The
components with the highest binding energy to the target protein were selected and the results were
visualized using PyMoL software.!?*]

2.6. Survival analysis of key targets in gastric cancer samplese

The gene expression datasets GSE14210, GSE15459, GSE22377, GSE29272, GSES51105 and
GSE62254 were obtained from GEO, a free and publicly available database.The GSE14210, GSE15459,
GSE22377, GSE29272, GSE51105 and GSE62254 datasets consisted of 640 samples; log rank was used
to test the KM survival analysis comparing the survival differences between the two groups mentioned
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above. For Kaplan-Meier curves, p values and hazard ratios (HR) with 95% confidence intervals (CI)
were derived by logrank test and univariate Cox regression. The randomization threshold was set at 240
months and the bias component was excluded. All of the above analytical methods and R packages were
performed using v4.0.3 version of R software (R Foundation for Statistical Computing, 2020).2%

2.7. Immunocorrelation analysis

RNAseq data (level3) and corresponding clinical information of gastric cancer tumors were obtained
from The Cancer Genome Atlas (TCGA) database (https://portal.gdc.com). Single correlation maps were
implemented by the R package ggstatsplot, and multi-gene correlation maps were presented by the R
package pheatmap. Spearman's correlation analysis was used to describe correlations between
quantitative variables without a normal distribution. A p-value less than 0.05 was considered statistically
significant. All of the above analyses were implemented by R v4.0.3.53%

2.8. Immune infiltration analysis of tumor cells

The immune infiltration analysis of key genes in gastric cancer was uploaded in TIMER
(https://cistrome.shinyapps.io/timer/). A p-value greater than 0.05 was considered statistically
significant.[3!

3. Conclusions
3.1. Screening of drug-disease co-targets and co-expression gene expression analysis

Combining DrugBank, TTD and SuperPred databases, a total of 130 genes corresponding to the
action targets of lobotropins were identified. A total of 327 genes were found in gastric cancer tissues in
DisGeNET, MalaCards and DigSee, including 13 co-expressed genes: HSP9OAA1, NFKB1, MMP1,
MMP2, OGG1, ABCC1, CXCR4, MTOR, ESR1, TLR4, AR, NFE2L2, and ITGBI (Figure 1). In the
TCGA database, visualization of the data after R language analysis indicated that HSP9OAA1, NFKBI,
MMP1, MMP2, ABCC1, CXCR4, MTOR, ESRI, TLR4, AR, NFE2L2 and ITGB1 were highly
expressed and OGG1 and AR were lowly expressed in gastric cancer tissues (Figure 2).

34 17

Size of each list

gastic cancer Solanine

Number of elements specific (1) or shared by 2, 3. __ lists

201

Figure 1: Genes corresponding to the action target of lobotropin intersect with gastric cancer genes.
The blue area indicates a total of 327 significant genes for gastric cancer. The red area shows a total of
130 genes corresponding to the target of lobotropin action, and the purple area indicates a total of 13
co-expressed genes.
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Figure 2: Gene expression distribution in tumor and normal tissues, where the horizontal coordinates
represent different genes and the vertical coordinates represent the distribution of that related gene
expression, where different colors represent different groups, *p < 0.05, **p < 0.01, ***p < 0.001, and
the asterisk represents the degree of significance (*p). Two groups of samples were significant by
wilcox test, and two groups of samples were significant by Kruskal-Wallis test.

3.2. Drug-target-disease-pathway mapping and target point interaction (PPI)

The top ten cellular pathways swiped by the built-in KEGG pathway analysis in DAVID (Table 1),
the cellular pathways, target genes, disease genes and drugs were imported into Cytoscape 3.7.1, resulting
in the five most highly associated genes, NFKB1, TLR4, AR, MTOR and ITGBI, and the five most
associated cellular pathways hsa05207 (Chemical carcinogenesis - receptor activation), hsa04151 (PI3K-
Akt signaling pathway), hsa05215 (Prostate cancer), hsa05170 (Human The STRING 11.0 platform was
used to construct PPI reciprocal networks expressing a total of six most highly associated NFKB1, TLR4,
AR, MTOR, HSP90AB1 and ITGBI genes. Combining the drug-target-disease-pathway and PPI results
ranked NFKB1, TLR4, AR, MTOR and ITGBI1 as the most critical genes (Figure 3-C).

