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Abstract: Hepatocellular carcinoma (HCC) is the leading cause of cancer-related death worldwide, but the re—
search on the pathogenesis of HCC is still imperfect. It is important to explore its molecular markers and
prognosis. Bioinformatics was used to screen HCC related genes. Gene expression profile data GSE84402,
which includes data coming from HCC and non-cancer tissues, were obtained from Gene Expression Om—
nibus (GEO) database. GEO2R was used to screen differentially expressed genes (DEGs). GO function and
KEGG pathway analyses of DEGs were performed using DAVID database, and the protein—protein interac—
tion (PPI) network was constructed using STRING and Cytoscape software, and the hub genes were screened.
The prognostic significance of hub genes was analyzed by KM plotter database. A total of 1 307 DEGs were
screened, including 741 up-regulated and 566 down-regulated genes. Biological processes and pathway en—
richment analyses showed that the DEGs were mainly enriched in cell division, cell cycle, DNA replication

and material metabolism. From GO, KEGG and PPI network, BUB1, BUB1B, CCNA2, CCNB1, CCNB2,
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CDC20, CDK1, MAD2L1 and PLK1 were screened as hub genes. Further analysis showed that the 9 hub

genes were all related to the regulation of cell cycle, indicating that the abnormal regulation of cell cycle

plays an important role in the development of HCC. Survival analysis showed that the 9 hub genes were

found to be up-regulated in HCC patients and correlated with poor prognosis. The study would help us find

out the biomarkers related to the prognosis of HCC patients.
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Table 1 Top 10 DEGs

Up-regulated gene Log,FC FDR Down-regulated gene Log,'C FDR
MCM10 3.81 9.86E-04 CLECAM -4.50 1.28E-06
NUF2 3.72 6.07E-04 MTIM -4.41 1.90E-04
CDC254 3.63 8.59E-04 CXCL14 -4.38 1.66E-04
HJURP 3.61 1.53E-04 SLC22A1 -4.35 2.76E-04
IGF2BP3 3.61 1.64E-03 NAT2 -4.35 2.75E-04
CDKN3 3.57 2.94E-05 FOSB -4.25 2.94E-05
GPSM2 3.55 1.44E-04 TTC36 -4.23 2.23E-05
TTK 3.51 2.84E-04 CFP -4.21 4.32E-05
GPC3 3.47 5.27E-04 GLYAT -4.10 8.83E-05
BUB1 3.33 1.22E-03 CRHBP -4.03 3.02E-04
x2 HISUERRZEANEYZEIEES
Table 2 Biological process enrichment results of DEGs (Top 5)
GO ID GO term Count FDR
Up-regulated
GO: 0051301 Cell division 69 7.271 73E-29
GO: 0007062 Sister chromatid cohesion 36 1.779 25E-22
GO: 0007067 Mitotic nuclear division 46 4.713 43E-17
GO: 0006260 DNA replication 37 6.389 54E-17
GO: 0000082 G1/S transition of mitotic cell cycle 29 8.620 48E-15
Down-regulated
GO: 0055114 Oxidation-reduction process 57 2.271 52E-11
GO: 0006953 Acute—phase response 15 4.540 67E-09
GO: 0019373 Epoxygenase P450 pathway 11 2.975 75E-08
GO: 0006805 Xenobiotic metabolic process 18 1.672 1E-07
GO: 0017144 Drug metabolic process 11 4.510 22E-06
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Table 3 KEGG pathway analysis of DEGs (Top 5)
Term Count Genes FDR
Up-regulated

hsa04110: Cell cycle 28 YWHAZ, DBFA, TTK, CHEK1, PTTG1, CCNE2, MCM1, 7.927E-12
CDKN2A, BUB1, ORC6, CCNA2, ORC1, CDK1, CDC6,
CDC20, MCM2, CDK4, CDC25C, MCM3, MCM4

hsa03030: DNA replication 15 LIG1, POLA2, MCM2, RNASEH2A, MCM3, MCM4, MCMS5, 5.912E-09
MCM6, PRIM1, RFC3, RFC4, MCM1, POLE2, PRIM2, FEN1

Down-regulated

hsa01100: Metabolic pathways 100 CYP3A4, PTGS2, CNDP1, ADH1C, ADH1B, ADH1A, AGXT, 1.068E-09
ASPA, GOT1, MAT1A, ST3GAL6, RGN, AADAT, ALDH6A 1,
CYPIA1, HAL, FBP1, CYP26A 1, CYP1A2, TAT

hsa04610: Complement and 20 F11, MBL2, F12, C17, C9, MASP1, MASP2, C6, F8, I9, CIR, 2.082E-08

coagulation cascades SERPING1, C1S, PLG, C8A, C8B, FGA, KLKB1, SERPINE1, F2

hsa00830: Retinol metabolism 18 CYP3A4, CYPIA1, CYP2B6, CYP2C9, CYP2C8, ADHI1C, 6.139E-07
ADHIB, CYP26A1, ADH1A, CYPIA2, RDHS, CYP4A 11,
ADH4, CYP2A6, HSD17B6, RDH16, UGT2B15, UGT2B28

hsa05204: Chemical 17 CYP3A4, PTGS2, CYP1A1, CYP2C9, CYP2C8, NAT2, 0.000 127 2

carcinogenesis ADHI1C, ADH1B, ADH1A, CYP1A2, CYP3A43, SULT1A1,
ADH4, HSD11B1, CYP2A6, UGT2B15, UGT2B28

hsa04976: Bile secretion 15 ADCY1, AQP9, ABCB11, SLC22A7, AQP4, NROB2, 0.000 679 1

SLC10A1, ABCB4, SLCO1B3, BAAT, KCNN2, CA2,
SLC4A4, SLC2TAS, SLC22A 1

E: BAEIET B EARF R 20 AR

Note: If there were more than twenty genes enriched in this term, only the top twenty were listed in the table.
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Table 4 The central node proteins in the PPI network

(Top 20)

Gene Degree Gene Degree
CDK1 107 BUB1B 54
CCNB1 82 KIF2C 54
CCNB2 73 CENPA 53
PLK1 70 CDCAS 52
CDC20 69 H2AFX 52
AURKB 67 NDC80 51
BUB1 67 HIST1H2BN 51
MAD2L1 67 NUP133 51
CCNA2 61 CKAPS 48
CENPE 55 BIRCS 47

NA2 (HR=1.69; 95%Cl=1.19~2.4; logrank P=0.002 9),
CCNB1 (HR=1.92; 95%Cl=1.34~2.74; log—rank P=
0.000 26), CCNB2 (HR=1.62; 95%CI=1.14~2.29;
logrank P=0.006 7), CDC20 (HR=2.3; 95%Cl=1.6~3.3;
logrank P=3.4E-06), CDK1 (HR=1.69; 95%CI=1.19~
24; logrank P=0.002 9), MAD2L1 (HR=1.88; 95%Cl=
1.33~2.68; logrank P=0.000 33), PLK1 (HR=1.89;
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Fig.1 PPI network of DEGs

Red nodes denote up-regulated genes, while green nodes denote down-regulated genes.
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Fig.2 Result analysis of hub genes

(A) PPI network of hub genes; (B) KEGG pathway analysis of hub genes.
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Fig.3 Analysis of effects of hub genes on overall survival

HR: Hazard radio; Logrank P<0.05 stands for significant difference. Black and red lines represent low and high expression

groups, respectively.
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