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Identification of key genes in cervical cancer progression by integrated bioinformatics analysis

LIU Yu-lin,ZANG Yu—qin, WANG Ying-mei, XUE Feng—xia

(Department of Gynecology and Obstetrics, The General Hospital, Tianjin Medical University;Tianjin Key Laboratory of Female
Reproductive Health and Eugenics, Tianjin 300052, China )

Abstract Objective: To identify the key genes in cervical cancer progression by integrated bioinformatics analysis to search for potential
biomarkers and therapeutic targets. Methods: The mRNA and miRNA microarray datasets related to the progression of cervical cancer were
searched on the GEO (the Gene Expression Omnibus) database and differentially expressed gene(DEG ) and differentially expressed—

miRNA (DEM) were analyzed by GEO2R. Then, the functional enrichment analyses, protein—protein interaction(PPI) network and miR—-
NA-target regulatory network construction were conducted. Results:Totally, 250 DEGs and 166 DEMs in the progression of cervical
cancer were screened out,and a PPI network composed of 123 nodes and 283 edges and a miRNA —target regulatory network composed of
66 nodes and 137 edges were constructed. Based on a series of analyses, the genes ATAD2, SMC4 and POLQ were not only identified as
the overexpressed DEGs, but also the coding genes of hub proteins in the PPI network and regulated by the DEMs, miR-20A ,miR-20B,

miR-106B and miR—17-5P in the miRNA—target gene regulatory network. Conclusion: ATAD2, SMC4 and POLQ genes may play impor—
tant roles in the progression of cervical cancer.

Key words cervical cancer; bioinformatics analysis;differentially expressed gene; differentially expressed miRNA; protein —protein

interaction network; miRNA—target regulatory network
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1.1 EAESHHENEE E GEO (the Gene
Expression  Omnibus, http://www.ncbi.nlm.nih.gov/
geo/ ) HAIE P rH G 2R B U JRAR G R DR8N A
i, WU T KCHE SE GSE63514 I GSES6100,
GSE63514 j&F£F Affymetrix Human Genome U133
Plus 2.0 Array *F- 5/ mRNA ik Bdide, 1 24
MEFE SR EIRA 76 A CIN 54 (14 4~ CINI
PRAS 22 4> CIN2 R 40 /> CIN3 54 ) Al 28 4>
CSC PRAS 9 mRNA 2 JAfFE . GSE86100 f&XE T
Agilent 046064 Unrestricted Human miRNA V19.0
Microarray “F- {5 F) miRNA FRIA 8P4, 1075 6 ME
HPV JEGL Y IR BB ZUREA R 6 D mifa 2 HPV
SR ) B BUR SR miRNA RIA1E A,

1.2 %:%M(differentiaﬂy expressed gene,DEG)
o 2 JF A GA miRNA (differentially expressed miRNA,
DEM) #5ik @i GEO KUk )& v i 4 # B 14
GEO2R (https://www.ncbi.nlm.nih.gov/geo/geo2r/ ) , X}
Widlitk GSE63514 FRIYIEHR H 31 LK ARA S CIN A7
ARELE CIN BRAR CSC ARARZ ] B RE N ek 22 570t
TTHE, UL | Log FC | = 1(RI2Z2 3580 FEET 2 £%)
JHt, P<0.05 MR 22 5 A Geit 2 i 3L, i et A 21
] HAT ek 22 S O BE P R e PR 25 R 11 3R
PN R R i B vl N 5 B SN B S S = s
TEH A RIS X — i B P 1 DEG; %t
it GSES6100 H 1L H AR A 5 B SR A
Z I miRNA FEAZEHEA AR, [ARELL | Log FC |
=1 M1 P<0.05 A5, 153 2B 808 AL AR Y DEM,
Wa )5, A Morpheus F 3k (https:/software.broadinsti—
tute. org/morpheus/ ) fif{ i1} 5K 25 5 F Ik A AR, LUfiE
SN B R HAE A ARAS t 2R T B

1.3 DEG #y#) it 368 K47 il DAVID %
i 7% (The Database for Annotation, Visualization and

Integrated Discovery, http://david.abce.nciferf.gov/) , X
e A3 2] 19 DEG #4177 GO(Gene Ontology , http://
geneontology.org/ ) IIREE H /3T A1 KEGG(Kyoto Ency—
clopedia of Genes and Genomes, http://www.genome.
jp/ )BT, NI ARIX L b DEG ¥ K il 2%
He W) 27 15k F2 (biological processes, BP) | 43 F 3 fig
(molecular functions, MF) #1200 7€ 7 (cellular com—
ponents, CC ) LA L5510 i 5 T 195 & - P<0.05 k2%
A FE X

