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Abstract: [ Objectives ] Use bioinformatics methods to explore the key genes in HCC is helpful to understand the mo-
lecular mechanisms of The occurrence of hepatocellular carcinoma (HCC) development. [ Methods] The present study se-
lected gene expression profile of GSE76427 from the GEO database. 115 cases of hepatocellular carcinoma tissue samples
and 52 cases of hepatocellular carcinoma adjacent non—tumor tissue samples were included in this analysis. Differentially
expressed genes (DEG) were picked out using GEO2R tools, then we used gene ontology (GO) analysis and Kyoto Encyclo-
pedia of Gene and Genome (KEGG) pathway analysis. Moreover, based on the STRING database, the MCC algorithm was
used to collect key genes with high connectivity. The TCGA database online software was used to analyze the prognostic ef-
fect of key genes. [Results] Total 190 DEG, including 16 up—regulated genes and 174 down—regulated genes, were
screened in this study. Functional enrichment analysis showed that the down—regulated differential genes were significant-
ly enriched in the response of cells to chromium ions and zinc ions, and may also be involved in the functions of the epoxy-
genase P450 pathway and redox reactions. Down-regulated differential genes may participate in pathway functions such as
retinol metabolism and mineral absorption. In this study, 15 key genes with high connectivity were screened and 5 genes
including CDC20, KIAAO101, PRCI, PTTGI, and UBE2C were found to be associated with overall survival (OS) in pa-
tients with HBV-related HCC. PTTGI has the best diagnostic performance. [Conclusion] CDC20, KIAA0I01, PRCI,
PTTGI and UBE2C may play an important role in the development of hepatitis B associated liver cancer.
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Fig.1 Protein—protein interaction network coded by differentially expressed genes



5553 T8, 55 BT AR B A B AR TR T 200 M8 1) O B T 783

B2 I5MxEERFEEARMEEERAMZ
Fig.2 Protein—protein interaction network of top 15 hub

genes
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Table 1 TOP15 hub genes based on MCC algorithm

Gene symbol Gene title i Score
TOP2A topoisomerase (DNA) II alpha 1.8E-16 739
CDC20 cell division cycle 20 24E-11 724
RADS1 RADS1 associated protein 1 2.2E-09 724
PTTGI pituitary tumor—transforming 1 interacting protein 3.5E-04 721
UBE2C ubiquitin conjugating enzyme E2 C 8.8E-22 720
PRCI protein regulator of cytokinesis 1 2.0E-20 720
KIAA0101 PCNA clamp associated factor 3.0E-19 720
MT2A metallothionein 2A 5.0E-19 242
MTI1X metallothionein 1X 1.0E-16 240
MTIH metallothionein 1H 7.3E-16 240
MTIE metallothionein 1E 1.1E-14 240
MTIG metallothionein 1G 1.2E-18 240
CYP3A4 cytochrome P450 family 3 subfamily A member 4 2.9E-12 130
MTIF metallothionein 1F 1.9E-15 120
MTIA metallothionein 1A 9.2E-18 120
1) E-n: x 107
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Table 2 Gene ontology analysis of down—regulated differentially expressed genes associated with Hepatocellular

carcinoma

Category Term Count Yo Iz Genes FDR"
Biological GO: 0071276~cellular re- 7 4.40 3.8E-9 MTIA, MTIE, CYPIA2, MTIH, MTIX, MTIG, 5.9E-6
Process sponse to cadmium ion MTIF

GO: 0071294~cellular re- 7 4.40 82E-9 MTIA, MT2A, MTIE, MTIH, MTIX, MTIG, 1.3E-=5

sponse to zinc ion MTIF

GO: 0045926~negative 7 4.40 82E-9 MTIA, MT2A, MTIE, MTIH, MTIX, MTIG, 1.3E-5

regulation of growth MTIF

GO: 0055114~oxidation— 22 13.8 2.6E-8 STEAP3, CYP3A4, ALDHS8AI, ASPDH, PY- 41E-5

reduction process ROXD2, CYP2C8, HSDI7B13, CYP26Al1, KMO,

STAB2, CYPIA2, DBH, BBOXI, RDHS5,
CYP39A1, KDMS, CYP2A6, CYP2A7, CYP4F2,
RDHI16, CYP8BI1, AKRIDI

GO: 0019373~epoxygen- 5 3.14 1.4E-5 CYP2C8, CYP2A6, CYP2A7, CYP4F2, CYPIA2 0.021
ase P450 pathway

