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Mining of Disease Genes for Colorectal Cancer Based on Protein Interaction Network

Wu Huihui', Tang Xuqing'”*

(1. College of Science, Jiangnan University, Wuxi, 214122, China; 2. Wuxi Engineering Research Center for Biocomputing,

Jiangnan University, Wuxi, 214122, China)

Abstract: Colorectal cancer is one of the common malignant tumors in digestive system, and its mortality
rate is third of malignant tumor mortality in developed countries. The aim of this paper is to identify the
pathogenic gene of colorectal cancer through biological analysis and data mining. Firstly, the expression
spectrum dataset GSE9348 is downloaded from GEO database, and 339 differentially expressed genes are
screened with P < 0. 05 and Fold change >> 2 in colorectal cancer by using LIMMA Package in R lan-
guage. Secondly, based on the known disease genes of colorectal cancer, OMIM database and STRING
database, the PPI network composed by the differentially expressed genes and known disease genes is ob-
tained. Furthermore, the network module analysis is performed through ClusterONE plugin of Cytoscape
software, and a subnetwork containing 53 genes is obtained. Finally, through network topology analysis,
5 candidate genes of colorectal cancer are considered to be candidate disease genes of colorectal cancer, in-
cluding CCND1, EGR1, FOS, CEBPB and NOS3. Simultaneously, the newly discovered genes are veri-
fied by using the functional enrichment analysis and literature mining.

Key words: colorectal cancer; protein interaction network; clustering analysis; network topology analy-

sis; functional enrichment analysis
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45 B W98 (Colorectal cancer, CRO) 4 45 45 W 9 A H M o - 2 B AT & BRTE B N B % Wk R 5%
PEMORT 2 — ", SE LA R Bl B 10 & B AT A 15 KO I 48 R IR S B B AR D R 1 TR R I R
ey 25, 3 [ 45 B g 0 R S R BE TS SRR AR 1 TH H e 8 S S A TR P T R 5 4 L R R
JES 3 B E W AR . KRBT & NS H e e — R e R A S R R R A
B R REE R R DA S i R R B AR RN E TR T . 2R S SHEAEMER. Bt B
JE % e CRC B 350 e PR IR A B ik G 350 LT A 5 B2 3 3L

H 22 A~ e DR AR T JIT 77 A= 118 5 09 30 B 5 O\ A i 52 % 0 » T 42 9 5 JHC A G 110 B0 ik DR O e B e
A & R R = A ME A C B R AR E R RN ER R —., MEEYREB¥40
BT 1) 2 J 3 F I 4% 1) 5 1 & 28 A F S8 B AL A A 1 TR e - s AR L ek W 2% LB i
PEIZ EE 1T 05 2 A0 9 2% R DNA T BE b 9 25110 45 22 W) 4y 7 0 4 . Bl % 26 11 R B 4R
(Protein-protein interaction, PPD ¥4 i) 3= & . 3 F 2 (15 G AE W45 11 D 258 7 1k 42 9 52 2 302 v 1
PEREPR ) 2T . b B A EUR SE r MAE D — R D R A © &z 0 B 1B B R 2%
ST B0 R ER YT R O R I Ak X B B 4k X & BB ¥ (Local and wave-like extension algorithm of
detecting overlapping community, LWS-OCD) %8 k" e84 S0t & B0 JC ) [ b i 8 & K., R Th 4>
BT AR A o5 B —Fh 43 Bt 52 2% 0 4 1 T 5Lt e 1z o D G JE e g oo P 4 T o I o 9 R B L A KRR
2 30 O M X TR 7 T 2 o B SR FH R R H a0 A M . TE B 1 BT A 2% b SRR R T
AR R A BB T R R R Y A K Y T I 2 A R HE R 2 IR R VR