1.4 &8 i-%& 4 R4 Z4E A (protein—protein inter—
action, PPL) P % #) 32 F= S 1 % 547 FI ] STRING
10.0(Search Tool for the Retrieval of Interacting Genes,
http : //string—db.org/ ) 3} f% DEG 4% 25 H 2 0] (1 .
AVERCR B BA55>0.4 13 & M BIE , 2/ Cytosca
pe 3.5.0Chttp://www.cytoscape.org/ A EEH PPI [ 4%
IR IE X B & F A B AR B AR T, JF ) Net
work Analyzer T_HX} PPI W84 T1E—250#7 . B,
i FH3E {4 MCODE(Molecular Complex Detection,http://
apps.cytoscape.org/apps/mcode ) FEA TV X 24 43 #7 , If:
XoF MV ) 2% v i e 1) A PR AT i — 2D ) Tl BE A B R
. P<O.05 NZESAGIHE L.

1.5 miRNA-$ek R M ey M SEad i HI7e
2k T.H WebGestalt( http://www.webgestalt.org VR —
AR EN DEG #H1T miRNA-#EIE K 5347, I
FH Cytoscape FJ#EH miRNA - JE PRl 42 ) 45

2 HR
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[r] B SRR L AL AR SORE H S AW e i
JEVE R R T DEG, HAT 100 SEE A 12k B4 ]
1B 1C, S THUE4E GSE86100, Mtk i 166 4>
DEM, 45 74 4~ % DEM F1 92 4~ F ) DEM,
HLRiT 50 AN Y FGRIRE AL 1D,

22 GO A= KEGG #hfiefe il 365 T K 1JE
/R~ TEEXE DEG AT GO Rl KEGG 4047 14 2225
Fo WERPFTLIR S, B St ik e 2 b DEG 3242
& T “monocarboxylic acid transport( FIRIRIZ )7
“lipoxygenase pathway ( I§ & & B# i 12 )" | “oocyte
maturation ( B £} 40 Jfg i 24 ) 7 | “ oxidation - reduction
process ( EALIA TR ) F1 “mitotic nuclear division



10 REERKESZR

528 4%

(B 22573485754 )" S5 W 2fad 72 5 “single—stranded
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“ATPase activity (ATP [ i ¥4 )7 55 73§ T RE 5 LA I

“Arachidonic acid metabolism ({4 PUMSFRICIE )" .
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signaling pathway (#{LH F15 538 )" . “Proteogly—
cans in cancer( JJf IR o ) &5 H B AE )7 AT “Mismatch

repair(FEACIE S ) 74558 1
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B IR 2N B
1 DEG 1 DEM

Fig1 Identification of DEG and DEM

#1 EFUEHRIEX DEG 8 GO 1 KEGG EES 4R
Tab 1 Results of GO and KEGG analyses of the DEG associated with the progression of cervical cancer

IES ! L P

GOTERM_BP_FAT G0:0015718~monocarboxylic acid transport 3 6.32E-03
GOTERM_BP_FAT (G0:0019372~lipoxygenase pathway 3 1.07E-02
GOTERM_BP_FAT G0:0001556~00cyte maturation 3 2.01E-02
GOTERM_BP_FAT G0:0055114~oxidation-reduction process 14 3.11E-02
GOTERM_BP_FAT G0:0007067~mitotic nuclear division 8 3.39E-02
GOTERM_MF_FAT G0:0043142~single-stranded DNA-dependent ATPase activity 4 1.85E-04
GOTERM_MF_FAT G0:0008028~monocarboxylic acid transmembrane transporter activity 3 1.00E-02
GOTERM_MF_FAT G0:0016702 ~oxidoreductase activity, acting on single donors with incorporation of 3 1.16E-02

molecular oxygen, incorporation of two atoms of oxygen

GOTERM_MF_FAT (G0:0042803~protein homodimerization activity 17 1.34E-02
GOTERM_MF_FAT G0:0016887~ATPase activity 7 2.20E-02
GOTERM_CC_FAT G0:0070062~extracellular exosome 57 5.60E-05
GOTERM_CC_FAT G0:0005637~nuclear inner membrane 5 1.71E-03
GOTERM_CC_FAT G0:0005576~extracellular region 31 9.95E-03
GOTERM_CC_FAT G0:0005615~extracellular space 25 3.25E-02
GOTERM_CC_FAT (G0:0005578~proteinaceous extracellular matrix 8 4.26E-02
KEGG_PATHWAY hsa00590: Arachidonic acid metabolism 6 5.29E-04
KEGG_PATHWAY hsa04726: Serotonergic synapse 7 1.35E-03
KEGG_PATHWAY hsa04062: Chemokine signaling pathway 7 1.65E-02
KEGG_PATHWAY hsa05205: Proteoglycans in cancer 7 2.27E-02
KEGG_PATHWAY hsa03430: Mismatch repair 3 2.62E-02

