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ABSTRACT Objective: To screen the key genes which contribute to cervical cancer progression, and provide novel potential target
for clinical diagnosis and therapy. Methods: GEO datasets of cervical cancer were obtained from NCBI-GEO database. GEO2R was used
to screen the genes with increased and decreased expression level in cervical cancer tissues. R was used to identify the common genes
between different GEO datasets. DAVID was used to analyze gene ontology and pathway for these genes. STRING was used to analyze
the interaction of proteins which is encoding by these genes. Results: 59 common genes were indentified from 6 GEO datasets, which
contained 50 genes with increased expression level and 9 genes with decreased expression level in cervical cancer tissues. These genes
were found to be involved in cell cycle, DNA replication, cell division processes. Protein - protein interaction reveals the network
between these genes. Conclusion: Bioinformatics analysis can be used to effective screen cancer related genes. These candidate genes in
our data would be helpful in disclosing the molecular mechanism of cervical cancers, and also, helpful for clinical diagnosis and
treatment.
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1 NCBI-GEO ¥}z & (NCBI - Gene Expression Omnibus
database) HHEZR LUE S0 SIS G0 B R SR B A, i
2008 4 ~ 2018 41| & 3R 1Y () RN BRI AT /30T, A3k
BT 6 41338 Bt 4 47 70 : GSE9750 1, GSE74101,
GSE63514 GSE67522, GSE39001!, GSE52903'7
12 7%
12.1 ZRFREEFAFE  FIH GEO2R 447 THX 544
PHAE rh 22 e F R FL AT I 0 (B 30008 vs IE R AE), 25 573k
K R 0 SRR B O R R A AKCE BRI 2 A%
(LogFC >1 8 <-1),Student's T ¥;36 P<0.01, RJ5HIF R 4>
BB XS 6 BRI TR 71T, T 1T 6 B At Y
FRik REL P S ik T A
1.2.2 EFEIhEES#>%  F| A DAVID (The Database for An-
notation, Visualization and Integrated Discovery){E £k #7 T E%f
7 1 4 A 22 S AR SR R A T e BE A 2 7325 (Gene ontology,
GO) #1388 #% 43 #r (KEGG pathway and REACTOME pathway ).,
G M B SR A U FReah AR I T U B B BT M )

fie R A5 S-@ % (P<0.01, FDR <0.05),

123 EAEESH ™ F Y String 7F 28 43 #r (https:
/lstring-db.org/) Xf 22 5 F 5k K AL IR I HE T BLAE T, 43
MrEs St 3 kAR AL R Z R A AR (P < 0.01),

1.3 GitZES A%

SR R Student's t SUBAE: (P <0.01), HILRH
FIRIKV- 22 Tl 2 5 (B LogFC > 1 8% <-1), FEEThRefE
FEAE MR I BE 12 R S5E B 513243 514 A DAVID #4fz
JEEAN String FHE EEH, FHERE BN G4 BT P
H,P<0.01 A M AL L.

2 BR

2.1 BEMEHRRIETRHERD T

1 NCBI-GEO #4516 41 3 35 54 (GSE9750,
GSE7410 .GSE63514 GSE67522 .GSE39001 .GSE52903), 3k £
219 BB S AL 104 {5 I X FREH S 07 1 3 45 41 Al
RIS 2 50 AR (P<0.01, LogfC 2 18 -1),
BAR M EAE BInR 1 IR, SRJETE 6 48 b I 22 5
FEIRHLA 3L 59 A4, o IASER 50 A, FIEFER 9 4
(%2),

= I HIEEEAER
Table 1 Information of GEO datasets

The number of tumor

The number of normal

The number of up-regulated The number of down-regulated

GEO ID
samples samples genes in cervical cancer genes in cervical cancer
GSE9750 33 24 579 1654
GSE7410 40 5 608 1239
GSE63514 28 24 2515 1297
GSE67522 20 22 515 534
GSE39001 43 12 296 268
GSE52903 55 17 366 593
R2ERREERATIR

