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Abstract: In order to identify the hub genes and biomarkers of hepatocellular carcinoma (HCC) by bioinfor—
matics methods, the GSE112790 dataset from the Gene Expression Omnibus (GEO) and HCC data from The
Cancer Genome Atlas (TCGA) database were screened for differential expression analysis. A total of 151 dif-
ferentially expressed genes (DEGs) were identified and 10 hub genes were screened. Survival analysis indi-
cated that upregulated expression of BUB1B, CDC20, ASPM and DLGAPS genes significantly affected the
prognosis of patients. Analysis of Oncomine database showed that expression levels of BUB1B, CDC20 and
DLGAP5 were obviously related to tumor grade and vascular invasion. From HPA database and immunohis—
tochemistry of liver cancer tissue microarray, it was found that expression levels of CDC20 and DLGAPS in
HCC tissues were higher than those in normal tissues. Cox analysis showed that the high expression of CDC20
and DLGA PS5 could be used as an independent risk factor for the prognosis of patients with HCC. Moreover,
the CDC20 methylation level was also found to be an important factor affecting its expression level and a va—
riety of immune cell contents. In conclusion, CDC20 may be a potential biomarker for HCC prognosis evalua—
tion and therapeutic target.
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Table 1 A total of 151 DEGs from both TCGA and GEO databases

DEG

Gene

Upregulated

CCNB1, MNS1, GINS1, ZIC2, ANLN, ST8SIA6-AS1, FOXM1, CDK1, RACGAP1, C120rf75, SULT1C2, KIF14,

IRX3, CENPL, KIFAA, SPP1, MELK, ZWINT, NDC80, CCNA2, NUF2, PTTG1, TRIM16, UBE2T, CRNDE,
STK39, PDZK1IP1, PRC1, CENPW, G6PD, MCM2, DLGAPS, RAD51AP1, CKAP2L, GPC3, PLVAP, NEK2,
ACSLA, E2F8, SPINK1, S100P, DEPDC1B, LINC01419, FLVCR1, AKR1B10, COL15A1, EZH2, RBM24, KIF11,
COX7B2, PAGE4, ROBO1, CDC20, PBK, TRIP13, CDC7, SHCBP1, ASPM, CD24, UBE2C, NQO1, PHYHIPL,
RRM2, MDK, TOP2A, MAGEA6, TRIM71, KIF15, BUB1B, HJURP, CAP2, DTL, FAM83D, HUMR, GMNN,
KIF20A, LCN2, SPS5, PEG10, CTHRC1, UHRF1, TTK, CDKN3, NCA PG, NUSA P1

Downregulated

MT1G, CYP26A 1, SERPINE1, DIRAS3, LINCO1093, CXCL14, TSLP, SLC22A1, HAO2, MT1F, SLC25A47, FITM1,

KCNN2, SLCO1B3, MYOM2, CYP1A2, MT1E, CNDP1, BCO2, FCN3, ACSM3, CYP2C19, GBA3, TTC36, CLECAG,
CYP2B6, GYS2, PCK1, FOLH1B, LPA, GHR, CLEC1B, FOSB, MARCO, MT1H, CLECAM, NPY 1R, LYVE1, ASPG,
FOS, PLAC8, HAMP, CFP, NAT2, SLITRK3, RND3, ILIRAP, RDH16, CXCL12, CRHBP, AVPR1A, CXCR2,
CYPAA11, MT1X, IGFALS, MT2A ., PZP, FBP1, AADAT, OIT3, MTIM, CETP, APOF, MT1HL1, C9, FCN2



http://xena.ucsc.edu/;

%o

KT T4 BT EYNR B 227 IR e MR TR TR AR 4

541

Cell division
Mitotic nuclear division
Negative regulation of growth
Cellular response to zinc ion
Chromosome segregation
Cellular response to cadmium ion
Xenobiotic metabolic process
1 1 bolic process
Mitotic cytokinesis
Epoxygenase P450 pathway
Protein kinase binding
Microtubule binding
Tron ion binding
Oxygen binding
Microtubule motor activity
Heme binding
Monooxygenase activity
Arachidonic acid epoxygenase activity
ATP-dependent microtubule motor activity, plus—end—-directed
Histone kinase activity
Midbody
Microtubule
Spindle
ki h