Molecular  GO: 0016705~oxidoreduc- 10 6.29 1.1E-9 CYP3A4, CYP39A1, CYP2CS, KLKBI, CYP26A1l, 1.5E-6
Function tase activity, acting on CYP2A6, CYP2A7, CYP4V2, CYP4F2, CYPS8BI

paired donors, with incor-

poration or reduction of

molecular oxygen

GO: 0005506~iron ion 13 8.18 6.8E-9 CYP3A4, CYP39A1, CYP2CS8, KLKBI, CYP26A1, 9.3E-6
binding CYP2A6, HBA2, CYP2A7, CYP4V2, CYP4F2,
CYPIA2, CYPS8BI, BBOX1

GO : 0020037~heme bind- 12 7.55 23E-8 CYP3A4, CYP39A1, CYP2CS8, KLKBI, CYP26A1,
ing CYP2A6, HBA2, CYP2A7, CYP4V2, CYP4F2,
CYPIA2, CYPSBI

GO: 0004497~monooxy- 9 5.66 29E-8 CYP3A4, CYP39Al, CYP2C8, KLKBI1, CYP2A7, 4.0E-5

3.2E-5

genase activity CYP4V2, CYP4F2, CYPIA2, CYPSBI
GO: 0019825~oxygen 7 440 2.7E-6 CYP3A4, CYP2C8, CYP26Al, HBA2, CYP247, 0.0036
binding CYPIA2, CYPSBI

Cellular GO: 0005576~extracellu- 44  27.67 5.1E-13 C7, MBL2, C9, HSD17B13, PAMRI, CRP, DCN, 6.1E-10

Component lar region DNASEIL3, CXCLI2, PRSS8, AZGPI, FCN3,

BCHE, SAAlI, HAMP, FCN2, LCAT, APOF,
KLKB1, CIQTNFI, PROZ, CETP, HGFAC,
SPP2, GHR, CYR61, SHBG, F9, SAA4, IGF1, IG-
FALS, HBA2, COLECII, DBH, ECMI, C8A,
AFM, CCLI4, BGN, CXCL14, NPW, PONI,
MFAP4, IGFBP3

GO: 0005615~extracellu- 33 20.75 1.7E-8 ALPL, MBL2, SERPINAII, CRHBP, CRP, DCN, 2.0E-5

lar space CXCL12, PRSSS, AZGPI1, HAMP, SAAI, LCAT,
KLKB1, CIQTNFI, PROZ, ENO3, CETP, HG-
FAC, GHR, F9, IGFALS, IGFI, SAA4, DBH,
ECMI, C8A, AFM, CCL14, CXCL14, TACSTDZ2,
PONI1, IGFBP3

GO: 0031090~organelle 10 6.29 3.0E-8 CYP3A4, CYP39A1, CYP2CS8, CYP26A1, CYP2A6, 3.6E-5

membrane CYP2A7, CYP4F2, CYPIA2, RDHI16, CYP8BI
GO: 0070062~extracellu- 48 30.19 24E-7 ALPL, ALDHS8AI, C7, C9, PTHIR, CRP, KMO, 29E-4
lar exosome ’ CXCLI2, BBOXI, PRSS8, AZGPI, ADIRF,

