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Abstract Our study is based on the GEO database, the hepatocellular carcinoma chip profile GSE121248
induced by chronic hepatitis B was selected as the study subject. The differential expressed genes were screened by
using GEO2R tools. GO analysis and KEGG pathway analysis were performed for differential expressed genes by
using DAVID. Then, PPI network was constructed to picked out hub genes. Finally, the expression of hub genes
and the patient survival were verified by the GEPIA and Kaplan Meier Plotter analysis tools. Through the above
method, a total of 309 DEGs were screened, consisting of 94 up-regulated genes and 215 down-regulated genes.
Functional analysis of DEGs showed that up-regulated DEGs are mainly involved in the cell cycle and oocyte
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meiosis pathways, down-regulated DEGs are enriched in the complement and coagulation cascades, metabolic

pathways, and caffeine metabolic pathways. Moreover, fifiteen hub genes with high correlation were screened,
including BUB1, BUBIB , BIRC5, CCNB1, CCNB2, CDC20, CDK1, KIF20A, MAD2L1, NCAPG, ZWINT,
PBK, DTL , TTK and NUSAPI1. They were found to be associated with the overall survival in patients with HCC

and constructed a miRNA regulatory network. Bioinformatics can effectively analyze the DEGs associated with

the occurrence and development of HCC. The identification of the 15 Hub genes can provide theoretical guidance

for further research on the molecular mechanism and molecular marker screening of HCC.

Keywords

JiF 4t B % (hepatocellular carcinoma, HCC)AET- %
Je S5 DY, P A T N SR AR A {5 (Segal et al.,
2018). HEAEA K, - Aom 2 AL E 55 Y, B
TR JE S T (FVATREE, 2019).  F it & A (alpha-feto-
protein, AFP) {F A4t 5 B ai N H & A 2 1 E
KAREY), ABFHAF IR SRR BRI
(Mohammed and Roberts, 2017). FAh bR S, 1
n F iR 5 H 7 AR (fucosylated fraction of AFP, AFP-
L3) F1 57 5 4 Ifi. % (des-gamma-carboxy prothrombin,
DCP) W #fikiE /e HCC Wi BA — e 1 & R 1%
(Han, 2012). Kk, 1 fift -9 160 R I AL, -4 58 s
ROBUR B S W AR &) BB TR B s e e B BT
AVMEEHAR CEKE, @kE2 KR TR #
I AEAE B AT I D7 SR ISR AR I R R AR R R T K
PR EBAE F 15 BOd s, AN B2 s Jae e A s L
NI (Tinker et al., 2006). A 7281 GEO (Gene
Expression Omnibus) £# 2 3 T i 20 2R 96 5% 41
SR R H IR AR 2 R R, FIHZ A
5 BT T VRN R A e ) A% O i R R AT 128 %
M, DAHEE 3k — 20 () 3 AR H A0 PR e R A R R AL
il IF o H AR — 8 B B B Al

1ER551Hh

1.1 ZRRZEFIFIE

FIH GEO2R 4 Bt - 40 i e K e 55 FEAS Ji5 , SR
i H 309 /N DEGs, H A 7E i 4 b Rk EIFRA
94 A, FIAMA 215 MK 1),

1.2 DEGs GO 1 KEGG &R 9%

FATAE H DAVID 43 1 1 2% 5 B2 K ) GO Al
KEGG pathway &4 . GO EE S HTERM: LMK
DEGs & & £ THIM 3 H 20 R H K 5
PACRE T 20 0 S SR 4 25 AR i FE, S 5 a0 % L 4n
JRLJE « HP TR AR I 45 (1) Y B A 22 R S R oy o b
V¥ DEGsH RTE4 T Ihae b KR 2 5 HE(E 2).

Hepatocellular carcinoma, Differential expressed genes, Bioinformatics

T DEGs W AR ALIE R 18 L Sl 72 L = Ak A
SN AR L AMR RS A KA R AR A
LR PASO A2 FEYIL TR, 2 5 M oA JEAh X 4
A B S AL Ry, 70 T Eh e B TRk T
i MR S5 A 2B IR Y Ik A AL IE R

o
@
®e
° o © °
8 [ ]
& 20 .
B ® e
= o Signifi
5 < gnificant
2 ), o
£, -
L ]
8’ Unsig
- L
© 101 .‘., ¢
s A .
oo
KA
'
-5.0 -25 0.0 25 50
Log2 fold change

B 1 P 22 e R IR R R 3 A
Figure 1 Differential expressed genes analysis of HCC

condensed chromosome kinetochore ]

Count
_ ® 10
nucleus @] ®
spindle ° ®
([ ] @ «

[} neglLog10_PValue

° I 125
100

[

5

7.
mitotic spindle assembly checkpoint .
H 50
mitotic cell cycle checkpoint

chromosome segregation

regulation of cell cycle .

