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Bioinformatics analysis on adjustment effect of colorectal liver
metastases model in mice based on complement alternative
pathway and its experimental verification

SHI Changyu ', LI Yong ', DENG Jing ', PIAO Chunmei ?, JIN Ming '
(1. Department of Biochemistry and Molecular Biology, School of Medical Sciences, Yanbian University,
Yanji 133000, China;2. Affiliated Beijing Anzhen Hospital, Capital Medical University, Beijing Institute of
Heart Lung and Blood Vessel Diseases, Beijing 100029, China)

ABSTRACT Objective: To discuss the regulatory role of complement alternative pathway in mouse
colorectal cancer (CRC) liver metastasis model based on bioinformatics methods, and to clarify its
mechanism through experimental verification. Methods: Using “CRC liver metastasis” as the keyword,
the GSE81558 dataset was retrieved from Gene Expression Omnibus (GEO) database, including normal
colon tissue samples, CRC tissue samples and CRC liver metastasis tissue samples. Bioinformatics
methods were used to analyze and screen differentially expressed genes (DEGs). Gene Ontology (GO)
functional enrichment analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analysis were performed using R and Cytoscape software, and the results were visualized.
Search Tool for the Retrieval of Interacting Genes/Proteins (STRING) database was used to evaluate
protein-protein interactions (PPIs) of DEGs and construct PPI network. Twelve C57BL/6 mice were
injected with SL4 tumor cells into spleen, and the liver tissues were collected at O, 7 and 14 d. Real-time
fluorescence quantitative PCR (RT-qPCR) method was used to detect the expression levels of complement
pathway-related genes in liver metastatic foci. The CRC liver metastasis mouse model was used to verify
the complement signaling pathway. The mice were divided into control group, factor B knockout group
(FB~/7) and C4 factor knockout group (C4~/7), and there were 6 mice in each group. The liver weights of
the mice were measured; HE staining was used to detect the percentage of metastatic area in liver tissue in
control group and FB~/~ group; immunohistochemistry was used to detect macrophage infiltration in liver
tissue in control group and FB / group, and the percentage of macrophage infiltration was calculated.
Results: The distances between normal colon tissue samples and CRC tissue samples, as well as between
CRC tissue samples and CRC liver metastasis tissue samples were far, indicating significant differences
between samples, allowing subsequent analysis of DEGs. A total of 1 908 DEGs were screened in the
dataset comparing normal colon tissue samples and CRC tissue samples, including 771 up-regulated DEGs
and 1 137 down-regulated DEGs. Twenty-three up-regulated DEGs and 100 down-regulated DEGs were
identified in the dataset comparing CRC and CRC liver metastasis. The GO functional enrichment analysis
results showed that compared with normal colon tissue samples, DEGs in CRC samples were mainly
enriched in biological processes (BP) related to cell cycle and mitosis, including mitotic cell cycle process,
cell division, response to hormone, mitotic nuclear division and response to lipid. Compared with CRC
samples, the DEGs in CRC liver metastasis samples were mainly enriched in coagulation-related BP,

including platelet degranulation, blood coagulation regulation, acute-phase response, hemostasis regulation
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and coagulation regulation. The KEGG pathway enrichment analysis results showed that compared with
normal colon tissue samples, the DEGs in CRC tissue samples were mainly enriched in cell cycle and
p53 signaling pathways. Compared with CRC tissue samples, the DEGs in CRC liver metastasis tissue
samples were mainly enriched in complement, coagulation cascade and metabolism-related signaling
pathways. The Hub genes identified in PPI network were related to blood proteins. The RT-qPCR
results showed that compared with O d group, the mRNA expression level of complement related genes
complement 1q (Clq) in liver metastatic foci tissue sampres in 7 d group was significantly decreased (P<C
0.05), the mRNA expression levels of complement 3 (C3), complement 5 (C5), FB, and factor D (FD)
were significantly increased ( P<C0.05 or P<C0.01),
pathway-related genes Clq, complement 2 (C2), C3, complement fragment 3a receptor (C3aR), C5,

the mRNA expression levels of complement

complement fragment 5a receptor (C5aR), decay-accelerating factor (DAF), FB and FD in liver metastatic
foci tissue sampres in 14 d group were significantly increased (P<C0.05 or P<<0.01). Compared with
control group, the liver weight of the mice in FB~/~ group was significantly decreased (P<<0.01), while
there was no significant difference was observed in C4~'~ group (P>>0.05). The HE staining results
showed that compared with control group, the liver metastatic foci in FB™/~ mice were significantly
decreased, and the percentage of metastatic area was decreased (P<C0.01). The immunohistochemistry
results showed that compared with control group, the macrophage infiltration in liver metastatic foci of the
mice in FB~/ group was reduced, and the percentage of macrophage infiltration was decreased (P<<
0.01). Conclusion: Complement cascade is associated with CRC liver metastasis, and the alternative

complement pathway regulates CRC liver metastasis, suggesting this pathway may serve as a potential

therapeutic target for CRC liver metastasis.
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Bioinformatics; Differentially expressed genes

