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Analysis of differentially expressed genes and signaling pathways in colorectal
cancer with liver metastasis

CHU Xuelei'?, HOU Chengzhi', MAO Yun'?, LI Linlu'?, SU Yixin'?, CHEN Zheng'?, ZHU Shijie! (1. Department of Oncology,
Wangjing Hospital of China Academy of Chinese Medical Sciences, Beijing 100102, China; 2. Graduate School, Beijing University of
Chinese Medicine, Beijing 100029, China)

[Abstract] Objective: To explore the key genes and molecular mechanisms of liver metastasis in colorectal cancer (CRC), and to
provide potential targets and biomarkers for the treatment of CRC with liver metastasis. Methods: Based on the bioinformatics method,
the gene data sets of CRC liver metastasis were downloaded from the GEO database to screen the differentially expressed genes
(DEGs); the GO and KEGG enrichment analyses of DEGs were performed by using DAVID online tool, and the protein-protein interac-
tion (PPI) network was constructed to screen out the key genes, and subsequently the prognosis was analyzed. Results: A total of 321
DEGs were selected from 183 CRC specimens and 39 liver metastasis specimens, including 153 up-regulated genes and 168 down-
regulated genes. The results of enrichment analysis of GO and KEGG showed that the functions of DEGs were mainly related to
protein activation cascade, inflammatory response, extracellular matrix, platelet degranulation, complement and coagulation cascade
reaction etc. 8 key CRC genes (ALB, APOB, FGA, F2, APOA1, SERPINCI1, FGG and AHSG) were screened by PPI network. Survival
analysis showed that patients with high expressions of SERPINC1 and FGG had poor prognosis (all P<0.05). Conclusion: The biological
functions and signaling pathways of DEGs are related to the occurrence and development of liver metastasis. The 8 key genes may
be the potential therapeutic targets of CRC liver metastasis, and SERPINC1 and FGG may be new prognostic markers.
[Key words] colorectal cancer (CRC); liver metastasis; bioinformatics; differentially expressed genes (DEGs)

[Chin J Cancer Biother, 2020, 27(7): 787-793. DOI: 10.3872/j.issn.1007-385X.2020.07.011]

45 B 79 (colorectal cancer, CRC) &4 ERVE Hl & [(E€mE] FK 1 SRBL 2 H 4 BB H (No.81573915) » Project
ﬁ'ﬁ%%% 3 1?_ ﬁ%$%% 2 1ﬁ E,(J E‘@HFFJEE &;Eéﬁ supported by the National Natural Science Foundation of China (No.

» i . 81573915)
TR R, 2018 HE 42 BR A 180 /3 CRC #7 K i [EZ AT T (19952, 4, it , 5 35 M i P 45 A 180T

5 K11 88 3 151155 L7 51 » Hh [FEl CRC & 973 2 A3 SR 1)
T AT A ERKCT . W CRC R AR AL 75 DL
B N T, HEHGE 70%. F 8852 CRCHRIG YY)

Jif 98 FEI A 72 , E-mail: chushirley2013@163.com
[B{E1E&] Attt (ZHU Shijie, corresponding author) , i+, F/T &
Ui, 8 AR 0, 32 E NS b P R 5 A YA 9T IR 1 B T, E-mail:

zhushij@hotmail.com



- 788

rh R AE MR T 2R &, 2020, 27(7)

B A (1 53 T e A e # 1R U, O AR i R 1 5 4
KRN 14.5%, FHF R B 5 FAAFHMLE 6.1%,
BRI CRC % O B2 5 R R Y. A 0T 7
K, S100P.CD133,LIP-C.APOBEC3G % J: [K 5
CRC R I F2 . CRC T #% 1 F2 00 1 fit s 4
A AR R 5T 0 B R 55 B B Rk L R O B
HEN U € R HG A TR R AR I 4 il il 2 k5 T
HEg M2 AR S S B0, a1
BURIE FRR AN TT o Bl A LRSS B A A (S B
S BT B R R S g IR ) R AR Sk AL
RO T IR F B, A FNE S A LR F
B4 £ (gene expression omnibus, GEO) T #; CRC Fl
CRC M3 88 23 BL R0 v, kA= A5 I8 5 7 1%
53T 3R1F CRC % #% 1) 22 s 3R 14 B A (differentially
expressed gene, DEG) , i it t CRC [ B[R], of 1
HEAT T RE L % & 1 HAE (protein-protein interaction,
PPD) ¥ £ FI U 73 07 » B 7E 9 CRC 462 B Bl $2
HEHT I ER S A