95 s 5 DAL 0 22 TR I 1) 3 S ) U2 580 v 4 PR A & /0, DR o G 5 40 Ak 3 3 5 00 o T R 9 42 U Oy i
M 2 0k 5 Bk . ASBIF ST R T B 1A T R T R R AT 45 W i 2% S 3R 0K B TR 43 LD g
B s 5 TR 1 0] 32 5 3 33X BT % 1 5 0 Rk TR 5 45 T M i ) R B0 Rk TR 22 ) B S OC R OR AL i ELAE
2% HEAT G5 E I i SO 104 8 5 DR 30k 5 5 R P 0 6B AR 0 B R I 4 1 4 D o3 A AT 45 I R R
g 1 1 2 DK 1 9 0k 5 0T
1 EWHMRERE
1.1 #EsRiE

A SO A P R Hrt GEO Chttp: //www. nebi. nlm. nih. gov/geo/) ¥4 B T # 45 B 1 9 5
FIETERIR B 555 GSE9348, & K Affymetrix Plus 2.0, T (% 82 il 43 &9 52 kLA 12 4 F
FEREAS 70 B 1E S REAS B , I H 5idE L) DNA SRS 1 SRR i ERTE N A B EOE S L. X—3K
PEAE R AR ST A0 S 06 K0 HE . i 0 Qs MTE LR & 8 /R N\ 28 38 1% 2+ K B 22 (Online Mendelian inheritance in
man, OMIND R 135 A~ 45 5 i 987 19 92 5 ik PR 3 280 5 g 5k PR 2 0 Wk 56 1 245 W s 8800 i I L i 8
PEAEA SO Y AR IR E U 1 Q.

1.2 7%
1.2.1 H#Ea=

TERCHE O WAl b B e il B0 RO 56 B AT A (B G O R B e b o AL A Gl S BCHE TN
BREEALBE . SRJ5 LRI T TR 36 12 A A e DR 7 0 S S0 R 2 ok 30 o P AR ) A 0 3 P 2 S 1 R IR D 3
EHEMENEREERIEN, X—ZF B E#E T R f a9 LIMMA g Chttp://www. bioconductor. org/
packages/release/bioc/html/limma. htmD 2 E0, Horp ik & 2% P fil Fold change ., &%y P X A A
25 51 1 2 PEIKOF . 281 Fold change iy 5255 20 5 % FRAH A 25 5 R IR A LU {E . H P <Z o 1l Fold change >
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Bo — MM, 2% P BN H Fold change B, ) i 3 1) B& gl 822 . 75 B S50 b AR i BIF 5 7 28 1% JIK
BIME o RT3, — M43 B 0. 05 F1 2, @S HIRAABRMBMEFRELR LN Q.
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3 IR R DX 23 e R AR 3 A3 A e R AT s A H R B K AT R (Maximal clique centrality , MCC) J7
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A AR H AL R IR AR (R 8 (Gene ontology, GO) 4% H R SEHL. 78 GO 4 B h i KOk iR & 9%
(False discovery rate, FDR), H FDR <<y . B y #/hE7R GO Z& HAEAA LA WsaEsf i3 P i y = 0. 05,
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Fig. 1 Protein-protein interaction network of identified differentially expressed genes and known disease genes
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it | .38 37 ClusterONE 44 , Bt minimum density>>0. 5,degree > 6, P<C0. 001, a[ =¥ HH — & F 53
DA TR K 2 FrR. R E L2 Py iR g 22 R RBERE, F O ha A me m
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Fig.2 Sub-network identified from PPI network

N TR R4 AR A AL N Network Analyzer $i 1 G2 71 /9 2% Hh 35 50 (9 B2 A BOMHE G H o
P B RO A BRI T e v B RO D R TR T R BT A R N 1 PR R IS 2 T
2 v A R A ORI oL PR 3 R A4 AT 10 B 28 S R B I . AR T AT R Y R A ORI G PG
PEERHEAE AT 10 B9 & R HAF FOS, CCND1, CEBPB, EGR1 #1 NOS3, A Iit,, FOS, CCND1, CEBPB,
EGR1 Al NOS3 e 50 19 N 45 o B A7 52045 1T R 09 265 70 0 15 0
I 4, 3 i Cytoscape [ CytoHubbadfi £ 3R 45 1 HE 4 AT 1519 22 5 R X ZE L 1 46 TP5 3, FOS,
®1 FRERHHOER