ZEH M (colorectal cancer, CRC) 42 H i &
HOLOEYEME 2 —, ORI T R
2020 4%, Ak R 180 J1 il #7812 S CRC 1Y M
#, Hoh 915 880 il B #H JET- 5 CRCAHE "o CRC
JEH R & CRC AR BUE M EZHE . Rk F
AR 0 CRC 5% 78 1835 0 b AL 28 77 ) 18] 2k 7~
154 A, R AT A G YT W] LLRE 28 e 56
{HpR T e 25 Pk, M DGR YT T EE M T R
UL R HAE WS B T IS CRC IFE B i 7
Py FEE A Y A R (biological process, BP) . 43
T I ae S 538 B AE AT LAk B iR CRC T 4%
BBl Br iR P BE A O MR SR R G A X
B, VENERGREN) EBA KRSy, 2 #MES
TE i AE T e 2ok R v 7 R i B 05 v e 4 O B ) e 4
ER™, aMA CSTTRES 5 CRC TGRS . WFoe
TR AMA SadE o Y 48 AE 20 i B A2 E CRC T
e o FMHOCWRIY E B A T T AMA RS B R R 4
e, R R A G R A R e A v B SO 1R O R
AU, B, A0SR WS BT
KN ARG AIE , R AMA SR (OG5 O, O

Colorectal cancer; Liver metastasis; Gene Expression Omnibus database;

B AMA R RE R S CRCIFFE BRI X R, B CRC
(932 Wi ARG 7 4 B AR o

1 MREFE

1.1 Z%FHH. @R . EZXNFPMNE EHEI~
10 &% 12 A # - 6 HBHEF (factor B, FB)
AR A6 K C4 PR @ Bk Y SPF 2 1P C57BL/6 /)N
Bl (FB A B ARAMAGE 2 1 2 ML g i 56 4y, i C4 X
5 R 28 R 5 AR RE B R AMAS IR AR 00 A R 43 )
R E (2243) g, WAL aTMER L =AY R A
BRAAE, sh¥Er=FaiES . SCXK (i) 2021-
0010, Zh¥ M A FaliE% : SYXK (&) 2021-
0042, Jr A S5 s W B AR & Sk i KA AR P S 51 x4t
(%5 2310120), fF& 3P 928 3R N . BF
AN W IR TARERE b, fHIR (2242) °C,
ARG N 60%, I N T HE4T 12 h B9/ BE 16 26 .
/NER CRC JIF 55 % 40 Mg 22 SL4 p b 50 2 od B B b 5t
0 il I A B I R BTG T . i SRR & (SR
Promega v # ), RNA # Bk #] & 2X Taq Pro
Universal SYBR qPCR Master Mix fl Frezol i 7
(P B MEE A DR R A R A |)) . Mac3—Hi il
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ZSGB-BIO il & (bt A2 & AW H AR AR
Al), $iMac-3—$t (LEBD AW )., BIHEE.OLHL
(#15 . 5418, fH[E Eppendorf/A &), LI} 96 &
# PCR (real-time fluorescence quantitative PCR,
RT-qPCR) ¥ (H5 . CFX96, 3 & Bio-Rad /&
A, e (A5 . Labophot 2, H A JEEXA
"), ROl (B85 . CCD-IRIS/RGB, HAR
JER/NESIDR

1.2 AHEEFHBRRBRRALEE CRCE AN
J¥ B4 5 GSE81558 2k i T 3t [A 3 35 25 & (Gene
Expression Omnibus, GEO) % 9% % (http: //www.
ncbi. nlm. nih. gov/geo) , H 4 & 23 {71 # & P
CRC HZUREA | 19 ] CRC HF 55 F5 4L SURE A FI 9 451
B HHEREAR . I GEO $di 2 b kA5 R Ak B 1)
CEL 3Cf, A REM (A 4.2.2) 4b#AE .
i FH RMA B #4715 e . H— ARG )5
AT T IREFRIK R 0 R GPL15207 HE# £
(“hugenelOst % S A pteluster. db™) B & £ id 5%
Ay ] B 7 5 PR 44 B o ) oAk a2 A 7 R PR A5 18 4
Brid, X THZ MR EERE, Dl EE oy H &
IRAE o ARAG A J D] 6 3 B 3 ok SR 2 R 32 1 A3 43 T
(principal component analysis, PCA) # 17 i &
Pl