1 #ARERZE
1.1 AREY R KBGO RR

DL “colorectal cancer liver metastasis” A 9 B 7] ,
FIH % KAEYHAAE B+ 0> (National Center for
Biotechnology Information, NCBD) - & & it ['] GEO
B B AT Rk . GEO £i¥is & — /> A FF i 2t
MR, O TR EERFREEE SR AR .
A% EHE FE3RAT CRC 2 i 25 A OC: R 36 1 2
£ GSE41258” (GPL96 “F £ [HG-U133A]A ffymetrix
Human Genome U133A Array) , {3V & F LS
BN CRC R KA 72 (1 2 ZAbR A, 2 R B
bR, 3R4F 183 5] CRC i A b 4 b5 A< 71 39 5] JH- e
PHLRA, BE -V HFER 6354 .

1.2 DEG#®ifit

FI H GEO i 4% & ) GEO2R 1 £k 1. E (http://
www.ncbi.nlm.nih. gov/geo/geo2r) i %t DEG. 15 & i
2 A4F . (DR IE J5 P<0.05 (adjusted P-values,adj.P) ;
(2) [log FC|>1(fold change, FC), & i i /&£ L _E 24N %%
PFRIZER B G223 o
1.3 DEG # GO #2KEGG & % #7

TR AT AN O B E 4E i (Database
for Annotation, Visualization and Integrated Discovery
Database, DAVID) ¥5& | A Y54 M 73 TR, e
X HE PR A [ B AT DY RevERE . Kk ) DEG F A%
% DAVID A Y15 2. 5 £ (version 6.7, http://david.
nciferf.gov) #EAT AT 2 K A4 (gene ontology, GO) Al
B\ R4 B % (Kyoto Encyclopedia of

Genes and Genomes, KEGG) 73 #T, LA P<0.05 F /8 # 7
BA G E L.
1.4 PPI M % [ &9 Ay 32 Ao Bk AR e 5 A

F L DEG A% A0 ZAH BLAE 2L R 48 &R
T. H (Search Tool for the Retrieval of Interacting
Genes, STRING) [ 3 Chttp://string-db.org) 2 il Hi PPI
WX 2% & , 3K FH Cytoscape (version 3.7.1) 42 ill ik
ATAAE X 2% HAE K . Cytoscape {E AAEYIE B2 AF
V& il A R PP 456 73128 B TRk PRt
H Cytoscape 7 [t i 1 MCODE (Molecular Complex
Detection Technology, version 1.4.2) . EL il i AT A4k
W 2% [ o d O B e . MCODE i 5 A 4 -
MCODE scores>5, degree cut-off=2,node score cut-off
=0.2,Max depth=100,k-score=2.
1.5 CRC Xk #t4 [ &9 i A= AT

i 36 HH 7T R AE HE 44 AT 8 ALY CRC SB[, A

H Cytoscape ' [1 i {1 BINGO (Biological Networks
Gene Oncology, version 3.0.3) T. B 22l GO & £ 1] 41,
125 . I F cBioPortal ] Kaplan-Meier i £k X ¢
Bt L PR (1) 2 AR A7 3 Coverall survival , OS) A TG HE g 24E
17 (progression-free survival, PFS) i 47 73 #T , 2 il
T 42

2 g R

2.1 Rt 321 ~DEG

E GEO %45 FPE GSE41258 $4is & SL gy \ 55 & 2
SRIGFE A 222 A (183 451 CRC 4 k5 4 .39 51l CRC JiF
R H LR A) . GEO2RTEL T Kt A7 /04, i 1%
B 2% 1F adjusted P-values<0.05 Fl [log FC|>1 §7 1% %
#5545 2 321 /> DEG , Horp B & B 153 4> F i
B 168 4. DEG KM IE W IE 1, DEG K1l
W2,