Table 2 The list of differentially expressed genes

Up-regulated genes

Down-regulated genes

AIM2,BIRC5,BUB1,CCNB2,CDC45,CDK1,CDKN2A, CDKN3,CKS1B,CKS2,CXCL10,
CXCL9,EZH2,FEN1,GINS2,GMNN,HMMR, KIF11,KIF15,KIF20A ,KIF23,KIF2C,
LAMP3,LMNB1,MAD2LI ,MCM3,MCM5 ,MCM6,MMP12,NCAPG,NDC80,NEK2,
NUSAPI,PBK,PCNA,PRCI,RACGAP1,RAD51API,RFC4,RFCS, RNASEH2A, SMC4,
STAT1,STMNI, TIMELESS, TK1, TOP2A, TPX2, TTK, TYMS

ALOX12,CFD,CRNN,CRYAB,EDN3,
ENDOU,MAL,PPPIR3C, SLIT2

22 EFRIFERINEEST

FIH DAVID F3 Ml i e 1) 59 4~25 5 33k 3 N 17 2
RER IS (P <0.01, FDR <0.05), W& 1A ff7R, 22 5 560 &
T 50115754 DNA &G i %o 2454 Y2t #, 24 g
W AN I BT I S R AR S A Sy, RN 25 AL
47 KEGG #il REACTOME 1 i /341, & BH 7 4HH 563 % (]
1B, 3), 2% 5 20 i J51 1) \DNA 53 il 40 i oy 24 55 25 4 2 3E
FRAHSE, FREAANAE DNA 5 il SEF 0 o2 /e e S & A

R R EEEH.
23 ERFREBAEEST

FIFH STRING TEL A3 H TN 59 4> 22 55 3k B R 4t 2
HFATEAEN T SR B (E 2), 7L 59 PR FIA I S
BWEA T, 14 ANEASHMEATHEER, A 45 480
54 2D —FEAEEMEER, Hrh 25 MEaRS5H
i 5 FREE FIAAER BAE T, 8L 25 ASFER 2S5 40 5 A A
DNA & A G5 S . itk 25 S FE 43 518 :MCM6,
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RFC4,MCM3,PCNA ,DC45, MCM5 ,NCAPG, TOP2A , SMC4,
TTK,PRC1,BUBI,CDKI1,NDC80,K1F11,CCNB2,MAD2LI,
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Fig. 1 Function clustering and pathway analysis of differentially expressed genes

RIEFREEENEREESH

Table 3 The significant enriched pathway analysis of differential expressed genes

Pathway

Genes

hsa04110:Cell cycle

hsa03030: DNA replication
R-HSA-176974: Unwinding DNA
R-HSA-176187: Activation of ATR in response to replication stress
R-HSA-983189:Kinases
R-HSA-2514853 : Condensation of Prometaphase Chromosomes

R-HSA-2500257 :Resolution of Sister Chromatid Cohesion

CDK1,CDC45,CDKN2A,MAD2L1,CCNB2,PCNA,BUBI1,TTK,
MCM3,MCM5,MCM6
RFCS5,RFC4,PCNA,MCM3,RNASEH2A ,MCMS5,FEN1,MCM6

GINS2,CDC45,MCM3,MCM5,MCM6
RFC5,CDC45,RFC4,MCM3 ,MCM5,MCM6
KIF23,KIF2C,KIF11,KIF15,RACGAP1,KIF20A
CDK1,CCNB2,NCAPG,SMC4

CDK1,KIF2C,MAD2L1,CCNB2,BUBI1,BIRC5,NDC80

3 it
S T TR L TR A 6 0 R SRR

HEIRRAR T ZUE , e RS g T HE 24 26 7, SR 4R
KrRMmBEBTFERM, BIEELEZRWHLE B IR E
# . AF. L858 (Human Papilloma Virus, HPV ) g4t , Jt H2



- 382 . IREYESHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol20 NO.2 JAN.2020

RADS1AP1

RECSA_ )

TIMELESS

MAL EZH2
LAMP3 A g
N < | -
v RNASEH2A
CXCL10
PN
N CRYAB
YV’ P—
TIMP1
@YV’

