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Identification of hub genes in pancreatic adenocarcinoma and
construction of a support vector machine diagnostic classifier
based on bioinformatics approaches
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Abstract

Key words

Background and Aims: Pancreatic cancer is a common malignant tumor of the digestive tract. Its main
pathological type is pancreatic adenocarcinoma (PAAD). Due to the difficulty of early diagnosis and lack of
effective treatment measures, the prognosis of PAAD is extremely poor. Therefore, defining new targets for the
diagnosis and treatment of PAAD is of great significance. This study was conducted to screen the hub genes related
to the diagnosis and prognosis of PAAD by bioinformatics analysis, and then construct a support vector machine
(SVM) model to classify PAAD and normal pancreatic samples, so as to provide a useful resource for researches in
terms of diagnosis, treatment and mechanism of PAAD.

Methods: Three microarray datasets (GSE28735, GSE62165, GSE62452) were downloaded from the Gene
Expression Omnibus (GEO) database. The differentially expressed genes (DEGs) between PAAD tissue and
normal pancreatic tissue were screened using Limma package of R language. GO and KEGG pathway enrichment
analysis of the DEGs were performed using STRING database. Then, protein-protein interaction networks (PPI)
of the DEGs were generated using the STRING server and visualized by Cytoscape software. Key subnetwork
module analyses were performed through MCODE plug-in. R language survival package was used to screen
the key nodes related to prognosis in PPI and key subnetworks, and then, the key nodes were uploaded to
Metascape for function enrichment analysis. The recursive feature elimination (RFE) algorithm in caret package
of R language was used to select the optimal feature genes in key nodes, and the expression differences of the
optimal feature genes were verified in GEPIA database. A SVM classifier based on the optimal feature genes was
constructed using the R language e1071 package, and the R language pROC package was used to verify the model
in the 3 microarray datasets. In the TCGA database, the R package survminer was used to select the genes related
to the prognosis of PAAD among the optimal feature genes as the hub genes.

Results: A total of 257 DEGs were screened, including 168 up-regulated genes and 89 down-regulated genes.
GO analysis showed that DEGs were mainly involved in biological processes such as the extracellular matrix
organization, cell adhesion, serine-type peptidase activity. KEGG analysis showed that DEGs were mainly
enriched in protein digestion and absorption, pancreatic secretion, focal adhesion and PI3K-Akt signaling
pathway. Survival analysis showed that 14 key nodes were associated with the prognosis in both GSE2873S and
GSE62452 (all P<0.05), and these genes played a certain role in neoplasm invasiveness and oncogenesis. RFE
screened out 8 optimal feature genes: LAMA3, FN1, ITGA3, MET, PLAU, CENPF, MMP14, and OAS2; GEPIA
database validation found that the 8 optimal feature genes were significantly up-regulated in PAAD tissues (all
P<0.01). The AUC of ROC curve of the SVM model constructed by these genes in the 3 microarray datasets
were 0.898, 1.000 and 0.905, respectively. TCGA database verification found that the up-regulations of LAMA3,
ITGA3, MET, PLAU, CENPF and OAS2 were associated with poor prognosis of PAAD (all P<0.05).
Conclusion: The hub genes LAMA3, ITGA3, MET, PLAU, CENPF and OAS2 may be new targets for diagnosis or
treatment of PAAD. The SVM model based on 8 optimal feature genes offers an effective tool for diagnosing PAAD.
Pancreatic Neoplasms; Gene Expression Profiling; Support Vector Machine; Computational Biology
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1.1 FREBETH R A E

M GEOHHE F o T 2834 PAAD I [H 5K 1% 8
A (GSE28735. GSE62165. GSE62452) ; %
fEGSE28735HIGSE62452%: T GPL6244 Affymetrix
Human Gene 1.0 ST Array, [MGSE62165.85 A %k
JE7EGPL13667 Affymetrix Human Genome U219
Array P& FER ., HAGSE287356§F456PAAD
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1185 P A ADREA FI 1351 1B 4L SUREA o 4% B A A
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P IE FE ALK ( The Cancer Genome Atlas,
TCGA ) B H FE v J iR g 0 28 A7 8008 7 A R 3k
W, X R IR T Log2 (count+1 ) MbREAL AL
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FTPAADZH ZURIIE % 2N 22 S FE R 3 A7, i A
M llog FCI>1MP<0.05; i it Venn [ 15 5|34~
FZERDEGs, HATE3/4N 0 2y 1 iy 2L
VB EIRDEGs, ¥R IAEIEFAE N FIRDEGSs.,
1.3 DEGs #J GO 73 #i#1 KEGG 53 #f

AR M DEGs EZ ZSTRINGE R4 (hitp://
www.string-db.org) WHATCO I (EIHA P
HAEBP . M rCC. T HREMF ) FMIKEGG
M B AR AT, o BT S BOR B R A, IF R
TOP1ORY 25 & 42 45 8 LA 1 247 T #AL
1.4 DEGs B PPl S i R KBF W& S