SAAI, TKFC, FCN2, LCAT, KLKBI1, PGLYRP2,

PROZ, IGLLI, ENO3, CETP, NDRG2, SPP2,

SHBG, CDHR2, FBPI, F9, SAA4, IGFALS,

HBA2, ECMI, PCKI, C8A, RND3, LYVEI,

AFM, GLYAT, BGN, TACSTD2, HAO2, PONI,

CYFIP2, MFAP4, AKRIDI, IGFBP3, UGP2
GO : 0034364~high—densi- 6 3.77 7.0E=7 SAAI, APOF, LCAT, PONI, SAA4, CETP 8.4E—4
ty lipoprotein particle
GO: 0072562~blood mic- 9 5.66 3.0E-5 C8A, AFM, C9, BCHE, FCN3, FCN2, PON1, 0.0354
roparticle IGLLI, HBA2

1) E-n: x10™




5553 T8, 55 BT AR B A B AR TR T 200 M8 1) O B T 785

®3 SHEREEXHTRAZESREZERR KEGG # i 53 i

Table 3 KEGG pathway analysis of down-regulated differentially expressed genes associated with Hepatocellular

carcinoma
Term Count % P Genes FDR"
CYP3A4, CYP2C8, ADH4, ADHIB, CYP26A1,
hsa00830:Retinol metabolism 9 5.66 7.4E-7 8.8E-4
CYP2A6, CYPIA2, RDHI16, RDHS5
hsa04978:Mineral absorption 7 4.40 1.4E-5 MTIA, MT2A, MTIE, MTIH, MTIX, MT1G, MTI1F 0.0165

KEGG: Kyoto Encyclopedia of Genes and Genomes ; FDR: False Discovery Rate. 1) E-n: X10™
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Fig.3 Top 4 modules from the protein—protein interaction network
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Table 4 KEGG pathway enrichment analysis of module 2

Term P FDR Genes

hsa04978: Mineral absorption ~ 6.2E-14" 6.21E-12" MTIA, MT2A, MTIE, MTIH, MTIX, MT1G, MTIF

1) E-n: x10™

4.102 (2.083-38.68) , P=0.0034] . PCRI [HR:
3.386 (1.439-22.07) , P=0.0135] . PTTGI [HR:
8.151 (7.812-127.6), P<0.0001] .UEB2C [ HR:

2.979 (1.129-20.21), P=0.035 ] By Ak A= 47 A
Hogn Fak VIR IR A 41 0] Fb 3 24 S AT Be =
B, HARR AL TR Rkl (Bl 4), X510
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Table 5 KEGG pathway enrichment analysis of module 3
Term P"  FDR" Genes
hsa00830: Retinol metabolism 38E-10 2.6E-7 CYP3A4, UGTIA6, CYP2CS8, CYP26A1, CYP2A6, CYPIA2
hsa00982: Drug metabolism—cytochrome P450 1.3E-7  8.8E-5  CYP3A4, UGTIA6, CYP2C8, CYP2A6, CYPIA2
hsa05204: Chemical carcinogenesis 2.5E-7 1.7E-4  CYP3A4, UGTIA6, CYP2C8, CYP2A6, CYPIA2
hsa00980: Metabolism of xenobiotics by 2.3E-5 0.0160  CYP3A4, UGTIA6, CYP2A6, CYPIA2
cytochrome P450
hsa01100: Metabolic pathways 3.1E-5 0.0217  CYP3A4, UGTIA6, CYP2CS8, CYP26A1, CYP2A6, KMO,

CYPIA2

1) E-n: x10™
F6 ZEFRFREEXEEERERKAELTL
Table 6 Clinical baseline data of HBV-related HCC patients (n/morx+s)
Characteristics Number of patients (n=134) Characteristics Number of patients (n=134)
Sex(Male/Female ) 105/29 PT 1.0(0.8-10.9)
Age s i INR 1.0(1.0-12.0)
AFP(=400/ < 400) 70/30
Height 1646 +74 Fibrosis ishak score'” 6/12/14/2/32
Weight 64.4 £ 104 (0/1 & 2/3 & 4/5/6)
BMI( < 18.5/18.5-22.9/23~ 10/58/35/23/5/0 Child-Pugh score (A/B) 84/4
24.9/25-29.9/=30/=40) T stage (T1/T2/T3/T3a/T4) 65/29/22/12/6
Relative family cancer history 14/110 N stage (NO/NI/NX) 123/1/10
(Yes/No)
M stage (MO/M1/MX) 127/1/6
Viral hepatitis(HBV/ 92/42
HBV+HCY) New neoplasm event occur- 107/21/6
rence anatomic site (Intrahepat-
TBil 1.2(1.0-1.4
' (K ) ic/Extrahepatic/Both )
AL 1026 PVTT(Yes/No) 71135
PLT 180.8 +55.6 Neoplasm histologic grade 13/52/59/10
Cr 0.9(0.5-54.0) (G1/G2/G3/G4)