Table 1: Top ten cellular pathways swiped by built-in KEGG pathway analysis in DAVID

Category Term Count Genes
KEGG hsa05207:Chemical carcinogenesis - receptor 5 AR,HSP90AAILES
PATHWAY activation RI,NFKBI,MTOR
KEGG ITGB1,HSP90AAI
PATHWAY hsa04151:PI3K-Akt signaling pathway 5 , T LR4,]\g7}§(BI MT
KEGG ) . oy HSP90AA1,NFKB
PATHWAY hsa04659:Th17 cell differentiation 3 1. MTOR
KEGG hsa04621:NOD-like receptor signaling 3 HSP90AA1,TLR4,
PATHWAY pathway NFKBI
KEGG ) . . HSP90AA1,TLR4,
PATHWAY hsa05132:Salmonella infection 3 NFKBI
KEGG . AR, HSP90AAI,NF
PATHWAY hsa05215:Prostate cancer 4 KBIMTOR
KEGG hsa05170:Human immunodeficiency virus 1 4 CXCR4,TLR4,NF
PATHWAY infection KBI MTOR
KEGG oL . ITGBI1,TLR4,NFK
PATHWAY hsa05131:Shigellosis 4 BIMTOR
KEGG hsa05235:PD-L1 expression and PD-1 3 TLR4,NFKBI,MT
PATHWAY checkpoint pathway in cancer OR
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Figure 3: Drug-target-disease-pathway mapping and target-points interactions (PPI). (4) Drug-target-

disease-pathway relationship interaction network. (B) PPl map of interactions based on shared genes.

The lines represent the degree of interconnection, and the higher the degree of association, the stronger
the effect.

3.3. Bioinformatics gene ontology (GO) analysis and Kyoto Encyclopedia of Genes and Genomes
(KEGG) signaling pathway enrichment analysis

log10(pvalue)

-log1 0 Euluci
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GO Terms

e s
positive regulation of response to wounding
cellular response to cytokine stimulus

(4) KEGG analysis, a total of 10 pathways with the highest scores were screened and are indicated by
symbols in the figure. (B) GO analysis, a total of 10 pathways with the highest scores were screened,
which are indicated by symbols in the figure.

Figure 4: Bioinformatics gene ontology (GO) analysis and Kyoto Encyclopedia of Genes and Genomes
(KEGG) signaling pathway enrichment analysis.
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The targets were derived by KEGG analysis for pathways in cancer, proteoglycans in cancer, prostate
cancer, fluid shear stress and atherosclerosis, PI3K- Akt signaling pathway, pertussis, leishmaniasis,
human immunodeficiency virus 1 infection, PD-L1 expression in cancer and PD-1 checkpoint pathway
and IL-17 signaling pathway, respectively. The GO analysis yielded that the targets responded to cellular
responses to chemical stimuli, to organic substances, to chemical substances, to organic substances, to
organonitrogen compounds, and to positive regulation of wounding In summary disease and drug
common targets mainly target organic molecules and into in gastric cancer cells, pathways in tumor
itinerary, glycoproteins in tumor and PI3K- Akt signaling pathway for regulation.(Figure4).

3.4. Molecular docking

Generally, the lower the binding energy of ligand and receptor, the more stable the binding
conformation is. A binding energy <0 indicates that the ligand molecule can spontaneously bind to the
receptor protein, and a binding energy <-5 kJ/mol in natural molecules indicates that the ligand has good
binding activity with the receptor. The binding energy of lobotropin to NFKB1 was -7.3648 kJ/mol, TLR4
was -6.4191 kJ/mol, AR was -6.5021 kJ/mol, MTOR was -8.8406 kJ/mol and ITGBI was -6.4191
kJ/mol.(Figure 5, 6).

‘ o P
| A
(4) Molecular docking of lobomycin with NFKBI, the left panel shows the global picture of protein
docking and the right panel shows the partial picture. (B) Molecular docking of lobin to TLR4, the left
panel shows the global picture of protein docking and the right panel shows the local picture. (C)
Docking of lobomycin with AR molecule, the left panel shows protein docking globally, the right panel
shows locally. (D) Docking of lobomycin with MTOR molecule, the left panel shows the protein docking

global, the right panel shows the partial panel. (E) Docking of lobin with ITGB1 molecule, left panel
shows protein docking global, right panel shows partial panel.

Figure 5: Molecular docking of lobomycin with NFKB1, TLR4, AR, MTOR and ITGBI.
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(A) 2D plan view of the docking of lobin with NFKB1 molecule. (B) 2D plan view of the docking of
lobin with TLR4 molecule. (C) 2D plan view of the docking of lobocalin with AR molecule. (D) 2D plan
view of the docking of lobocalin with MTOR molecule. (E) 2D plan view of the docking of lobocalin
with ITGB1 molecule.

Figure 6: 2D plan view of docking of lobomycin with NFKBI1, TLR4, AR, MTOR and ITGBI molecules.
3.5. Survival analysis of key targets

The gene profiles of GSE14210, GSE15459, GSE22377, GSE29272, GSE51105 and GSE62254 were
obtained from the GEO database, and the survival curves of deviant components NFKB1, TLR4, AR,
MTOR and ITGB1 were excluded to plot the K-M survival curves. Low expression of NFKBI1, AR,
MTOR and ITGBI indicated a positive correlation with patient survival. high expression of TLR4
indicated a positive correlation with deep survival.(Figure 7).
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Figure 7: Survival curves of NFKBI1, TLR4, AR, MTOR and ITGBI.
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3.6. Immunocorrelation analysis

NFKBI1, TLR4, AR, MTOR and ITGBI1 showed correlation in immune correlation analysis with B
cell, Endothelial cell, Macrophage, NK cell, T cell CD4+, T cell CD8+ and uncharacterized cell. Red
color indicates positive correlation, blue color indicates negative correlation, the greater the color
correlation. tlr4 positively correlated with uncharacterized cel, NFKB1 positively correlated with
uncharacterized cel, MTOR positively correlated with NK cell, uncharacterized cell, ITGB1 positively
correlated with B cell, uncharacterized cell. uncharacterized cel, and AR was positively correlated with
uncharacterized cel.(Figure 8).

