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Abstract: To explore the pathogenesis of pancreatic cancer and provide bioinformatics basis for the preven—
tion and treatment of pancreatic cancer, the GEO2R online tool was used to analyze the differentially ex—
pressed genes (DEGs) between the tumor and normal tissues of pancreatic cancer patients in GSE16515. GO
analysis and KEGG pathway enrichment analysis of DEGs were performed using DAVID database. The
STRING database was used to construct a protein—protein interaction (PPI) network. The key genes (hub genes)
were screened and function modules were analyzed using Cytoscape software. The hub genes were verified in
the GEPIA database, and the expression levels of the target genes in pancreatic cancer tissues and cell lines
were detected using CCLE database. The results showed that 376 DEGs screened from pancreatic cancer
were mainly involved in cell cycle, p53 signaling pathway, protein digestion and absorption, ECM-receptor
interaction, PI3K—Akt signaling pathway, and platelet activation signaling pathway. GEPIA database verifi—
cation showed that 10 hub genes were highly expressed in pancreatic cancer tissues, and 8 hub genes were
associated with poor prognosis of pancreatic cancer patients. The CCLE database showed that cyclin—depen—

dent kinase 1 (CDK1) had a high expression level in pancreatic cancer tissues and cells. The above results in—
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dicated that CDK1 may be the most relevant to the occurrence and development of pancreatic cancer, pro—

viding a bioinformatics basis for further exploration of the pathogenesis of pancreatic cancer.

Key words: pancreatic cancer; differentially expressed genes (DEGs); cyclin—dependent kinase 1 (CDK1);

bioinformatics analysis
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Fig.1 Heatmap analysis of differential genes




%14

Wi L4 R R CDK 1 i35 510U #Y AR W15 8.2 20 B

33

FEW KA S5 T R ARG A A
IKFEVER R AR SR B2 | A0 AL 5 i L 20 i
Nl A 2 A A UK = 2 W T
INIXSE LR R 22 5 2 B SR THT L A A L BT R
b T N N ANV N
=Y AN ANE TR AN AN X A0 A I AR S
FIL S F IR AR R PR B 45 A VR
A S TG PR 4 T PN KRS P S5 T A
R A4 A s E A4S 6% KEGG % & 4
OrMT R, 2= AL Y AN A ML A7 AR RS
LIE R BUE AR AT PIBK - Ak {75538 [
p53 5 Sl JREAEIRAR MR A SRR AR
PG Hh = BRI A (B 2).
23 ERFIFEER PPI MEE ST

¥ 376 1~ I # 25 7 AL Hi A STRING %4
g, SRJEF T A 8 dE S Cytoscape H1, ) A 14
cytoHubba & HHEA FERTAY 10 4> hub JERH, 435
4 CDK1.CCNB1.CDC20.TOP2A .PTTG1 .BUB1 .
RRM2 .CENPF .DLGAPS . ASPM (K 3A), HH, 7
SUE R CDK1 1 PPL M2 E W& 3B s,
24 PPl IgeiEsRa 1

FH Cytoscape {4 i) MCODE 4fi {4 X} PPI
W2 A TR IS 53 A, 15 2] MCODE 15343 HE 4% S i
FIP A~ PPL I RERLHR (K] 4), it DAVID 7E4k 43
Br T H X v 5 19 56 [ B4 T KEGG 3 i
BT, e BH: 32 205 K AR R B pS3 A5 5l it R

—logi(P-value)

Collagen catabolic process Extracellular space
Extracellular matrix organization Extracellular exosome
Collagen fibril organization Extracellular region [ne—
i Wound healing = Proteinaceous extracellular matrix [——————
é Cell adhesion g Extracellular matrix [m—
= Extracellular matrix disassembly [————————————= g Collagen trimer [—
i Digesliun =] ) Gulgi Tumen [r——
‘& Oxidation-reduction process [ 5 Endoplasmic reticulum lumen |mm——
3 Proteolysis — = Apical plasma membrane [m—
= Cell proliferation [ = Tntegral component of plasma membrane jm—
Apoptotic process |IE—— “  Anchored component of membrane jm—m
Signal transduction [H— : : , : . Cell surface T T T T 1
0 2 4 6 8 10 0 5 10 15 20 25
~logi(P-value) —log(P-value)
Extracellular matrix structural constituent ECM-receptor interaction
Calcium ion binding Protein digestion and absorption [ ——
Heparin binding Amoebiasis [E————
g Protein homodimerization activity o Focal adhesion |—————
E Actin binding |r—— 2 PI3K-Akt signaling pathway [—
] Collagen binding [ ——— ”% Retinol metabolism [—
k! Serine type endopeptidase activity |H————— & Pathways in cancer [—
§ Structural molecule activity |E————————— 8 Small cell lung cancer [—
= Metalloendopeptidase activity [T E p53 signaling pathway [—m
= Oxidoreductase activity [F—— Malaria —
Tron ion binding [Fe———— Transcriptional misregulation in cancer [—
Identical protein binding [S—— . : . \ Glycerolipid metabolism _I -
0 1 2 3 4 5 0 1 2 3 45 6 7 8 9
B2 RERERESRFEEEN GO 54 KEGG BERELRS T