A FHSTRINGH4 2 X DEGs AT PP #77,
HEHHAE M combined score>0.41F N BI{E &M, T
iﬁﬁ(}ymscapefﬁ(ﬁ: (http://cytoscape.org) X *
2 AT AT AL, FIH Cytoscape#F P IMCODE
AR ZPPII 2% rp i Gl T M 2%, S8R
o Degree Cutoff=2, Node Score Cutoff=0.2,
Max. Depth=100, K-Core=2, MCODE score=5,
1.6 XETRAWFEREINGEEESH

HU¥E % GSE28735FIGSE62452 (1l A A5 &
8 AR B, BT A GBI 4% b A 5 i B A
AR PP Hr 5 b BEAE (degree ) = 15095,
43 0 TE P A HOHE B P T RIE S W survival £ 3
T Ao B B AR P Bdls 2 v A BAT 83 AR A
B (P<0.05) BYFEDIE N SCHET A . 5
TN S F AL B Metascape 808 JE AT I BEE
a3
1.6 RAUHFHEE FE R 5 2 70 % HRIAWIE

HITAFME B (recursive feature
elimination, RFE) J&—MadEmay:, @il ELE
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— 2 i /M 0 R R B S R, o A TR e A A AT
B, BB GSE287351F Ml 28, Ho Al A4~ %K
PR e . TR, FIHRIE S caretfd
B RFESE 32 A B 5 et B AT 328 1Y e DG A AE 5 DX 2
o 10X, LIJrRiR2z (RMSE)
B/ MERR R B R 2 A O AR R A
HI T TCG AU JE v E 3 BRI B A B b, oA
GEPTA" B 45 178 X f5 (10 4 A0F ik 8] A1) 22 5 3 K b A7
B, TRk 451 1log,FCI> 1 HIP<0.01
1.7 SVM =B 9 2 K 38iE

AR F 8 A d AL R R R PRI A R T AE 4y 2K
PAADAIE® AP IR, 1 R I 1071
£ 12U I T SE LR Y SVMAR AL, IR ik % 5
B MSVM-Type: eps-regression; SVM-Kernel:
radial; cost: 1; gamma: 0.125; epsilon: 0.1,
IV B GSE28735 FIBRIES.E ( GSE62165F
GSE62452) " RHIR HFH pROCH 4 Z ik
H TAEHE (receiver operating characteristic,
ROC) X %A R E 4T 300k .

GSE28735

GSE62165

GSE62452 A

1 DEGs #j Venn &
Figure 1 Venn diagram of DEGs

2.2 DEGs WIhae BB EE D

COFEMNTERER: 257 DEGCs T ES
5B P4 i A0 3 T A 4B . AN AR S5 A L. Al
JEEHE . A2k HFLRE; CCEEBET MBI
X, 4 Ah X IRER 4y . AHMAMABR A, MFRZE S
22 G PR K05 PR . 22 SRR N RS R LK TS
HEHK . KEGGH KT A, DEGsEEZHIE
P4 IS 0 T TR R A T R S L A R A S T 37
AT AER . 565 . PI3K-AkUS S @Ek%E (1Y
P<0.05) (K2) .
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- TCCARHE T I PAAD W AE A PR E 1ok
SIBRIEH FEA, X8 = A A5 B A B, ff
HRIEF survminer " 50 A A S 00 R AE 3L A 1Y
AL W (optimal cutoff) , X FmRNAHEIXL
{E>0ptimal cutofffl N & F ik, <optimal cutoffff
RARFRIE 45 G A A I B AR AR S AT A A
Br, LiP<0.05AZES A= L.

2 & =R

2.1 DEGs Hffi%

it X GSE28735 . GSE62452, GSE62165
B BT, 3 S 3884 (2434 1A,
14540 T8 ) . 2834 (1854 L, 98/ T i)
30634 (1 9934 L, 1 0704 F ) 253
W, FBES L2257 DEGS I TE3 M Bl 4 h
ZRFIR, Hh16840 K LIHDEGs, 8942 T iH
DEGs (K1) .

GSE28735 GSE62165

GSE62452 B

A: [ DEGs; B: T DEGs
A: Up-regulated DEGs; B: Down-regulated DEGs

2.3 PPI BXBFMEHH

i F STRING U MY @257 M DEGs i PPI
M 2%, ffi fCytoscapedt {7 ] 1k, ZPPIM £ Ik
A21070 75 s 8224 (K3 ) o 7EPPI W&
e 20 M = IS EE LN (£1) . FH
MCODEAf i 1€ 44 et F M2 (Kl4) o 456
KHEF M, K — S8 1 7EPAAD Y 3 i e
AL, COL5A2. 0AS2. DDX60 .,
CELA2A, XK LLS W5 PAAD 4> T B 42 fit 5
Z A
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2 2574 DEGs MIThREfNBREESER

Figure 2 Function and pathway enrichment bubble graph of 257

& 3

PPIE (&4 ERERE, KBATEHER)
Figure 3 PPI (red color showing the up-regulated genes, and

green color showing the down-regulated genes)