Tab.1 Central genes in sub-network

Genes Degree  Genes  Betweenness centrality  Genes Closeness centrality
FOS 15 FOS 0.041 914 02 CCND1 1. 000 00 000
CCND1 14 CDC25A 0.010 184 94 COL1A 1. 000 000 00
SERPINE1 8 CCND1 0.008 495 83 CEBPB 0.727 272 73
CEBPB 7 FOXMI1 0. 005 674 06 EGR1 0. 666 66 667
EGR1 6 CEBPB 0.005 124 70 FOS 0.655 172 41
CDC25A 6 NOS3 0.004 336 35 NR4 A1 0.648 257 14
NR4A1 5 GDF15 0.003 519 36 HELZ2 0.583 333 34
NOS3 5 EGR1 0.002 211 02 NOS3 0. 560 000 00
FOXM1 4 NR4 A1 0.001 301 80 FOSL1 0. 555 555 56
COL1A 4 WT1 0.001 057 90 LPL 0. 545 454 55
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EP300, CCNDI, PPARG, AKT1, SMAD3, SERPINE1, CEBPB, MYC, SMAD4, CDC25A, EGR1 #i
NOS3, H:# FOS,CCNDI,SERPINEI,CEBPB,CDC25A,EGR1 fil NOS3 25 5 %k 3 [ . 454 i e 1
Ht Y A, L T A5 4 B I 8 6 1 9 3 I FOS, CCNDI, CEBPB, EGR1,NOS3,

HE—20 XA 53 A A T M B AT B A A . AR FDR<C0. 05 0 % 1 1 M 2% 22 57 3R
REEHEN 9 4 GO £ B, 45 58 3% 2, Hidh Count 30 3 1Y 2 T W 46 455 b vh 22 5 4 I3 2= W) 2 3 F2  E
H . FDR 2R mssim R AR, AR 2 WA, TP ERRERNS 5 K0 R RAEg R E
] 2% 35 1 45 F0 40 M AR B s ad R S 9 AN A s T R

2 FREFERRZERNERREFIRSH

Tab.2 Gene ontology analysis of differentially expressed genes from sub-network

Term Description Count FDR
GO:0010605 negative regulation of macromolecule metabolic process 13 0.019 898 13
GO:0010468 regulation of gene expression 17 0.019 900 88
G0O:0006351 transcription, DNA-templated 15 0.020 214 02
GO;0031324 negative regulation of cellular metabolic process 13 0.027 334 26
GO:0048511 rhythmic process 6 0.043 049 34
GO:0006355 regulation of transcription, DNA-templated 15 0.043 238 84
GO ;1903506 regulation of nucleic acid-templated transcription 15 0.046 263 93
GO:2001141 regulation of RNA biosynthetic process 15 0.048 218 21
GO:0009892 negative regulation of metabolic process 13 0. 049 590 37

2.2 HBRSH

X S 0 i B 45 T 40 M JE 2 13 D1 (Cyelin D1, CCNDL) Sy 41 i B W & 9 i g fid 5 H . 2 5 40 i
JE G1-S W64 i i 5 . B AT 28 A — B g 3L Y . e ot B SRR AR [ A i G1 I 4
fEE G1 I S W2 P L AT S5 30 DNA & 180 S B 58 L 5|k 240 i 384 4 2k #5 Foia 42 . b, A IR 3
B, Cyclin D1 5% 335 5 6015 45 Bl 98 76 9 1 22 B i & A= % 1A 56 L il 40 Tan 55" & 31 CCNDI1
8TOA REHE 1 in 45 B W 8 1Y) & 995 AU s Toncheva %67 & 3 Cycling D1 7 45 H 1 J Hh 19 28 11 3835 PH M
Wl S TIEW S EmAL .