BMI: Body mass index (kg/mz); TBil: total bilirubin; ALB: albumin; PLT: blood platelet; Cr: creatinine; PT: prothrombin time;

INR: International Normalized Ratio; AFP: alpha fetoprotein; PVTT: portal vein tumor thrombus. 1)0-No Fibrosis; 1 & 2—Portal Fibrosis; 3

& 4-Fibrous Speta; 5—Nodular Formation and Incomplete Cirrhosis ; 6-Established Cirrhosis
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Table 7 Baseline data of hub genes expression in

hepatocellular carcinoma tissues

mean( range )

Genes Expression level
TOP2A 1458(52-16896)
CDC20 531(28-7310)
RADS1 126(13-571)
PTTGI 611(56-5196)
UBE2C 454(31-4848)
PRCI 631(68-4621)
KIAA0101 337(29-2192)
MT24A 6464(602-382055)
MTIX 1950(22-115223)
MTIH 23(0-82269)
MTIE 670(14-87900)
MTIG 418(2-636622)
CYP3A4 2754(3-336881)
MTIF 122(4-59472)
MTIA 128(20-32921)

#*8 AFPR IS XEEFATLZE HBV #HX 1% HCC
HIROC B2 THER LR

Table 8 AFP and 15 hub genes were compared under

the ROC curve of HBV-related HCC

AUC 95%ClL P
AFP 0.568 0.415-0.722 0.415
PTTGI 0.728 0.592-0.863 0.004
CDC20 0.637 0.485-0.789 0.084
KIAA0101 0.584 0.426-0.742 0.291
MT2A 0.583 0.444-0.722 0.295
UBE2C 0.577 0.443-0.710 0.334
MTIA 0.576 0.443-0.710 0.335
MTIX 0.573 0.436-0.709 0.361
CYP3A4 0.565 0.412-0.718 0.411
RADS1 0.559 0.414-0.704 0.459
MTIE 0.537 0380-0.695 0.639
MTIG 0.535 0.383-0.686 0.662
TOP2A 0.525 0.354-0.696 0.754
MTIH 0.520 0.373-0.668 0.797
PRCI 0.517 0.339-0.695 0.830
MTIF 0.502 0.357-0.647 0.980
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JHIA 39 %ﬁ%imiﬁﬁﬁi?*%ﬂflﬂﬁmzwﬁ,iﬁﬁﬁi
P K 5 | AH L 1 RE BB BRI A fb . A (R
P450 i ( cytochrome P450, CYP) J& JFIE H 25 4 C
iﬁm Z: 5 2R IR T (246 A8 0 IE 1R s

iz | 5 BESE) FANIE Y T (BUE Y 2555 ) 1
I*Hi%%ﬂ:” o WNEEREY (AN 98955 B 0 fiFg e
% HMEHREY) S CYPEEE YA L,

CDC20 (Cell Division Cycle 20)J&Z 5 41 g J
Wi R R AR B 22, 5% s B R
MVF 22 HA R AR AR, Li SRS AR I
PLER CDC20 2% 35 i 2 1 i) HCC 40 J 3 5 1 ) 35
HEJE . CDC20 AT BB IEAE VA 7 I Ve R0 A

