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Identification of prognosis-related genes in hepatocellular carcinoma based on
bioinformatical analysis

SUN Houfang, YAN Cihui, WU Lei, LI Baihui, YANG Lili (Biotechnology Lab, National Clinical Research Center for Cancer, Key
Laboratory of Cancer Prevention and Therapy of Tianjin City, Tianjin Clinical Research Center for Malignant Cancer, Key Laboratory
of Cancer Immunology and Biotherapy of Tianjin City, Cancer Hospital of Tianjin Medical University, Tianjin 300060, China)

[Abstract] Objective: To identify the differentially expressed genes (DEGs) between hepatocellular carcinoma (HCC) tissues and nor-
mal liver tissues by bioinformatic methods, and to explore the intrinsic mechanism of these candidate genes involving in the occurrence
and development of HCC from transcriptome level as well as the clinical significance of their associations with the prognosis of HCC
patients. Methods: Gene expression profiles of GSE45267, GSE64041, GSE84402 and TCGA were downloaded from GEO (Gene
Expression Omnibus) and TCGA (The Cancer Genome Atlas), respectively. R software and Bioconductor packages were used to identi-
fy the DEGs between HCC tissues and para-cancer tissues, and then Gene Ontology (GO) Enrichment analysis, Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway analysis, Protein-Protein Interaction (PPI) network analysis and survival analysis were per-
formed. Results: Forty-six up-regulated genes and 154 down-regulated genes were screened out,and GO enrichment analysis showed
that these DEGs were mainly related to cell division, proliferation, cycle regulation, oxidation-reduction process and certain metabolic
pathways. KEGG pathway analysis revealed that DEGs were mainly involved in tryptophan metabolism, retinol metabolism and other
metabolic pathways as well as p53 pathway. Over-expression of a panel of up-regulated genes (CCNA2, CDK1, DLGAPS, KIF20A,
KPNA2 and MELK) was shown to be significantly negatively correlated with the prognosis of HCC patients in the TCGA dataset
(all P<0.01). Conclusion: A set of up-regulated hub genes that are negatively correlated with prognosis will provide potential guiding
value for the clinical research on the diagnosis and treatment of HCC.
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Fig. 1 Volcano plots reflecting significant DEGs in GSE45267, GSE64041, GSE84402 and TCGA
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Fig. 2 The overlapped DEGs among GSE45267, GSE64041, GSE84402 and TCGA
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Tab.1 The common DEGs identified among GSE45267, GSE64041, GSE84402 and TCGA

DEG

Gene name

Up-regulated

Down-regulated

GINSI, KPNA2, ANLN, FOXMI, CDKI, CDC6, AURKA, ITGA6, MELK, CCNA2, NUF2,
MMP12, CKS2, ECT2, CCNB2, PRC1, CCNE2, DLGAP5, MKI67, GPC3, FLVCRI, EZH2,
LEF1, CCL20, ROBOI, EDIL3, ASPM, RRM2, FANCI, DKK1, CAP2, DTL, KIF20A, PEG10,
CDKN3, NCAPG, CENPF, NUSAP1

BBOXI, XDH, ACOT12, CXCL14, IGF1, CYP39A1, PROZ, C8A, HRG, ZG16, MBL2, SL-
CO1B3, FCGR2B, BCO2, ACSM3, C3P1, TMEM45A, GHR, CLEC1B, BHMT, STEAP3, SHBG,
DNASEIL3, BCHE, GPD1, CRHBP, F9, IDO2, BDH2, SLC38A4, ACADL, MTIM, SRD5A2,
ADRAIA, ECM1, PBLD, KLKBI1, MTIG, ABCAS, PGLYRP2, SLC22A1, STEAP4, FETUB,
MFSD2A, APOAS, KCND3, CHST4, PPPIR3B, PCK1, ADHIC, CYP2C9, PIK3C2G, CLEC4M,
NPYIR, RDH16, AFM, HPGD, LPAL2, THRSP, CYP4A1l, AGXT2, MT1X, C7, AADAT,
NNMT, MOGAT2, SERPINA4, EPHX2, HABP2, APOF, ANGPTLI, GRAMDIC, SLC7A2,
TUBEI, CNTN3, DPT, SLC25A47, MFAP4, SLC10A1, PRG4, CYP1A2, CCDC3, GYS2, CD5L,
LPA, C8B, TAT, LIFR, COLEC10, VNNI, LYVEl, ALDH8A1, NAT2, AKRID1, PAMRI, CX-
CL12, GNMT, WDR72, CYP3A43, AMDHDI, FBP1, ADH4, OIT3, GLYAT, CETP, SRPX,
ENO3, LECT2, CYP2C8, RBMS3, SPP2, HAO2, MT1F, HHIP, LY6E, ITGA9, OLFML3, CPSI,
CNDP1, FCN3, GBA3, PDGFRA, CLEC4G, CYP2B6, CCBE1, FXYDI, KMO, MASP1, ANK3,
CLRN3, CFHR3, MTIH, TDO2, CLTRN, VIPRI, IGFBP3, PLACS, HAMP, DCN, APOAI,
CYP8B1, TIMD4, STAB2, HGFAC, ADGRG7, OGDHL, PZP, CYP3A4, JCHAIN, GLS2, ALPL,
PTGIS, C9, CDHR2
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Tab.2 Top10 biological process terms with significantly enriched up-regulated and down-regulated DEGs in GO