2.2 DEG# GO#KEGG g £/ #74 %

181 i DAVID ¥ 36 %} | 4% ) DEG # 417 GO Hl
KEGG & &7 #r, H GO & £ i DEG ThRei: &
9N 3 25 AW il FE (biological processes, BP) < 41 g
?H 43 (cell component, CC) 1 73 F I fig (molecular
function, MF) , #1735 5 L3 1. BP G468 (A i B0
SR SN  JERE S5 2 L A/ J5 I /IS AR | 97
TS NE s CC/BLF5 248 L A1 18] B HILVBLARORE 20 L A0 71N
SRR AN AR (Bl A G /N s M L35 K il v 1
DAY JUAC T ) R0 9 22 IR K AR TV A 22 IR
A KB E T VRS S . KEGG B 8@ IR i il o 45
LT, 045 M 5 B M B e S Ak 2 808 254K
-4 B 53R P450 S [ B R A2 WA s I PR i
SRR QR R A



WL, 55 . A E R IR 22 R RIA R N 5 15 5 il B A

- 789 -

2.3 M EPPI K% RA

1 | STRING ¥ 3 £ Cytoscape 3% 4 1) % [¥] PPI
W 4% B (11 3) , ik H Y DEG JE [FI A S i B 2 0 2

tH.0y PPI 4% . 32 F MCODE i {4 15 21 7] 78 4k [ 2%
P i S 2 AR L (4D

-0.056821227
0.4715894

u-.ﬂ_mlmﬂa'.rﬂ_m_n Qs da e

—

T

14856304

-0.028739214
_ E.O

&1 DEG R&EHE
Fig.1 DEG clustering heat map

30+

244

-log,, (P value)

log, (FC)

&2 DEG ALLE
Fig. 2 The volcano map of DEGs

24 fhith CRCH SN XELR

it i MCODE #fi {43 £ DEG It 15 s B , i BTy
RUBEHEA T 8 [ OCEE L K], 79 0l & ALB(degree=92).
APOB(degree=65). FGA(degree=62). F2(degree=61).
APOA1(degree=60). SERPINCI1(degree=58). FGG(de-
gree=56) AHSG(degree=55). i i} BINGO #di 4 2
GO & HE AT WAL I 45 [&] (1] 5D, 3 o Bt 26 AT ) 1)

M HAEH . @i Kaplan-Meier Hi 28 X 5 5 5 K 3E T
T 5 OS 73 b1 45 F (8 6) 275 , SERPINC 75 R ik 4L 1)
OS M & 48 Tk R 18 41 (P<0.05) , FGG = R I 411
PFS W & 58 TR R iA 24 (P<0.05) , #7559 3 [K £ CRC
e B A e AR I (] AT RE RS — e R .

3 1 %

CRC T #6755 4 5 4 OS HARAK, FFVIBR AR AN B
i B A a7 5 2 AR ARG 23 R &
R, FHR I CRC ¥R YT BA B 22 X, It CRC
JH 26 7 A0 5 A Wb A A5 Sl B o T L R AR
NBEFE . IEERITRE T 2K T CRC KA 5
TR FT , K I KRAS . p53.SMAD4 Al BRAF &
AAE CRC e R # L EAE FH KRAS AT
W TGF-B 15 55 S2f# CRCZ & 5 #£1"; CXCR4
HICCR6 5 CRC JH 4% A% i F2 %5 DI AH OG0, 46 5 1) 43
THLHI M e — B R . AWM5 B 25 ] LS Bl
43 M1 CRC JH- % 7% 3 D8] J2 1 R A8 4k, DL R I8 7E 1
JE DRHE S A AE AR B

M 5T T GEO U e %) 3 #i 42 GSE41258 (1)



© 790 -

F [ R AR IR 9T Ak K, 2020, 27(7)

LR ABEAT I 1% , 12 I GEO2R X 40 A 11 222 451l 21
GUR AR REAT 704, 23K 159 321 4> DEG, B4 b 18 £ [
1534~ RS 168 4. #it GO M1 KEGG & £ 4
7, DEG (1) D fig 3 & S AE B 1 o IW0E eI [ B 7%
i S A A7 R J5 L /NS RSORE | KM 5 Ak i 2%
K4 . £ CRC #2113 72 , 1 KRAS/BRAF/ERK
Wnt/B-catenin S5 51 1% K AR LI I N, T B 2R 11
AW A R 58 A LG B L G 2. TNF-a IL-6+
TGF-B FIIL-10 55 % M/ 51 5| S R oA 53 (1) 28 0 Js
N, 25 | 57 [8] 7 #% 1k Cepithelial-mesenchymal transi-
tion, EMT) « IfiL & ¥ J ¢ i # i R0+ A5 A 5!