1.3 £ 5 % i X B (differential expression genes,
DEGs) # ff & e %4  DEGs 4 Hr i il “limma”
AT AR EE Y IR RIAME L log, Fi s, R
H 2 B % X B fd i 550 7% (log scale robust multi-
array analysis, RMA) #EA7H 143, JF %N
B /D AU G LR . 43 BT 1E # 45 1 21 2R
A5 CRCHZUREAR K CRC 4181 A 5 CRC IF# B
HEREAR, LIPPAE 22 R RiE . Limma B aitHH 5
A FER S R4S 1R K B # (false discovery rate,
FDR) log, fi5 & fk % (Log,FC) I P {i. % H
Benjamini-Hochberg ¥ X} P8 FDR #1741, DL
R 22 R B PR S o AR B U R S 9 P<<0. 05 AN
[Log,Fc|=1. 0#fi%E DEGs,

1.4 A% B A44K#(Gene Ontology,GO)Zh#t 5 £ 4
A xR EBLEEABATH L PF (Kyoto
Encyclopedia of Genes and Genomes, KEGG) 1% %
BEEGESN XNIEFHEMALEH CRCHL K
CRC 441 5 CRC i % #% 41 41
¥ #E1T GO Th B & 4 /0 #r ™. DEGs % A
DAVID %4 % (https: //david. nciferf. gov/) J&,

“clusterProfiler”

3158 T DEGs it B E M KEGG {5 S % ', LI P<
0.05 N ZEFAGIT L. HARKM (4.2.2/0)
Hl Cytoscape #f4 (3.8.2 W) 58 B 43 Hy 45 S (9 ]
AL o
1.5 % & -% a M Z 4 A (protein-protein
interaction, PPI) M % &9 #) 2 fe 48 44 X B 45 8 3|
) K & A0 B A FE /8 A i (Search Tool
for the Retrieval of Interacting Genes/Proteins,
STRING) % ¥ £ (http://string-db. org) #4 #
DEGs [ PPIM %% . FI ] Cytoscape % {1 % #l PPI ¥
2 ®, MCODE #fi 74 # & PP 4% v i) 5 22 A e,
Hubba 4 {4: i 1% 5 2238 % b iy SCHESE Y, AR 4 Al
JE (degree) HE4 3 BURT 10 037 A4 5 5 1 by Hix 41 32 [H
(Hub &) .
1.6 DPMRCRCH#EBEAWNFE& CS57BL/6EAE
R/NELCRC I R B2 AL . SR AR 845 1 W 7 ik
4 # /Nl CRC PG B B2 AL . ¥ 12 1 C57BL/6 BF
ERUNEBENL Y 0, TRI14d4H, F44H . MR
JE B 13 5 50 mg-kg ™' 100 B L ARG L [
SEARFEM T b e R 25 RS 2T
W5mmYUlA#E, WM, JEhihagh,
100 pL. DMEM/F12 #5337 3 b Y 5 10" > SL4 41 Jifd
TEAMNE . A A G L, ORI R R A, 4% A
B RE . R J5 g5 7385 o SR, A mok, 5B
14 K 1 16 A6 A G e B JFF JUE 2404 b e, T D foh 98 41 41
LR NFNE, $Eon BT, HF G 8% i 2 2 5k 5
100% . 433 T 0. 7H 14 dJ5 RENREIFHL, F
FH RT-qPCR ¥ K I 4% 41 /I BRI 26 8% b v 4 1 3 %
FHGBE P R kK-

FB & B/ B CRC JIF 5% B B A0 . 5250 43 Oy %
WEH M FB bR gl (FB /@), A6
C57BL/6 #pAE RN, FB 4l 6 H FB &b/
B, HARERIER b, BF a5 14 RASE/NER, B
JEFIIE R J5 ek I 0 5 o 8 % B 17 O

AMAE F C4 B /N CRC IFFE R RAL . 256
A3 X R CA T F R B4 (C4™4l), xi 4l
6 C57BL/6 B AERI/NRL, C4 46 HC4
TR bR /NE, HAARAE R -