TE: GO SEFAMG KEGG : sU#BIER AL R A [ R} 42 45; DEG: 22 Sk JE A
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2.3 PPl M&Fe &M M E At WK 2 FiR,
PPI %% 123 N5 5 (node ) F 283 T HAHVEH (edge)
P, oA 123 N5 5445 67 4~ LIRS DEG 156 4~
TR DEG 4 fith 1) 8 5 2% vh 5 HAl R AR
2 BRI 15 DX A i LR 30k : RFC4
SMC4 . STAT1 . KNTC1 . ATAD2 . FBXO5 . TRIP13 |
ESR1.CD44 .CENPN ,ANLN .CDK2 .ECT2 .KIF14 I
POLQ(Z 2), 454 DEG Y GO Fll KEGG & 50T,
AT R DL AR 3L R 2 5 1) & SR D) g 5 I 1
0L T A2 5U0% 0 %A FBXO5 . KNTCI
CDK2 . ANLN #1 CENPN, & % T “ ¥u4% DNA 1 #i

f) ATP B35 ME” 194 RFC4 Fl POLQ, & £ T “ATP
WM B9 KIF14 A1 ATAD2, & 45 T filid v i 2
FERBE 194 CD44 1 ESRL, BT “EARE R
ATETE 97 ECT2 F1 STATI, & 4 T URRE 40 i it
R TRIP13 FI FBXOS, &4 T “$SEE E A
RFC4, 545 T bR 15 Z38 " 194 STATL, [
3A.3C 3K R 12 M PPL 2% B B i 4543 K T
4 1 3 MM, WA S, B ESR1 AT AR LIAR, 3
ANE R 4 o HA i Y DEG 28 %65k il . K
3B.3D 3F JE/R A/ B M 4 R K DEG B GO
I KEGG 73 Hr 45 R (L /R 3 7))

Frsbs. oy
(o)
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-
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T 2L B AR B IRAED i (B R U T IR AR (o0 P o) 2k B AR S 1 A TEAR ELAE T