BP cc

P 2 55 AR R b 22 S A DR ) B R A 18 2 A
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Tablel KEGG pathway analysis of Top 6 modules
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Figure 6 Protein-protein interaction network of top 15 hub genes

MAD2L1). #ZAZ YA MK E H 1 (nucleolar and
spindle associated proteinl, NUSAP1).Zw10 %5 &
F (zeste white 10 interactor, ZWINT).BUB1 f 2 7
A 2 AR | 7 ZE IR (BUBI mitotic check-
point serine/threonine kinase, BUB1).TTK %5 [ ¥4 i

(TTK protein kinase, TTK)-BUB1 22 73 446 5 5 22
IR / 7 F IR PEE B (BUB1 mitotic checkpoint ser-
ine/threonine kinase B, BUBIB).PDZ 45 & ¥4 fif
(PDZ-binding kinase, PBK). L Ik E3 12 % & 1% 4%
fi#(denticleless E3 ubiquitin protein ligase, DTL), £ i
FE AL, 30X 15 A %0 5 R 35 3R 1A 1 151 (p <0.01) (K]
7). B )5, FATTFIH Kaplan Meier Plotter /4 43X 15
MR G A AF L A T e R EIR, 15 MO
R FRIE S EE WA RS BA M. £
B @ ICRE A LRI, B sk A A 5 A
EZE S, o NIRRT m Rk A, HRAS
(A 8). e EFATHIA MiRDB £ 4 & fitill 1
AIREIEIX 15 MZ LR miRNA, FJH Cytose-
cape F H T MAL(E 9). 1% miRNA 42 W 2% 298 1
26 A~ miRNA, Jf H hsa-miR-802 [F] ] 4% PBK Fl
CDK1 WML OHER . F-ATTFF GEPIA $3 43
T PBK 5 CDKI 7EAF#ZH 23 R AH OG bk, 45 R oR
PIE R PR R (B 10).



BTG B2 00 BT AT A Lo 2 K] 4 75 328 2 B 5

o - ey w - - — = R ey
£ G h e T © .r—
- F .
B : £ i
- - i 4 o 3
“° - = © - A =+
¥ : o P
¥ : i
X b - i
S z o
K 3
- 3
" - o
~ o~
he » oy
~ A {-E . .
il - o~ 2 3 g
-+ % - 31‘ B
.
_ o ° - == = o) =
T T T
LIHC LIHC L
(num(T)=369; num(N)=50) (num(T)=369; num(N)=50) (num(T)=369; num(N)=50)
BUBIB CCNB CCNB2
© - R —= —* =
i L S 5 w —— o .
£ T 3 5
S 2] s 5 :
b 7 = i
o=} - ] 4 B 7
¥ N o N i3 * B
: = ) 3
4] i i 4
- - o - % @ & o
-
o~ - ~
~ - -
-~ o =
b & s . : ’
& : - S - A . £ =
3 < —_— 3 " #
o 4 o o =2 o 4 5N - e
T - T
LIHC LHC LIHC LIH
(num(T)=369; num(N)=50) (num(T)=369; num(N)=50) (num(T)=369; num(N)=50) (num(T)=369; num(N)=50)
CDC2! DTL KIF20A MAD2L1
. ~ o ] ~ - e
s e 5 | 4 o
=39 S w - 2 2!
Ee © - 5 © B
v : : k)
. i B
] % L ' % ™ <F w 3
-5 s s
3 =
o - - oy £ ¥ 9 -
& @ €
© - - -
~ - ~ - -
~ - - ~
- - £ A
3 > ¢ - =
- § >
- ] & =mm e == 2
T T
LIHC LIHC LIHC LIHC
(num(T)=369; num(N)=50) (num(T)=369; num(N)=50) (num(T)=369; num(N)=50) (num(T)=369; num(N)=50)
NCAPG PBK TTK ZWINT

Bl 7 A2 S0 55 1 21 15 MO BRI R IETRIE(* p<0.01)

Figure 7 Expression levels of 10 hub genes in Tumor (T) and normal tissues (N) of hepatocellular carcinoma (* p<0.01)
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W AR OG, T LRk IE CDK1 /i 51 PBK 7 22
o3 2 R AL FI ) 1 A 3L e 4 PR ) B0 v
(Stauffer et al., 2017), iX$27~x PBK/CDK1 4l 7] g N
JHHJes A F i R R R B EA YT . FF HLd i SClk )
P FATT R A 0 B DR 2 ) A7 A2 AH AR A, (H
AH LR (RO DA B3 e e A G 85 A [a] ) AH B 1A
P R (1) A2 R e v e 38 A AT 75 e — 2B 1)
RIRIRE .

