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Bioinformatics analysis of key genes and their functions in
occurrence and development hepatocellular carcinoma

LI Wenbo' %, SUN Chengjie"?, ZHOU Guojun"?, YING Wei"? FENG Yanchao"*, HUANG Ting"?, SHI Lin"?,

HUANG Lizheng"?, LI Jianshui"*, LENG Zhengwei'

(1. The Second Department of Hepatobiliary Surgery 2. Cancer Stem Cell Research Center, Affiliated Hospital of North Sichuan Medical

College, Nanchong, Sichuan 637000, China)

Abstract Background and Aims: Hepatocellular carcinoma (HCC) is a common primary liver cancer with a poor

prognosis. The activation and inactivation of genes can promote the occurrence and development of HCC. This

study was conducted to investigate the key genes and their functions in the occurrence and development of HCC

based on bioinformatics and verify their expressions in clinical samples.

Methods: The HCC and paracancerous tissue gene chips were downloaded from the public gene GEO database,

the differentially expressed genes (DEGs) were screened through GEO2R online tools and Venn diagrams, and

the GO function analysis and KEGG pathway enrichment analysis were performed on the selected DEGs using

the DAVID website, and then the core DEGs were picked up from the DEGs by protein-protein interaction (PPI)

network analysis using STRING website and Cytscape software. The prognosis-related DEGs were determined by

survival analysis using Kaplan-Meier Plotter website, and the expression levels of the prognosis-related DEGs were

analyzed using the GEPIA website to obtain the differential expressions betwen HCC and paracancerous tissue,

and then the key genes associated with the occurrence and development of HCC were screened from the highly

expressed prognosis-related DEGs in HCC by function and enrichment pathway analysis using Metascape website.

Finally, the expression verification of select key genes was performed in the specimens of HCC and paracancerous tissue.
Results: A total of 78 DEGs were screened from the three eligible gene chips (GSE14520, GSE41804,
GSE45267) downloaded from GEO. Then, 17 core DEGs (CDK1, ASPM,CENPF, RRM2, CCNB1, TOP2A,
PTI'G1, ECT2, CDKN3, CYP2B6,SLCO1B3, CYP1A2, CYP4A11, CYP26A1,CYP2E1,NAT2, CYP3A4) were
screened out after using DAVID website GO function analysis and KEGG pathway enrichment analysis as well

as STRING website and Cytscape software analysis. After the survival analysis of the 17 core DEGs on Kaplan-
Meier Plotter website, 9 genes (CDK1, ASPM, CENPF, RRM2, CCNB1, TOP2A, PTT'G1, ECT2, CDKN3) were
detected to be associated with the prognosis of HCC (all P<0.05). The expression level analysis by GEPIA website

showed that all the 9 genes were highly expressed in HCC tissue (all P<0.05). Metascape website analysis showed

that the 9 highly expressed genes were mainly enriched in the processes of negative regulation of mitotic cell cycle,

nuclear chromosome segregation and female gamete generation. The CDKI1 was selected to verify in HCC and

paracancerous tissues, and the result showed that the CDK1 expression level was significantly higher than that in

paracancerous tissue (P<0.05).

Conclusion: The 9 genes obtained in this study may be the key genes in the occurrence and development

of HCC, which provide a reference for the study of the pathogenetic mechanism as well as the diagnosis and

treatment of HCC.
Key words Carcinoma, Hepatocellular; Genes, Neoplasm; Computational Biology
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2 & R

2.1 DEGs ffit4& R

W H GSE14520, GSE41804, GSE45267%)
W0 22 DEGs 252, 257, 4974, Hob B
BIDEGsZr 5 k54, 63, 1164, FIIMDEGsS
HAN198 . 194, 3814, 34 A AL £ T
HE 164 (K1A) , H2ERETRHIER K624
(E1B) , HILFMDEGs HARFEN (F£1) .

GSE145

GSE41804

GSE45267 B

1 =45k DEGs By Venn B ( LIAERE LogFc>2, TiAEE LogFc<-2) A: 16 4 i DEGs; B: 62 N DEGs