2 PPIM%
Fig2 PPI network
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Tab 2 The hub genes in the PPI network

2.4 miRNA-#$23k F A3 W% miRNA -8 3 K] )8
PRI 4 Fros, B 66 T A R, A4S 30

R R R E - o N
RFC4 replication factor C subunit 4 19 I~ DEG %n 36 1" miRNA, "‘J_:T» [H] ;t‘ﬁ 1377 *HE
SMC4 structural maintenance of chromosomes 4 18 /ﬁ':‘ H:J 5
STATI signal transducer and activator of transcription 1 17 TRTAT L ¥ N e
. . HIERT L, M2 B R 2800 DEG 3Rk
KNTC1 kinetochore associated 1 17
- SN
ATAD2 ATPase family, AAA domain containing 2 16 Lﬂ%‘ ) ngjﬁﬂ‘j‘j PPI Mé% qj E"J*Béﬂ% 5 Mé% I:Pé/(]
FBX05  F-box protein 5 16 =2 — 0 miRNA 28 1 #8545 5 dh 0 2 8 1
TRIP1 hyroid h ce interactor 1 1 S .
RIP13  thyroid hormone receptor interactor 13 5 DEM, HE*B:ZB.%@E%@]E%% oﬁﬂﬂﬂ ,miR—20A .
ESR1 estrogen receptor 1 14 . ] . .
CD44 CD44 molecule (Indian blood group) 13 miR-20B.miR~106C I miR~17-5P ¥ DEM, ifij
CENPN  centromere protein N 13 E‘ﬁg ﬁE{ [ﬂ iEH’}E PPI m é% EF‘ E’\Jﬂz%ﬂ_% ATAD?2 ( AT-
ANIN anillin actin binding protein 13 Pase family,AAA domain containing 2,ATP il % i A
CDK2 cyclin dependent kinase 2 12 .
ECT2 epithelial cell transforming 2 12 F2).SMC4 (structural maintenance of chromosomes
KIF14 kinesin family member 14 12 4, %@E‘iéé{*@ éﬁf ?%% IJ—_I 4) ﬂl POLQ (DNA pOly—
POLQ DNA polymerase theta 12 merase theta, DNA %%E 0 ) .
(A) (B)
Category Term P-Value  Genes
GOTERM_BP_FAT GO0:0022402~cell cycle process ~ 1.49E-04  CENPN, NUF2, FBXO05, ECT2,
TRIP13
GOTERM_BP_FAT GO:0007049~cell cycle 4.41E-04 CENPN, NUF2, FBXO5, ECT2,
TRIP13
GOTERM_BP_FAT G0:0000280~nuclear division 5.62E-04  CENPN, NUF2, FBXOS, TRIP13
(©) (D)
Category Term P-Value  Genes
GOTERM_BP_FAT  GO:0016032~viral process 4.38E-04  IFIT3, RSAD2, STAT1, GBPI1
GOTERM_BP_FAT  GO:0044764~multi-organism 4.48E-04  IFIT3, RSAD2, STAT1, GBP1
cellular process
GOTERM_BP_FAT  GO:0044419~interspecies 5.39E-04  IFIT3, RSAD2, STAT1, GBP1
interaction between organisms
KEGG_PATHWAY  pon05164:Influenza A 2.52E-02 RSAD2, STAT1
(E) (F)
Category Term P-Value  Genes
GOTERM_BP_FAT  G0:0010033~response to organic 9.68E-04 AR, CXCR4, ESRI,
substance CXCLI11, TIMP1, SPP1
GOTERM_BP_FAT  G0:0033993~response to lipid 1.41E-03 AR, ESRI, CXCLI11, SPP1
GOTERM_BP_FAT  GO:2000241~regulation of 2.06E-03 AR, CDK2, TIMP1
reproductive process
KEGG PATHWAY  ssc05200:Pathways in cancer 7.53E-03 AR, CXCR4, GNG2,
CDK2
KEGG_PATHWAY  ssc04062:Chemokine signaling 1.53E-02  CXCR4, GNG2, CXCLI11

KEGG_PATHWAY

pathway
ssc04151:PI3K-Akt signaling pathway ~ 4.99E-02

GNG2, CDK2, SPP1

TE:AC B 200 R AU AR, R R ARER T IR A 6] el T2 BeA R e 2 (RN AE ELABAE T s B LD (F < PPL I W 2% A 1 B (R 7 GO
M KEGG 544301 GO FEFAMA KEGG : ST EE R AL R AL 5 R4
3 PPITEM%R GO #1 KEGG E&E L #T
Fig 3 Significant modules of the PPI network and GO and KEGG enrichment analyses
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Fig4 miRNA-target regulatory network
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B B S A R T [E SR DL ARG R
B T B M DRV RE T 0 8 R i R, L
A5k CIN, f5 5 WL TR CSCo ol T 4% B St
JEE B 0TI LA 075 358 V8 A B - hs i W SR T
B L TR 4E GSE63514 1 GSE86100, X 1F 4
B A CIN FEAR RIS S FEA R4 T T A
FRAT . TEAMET S e SR A A
AR 118 4~ 1 DEG A1 132 4~ F I DEG DL K&
74 4~ 11 DEM #1192 4~ T DEM, Jf# i A=915
SR AT B J7 s R AT T TR RN I B A
BT B PPI 28 F1NE X 4% LA B2 miRIN A 36 PR 8 42 )
L5 AR RN A BT, DI A — 2 1 LR T REAE B SR
R DGV E ) DEG #il DEM,

AHIFFE K I miRIN A — 35 PR 422 Do 24 v )3 3
miRNA S AKFFE G e A5 2] (1) DEM, #8433 [k PPI
I 28 R AR B 1 B A S R B (E AR /2 DEM
miR-20A .miR-20B .miR-106B il miR-17-5P, L) &
EATHLFEPEEE R ATAD2 POLQ F1 SMC4, DL | 3 4
DEG AN PPT W25 (g HX 21 JE P RIES 1 /4 31 k)
L8 BRI BT A, T L =B I = (R YA A EARAE
H.o HIt, 3 miR-20A .miR-20B .miR -106B I
miR-17-5P JE#E [ FEH ATAD2 .SMC4 F1 POLQ #
A AT RETE B S 1 R v A4 e EEERIVE