3BT
3.1 HEIREX

AH 55 M GEO (Gene Expression Omnibus, http:
//www.ncbi.nlm.gov/geo/) ##E i e A A B KT
100 H. H1 12 1t 2 B i 28 175 5 1 40 B s 1) e A1 20 5
9 55 HYUH X IR B0 . AT 40T GSE121248 4%
FEEE(Wang et al., 2007). ZEIHEE T 107 MEAR,
F IR ZUEA 70 A, S5 DR 37 A

3.2 DEGs #(#E4b 12

GEO2R (http://www.ncbi.nlm.gov/geo/geo2r/) +&
— A H AW U) R I AE L T H . € f# H Biocon-
ductor Tl H 71 ff] GEOquery A1 limma R % {4 £ X ff
FKF R A BB L BEAT B, RV LA
PIANERZE AN EE SR, T 3RS 22 57t ik B ] (Differ-
entially expressed genes, DEGs). AHff 50F|H GEO2R
I3 I A SO S5 AR AR, L adjust P<0.05,|log FC|
= 1.5 AbrifE, 45 2 W5 A1) (1) 22 7 I8 FE [

3.3 DEGs ##E8) GO 5 #7#1 KEGG ##7

DAVID (the Database for Annotation, Visualiza-
tion and Integrated Discovery, http://david.ncifcrf,gov/)
AR R L R M iR B R i85 5 AR Y2 DhREAS
B AE L S S A WS B AR E (Menyhart et al.,
2018). FEAHF T A1, %FF DEGs, iliid DAVID # ¥z J#
BT T R KA KR (Gene Ontology, GO)73#T, 3K
BT EAYERE (Biological Process, BP). 4 4L ik
(Cellular Component, CC). 7)1 I/ ¢ (Molecular Func-
tion, MF) =75 [l DEGs & S H)45 R, JRBEAT 1 504D
FE DR AL R 40 B4 5 (Kyoto Encyclopedia of Genes
and Genomes, KEGG){5 51 I# & 4 53 #1315 21 18 %
EHAEMSE., 25U p<0.05 H FDR<0.05 N HA G it



3.4 PPI M &M EFNELR 347

STRING (Search Tool for the Retrieval of Interact
ing Genes, http://string-db.org/) J&— M4 2 & 1 i AH
H AR TE 28 304 % (Szklarczyk et al., 2019). #f
DEGs ‘# A\ STRING Ji= 153 2| 85 FAH TLAE FH i P 265 25
¥, FFiE L Cytosecape 5 H M4k o FF Fl H F
MCODE ##if4, ¥ degree cutoff 4 2, node score cutoff
N 0.2, k-core SN 2, max.depth > 100 1E Ak Bibr i,
ik th PPIALER, JELAZRE W40 A 4 VR N BUThR 1,
FIH DAVID % i Hi (¥) PP A5 HLiE4T KEGG 4747

3.5 D B E R iR F1 I8 IE

I8 1L R H Cytosecape (Shannon et al., 2003) %K £
H1[1) cytoHubba i fF, 1 MCC HiE3R15 T 28B4 0F
538 e, BIAE PP 2% i 452 2 e AT 15 A2
{E A% 02K . GEPIA (Gene Expression Profiling In
teractive Analysis, http://gepia.cancerpku.cn/) 7& & T
TCGA s A e 1) e FE nT AL 4 A T H (Tang et
al., 2017) AHF 7T, JATHIH GEPIA FEL 7 BT At
3BT A% O JEE DR FE T 4H 23RN TE 5 2H 2R b 1) R IA 5100
DA K AE R 4 2R E’Jfﬁ?@ﬁﬁﬁno

3.6 ZOEENEES

Kaplan Meier Plotter (http://kmplot.com/analysis/)
AR AT L E(Nagy et al., 2018). ‘EF
T 54675 ML 10 461 M AEAEAKE, ALK
Pa AR B FARFAE SO A S 75 R DR 3R A ) LR
T8 R S I < O S8 A0 AH 5 ) mRNA A1 miR-
NA HEAT A7 0T o ASHIE T DUAZ 0 R ) R TA 15 LA
fHeE B35 4 N4, FIH Kaplan Meier Plotter 2]
1% 0 2 [ 1) Kaplan-Meiter 2E 77 43 #7 il 28 >k X bbIX
PRALREE, AT 23 AT 4200 25 DR 3R A0 T s S8 3 1)
TG . 25 B p<0.05 A Giit s X

3.7 EZOEE R miRNA F#E M %

miRDB (http://mirdb.org) /& — 1~ Fil T~ miRNA #E

B FI0I (1) 7 28 2504 (Liu and Wang, 2019) . = fT A 42

Fr¥id it 2B (E B2 T MirTarget F0, AT DA T

AN KB /N B A RIS AN P ) miRNA FE

Fro AHEIEH DIAE P9 =T 80 i Hihs i, Tt
T AT RE R4 A% O HE ) miRNA $EF7 .

1E& ok
RGBS R SC IR 23 A A S AR Y R

AR ; U3 58 A8 ST B DL R 18 S A& O/ e A
HIRFEES 5 58 T REA S IS AR 4 T4
Nur Fazleen Binti Idris I E EHEZ5 T XHIEE

MBS, AR AR B RS R A SO
Brist

AW A PR TR AR 2 5 AT BRI 5L

(CSTCZOISchJAIOOO6) E X H AR ST FRE

& (81501751) A EE PR 7 1 & 5 Bl A A 4
(Xm2014006)§¥ﬁ‘“ﬁﬁj30
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