Figure 1 Venn diagram of DEGs in the three gene microarrays (up-regulated LogFc>2, down-regulated LogFc<-2)

regulated genes; B: 62 down-regulated genes

A: 16 up-

*1 78 4-#[E DEGs
Table1 The 78 common DEGs

s CDKI1 SPINK1 SFN CAP2 S100P RRM2 CCNB1 TOP2A ASPM CDKN3 AKR1B10 GPC3 SULT1C2 PTTG1 CENPF ECT2
T MT1G LECT2 CYP26A1 BBOX1 CYP2A6 CYP2C8 CXCL14 SLC22A1 CYP39A1 SPP2 HAO2 HPD MT1F ADH1B
SLC10A1 SLCO1B3 LY6E CYP1A2 INS-IGF2///IGF2 MT1E FCN3 GBA3 CYP2B6 CD5SL LPA GHR CLECIB FOSB
CYP2E1 MT1H LCAT CLECAM ESR1 VIPR1 HAMP LDOB DNASE1L3 DCN NAT2 NR112 RDH16 AKR1D1 CXCL12
CRHBP F9 CYP4A11 HGFAC MT1X MT2A C7 MTIM CYP3A4 GLYAT GLS2 SRD5A2 ECM1 APOF MT1HL1 C9 SRPX

CDHR2 FCN2
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T, BB TEE . A4 . MaORSE. BNk
g 35 M L AR AR DU R A RS TS R . AL A TR

© MR IT F EHFFNHFEIH

TR L S R AL S M L o R AR A S P
IFEEEGE; coILW K3, HA A gtk
HHA VLT 5 AR A A R L 4E
JRLAN X . PN S5 O S L 0 R A R BT A X
HRLAR R O . R 2 A . KEGGH
EHESN (R3) o, W 15, HEEW
KT BB R BRI . 0 ol . 2Rt -
YA LK P450 . fhZABURE M . 40 (A R PASOXT Ak
P A A AR T L R AR . SRS R AR
Y& L. WAk . RS . PS3E S5 .
25 W AR - LA

http://www.zpwz.net



36 P EE RS EE 5530 %
%2 784 DEGs GO IgES
Table2 GO function analysis of the 78 DEGs
2 4 B % P
GOTERM_BP_DIRECT  GO: 0045926~negative regulation of growth 8 0.097 752 1.28E-12
GOTERM_BP_DIRECT GO: 0071294~cellular response to zinc ion 7 0.085 533 1.68E-10
GOTERM_BP_DIRECT  GO: 0042738~exogenous drug catabolic process 6 0.073314  1.20E-09
GOTERM_BP_DIRECT GO: 0006805~xenobiotic metabolic process 9 0.109 971 1.97E-09
GOTERM_BP_DIRECT GO: 0071276~cellular response to cadmium ion 6 0.073 314 9.21E-09
GOTERM_BP_DIRECT  GO: 0019373~epoxygenase P450 pathway 6 0.073 314  1.27E-08
GOTERM_BP_DIRECT GO: 0008202~steroid metabolic process 7 0.085 533 3.46E-08
GOTERM_BP_DIRECT GO: 00551 14~oxidation—reduction process 16 0.195 503 4.36E-08
GOTERM_BP_DIRECT GO: 0017144~drug metabolic process 6 0.073 314 1.16E-07
GOTERM_BP_DIRECT  GO: 0008209~androgen metabolic process 4 0.048 876  4.60E-05
GOTERM_MF_DIRECT  GO: 0016705~o0xidoreductase activity, acting on paired donors, with
) . . 8 0.097 752 4.25E-09
incorporation or reduction of molecular oxygen
GOTERM_MF_DIRECT  GO: 0005506~iron ion binding 10 0.122 19 1.70E-08
GOTERM_MF_DIRECT 50: 0019825~o0xygen binding 7 0.085533  4.55E-08
GOTERM_MF_DIRECT  GO: 0020037~heme binding 9 0.109971  1.18E-07
GOTERM_MF_DIRECT  GO: 0004497~monooxygenase activity 7 0.085 533 1.65E-07
GOTERM_MF_DIRECT  GO: 0008392~arachidonic acid epoxygenase activity 5 0.061 095  4.01E-07
GOTERM_MF_DIRECT  GO: 0016712~oxidoreductase activity, acting on paired donors, with
incorporation or reduction of molecular oxygen, reduced flavin or 5 0.061 095  4.01E-07
flavoprotein as one donor, and incorporation of one atom of oxygen
GOTERM_MF_DIRECT  GO: 0008395~steroid hydroxylase activity 5 0.061 095  4.24E-06
GOTERM_MF_DIRECT  GO: 0034875~caffeine oxidase activity 3 0.036 657  1.07E-04
GOTERM_MF_DIRECT  GO: 0070330~aromatase activity 4 0.048 876  2.02E-04
GOTERM_CC_DIRECT GO: 0031090~organelle membrane 10 0.122 19 8.19E-11
GOTERM_CC_DIRECT  GO: 0005576~extracellular region 19 0.232 16 7.06E-05
GOTERM_CC_DIRECT  GO: 0070062~extracellular exosome 24 0293255  6.58E-04
GOTERM_CC_DIRECT GO: 0005789~endoplasmic reticulum membrane 12 0.146 628 7.63E-04
GOTERM_CC_DIRECT  GO: 0005615~extracellular space 15 0.183284  0.001 068
GOTERM_CC_DIRECT  GO: 0048471 ~perinuclear region of cytoplasm 9 0.109971  0.003 939
GOTERM_CC_DIRECT  GO: 0030496~midbody 4 0.048876  0.016 16
GOTERM_CC_DIRECT  GO: 0072562~blood microparticle 4 0.048 876 0.024 818
GOTERM_CC_DIRECT  GO: 0005579~membrane attack complex 2 0.024 438 0.028 46
&3 784 DEGs #) KEGG BHEEKS
Table 3 KEGG pathway enrichment analysis of the 78 DEGs
el g BB % P
KEGG_PATHWAY hsa00830:Retinol metabolism 8 0.097 752 2.35E-07
KEGG_PATHWAY hsa04978:Mineral absorption 7 0.085533  4.83E-07
KEGG_PATHWAY hsa00982:Drug metabolism-cytochrome P450 7 0.085 533 6.60E-06
KEGG_PATHWAY hsa05204:Chemical carcinogenesis 7 0.085 533 1.70E-05
KEGG_PATHWAY hsa00980:Metabolism of xenobiotics by cytochrome P450 6 0.073 314 1.50E-04
KEGG_PATHWAY hsa00232:Caffeine metabolism 3 0.036 657  4.70E-04
KEGG_PATHWAY hsa00140:Steroid hormone biosynthesis 5 0.061 095 6.72E-04
KEGG_PATHWAY hsa00591:Linoleic acid metabolism 4 0.048 876 0.001 026
KEGG_PATHWAY hsa01100:Metabolic pathways 18 0.219 941 0.002 522
KEGG_PATHWAY hsa04115:p53 signaling pathway 4 0.048 876  0.011 176
KEGG_PATHWAY hsa00983:Drug metabolism-other enzymes 3 0.036 657 0.040 62