KIAAO101 & — PP 34 78 40 A% B S AH 5C R+,
e ) R e I S VA RS YA NI R VA e
10, 216 4 HCC 414 mRNA 75 M /K - 0F 5%
7, KIAAO101 (R 2R3k 2 5 M 43 G s M 1R AL
R Mg &2 sk sr fa B R B EOR B
Ja ', KIAAO101 77E KIAAO101 % 578 S 44 1 Al
KIAAO101 5% %748 AR 2 B Fp 25 4y . Hip, KI-
AAO101 % 5 A8 44 138 38 3 pS3 T A 33 95 B
BRGNS, A AEE i K-
AAO101 % 578 54K 2 W] 55 - i%%PSS,TH?%E’E
TR R VE

it 5 43 %4 E 1 (protein regulator of cytokinesis

, PRC1) 2 —F s AH G 11, B RCPAT I

HT’”E?%L%LM”@E’J%/EE o TEA 2257341 S I
Gz/M,ﬁJa PRCl%Eﬁ@EE‘,Glﬂ;ﬁM,E%Em
SERBE . PCRI AT B2 S i 20 M A 22 53 54 02
B ER I — A F5 458 . BLAh, PRCT I 55 5-FU 5 5
AL T R T 5-FU B39 G2 / M BH#
RO T ALY 25, L, A 2 AR YT B HCC B
PRCI &3R5k, S AR ™, PRCL A AT LAY 3
Wt {5 i i, DMESE HCC HHE &,

T A b 83 F% Ak FE A 1 (pituitary tumor— trans-
forming 1, PTTGI) Ml bh ik YL i ik i385, = 55
Ji R ) e e R . IR AL 4 PTTGI () 335
M AFP ZKF, 1T kR R IR 53 SO0 0 41 4 4
M A= K B bFGF £ 11 7K S A ¢, H Ik,
PTTGI W] REAE N HCCIZWi ik bn . PTTGI 5
HBV Al REAEAE S VIR . —J7 1, HBV #l1 il miR-
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Table 9 Correlation between 5 hub genes and pathological parameters

CDC20 expression  KIAAO10I expressi

on

PRC1 expression PTTGI expression UBE2C expression

Characteristics n
Low High P Low High P

Low High P

Low High P Low High P

T stage 0.0026 0.0012
Tl 65 57 8 57
T2 29 21 8 22
T3 22 10 12 10 12
T3a 12 9 3 9 3
T4 6
N stage 0.1337 0.2040
NO 123 95 28 93 30
N1 1 1 0 0 1
NX 10 5 5 8 2
M stage 0.2898 0.7581
MO 127 97 30 95 32
M1 1 1 0 1 0
MX 6 3 3 5

0.0093 0.0113 0.0006
53 12 56 9 57 8
24 5 20 9 21 8
10 12 111 9 12
0 2 0 2 9 3
4 2 4 2 5 1
0.1021 0.4332 0.2040
95 28 94 29 93 30
1 1 0 1
4 6 4 2
0.7501 0.7501 0.7581
96 31 96 31 95 32
1 1 0
4 4 5 1

122, I PTTGI, i 3k 1 40 M 98 19 46 K R iz
Ze2 7, HBV X & [ nl {2 #F PTTG1 /Y 5+
WHZ AT AE S HBV A1 56 HCC &KW >

1Z K 45 4 M E2C (ubiquitinconjugating enzyme
E2C, UBE2C) J&iZ R -85 11 AR & 40 1 41 183
Oy HIE AL T Yk 20q13 £ 45 UBE2C 1)
BEHKR/MML19.6 ku, (HHEEME 7 iTHE 52 &
WG W B 2 R R B3 M EAE Y, UBE2C

MY2RIR 5 00 50 LRI e B R | I S 2
Pl 43S AT 6, 78 HCC B, UBE2C 78
A b ) 5k 5 T o5 4140, H UBE2C (& 3R
iR 5 MR T ER KA AC M S AR AE OC , ToTE
HEAF R UBE2C IR R 4 AR >

25 | Frik , €DC20 . KIAA0101 . PCRI .PTTGI .
UBE2C i 253 m] 5 HCC AN R , 54 3C
WG B g R — 3., RE CDC20. KI-
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