Kinetochore

Organelle membrane

Spindle pole

Collagen trimer

Spindle microtubule
Chromosome, centromeric region

Category

I Biological process

[ Cellular component
I Molecular function

=

T
10
Gene counts

)

[
[

Cell cycle 4

Mineral absorption —

Retinol metabolism —

Cellular senescence —|

P53 signaling pathway —

Oocyte meiosis =

AMPK signaling pathway =
PPAR signaling pathway =

Drug metabolism—cytochrome P450 —
Chemical carcinogenesis —

Bile secretion

Arachidonic acid metabolism —
Starch and sucrose metabolism —
Pentose phosphate pathway =

Linoleic acid metabolism —

Fructose and mannose metabolism —

—logi(P value)

15
12
9
6

o

B1 =RFXEEER GO 71 KEGG E&EAT

[N}

54

T
5.0
Gene counts

®)

~
n

(A) GO #6556 2K B (AT 10 £); (B) KEGG B 54 494K A .

Fig.1 Functional enrichment analysis of DEGs

(A) GO enrichment analysis (top 10); (B) KEGG pathway analysis.
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Fig.2 PPI network construction and module analysis

(A) PPI network of DEGs. The red and blue balls represent upregulated and downregulated genes, respectively; (B) The most

significant module in PPI network.

J& AT (B 7B)
2.6 CDC20 5%&HMAmAHEX

F5E K IR, IR SO B v A A o ) S e 4
Jit, 5 B4 e A R SR B IR T R DA S, JiE
Tk, TATHT T CDC20 55 ZE 40 Ml & 2 1 56
F, R KW: €DC20 MFEBKFE cDar T 4i
JL B A WA rhe A 2 55 02 2 LY
T (B 8).

3 iFig

VAR, Bl R PR I R R, Bk
22 IS 38 A R B ik e 5 g & A
boay S QUUE R /L ARTRt /DS SR ENE (S =W N 1| D T1ibU
T4 GEO FdiEH GSE112790 it A K TCGA %X
P HCC MRS SRR S8 R, HAYE B2
Jrdmies] 151 MIFELEE T LR g

B HCC AUV S IEH AU 22 5 R IRH N &
66 I~ T IRFEAIF 85 > FIRFE . GO 4rHrgsi i i
TN, 3RS [R] 22 S ek A SR B SR AR A )
54 G5 . DNA Z il A E AL P450 iR 1%
DL R AR R R S AR B T RE S S
T Shokr YRR TS SRR AL Hr T I RE
EPER OB & OSSR S T
% KEGG MR, 25368 R 2 s 4 7F P53 15
S AMPK 15 58 1 20 B JR 40 | 4 e DT8R A
fE 5 WA EE AR AR, 3545 10 4>
T 1 B e MO0 36K : CCNA2 .CDK1 .BUBIB,
CDC20.ASPM KIF11.DLGA PS5 .CCNB1 .DTL FIN-
USAP1 . 25045 %W, DLGAPS .ASPM .CD-
€20 Fl BUB1B ®:Hm3kik 5 HCC BEANR AU
5o Oncomine ZXHEE 4T85 K 7R, BUB1B.
CDC20 1 DLGA PS5 #3235 7K -5 [ I8 43 26 R it



P A

KT T

BT AR BT R A AN 88 TR B 2

543

® Cases with alteration(s) in query gene(s)
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Fig.3 Analyses of DFS (A) and OS (B) in patients with HCC of hub genes
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Legend Legend
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Fig4 Associations between BUB1B, CDC20 and DLGAPS expression and tumor grade (A, C and E), and between their

expression and vascular invasion (B, D and F) from the Wurmbach liver dataset
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Fig.5 Expression of CDC20 and DLGAPS in HCC and normal tissues