1.7 RT-qPCR i # @l & 48 /s &, CRC FF 4% 45 41 %
HAFAAGREREERAXEABRZIARE XA
FreZOL i 77 4 WM Wk 7 45 SL4 40 i 75 5 CRC JF
e F 1AL 1y /N BT 4 2058 RNA . SR ] FastKing
gDNA 4 B RT SuperMix i & i cDNA, 2R 2 X
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Taq Pro Universal SYBR qPCR Master Mix, & it
PL AT HAE . UL GADPH B NS BEH, R
270 A0 M P AMA 1q (complement 1q,Clq) .
#MA 2 (complement 2, C2), #MA& 3(complement 3,
C3) . #M & K Bt 3a & {& (complement fragment 3a

receptor, C3aR) ., #MA 5 (complement 5, C5). %k
& R Bt 5a %Z & (complement fragment 5a receptor,
Cb5aR) . % 4% Jin# A ¥ (decay-accelerating factor,
DAF) FMIDHF (factor D, FD) mRNA ik KF.
PP MBI R,

x1 39F5

Tab.1 Sequences of primers

Primer Forward(5'—3") Reverse(5'—3")

Clq GAAGGGCGTGAAAGGCAATC CAAGCGTCATTGGGTTCTGC

C2 AGAGTGCCGAACTCATGGTG GGCTGAGAGGCAAAGGTGAT
C3 ATAAAGAGCCAGCGGCTACA GAATGAAGGGGTAAGGGGCA
C3aR CCCCAAGACATTGCCTCCAT GACTGTGTTCACGGTCGTCT

C5 TGGTTCCTTCAGCACGACTC CAGACTGCGTCAGCCACTAA

CbaR TCCTTCAGAAGAGTTGCCTGC TTCTGTGGTAACCAGCGACG

DAF GCTCAATTAACTGCGGCTCAA ACAGAGACAGCGACAGCAAC

FB ATGGGGACAAGAAAGCCAGTT TAGCCTTGGGCCTTTGTAGC

FD TCGAAGGTGTGGTTACGTGG TCGATCCACATCCGGTAGGA

GADPH AATGCATCCTGCACCACC ATGCCAGTGAGCTTCCCG

1.8 HE# &ML 2a P A CRCHESLEHE L
AFHEFEBRrERT S F BT HAM
FB " 21 /)N BT U 20 2 4 s 40 300 4k B RS 40 7, e TR
VLB T HE 3 6, BB R JF 4 I, SR
Image J 8143 B A% o 40 A% R G 189 358 057 Ry JIF
057 S R =N T 5 A T A S i 2 A S T
T 43 2R == I M A% TR e 1 AR/ TR AR < 100 %4 .

1.9 SAARAFREENE24 R CRCHH#
B Edm iR EERL BT BAMEB 41/
RUFALY R WK, 59 Mac3 —H 4 CHE
W, AR 2 REUE G IR ZSGB-BIO i 5] & vl 1 5
PEAT AR, WAUBEWLEIEHA R, SR ] Image J K14
AT E BT, A B WA MR EE % . Mac3
A I AR L AR B D s Mac3 2635 BH M 40 it B A% {0
SR E AN A A AR T R = W 40 i
B/ U A BB X 100 % .

1.10 %t %54 R GraphPad Prism 9 48114k
AT G2 B o A5 4L/ BRAMA R 12 DG N 35
S7,V/ G I D15 T AN R SN TR A E R o S
MR E R EIES A, PatsEn, £
1A ARE A S5 B0 L 3R B I 38 0 22 400, AL TR RE AR
BIEOP HL R I LSD-2 #2580 . LA P<<0. 05 K 25 5%
EENMES- 3@

2 & R

2.1 HFHAKEHSH @I GSESIS58 H
FR ) CRC 4 4UREA 5 CRC T 55 # 24 8V A M 6
1 DEGs. AT PCA S HT45 R WoR: EH %5
P A 5 CRC HEUREALL & CRC A ZUEA S
CRC IR HSVREAR 0] B B 4k, 4R R BEAR 22 1] 22
SRR, AT DEGs #1752, ULIE 1.
2.2 CRCH % %M % F % DEGs TEIEW 451
A AUREAR L CRC 4 2R A B0 dE S v, L0 3
1 908 4~ DEGs, H:th 7714~ DEGs 4, 11374
DEGs M. £ CRCHLMHAH CRC B HH
BEAR KO 4 h 3L & B 234 FIE A DEGs & 1004~ F
I8 1 DEGs (& 2) o H dif 100 A4~ & A #4 1K
UL 3.