PPP1R3C

e

B2 £RRiZEFFOEOHREIERAMNLE

Fig. 2 Protein - protein interaction network of differential expressed genes
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T EE AR AR IE HPV UL B SRR 1 ke A A R AL
Sk AN ZRARZS , FLr, IR A A 2 42 10 PR 34 7 L s
FEFPPEI T S idkife I 5 (T R BE ) S35 JE Bt At R e
AREE, X KB 2001 25 Tl AR S . AL,
HHUE A . KRR 20 TS ENEREY AR, R
R oT e B A R RS R 431 AR A, 0T T S0 A I DR
TR AT HA 0 R .

W e R DR ARSI AR B A B i R, SRk 4 S0 M R
FEARRIN | A DR 0 A D0 5 At , v S P A
S 3 RDRFARALSE o B U414 PSR Sk KR
A — I BB N A o TR A s B S e, AT
IS P BA T4 A4 7 2 S0 2L 2 P 33K K e A2 e B
Bod FIFSEARRR 225 . L, A BRI TR [l i 5
PR, O A i 22 S R L A RN Sm i, T
AR BAE B Ui A R R R e R PG BRI R RS
A %, DT Ry S0U93 (IS W R 7 4 (RO P L e B R

ARSCE AN I AN R A 6 2 RE N IR Bs R AT 3
BT L 219 BIE SR SUEAS i i STt b, Sk
59 AN 6 HIEN AR I 1) . RIBKP 251K 2
LA YLD CRy SR ALY vs IR A4, He il d 7 5 S0
YAV FIRKTE LIAFERH 50 4, FIRMIERE 9 4>, thah R
ARFRAT] B 59 AN 2 57 R R N AR AN [F) B S0 R 1R

9o R SRR R IR B OGS E T . S T 2D TR B
Rk AR A Y E S BAR L, ASSE R A DAVID X 5
KBRS Sl AT T ST 4R BR , Rik 27 B A
55 201 Jfa J5] B (hsa04110: Cell cycle) DNA % il (hsa03030: DNA
replication ) \DNA f# jig (R-HSA-176974 . Unwinding DNA ) 4§ 4=
Yred I C