2.3 PPl 53thh

¥ 781 DEGs I F A& ZSTRING K 3l 43 #r
Ja . 1SR B EAEPPIR 25 /0 b v, I Sy
631, Hi g LRI 174, T EER461,
HHEAZMMEERCRLER1565 (E2A)
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ECT2
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2 H#[F DEGs #y PPI S (REXRTLRAERE, EEXRTTRAER)

DEGs

Nl

ASPM T

N\

B
A: 634~ DEGs i PPI &5 B: 22 %03

Figure 2 PPI analysis of the common DEGs (yellow color representing up-regulated genes, blue color representing down-regulated

genes)

2.4 1%y DEGs £ FEHOHER
17O DEGs%4 it Kaplan-Meier Plotter[®
it e, AN (CDK1., ASPM,
CENPF. RRM2. CCNB1, TOP2A. PTTG1 .,
ECT2. CDKN3) WA FES I ERAG ¥ E X
(¥1P<0.05) , 58 MFEH MY EAF #1225 7 K51t
MEX (HP>0.05) (K3) .
2.5 ¥ij5t8% DEGs RiIZENHER
¥ EROAN 5 E AHE I DEGsEGEPTA K 3
AT RBESNE, 9P EFFEHCCH L
FHAEmFRL (BP<0.05) (K4) .
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A: PPI network of the 63 DEGs; B: The 22 common core DEGs
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i ERONFEHCCAHLU D m R B LN B & &
Metascape [ 35 534, 15 2] J) 5 FlHE #% 19 & 4 941
FEAE PRI MA 22240 AR . A
WL R o AR B R T e AR S D T (LS )
(£4) .
2.7 %% DEGs BiF4&R
TE 0 36 R Y9 JE A i BRCDK 1 fEHCC A
LR ALUh g, 252 Box, CDKIZEHCC
HAUF AT (7.871 8 +1.524 9) 4y, (S
HAPRTE N (3.410 3£1.163 4) 4, Z5H
it X (t=14.429, P<0.0001) (KE6) .
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HR=2.01 (1.39~2.92) Py, HR=2.34 (1.55~3.54) A HR=2.15 (1.52~3.06)
P=0.000 18 3 P=3.4E-05 P=1.1E-05

HR=1.82 (1.17~2.82) ‘ HR=2.12 (1.5~2.99) HR=2.00 (1.48~2.97)
P=0.006 6 P=1.4E-05 P=23E-05

HR=2.14 (1.51~3.02) HR=2.01 (1.42~2.84) HR=1.99 (1.39~2.86)
P=1.1E-05 P=5.5E-05 Y P=0.000 12

B3 #Z%il DEGs £HFHHE

Figure 3  Survival curves of the core DEGs
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4 94 DEGs EHAHRIZEEHE
Figure 4 Box plots of expressions of the 9 DEGs