" - - *p<00l
s . A w
03
W z g
[ ] |_BY
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Figure 8: Multi-gene correlations: heat map of correlations between multiple genes or models and
immune scores, both horizontal and vertical coordinates represent genes, where different colors
represent correlation coefficients, darker colors represent stronger correlations between the two, *p <
0.05, **p < 0.01, and asterisks represent the degree of importance (*p).

3.7. Immuno-infiltration analysis

NFKB1 was positively correlated in B Cell and Dendritic Cell and negatively correlated in CD8+ T
Cell, CD4+ T Cell, Macrophage and Neutrophil cells. TLR4 was positively correlated in B Cell, CD4+
T Cell, Macrophage and Neutrophil and negatively correlated in Dendritic Cell. AR was positively
correlated in B Cell, CD4+ T Cell, Macrophage, Dendritic Cell and Neutrophil. MTOR was positively
correlated in B Cell, CD4+ T Cell, Macrophage, Dendritic Cell positive correlation, Neutrophil negative
correlation. itgb1 positive correlation in B Cell, CD8+ T Cell, Macrophage, Dendritic Cell, CD4+ T Cell
and Dendritic Cell Negative correlation.(Figure 9)

Figure 9: Immune infiltration analysis of NFKBI, TLR4, AR, MTOR and ITGBI in gastric cancer
tissues

4. Analysis of results

Thirteen genes were co-expressed during the analysis: HSP9OAA1, NFKB1, MMP1, MMP2, OGGl,
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ABCCI1, CXCR4, MTOR, ESR1, TLR4, AR, NFE2L2 and ITGBI1. In gastric cancer tissues, HSP90AAT1,
NFKB1, MMP1, MMP2, ABCC1, CXCR4, MTOR, ESR1, TLR4, AR, NFE2L2 and ITGB1 were highly
expressed and OGG1 and AR were low expressed in gastric cancer tissues. The cellular pathways, target
genes, disease genes and drugs were imported into Cytoscape 3.7. 1, resulting in the five most highly
associated genes, NFKB1, TLR4, AR, MTOR and ITGBI, and the five most highly associated cellular
pathways, hsa05207 (chemical carcinogenesis - receptor activation), hsa04151 (PI3K-Akt signalling
pathway), hsa05215 (prostate cancer), hsa05170 (human immunodeficiency virus 1 infection) and
hsa05131 ( shigellosis). Gene ontology (GO) analysis and Kyoto Encyclopedia of Genes and Genomes
(KEGQG) pathway enrichment analysis yielded disease and drug common targets, mainly targeting
organic molecules and becoming in gastric cancer cells, pathways in tumour itineraries, glycoproteins in
tumours and PI3K-Akt signalling pathway for regulation.

Molecular docking showed that the binding energy of lobotropin to NFKB1 was -7.3648 kJ/mol,
TLR4 was -6.4191 kJ/mol, AR was -6.5021 kJ/mol, MTOR was -8.8406 kJ/mol and ITGB1 was -6.4191
kJ/mol. /mol, which plays a critical role in the therapeutic treatment of gastric cancer cells.

Gene profiles of GSE14210, GSE15459, GSE22377, GSE29272, GSE51105 and GSE62254 were
obtained from the GEO database NFKB1, AR, MTOR and ITGBI1 low expression showed positive
correlation with patient survival. High expression of TLR4 showed positive correlation with deep
survival of patients. In the analysis with immune correlation, TLR4 was positively correlated with
uncharacterised cel, NFKB1 was positively correlated with uncharacterised cel, MTOR was positively
correlated with NK cell, uncharacterised cell, ITGB1 was positively correlated with B cell,
uncharacterised cel positive correlation and AR positive correlation with uncharacterised cel. Immune
infiltration of tumour cells was positively correlated with NFKB1 in B cells and dendritic cells and
negatively correlated with CD8+ T cells, CD4+ T cells, macrophages and neutrophils. TLR4 was
positively correlated with B cell, CD4+ T cell, macrophage and neutrophil in dendritic cell. AR was
positively correlated with B cell, CD4+ T cell, macrophage, dendritic cell and neutrophil. MTOR was
positively correlated with B cell, CD4+ T cell, macrophage, dendritic cell and neutrophil in dendritic cell.
ITGB1 was positively correlated in B cell, CD8+ T cell, macrophage, dendritic cell and negatively
correlated in CD4+ T cell and dendritic cell.
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