c-fos Sy 0T B2 I DR F- g 8 T 25 i o 085 ik e S 0 R L o AR R DRI SRR I o-fos 25 T 4t i 3 5
2% R T A R A A 20 Ak R T A R O T I R AN ) Bl A A R B Y R A SRR B
PRI AEME A KEZ DR G EEEZMEN. A AP R, c-fos S5 3K % i 757 40 i 1y
AR A A RS (5 A 3R R A A AR B AR R

EGRT Jy B AR A B PR 7 1 2 — Fofoxd 200 1 A= KGR I8 5V A e s IR o 74 i i 3% 58 L 201k L
T B S A AE KR E S B A TEE W, AR e A AL B s, T4k,
A W 5T R W AN Egr-1 J& IR A 40 5 Jir 78 200 M % Az < 00 1k e A 0 4R L L S5 i 3558 AT 51 R 40 i 1 7
SR T 2R A 0 FU IR B B R RIS IR SR A M S T AR,

NOS3 A& Nz A — 54k & 5 1 (endothelial Nitric oxide synthase,eNOS) , H Bl il A Jz B —
AL BT IG5 2B Bt A8 v BB A% A1 1 10045 7 5K IR IS P 2R B SRR b SR RS Y A R AE 2 — A
S I IS Az T e R A A R T T R A B R AR AR I . 940, B mE A AR L b Mk At L T
KA A A B R 3 1 AH 40 i 55 2 5 A G e 1) 40 R A I A AR B A Y R e R R T AR MR . AR
b 96 240 1S 4 35 AN IE AL 19 NO/NOSS3 5556 S [6] IF AT LA 55 0 8 30 325 1 75 S 20 0 A/ ik I 5 At A %
Mg m & Hr AR . HET. O A 298 KB NOS 3 894G>T i 1 B8 e I8 . 45 W 98 F01 L W 988 19 & 96
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5 [+ CEBPB(CCAAT enhancer-binding protein, CCAAT Mg 4k &5 & 1) . 2 5424 Yo &,
AR 20 0 53 P PP 1 B iR R A R T R B WL AR Y e 8 RN« R A I VA
A WFFE R W] C/EBP 76 MR A A= o vl aod 5 b 56 PR R A R 1 45 D) 246 17 52 o) g kA=
AT R C/EBP 5 5% N 11 LIP M 1Y AT LU S AL 20 0 08 0937 2 0 A B i A s A 1 0 A ]
A S — i & IR 1 T AR W AR PR 28 . e Ah . PLACT 5 PR 7E A2 0 43 S 4k i i v #0255 o 363k
fihn £ FLIRE 41 41, PLACL BB 6% g C/EBP i - 9 76 2L 19 5% 1k % Ao o 7 b 7= A 3 22 9 4R
FIP 0 3 Ah s K A 2] C/EBP (6T L 91 55 L 0K UL 20 6 1 0L 90K 987 L B R R S 22 i R b 2
ik bR AR AR 25 B P B AR 9 F R WL 1 AN AE L T 2 — 2 IR AT
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R R A AR

3 HERIE
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BaE 4 R RIE S 19 LIMMA {30 % 115 P<<0. 05, Fold change™2 [ 45 B 7% 22 5 5 H 339 4>, JF A\
OMIM %4 & i T 245 B g © A B B0m 35 B 135 A5 R KX 339 22 AL R A 135 AN 2 50 19 350
A L3 STRING 84 2 b, K45 T 228 Dl g dEF8 50K+ 0.9 A9 X, 3 o X Se L R X # 3 T
28 57 AR HE R 5 B R A & 8 R EAE M2 3 — 2 R Cytoscape 3CfF 9 ClusterONE 4 4 #£ 47 T
FEOREAEM SRR RET — A& 53 ANIEHE AT WL g - 3 X F M 4% 0930 $  8r, 3645
T FOS,CCND1,CEBPB,EGR1 1 NOS3 4§ 5 ™37 45 B i SOW KL 8 . [R] B 38 3 2 e & 48 43 B A STk
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