ATAD2 ZRi Y8 1 ATP B M 2, fE
TISE R A g, B A s s oAb R T, 7E

N YR 3 ATAD2 Y3 B 36k, 11
8 O s iR 4 Mg | B8 Stk an i | o0 S8 FLIR
i B LA RS H A T H ATAD2 R HIABEIA
Shy 2 R 1) BB IR Bl | A S R Y R R
YT PRI 7 O B S AR o UE S
b A BT S PUE Y . 5 H AT 45
AW AE T4 % e U8 circRNA—-miRNA-mRNA
25 BRI P, ATAD2 B XL RE N 5 7 41,
LR IR GORN 3BT S MRS SEBGUESE , ATAD2 B 742
HEE S AN AE TR MR 28 Hh A A R,

SMC4 2t Y o i 25 M A FE B 1 4 LA
ZGE RS 5 Y AR 4E R B 2 S
K3 WF5E & B, SMC4 25 11 HAT 2243 340% Sebe
WERR AL T ARE M 4 R AE Y A L 1 gl A8,
H5 ATAD2 #i{l,SMC4 #E H W& A ATPase 4544
B, IS W] A MR SE T, G SMC4 FEFLIR
S BRI L g A 8 g e
e TP RIR M HGE A R £ B2 4 R 1k i JoHAE
B S0 A A HGE . A1 SMC4 £ B g
(AP —BIFFE S SMC4 B [ AT LA G o8 3 3 PR 4 ]
¥ H CTCF(CCCTC-binding factor, CCCTC 545 A
), JEHRE A AR RNA JER B 50, (HA7E
HAth 21 B8 E T , SMC4 T e B e b8 18 %
FJ S ke 2 SCEAE L, B, Rk SMC4 B S 3T
HI| IR IEE 40 L 2 DU145 Fil LNCaP-AR (3T # Fl{E 28
WA,
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POLQ /ZFE 1)t DNA A0 0 (Wi SEH 4
ATAD2 F1 SMC4 —FE ,DNA B4 0t H AT AT-
Pase {4 . HAEH EZAE T R2 M DNA 2 il FEE
FH 25 R 2R (A8 A e P VDTG AL Cas9 Y0 1R ) 5 1 Ak
() DNA XU 240, Jaaf o4 , POLQ 7E AL H5FLAR
i KW W 7E N Z AR e R8BI IR S
BEIA RIS, 78 25 R, POLQ it
B P9 N ZJ 72 4 28 X 0 S5 242 R JH Al XS0 T 24 5]
Uk, B POLQ WA nl Re W AR TR i AE 1Y 24
PrHAs . SRITTFE B B0, AR B IR I POLQ
VERETE I g B PR AR H

BEAE, FH miRNA - PR R X 4% i 8 SR ml I
ATAD2 SMC4 Fl POLQ =7 i [A] B 5 miR -20A .
miR—20B .miR-106B #1 miR—17-5P £77E 8¢, i LA
I miRNA X#3Z HPV & [ E6/E7 B, If4E
B B R F R PR AE , miR-20A 5 ' HiE A
LS8 A RS 28 RS RN 2546 OC , W] LA
P IFN—y Fl1 TNF-o #9530 , D55 NK 20X e 35
Jee A0 L) AR FHES L, 5 56 miR-106B [F9E 4%
B, Hod B A AT i e E S S 40 il 22 HeLa Al
SiHa (YiEF512, miR—-17-5P tLPHGE Rl L) 15 5 25
S AT AL RLR

2% b R ,ATAD2 SMC4 Fil POLQ #B 2 B A
ATPase {ifPERYFED 5 LR 55 40 M 14 3L R 2 )R
K, HR R A T BUM R (1) A= F0 R R 5 T = E AR
Ry EuE g AR A DEG, BEJE PPT M4 b A
KR A M 21 5L X, S [R] B 52 DEM——miR -20A |
miR—20B .miR-106B Fl1 miR—17-5P (4%, X &1
UGl A I B I IE B S R - CIN-5 S
bt AR i 22 SRR RN o, FF I — R
ZEG T A3 Y, miR—20A .miR —20B .miR —106B #l
miR—17-5P £ [A] 5 4% T 1) 5 K] ATAD2 . SMC4 #11
POLQ, 78 U 1 & E Rk R R RE B #54 2 ¢
FEEMER, IFA T RE I E S SR RIG IR F iRk
KRS o (B T AR A T D H 2 miRNA
FEAS AR /0N, BT DA AT g HAT — 2 i R PR, HL
BB FE A AL i T E— 20 Rl R S St 52 ek 512
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