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Bioinformatics analysis on key genes related to prognosis,
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ABSTRACT Objective: To screen the key genes related to the prognosis, diagnosis, and immune
infiltration of the hepatocellular carcinoma (HCC) patients by bioinformatics analysis methods, and to analyze
their potential therapeutic drugs. Methods: The HCC gene expression profile data and corresponding
clinical informations of the HCC patients were downloaded from the Gene Expression Omnibus (GEO)
database and The Cancer Genome Atlas (TCGA) database. The R software package limma was used to
screen the differentially expressed genes (DEGs) in HCC. Gene Ontology (GO) functional enrichment
analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis were
performed on the DEGs. The STRING database was used to construct the protein-protein interaction
(PPI) network; the Cytoscape software was used to visualize the PPI network and screen the key genes;
Kaplan-Meier survival curve and LASSO regression algorithm were used to identify the key genes related to
the HCC prognosis; external data sets were used to validate their expressions and analyze the diagnostic
efficacy ; CIBERSORT algorithm was used to detect the relationship between the expression of prognosis-
related key genes and HCC immune cell infiltration. The MiRNet and Network Analyst databases were
used to construct the microRNA (miRNA) -key gene mRNA and transcription factors (TFs) -key gene
mRNA molecular regulatory networks; CMap database was used to screen the potential small molecule
drugs for HCC treatment. Results: A total of 146 DEGs were screened, including 30 upregulated genes
and 116 downregulated genes. The GO functional enrichment analysis and KEGG pathway enrichment
analysis results showed that the DEGs were significantly enriched in biological processes (BP) such
as steroid, alkene compound, and hormone metabolism, as well as signaling pathways such as retinol
metabolism, drug metabolism-cytochrome P450 ( CYP450), complement and coagulation cascades. The
PPI network analysis identified 14 key genes, among which formimidoyltransferase cyclodeaminase
(FTCD), secreted phosphoprotein 2 (SPP2), thrombin-antithrombin complex (TAT), complement C6
(C6), and cytochrome CYP450 family member 2C9 (CYP2C9) were significantly associated with the
prognosis, clinical pathological stage, and histological grade of the HCC patients and also had high
diagnostic efficacy for HCC and were closely related to immune cell infiltration in HCC. Hsa-mir-182-5p,
CUT-like homeobox 1 (CUX1), early growth response 1 (EGR1), SMAD family member 4 (SMAD4),
and tumor protein P53 (TP53) were identified as the important regulators targeting the above-mentioned
prognosis-related key genes. DL-thiorphan, promethazine, and apigenin may have the therapeutic effects
on HCC. Conclusion: FTCD, SPP2, TAT, C6, and CYP2C9 may be the potential targets for the
diagnosis, prognosis, and treatment of HCC. Three predicted small molecule drugs, DL-thiorphan,
promethazine, and apigenin, may provide the references for the development of therapeutic drugs for HCC.
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Fig. 6 OS curves of key genes in HCC patients
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Fig. 10 Diagnostic efficiencies of prognostis-related key genes of HCC
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Fig. 11 Correlations between prognosis-related key genes of HCC and immune cell infiltration of HCC patients
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Tab.1 Twenty small molecule drugs for potential treatment
of HCC

Cmap name Mean n Enrichment P

DL-thiorphan —0.787 2 —0.929 0.010
Promethazine —0.852 4 —0.882 0.000
Apigenin —0.814 4 —0.879 0.001
Sanguinarine —0.742 2 —0.867 0.035
Skimmianine —0.777 4 —0.864 0.001
Verteporfin —0.724 3 —0.858 0.006
Repaglinide —0.792 4 —0.831 0.001
Tracazolate —0.733 4 —0.814 0.002
Milrinone —0.728 3 —0.809 0.014
Talampicillin —0.734 4 —0.805 0.003
Dequalinium chloride —0.730 4 —0.800 0.003
Estriol —0.736 4 —0.791 0.004
Chrysin —0.716 3 —0.790 0.019
Monobenzone —0.721 4 —0.787 0.004
Piperidolate —0.740 3 —0.786 0.020
Puromycin —0.712 4 —0.781 0.005
Phenoxybenzamine —0.698 4 —0.778 0.005
Ethaverine —0.690 4 —0.776 0.005
Ursodeoxycholicacid —0.650 3 —0.775 0.023
Trioxysalen —0.707 4 —0.756 0.007
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