AR DNA & il = SR MW R AE MR TEE R,
BRI, Z 52U B4 DNA & AR CDKI,
CDC45, CDKN2A, MAD2L1, CCNB2, PCNA, BUBI, TTK,
MCM3, MCMS5, MCM6, RFC5, RFC4, RNASEH2A, FENI1 755
BB AL P R FRIAACE KA T B3 R AL, R I SR R Gk
Ak B Y 4 M JE 15 . DNA &l ZZFBLE T SUm k4. KR
bR EHEEEMN . BEENS R W], CDKI (cyclin-dependent
kinases 1, 4 Jifd J&] 30940 i Pk Y4 g 1) 3 17 i cyclinB1-CDK1 &
G, TR IR G2/M ] AR G2/M IR R AR, TS
FfE DNA B Hil R A S 2IER TR R M B, &
SN I TH, IR RN RS . Zhong SERIFFE N G K
I, 427+ CDKI 3 R 2235 7K 57 1T LA HE 5 3009 40 i 3R -Hela (1)
G2/M JE:4k , 31 BARIE Hela IO FE 122, k& HESE
WS O3 S 28 AL B AR R I R 40 A5 4 Hh ) CDKI 3%
KACE, 4553 W, CDKI 785 3 I fz A #7344 (CIND) Al g 3
B SN R IAKOT W S T IHAE I # F S g h iRk
IKSEBT, CDC45(cell division cycle 45 )%F DNA & il it 4f A1 4k
EATEAEN, BRARFFEIR0E B8 CDCAS 25 8 1 0
FERP, PCNA (Proliferating Cell Nuclear Antigen , 3 % 41 g 1%
Ul )2 — MR B 6 A MG B A S A TR VR
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FIRIKOPAALT] S AR AN DNA G REs, TV ITHr 4t
JRLSFEIR IO AR AR 224, fihIgd 2T EL A E Ry S 3245 Y B B
71, B PNCA kK7 e 41 2 A Hh vl ek 2k 2 ek
AF o RRAEMR AR WL R TR, SIERW 58 CIN 4
ZUMHLL, B 3@ A 21T PCNA RikK T B E T, IFH PNCA
FeIRK 5 e R O MR B R IIEAH 56, PNCA ik (1)
Tl s o I 30098 AL AR % 9 T % L & TNM (Tumor Node
Metastasis ) 53 B ) =5 17 55, 22 W PCNA 755/ 30088 1 & &
R SR A T EE/EA, MCM(minichromosome
maintenance, ffl/NJe (ARl FR B ) BE R G 5 M e A R
22 Sy PR PER FEIE R RS MCM R K R —H Y
a3 DNA &l B A . HA&ZI MCM & [ 5%
3 MCM2 MCM3 MCM4 MCM5 MCM6 MCM7, 7S 3CHY
AF5T 485 e i 7k MCM3, MCM5, MCM6 75 2 3 4 21 h 365k
= LR, SR SETSE A SR T S A (CIN B S I R L 4
PR MCMS5 25 1 3RE7KF 4551 R, MCMS 4 1 3REKF
Wi AUR B RN TR B R S, 2R ASI¥E
SCES S R B e R A 9 45 SR R, B SO AR R BE Y N
#,MCMS5 [ mRNA FXKFZHT R (FRik: EREH <
CIN < B3 ) . #27R 3T MCMS5 A FH T8 B s 28 A e 3
FE S RI2 W, G E SUE R R A EEME, RFC
(replication factor C) J=—FhE GAEH, 5 5 AW, %
DNA & il BT EEAE M A CEM, RFC (IS 5E RFC4 i
RFC5 ik 3 L, Liv SE0F90 & 3R, SIX1 B[R i Rk ]
P L3 RFC4 J RFC5 [k, it DNA &, i fe ik
BRI AETE GRS R RS, BRI, 41 i) B . DNA
A A PRI R e S kAL R R R v LA DGR
FH, SRR RN B B0 I RS0 43 T ) Al R IG
T IR R

AN A SGE X B A EAER TR, 7 59 1225 3RiE
SEH WIS E AT, 45 N EEE RIS E A S AR O fEE M EAE
g 25 M E P ED 5T 5 MR AEAEAEEAER I 25
ANFEH 3 B K :MCM6, RFC4, MCM3, PCNA, DC45, MCMS,
NCAPG, TOP2A, SMC4, TTK, PRC1, BUB1, CDK1, NDC80,
K1F11, CCNB2, MAD2L1, KIF23, BIRC5, CCNB2, KIF20A,
RACGP1, KIF2C, NEK2, KIF15, i i 25 MEA FES
E 4 9] . DNA AR5 5 m s, 3R 25 A5 RTE
BB A R R R ] BB R R AR O R TR VR . e
0.2 e A 2 2 4 A O HEVE I Y Nek2 , Nek2 7EZ il i
JibyRa P G 2 A BN, 5T i NEK2 F2ik /K F 1 855 S 4n
LRI 5E AR 2RI RE e 7 % UIAH ™, TOP2A(DNA topoiso-
merase 2-alpha)Ji1% DNA IR €, X7 DNA & il BA E8AEH],
I R ENE R & BLEY, SR 40 i g (CSCCH A 41
TOP2A 7R [ #2358 i = F 155 5 541 21, TOP2A )k K
-5 FIGO 4331 L) Btk (L2556 78 52 TEAH DG .

25 LR AR A A M5 B2 BB 5 T S B
LR FERM SRR, THikil T 59 MEE S b RIE K E BE
ALY FEIR, B IIRE T A B, X I R S A A R |
DNA Zfil AP BRAHOC, SR MR ] . DNA & il 4%
- [T = 15 B I R e A e 7/ = 20 Il P w0

25 4R B S5, 4n TOP2A (CDK1 MCM3 45K
Knl RERUN B SR IR RIS WT 6T B2 TR E A HIRE AL
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