5 9%l DEGs e = £ E
Figure 5 Function and pathway enrichment plots of the 9 core DEGs
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&4 9 Ml DEGs ThBEFNE B = &7 T HIRE
Table 4 Function and pathway enrichment data of the 9 core DEGs

GO Biological Processes cell division
Reactome Gene Sets cell cycle, mitotic
GO Biological Processes
GO Biological Processes

GO Biological Processes female gamete generation

nuclear chromosome segregation
negative regulation of mitotic cell cycle

7 87.50 -10.37
6 75.00 —-8.49
5 62.50 -8.08
5 62.50 =7.55
3 37.50 -5.02

B 6 %HEHANLKN CDK1 £ HCC 5EEHAMRIE

Figure 6 Immunohistochemical staining for CDK1 expressions in HCC and adjacent tissue
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FORMERA TR e FEHCC R A KR H K R,
X FHCCH R W2 W . R e Gy $ 4t T
BTG . AR E YR BN E KR,
Kt FE PR iy T A 5 R e Y R A R R RTEE ]
HE DR B O 45 7 T . N Cao MR I3 AN GEO %L
P EDATE YR B F 00, HES510L-1015 55
SHCXCL8, CXCLIMIL-1B &tz tEas i &1
HE3 A% 5 Mo %52 UR AR W 15 18 2 4r Hr i
SEDNAIBAVE R TE R FLIR AR IC Y 5 Xue FELE
BHEYE B ES P E T44 (CDC45 . GINS2,
MCM2FIPCNA ) W fig 5 F 59098 f8 3 9 J AH OC 1Y ¢
HELDY, AR E SUR S AR BUS Wb B .
AW 5T e T 2R WA B 2F 0 0 1 R AE GE O B0 ¥E T
o e R JLAR Y . REAS LK 3 HC C R
FHLILH R, I Z A EYE B o B Wk
HWAT T RERWM T, LM HCDKL (41 M
S AR AR M O L ) . ASPM (2 R AR A 4L
2 F ) . RRM2 (A% X 1T IR 3 5t il 9 79 W7 3
M2) . TOP2A ( DNA#$MEH#IE2A ) . CENPF
(H4hiEMAF) . COCNB1 (0 R AE B ) |
PTTG1 ( ARG A1) . ECT2 ( L 4h
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MuFE AL F 512 ) . CDKN3 (41 A 8 30 8 1A 1k 1%
fEHIRF3) SHCCAE . RBAREXR, I
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A FHBURIEN R . KR,

CDK1JE T2 AW/ 75 A R E MR G, =&
T 4 B AR . DNAE HBIURIAS B L A i A
I B I 5 B, CDK R S 4 3835 2 1ot A a0t 40 it
o7 A bR & A R AR . CDKTE 2 Bl i
R R, TESS EmE T, CDKI/E AmiR-769
MBS, TRt mRE, miR-7698 o H
B2 1E FI CDK L4 3 44 fi g ik J ' CDK LAY k]
BWIEMILFFECICC 6074 SEEMA T M, MIEG,
S JE I, DT R 4 E X 4 T o 4 L T 4 e R
PEU CDK 1R E g PR N R P R 1k B 6T 07 354 it
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2 B A g5 1 R R 5 95 55 72 CD K 1L7E FAR o op
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FELBT CDK 1 50 5 HAh B Y7 25 W Bk 18 1] 5 A 4L
(PR S A 56, L CDK AT RE B A b & 3L IR
TG IT 00 0 22— 7 R A 98 A0 Al /DN A0 i
FE R B IFIT R, CDK 1A R 0k 500 0 5B A 1 8
TR A A7 FARM G, L CDK 1 AT 1 32 W A3 S
(14 Jii 96 s 75 ) B2 W 3R T R s 2 20 AR S
H, LuofE P AR 48 8 T CDK 7 B 50U & e it
T o S A BAE 4% i 28 A VR, AT 26 B
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FW], CDK1IEBR T 22 F b 9 8 15 200 RS B %) 20 7l
JA, AT Ry 22 i i A I DR 5 A 0 b i 0

FEHCCH, CDKI1 55 F= ik ] LLJE 4y 98 1
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Jify B KO RS R R A e SR i —
T 5 2 B0 HOSUIKCAT DL A 5 5 G,/ MU BE i ol
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) 40 i 1 5 ok F o D) — T 5Y R B miR-582-5pi
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TG WA ARG s Sun S50 A= W 15 B 2B 40 AT
fifik % BLCCNB1, CDK1, RRM2FIBUBI1BYE AT
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