HH AR I  ECM—2Z (&M A A  PI3BK-Akt {55
S MRS E SRR 1, %R 2).
2.5 KEEFEGUE

FHl GEPIA 348 PEBSIE 10 > hub JEPRI7E AR
FELH 2 (179 Bi)FIIE 5 412 (171 i) i ik 22 52,
K I 10 A~ hub K&K 37 ARG AL 80 rp R 2R 0K,
ESA G L (P<0.05), Horp hub P HEY S
FE e i CDK1 B RIBZKE- QB 5A Fos o i —
6 GEPIA ¥ e 22 il g v hub JE 555 2%
IR AL IR A1) Kaplan—Meier ZE A7k, 255
R T CDC20 F1 CENPF 1 . RFEkH A AE
W B 22 A0, HiAx 8 S hub JE [N R 2k AY Ji
Mg R E AR B AR IRR AR, 274
Gt L (P<0.05), CDK1 5B i kA
FIRZRUNE 5B Fin.
2.6 CDK1 7iERREA LA R MR FHIRIAKE

Sy ik — AR 5T CDK 1 7E JB IR 98 v il 2 35 7K
7, AT LT CCLE 282 1 CDK1 7E 40 Fif
AN ) 2T g v i 22 IR AR 100, 235 S I R JER R
Jh CDK1 A 5w ERIE7KF-(E 6A), 11 H.CDK1
FE R AN R A0 Mk 26 5 R i 2235 (B 6B)

3 iFig

RN RS W IR X, ST R B, T
HE KT TS R AR RS P RE A B s R
AR A FE DL R B FIA PR B A ok

—logi(P-value)

Fig.2 Enrichment analysis of GO and KEGG pathway of DEGs in pancreatic cancer
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Table 1 KEGG pathway analysis of genes in functional module A

Category D Term Count P value
KEGG pathway hsa04114 Oocyte meiosis 5 9.40E-07
KEGG pathway hsa04110 Cell cycle 5 1.47E-06
KEGG pathway hsa04115 p53 signaling pathway 3 0.001 366 951
KEGG pathway hsa04914 Progesterone—mediated oocyte maturation 3 0.002 294 922

&2 IR B WEER KEGG B
Table 2 KEGG pathway analysis of genes in functional module B

Category 1D Term Count P value

KEGG pathway hsa04974 Protein digestion and absorption 8 2.98E-09

KEGG pathway hsa04512 ECM-receptor interaction 5 9.91E-05

KEGG pathway hsa05146 Amoebiasis 5 2.13E-04

KEGG pathway hsa04510 Focal adhesion 6 2.46E-04

KEGG pathway hsa04611 Platelet activation 5 4.67E-04

KEGG pathway hsa04151 PI3K-Akt signaling pathway 6 0.002 558 354
)T RN B A, AOFTOR A5 B SCH LR 376 4 DEGs, Hodr | i
JivERS GEO B e vh i e i S DL R Bl de RN IRIEEEIN 2350 301 ANF 75 A it —2E TR
GSE16515 HEAT T 4347 KL ZEPILINBYTRE, AT T GO Sh#fr, S52R

(A) (B)

B3 =REFEMKBEEQRN PPI STEMXERRFESER

(A) DEGs %) PPI M #-K; (B) CDK1 %) PPI M 434 K B,

Fig.3 PPI analysis of proteins encoded by DEGs and screening of key genes
(A) PPI network diagram of DEGs; (B) PPI network amplification diagram of CDK1.
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Fig.5 Validation of CDK1 in pancreatic cancer

(A) Expression of CDK1 in pancreatic cancer (red represents 179 pancreatic cancer tissues, and gray represents 171 normal tis—
sues, *: P<0.05); (B) Relationship between CDK1 expression and pancreatic cancer prognosis (the red line represents the high ex—
pression group, and the blue line represents the low expression group).
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Fig.6 Expression levels of CDK1 in different malignant tumors and pancreatic cancer cell lines in CCLE database

A) Expression of CDK1 in human malignant tumors; (B) Expression of CDK1 in different cell lines of pancreatic cancer.
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