KT, R PT AR Sy A1 98 AR ik 2 b LA L 4 P A
T, ARA CRC 20l 40 52 15 1 S50 B S R A TR
TG 72 N 2 1l 58 O #% . CRC 28 i 55 40 i o 2
JHAE ELAE 52 25 1 I 5 T i 8 4 A 1 280 PR 1 BRI
NN 51 A28 Ak 5 % 1A R A 4 B A0 35 TR FR R0 1R B
A2 41 PAD4 TIMP-1 Z5{ i T H R i #4207 Bk
S S I N AR R L B % S A K R T, )
NK 41 fg 1 554 E W 40 A , 12 32F CRC 1 I AT # H
CLF F FE0200 3 B, A w38 S A4 4 4 i e 5 | vt
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Tab.1 Partial results of GO and KEGG enrichment analysis of DEGs

Classification Serial number Function Count P

BP G0:0072376 Protein activation cascade 27 7.97E-24
G0:0002526 Acute inflammatory response 25 8.38E-22

GO0:0006954 Inflammatory response 39 2.93E-17

G0:0030198 Extracellular matrix organization 29 1.34E-16

GO:0006953 Acute-phase response 15 1.41E-16

G0:0043062 Extracellular structure organization 29 1.45E-16

GO0:0002576 Platelet degranulation 19 2.39E-16

G0O:0006952 Defense response 57 1.02E-15

G0:0032101 Regulation of response to external stimulus 39 1.99E-15

GO:0009605 Response to external stimulus 66 6.63E-15

cC G0:0005615 Extracellular space 89 1.93E-38
GO0:0072562 Blood microparticle 38 1.01E-36

GO0:0005576 Extracellular region 144 1.06E-34

G0:0044421 Extracellular region part 128 5.84E-31

GO0:1903561 Extracellular vesicle 99 2.81E-23

G0:0043230 Extracellular organelle 99 2.88E-23

GO:0070062 Extracellular exosome 98 8.54E-23

G0:0060205 Cytoplasmic membrane-bounded vesicle lumen 24 4.68E-22

GO:0031983 Vesicle lumen 24 5.91E-22

G0:0031988 Membrane-bounded vesicle 106 2.71E-19

MF GO0:0061134 Peptidase regulator activity 21 8.21E-13
G0:0004866 Endopeptidase inhibitor activity 18 1.47E-11

GO:0004857 Enzyme inhibitor activity 25 1.67E-11

GO:0061135 Endopeptidase regulator activity 18 2.53E-11

G0:0030414 Peptidase inhibitor activity 18 3.29E-11

GO0:0004867 Serine-type endopeptidase inhibitor activity 14 7.43E-11

GO0:0017171 Serine hydrolase activity 21 9.46E-11

G0:0004252 Serine-type endopeptidase activity 20 1.03E-10

GO:0008236 Serine-type peptidase activity 20 5.71E-10

GO0:0004175 Endopeptidase activity 25 2.26E-09

KEGG hsa04610 Complement and coagulation cascades 23 4.55E-23
hsa05204 Chemical carcinogenesis 15 4.54E-11

hsa00982 Drug metabolism - cytochrome P450 13 1.08E-09

hsa00980 Metabolism of xenobiotics by cytochrome P450 13 3.00E-09

hsa00830 Retinol metabolism 11 9.63E-08

hsa00140 Steroid hormone biosynthesis 10 4.63E-07

hsa00350 Tyrosine metabolism 6 2.82E-04

hsa00591 Linoleic acid metabolism 5 1.36x107

hsa01100 Metabolic pathways 34 3.18x10°

BP: Biological processes; CC: Cell component; MF: Molecular function
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