2.3 DEGs®GO¥REESH HIEWLHAR
Fe#, CRCHIAREAM DEGs E 84 T4 2250 %
Y R . AR XU ER AR . A 5
S4R% 4y ZL TN B BT A RN 48 BP. 5 CRC A4 A
Fe#, CRCIFHBALMEAR DEGs £ 5 & Tt
I g sk AR e, G bR ORI R T . Ak
RN b i YT R I R A BP. LR 4,

2.4 DEGs¥WKEGGRFTBREREELIH HIEW
SE S REAR LA, CRCALIFEAR DEGs 8 H
R A5 5 Ol A B S BT R PSR Sk . 5
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PR BN SIEWSMALFEAR LK, CRC
HAMEA T DEGs 1 4F 44 1 10 2 Hub & P 43 51
4 A SR I EE AR OB P B RS 1 (cyclin-dependent

kinase 1, CDK1) . Z0AE E M E H A2 (cyclin A2,
CCNA2) . #0 M & # & B Bl (cyclin BI,
CCNB1) . 40 fifd 4> 24 J&l 81 2 11 20 (cell division

cycle 20, CDC20) . £ 2257 %4 K 4 mi 22 AR / 950 &
2 #% [ (mitotic checkpoint serine/threonine-protein
kinase BUB1 beta, BUBIB) . % H B 1 [F Y
( B% ++ ) (budding uninhibited by benzimidazoles 1
homolog, BUBI1) . Discs K [ 4 & B & (1 5
(Discs large homolog
DLGAPS) | 40 Mg J& 1 & 1 B2 (cyclin B2,

associated protein 5,

CCNB2) .,

member 11,

UK 8h 3 1% K B 11 (kinesin family

KIF11) 138 8 & H % B8 51 20A
(recombinant kinesin family member 20A, KIF20A)
Hrp, CDKI. CCNA2, CCNB1, BUBIB, BUBI
M CCNB2 540 A W47 3¢, DLGAPS & — Ff ik £
B4 20 e SR B A R, 5 A R T S R
8. 5CRCHADEARLLE, CRCHF #2414
FE A ) DEGs P i 10 2 Hub % 2 (1 & A
(albumin, ALB). £ 4t & M J&t ¥ (recombinant
fibrinogen gamma, FGG). 22 %R & (A B3 &l N+
Cl (X PR¥i#E i 11 ) (serine peptidase inhibitor
clade C, member 1, SERPINC1) . 4 bt H Bk 1 ig
% W (alpha-2-HS-glycoprotein, AHSG) . # g
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Vertical axis representd BP enrichment items of DEGs in biological processes, and horizontal axis representd number of genes enriched in

each BP.A: Normal colon tissue samples and CRC samples; B: CRC samples and CRC liver metastases.
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Fig. 4 GO functional enrichment maps of DGEs of normal colon tissue samples and CRC samples and CRC tissue

samples and CRC liver metastasis tissue samples
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Vertical axis indicated pathway enrichment, and the horizontal axis indicated number of differential genes in the pathway.A: normal colon
tissue samples and CRC samples; B: CRC samples and CRC liver metastases.
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Fig. 5 KEGG enrichment map of DGEs of normal colon tissue samples and CRC tissue samples and CRC tissue

samples and CRC liver metastasis tissue samples
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A': Normal colon tissue sample and CRC sample; B: CRC samples and CRC liver metastases.
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Fig. 6 PPI network diagrams of DGEs of normal colon tissue sample and CRC samples and CRC and CRC liver

metastasis tissue samples

KIF20A
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A

Level change of Hub gene from red to yellow representd degree of freedom.A: Normal colon tissue samples and CRC samples; B: CRC

samples and CRC liver metastases.
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Fig. 7 Top 10 Hub genes of normal colon tissue samples and CRC tissue samples and CRC tissue samples and CRC

liver metastasis tissue samples
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Expression level of mRNA

Clq C2 C3 C3aR

Cs C5aR DAF FB FD

"P<<0.05, "P<C0.01 compared with 0 d group.
B8 RT-qPCRZHMA 4 /R CRC JFFHE B 4 4URE A v A MAGE B 40 56 3L B R 3K K

Fig. 8 Expression levels of complement pathway-related genes in CRC liver metastasis liver tissue of mice in various

groups detected by RT-qPCR method
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A Control and FB~'~ group; B: Control and C4 '~ group.
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Fig. 9 General morphology of liver of mice after

knockout of FB and C4 factors
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Black arrows represented liver metastasis foci in mice.
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Fig. 11
in two groups after knockout of FB observed by HE

Infiltration of CRC liver metastases of mice

staining
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Fig. 12 Macrophage infiltration in CRC liver metastases

of mice in two groups after knockout of FB observed

by immunohistochemisty staining
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