(A) Immunohistochemistry images from HPA database; (B) Immunohistochemistry images from tissue microarray (x400).
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&2 CDC20 mRNA RiZKFEBELZEFPNRERZMESERETSH
Table 2 Univariate and multivariate analyses of CDC20 mRNA expression and patient OS
Parameter Univariate analysis Multivariate analysis
HR 95% CI P HR 95% CI P
Age 1.005 0.987~1.023 0.591 1.012 0.992~1.033 0.227
Gender 0.780 0.487~1.249 0.301 1.101 0.652~1.859 0.720
Grade 1.017 0.746~1.387 0.914 0.953 0.680~1.337 0.782
Stage 1.865 1.456~2.388 <0.001 1.016 0.392~2.634 0.974
Tumor 1.804 1.434~2.270 <0.001 1.554 0.666~3.627 0.308
Metastasis 3.850 1.207~12.281 0.023 2.383 0.600~9.460 0.217
Node 2.022 0.494~8.276 0.328 1.719 0.248~11.903 0.583
CDC20 1.440 1.251~1.657 <0.001 1.392 1.198~1.619 <0.001
%3 DLGAP5S mRNA RZKFE5REREFRNEREMSEREIEFSH
Table 3 Univariate and multivariate analyses of DLGAPS5 mRNA expression and patient OS
Univariate analysis Multivariate analysis

Parameter HR 95% CI P HR 95% CI P
Age 1.005 0.987~1.023 0.591 1.014 0.994~1.034 0.186
Gender 0.780 0.487~1.249 0.301 1.176 0.689~2.005 0.553
Grade 1.017 0.746~1.387 0914 0.993 0.707~1.395 0.968
Stage 1.865 1.456~2.388 <0.001 1.004 1.395~2.659 0.993
Tumor 1.804 1.434~2.270 <0.001 1.544 0.645~3.697 0.330
Metastasis 3.850 1.207~12.281 0.023 2.402 0.601~9.594 0.215
Node 2.022 0.494~8.276 0.328 1.686 0.256~11.087 0.587
DLGA P5 1.438 1.244~1.663 <0.001 1.375 1.175~1.609 <0.001
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Fig.6 The relationship between methylation site and methylation level of CDC20

ACFFE A FUKCE Rk, 5 HCC 2% E TR
ﬁa‘é A DL3E 3 2 Rk AR AR i R i R A R R
SR TG R TS, A HCC B2 F LR
%‘%ﬂ/ﬁf?ﬂ THTEIEYE . Zhang SOFIE R,
CDC20 TERTF G T I E R IR F IR TR AR
Cheng FWF 5T 2B, CDC20 5 e 5 45 1 R AH
O, FIAE A I dgg v AE BTGB YT A5, AT AT Ll i
Tt SRS o 0 00 A A ) e %) 2 R B e RS

. BUBIB E YRR S H B2 5 4l
A 25y 240 IE R, JE A SER ST 4E
BUBIB £ 7TE HCC B kil It H 5 Mg i
LR HEFE =284 ¢, FTLIER HCC %i%?ﬁf:l?l‘]
I FRREY) . AN, BUBLB TEVFE SR NI
Jieeg Rk L, SR T BB AR 2B A G 'Mlo
{HJE, WA RIE, BUBIB KA T RE 545
Wi () R AR RS A K, DLGAPS (disks large—



546 Ao B B % 2022 4F
. o R=-033, P=53E-11 e o« R=—036, P<1.9E-12
6 6 6
% 4 d& 4 %’_ 4
3 g £
o o c
IS I3 IS
= ) P
) 2 Q <
0 0 0
0.10 015 020 025 0.25 0.50 0.75 0.25 0.50 0.75
CDC20 methylation ¢g06373377 methylation ¢g05525368 methylation
(A)
¢g06373377 = High -~ Low ¢g06373377 ~ High ~ Low ¢g05525368~ High + Low
1.00 _ 1.00 _ 1.00+
el <
B 2
=075 20.75 20,751
g ¢ g
= <
7 050 T 0.50- ¥ 0.50
= £ £
S 0.251 £0.251 £ 0.251
P=0.019 z P=0.019 2 P=0.023
=9 =%}
0+ 0 0
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
01 23456738910 0123454678910 0123454678910
tl/years tlyears tlyears
B)

B7 CDC20 ERHENSRIZKFANEBEEFTEBHXER
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