GO ID Biological process Gene count P Gene symbol
Up-regulated
GO:0051301 Cell division 10 4.98E-08 CCNE2, CDK1, CDC6, CCNB2, NCAPG, CKS2,
NUF2, CENPF, AURKA, CCNA?2
GO:0007067 Mitotic nuclear division 9 5.39E-08 CDKI, CDC6, CCNB2, NUF2, CENPF, AURKA,
ANLN, CCNA2, ASPM
GO:0000082 G1/8 transition of mitotic cell 5 7.26E-05 CCNE2, CDK1, CDC6, RRM2, CDKN3
cycle
G0:0000079 Regulation of cyclin-depen- 4 8.52E-05 CCNE2, CDC6, CDKN3, CCNA2
dent protein serine/threonine
kinase activity
GO:0051726 Regulation of cell cycle 5 9.42E-06 CCNE2, CCNB2, DTL, FOXM1, CENPF
GO:0000086 G2 /M transition of mitotic 5 2.27E-04 CDKI1, CCNB2, FOXM1, AURKA, MELK
cell cycle
GO:0007095 Mitotic G2 DNA damage 3 4.87E-04 CDKI1, FANCI, CCNA2
checkpoint
G0:0000083 Regulation of transcription 3 0.001161 CDKI1, CDC6, RRM2
involved in G1/S transition
of mitotic cell cycle
GO0:0008283 Cell proliferation 6 0.001176  CDKI1, MKI67, DLGAPS, CKS2, CENPF, MELK
GO0:0000281 Mitotic cytokinesis 3 0.001847 NUSAPI, ANLN, KIF20A
Down-regulated
GO:0055114 Oxidation-reduction process 26 3.66E-11 STEAP3, CYP3A4, XDH, ALDH8A1, STEAP4,
CYP2B6, KMO, BBOXI, CYP3A43, TDO2,
CYP39A1, PTGIS, HHIP, SRD5A2, CYP2C9,
CYP2C8, IDO2, CYP1A2, STAB2, ACADL,
CYP4A11, CYPSBI, RDH16, HPGD, AKRIDI,
BCO2
GO0:0019373 Epoxygenase P450 pathway 6 3.39E-07 CYP4All, CYP2B6, CYP2C9, CYP2CS,
EPHX2, CYP1A2
GO0:0042738 Exogenous drug catabolic 5 2.43E-06 CYP3A4, CYP2B6, CYP2C9, CYP2C8, CYP1A2
process
GO:0017144 Drug metabolic process 6 3.00E-06 CYP3A4, CYP2B6, CYP2C9, CYP2C8, EPHX2,
CYP1A2
GO:0006805 Xenobiotic metabolic process 8 4.68E-06 CYP3A4, GLYAT, CYP2B6, CYP2C9, CYP2CS8,
NAT2, EPHX2, CYP1A2
G0O:0071276 Cellular response to cadmi- 5 1.13E-05 CYP1A2, MT1H, MT1X, MT1G, MT1F
um ion
G0:0045926 Negative regulation of growth 5 1.82E-05 MTIM, MT1H, MT1X, MT1G, MTI1F
G0O:0071294 Cellular response to zinc ion 5 1.82E-05 MTIM, MT1H, MT1X, MT1G, MTI1F
GO0:0019441 Tryptophan catabolic process 4 2.11E-05 AADAT, TDO2, IDO2, KMO
to kynurenine
GO:0006569 Tryptophan catabolic process 4 5.00E-05 AADAT, TDO2, IDO2, KMO
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Tab.3 Top 10 pathways with significantly enriched DEGs in KEGG
KEGG Pathway Gene count P Gene symbol

hsa01100 Metabolic pathway 38 9.05E-06  ALPL, CYP3A4, XDH, CNDP1, CYP2B6, OG-
DHL, ADHIC, KMO, GLS2, TDO2, PTGIS,
ADH4, ENO3, BDH2, AADAT, PIK3C2G,
CYP2C9, CYP2CS8, NAT2, EPHX2, IDO2, FBPI,
CYP1A2, CPS1, ACADL, TAT, PCK1, GBA3, AC-
SM3, AMDHD1, RRM2, HAO2, BHMT, AGXT2,
RDH16, CYPSB1, AKRID1, NNMT

hsa00830 Retinol metabolism 8 4.51E-05 CYP3A4, CYP2B6, CYP2C9, CYP2C8, ADH4,
ADHIC, CYP1A2, RDHI16

hsa04610 Complement and coagu- 8 7.37E-05  C8A, MBL2, C8B, C7, C9, MASP1, KLKBI, F9

lation cascades

hsa05204 Chemical carcinogenesis 8 1.89E-04  CYP3A43, CYP3A4, CYP2C9, CYP2CS8, ADH4,
NAT2, ADHI1C, CYP1A2

hsa00380 Tryptophan metabolism 6 3.10E-04 AADAT, TDO2, OGDHL, IDO2, KMO, CYP1A2

hsa04115 p53 signaling pathway 7 4.89E-04 STEAP3, CCNE2, CDKI1, CCNB2, RRM2, IGF1,
IGFBP3

hsa00982 Drug metabolism-cyto- 7 5.29E-04 CYP3A4, CYP2B6, CYP2C9, CYP2C8, ADH4,

chrome P450 ADHIC, CYP1A2

hsa00232 Caffeine metabolism 0.02198 XDH, NAT2, CYP1A2

hsa04978 Mineral absorption 0.004208  MTIM, MT1H, MT1X, MT1G, MT1F

hsa00980 Metabolism of xenobiot- 0.005059  CYP3A4, CYP2B6, CYP2C9, ADH4, ADHIC,

CYP1A2

3 DEG Z[EH) PPIM & (A) B EHRIR 77 (B)
Fig.3 The constructed PPI network for DEGs(A) and analysis of significant modules(B)
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Tab. 4 Statistical results of connectivity degree of the hub

genes in the PPI network
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Fig. 4 Kaplan-Meier curves for six up-regulated hub genes,which are significantly correlated with the 5-year OS of patients
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