DEGs
®1 FEHERE= 15829 MEE
Table1 29 screened genes with a degree > 15

FN1 58 A CPAI 19 T
ALB 55 T MMP1 19 A
EGF 45 T COL6A3 18 S|
COL1A1 35 A ITGA3 18 S|
COL3A1 32 LA COL12A1 18 A
BGN 26 i PLAU 18 LA
POSTEN 26 A KRT19 18 S|
FBN1 24 A COL17A1 16 A
MMP14 24 A MMP7 16 i
COL5A2 23 A RUNX2 16 A
VCAN 22 A COMP 15 S|
CPBI1 22 T LAMA3 15 A
ITGA2 20 i MET 15 S|
COL11A1 20 A CDHI11 15 S|
THBS2 20 1
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B4 XBFMESH (EHE4MER)
Figure 4 Key sub-module analysis of the PPI (including 4 modules)
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24 XBTRKENGREESH

A T 2% A ) T A R R X PP TR 4%
Fdegree= 15 F AL 524, Kix52 FEEH
Iy WIAE B % GSE62452MGSE28735 ik f7 2k
e M, AR 2264 1224 5 PAAD T 5 A
KHEEH (P<0.05) , Hrf1443H (ANLN,

GSE62452

GSE28735

A
5 XBTRHNHEREIEEES

BGN. CENPF., DDX60., FN1. IFI44L., ITGA3 .
LAMA3, MET, MKI67., MMP14, OAS2 .
PLAU. TOP2A ) 7e %4 4 b ¥y 5 HUJs AH O
(EISA) o FlFHMetascapeX}ix 144~ AT S E 4T
Dife s o b, o B3 2L 35 D A i Jgg 4= A0 1 ik JEd
KA EE—EFEH (KSB) .

B

A: Venn 78 GSE62452 1 GSE28735 Fuda e v 5 15 AH e HE R 8 58 LIGE 25 1 5

B: Metascape XT 14 /N IJCHETY sSHEA T A D REFIE B 6 S AT 4 2R

Figure S Screening of key nodes and function enrichment analysis

A: The Venn diagram showing the result of cross-validation of

prognostic related genes in the GSE62452 and GSE28735 datasets; B: Function and pathway enrichment analysis of 14 key nodes by

using Metascape

2.5 RMHBIAEERERHERIAWIE

T2 5 (f/PRMSE=0.3429, iz K HEH)
f£=0.8694 ) T, JARFER % %k 1 84 fe i FR1E
JEH: LAMA3, FN1, ITGA3, MET., PLAU,
CENPF. MMP14, 0OAS2 (¥l6) . GEPIA%(#E
JE 6 UF & PR 3X 8 A fie LR AR HE I AEPAAD 4 4L rh
MREYETFTEFAL, ZRAFHITFEX (H
P<0.01) .
2.6 SVM # & & HIGE

WIF R F e 107 14048 #H 8 4 I {1t R AiF 3L A 2
WrPAADRISVME A7 R, %8 AE I 45 4
GSE28735 iy ith 2k T I (AUC) 40.898, R
OE MRS EEN0.911; FERUEAEGSE62452H1 /1y
AUCH0.905, #HUKE 40.855, FF5HE H0.918;
FERAFEGSE62165HAIAUC I 1, iR Fgy 57
BEX N1, RBIZSVMAL R ] DL b #b X 4- PAAD
FNE#HEA
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IRIETE =0.869 4

n=8

E6 SMFTEEAGHEREHL (BHBAREREE
MEE, AHMARINBIENERE, SRLERM
FHEEEAE X AR RS )

Figure 6 Accuracy curve for screening the optimal feature gene
combination (the horizontal axis representing the
number of gene variables, the vertical axis representing
the cross-validation accuracy, and the marked content
standing for the number of genes corresponding to the

optimal gene combination)
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B 7 g% (GSE28735) RIGIELE ( GSE62165 #l GSE62452 ) Xt SVM #£8If) ROC ghsk
Figure7 ROC curves of the training set (GSE28735) and the validation sets (GSE62165 and GSE62452) on the SVM classifier

2.7 BB TERMNEFESN BEMLE, XLERNMBRELIHBAEFRER
MTCGABEFZE i H 178 B PAADFEA, (¥JP<0.05) (KI8) , MFN1, MMP14 [ &%}

Kaplan—MeierﬁEﬁ%?ﬂ%Ziﬂ‘,, 5 FEIALAMASZ, PAADM AR I B (¥P>0.05) o
ITGA3, MET. PLAU. CENPF X OAS24JPAAD

risk: score risk: score risk: score
—— Rk —— Rk —— RS
—— fitkis ——fltkis ——fitkis

P=3e-04 P=0.000 82 P=0.002 5

risk: score risk: score risk: score
—— mkiA —— KA —— mRiAs
—— kK ——fii%is ——flg%is

P<0.000 1 P=0.0049 P=0.002 5

B8 ETREHEEIITH TCCA MRMHHERERES PAAD X RNEFS
Figure 8 Survival analysis of the relationship between optimal feature genes and PAAD in TCGA database based on the optimal cutoff
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QPRI TIEFAS, SEREER—5. %
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FRF WG 25 . AL REH DAEFAREL; %6
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