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Abstract

Objective: To screen genes associated with the expression and prognosis of colon cancer using bio-
informatics methods and analyze their clinical significance. Methods: Human colorectal cancer da-
tasets GSE21510, GSE21815, and GSE37364 were downloaded from the Gene Expression Omnibus
(GEO) database. Rlanguage-related software packages were used to screen and analyze the datasets
to obtain differentially expressed genes (DEGs). The DEGs were input into the STRING database to
construct a protein-protein interaction (PPI) network, and core genes were screened using Cyto-
scape software. Further expression validation and survival analysis were performed through the
GEPIA database to finally screen out target genes significantly associated with prognosis. The
TIMER database, Human Protein Atlas (HPA) database, and UALCAN database were used to analyze
the expression, clinical significance, promoter methylation levels, and correlation with immune cell
infiltration in colon cancer tissues of the target gene. Co-expressed genes of the target gene were
obtained through the LinkedOmics database, and GO and KEGG enrichment analyses were per-
formed to explore their potential biological functions and signaling pathways. Results: A total of 199
common DEGs were identified from the three datasets through differential analysis, including 63
up-regulated and 136 down-regulated genes. Through the PPI network, 10 core genes were finally
screened: MMP2, MMP3, MMP11, MMP7, THBS2, PLAU, COL11A1, INHBA, CCL20, and CXCL11.
Through further analysis using the GEPIA database, the target gene thrombospondin-2 (THBS2) was
finally selected. The GEPIA database showed that elevated expression of the THBS2 gene in colon
cancer patients was statistically significant and associated with prognosis (P < 0.05). Analysis
through the TIMER2.0 database revealed that THBS2 expression levels were higher in tumor tissues
than in normal tissues in various cancers, including colorectal cancer. Inmunohistochemical re-
sults from the HPA database indicated that THBS2 protein staining was weakly positive in normal
tissues but highly positive in tumor tissues, with protein products located in the cytoplasm and
membrane. UALCAN database analysis showed that THBS2 expression was associated with patho-
logical stage, histological subtype, and patient age in colorectal cancer (P < 0.05), but not signifi-
cantly associated with lymph node metastasis (P > 0.05). Promoter methylation levels in colon can-
cer tissues were significantly lower than those in normal colon tissues (P < 0.01). TIMER database
retrieval found that THBS2 expression was negatively correlated with cell purity and positively cor-
related with the infiltration levels of CD4+* T cells, CD8* T cells, neutrophils, macrophages, and den-
dritic cells (P < 0.01), but not with B cell infiltration levels (P > 0.05). GO enrichment analysis of co-
expressed genes from the LinkedOmics database showed that THBS2 and its co-expressed genes
were mainly involved in biological processes such as extracellular matrix organization, cell adhe-
sion, and bone formation, located in the extracellular matrix and cell-matrix junction structures,
affecting molecular functions such as extracellular matrix component binding and adhesion mole-
cule binding. These results are consistent with the characteristics of THBS2 as an extracellular ma-
trix glycoprotein. KEGG pathway analysis revealed that THBS2 and its co-expressed genes were
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mainly enriched in signaling pathways including actin cytoskeleton, PI3K-AKT signaling pathway,
integrin signaling pathway, and focal adhesion.
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1. 5|8

25 (Colon cancer, CC)s& & ERVE R P & WHIEM MR 2 —, HARRRMFLT-RBMFEFTH]. R
P 5 1 AR AL 21 [ B iE I FEH LA JARC) R A ) 2022 4E 4 ERIEE 4 1140 (GLOBOCAN 2020), CC
RIRGIELIN 192 5, S FTARIER RIRBI 9.6%, HLESE =00 JETIREIEL N 90 Ji, 5 e
BT B 9.3%, AR (1] fERE, BEE N DR ERE e LR 76 7 A3 5 s &, CC 1
KR FEFNGET 56 RIRAE bIH#ass, 7™ b N BB A A (g B 408 18] SR8 RE O AT 1) B BT B0 Y
N, CC CBN A B 0 2 AT T 3 B v MR R 2 — (2] [B14A IR E 7 ok T T E i . R
FITAERAE CC IR E . FARIGIT AT BOT KL RRIT 557 T HS 1 3 R, (HE 2 (0 Sk il
JEATRANEEAE, JCHE MR 1) 5 EAAFREUR[4]. ABHTTEE N GEO Kl e b 345 1 25 i e 3 K]
O HHEE, g AR mRIA IS TG BEAHRKER, FHaritRE o, RERAESEY
S R AR R oy AL, AR S8 T ri2 W KR 7 SR T TE 7R R AT

2. RE7%
2.1. #%

M GEO %45 FE (http:www.ncbi.nlm.nig.gov/geo) 14 5l T % GSE21510. GSE21815 #1 GSE37364 =4
s A IR R R B IR 5, GSE21510 HdEEaE 123 B4k il 25 B IEH 452048, GSE21815 %
PR E 132 W4 i Al 9 ] IE 45 2 48, GSE37364 Bt 27 45 e Al 38 9 1E % 45 il 241
GSE21510 fil GSE37364 &3 N Affymetrix AR U133 Plus 2.0 f551, HikE FHE—2HFE
GPL570; GSE21815 & [ 4 Agilent-014850 4= NS EEK A P 7)) 4x44K G4112F, K H T3 #1°F & GPL6480.

22. /&

2.2.1. & i5%E DEGs BfiE

I R AR50 A “limma” B, 431300 GSE21510. GSE21815 Hil GSE37364 H fijE
FEA 5 IR FEAR (8] 1) 22 5 91X B K (DEGs) . DEG ISR Rl i T« DA R 08 22 S A5 44 % #5(|Log?2 fold
change (FC)|) > 1.5 FI#Z IEJ5 ) P {fi(adjust P value, adj.P) < 0.05 A1 31T DEGs (K%, N7 HifFraf
MALIXEE DEGs, f#iH “ggplot2” B4 K. b5 =~ CC BdE Sk ok it 2 = 2L K 4 A b
VAR P2, 8L R A “ggVennDiagram” LA BB FE a0k L A 1 2 7 Rk 3 A

2.2.2. #932 PPI MG KB EE
B ILF _EH K DEGs ik STRING % (http:/string-db.org/) [51#% PPI M%%, BEJEK4 RSN
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Cytoscape X AF[6] (A 3.10.3)#E47 AI #4734, @it Cytohubba ffifFH 1) MCC 53%, SREVP4) % =i
Al 10 /> DEGs fE %0 FE R .

2.2.3. HOEEN#H—SERFKARIERTAE

GEPIA (http://gepia.cancerpku.cn/) iz [ 7]/ — N 3E T TCGA WITEL /Mt B, 1@ PPI 9 2% i
I H SR R AZ 0o S R 29 Sl 130 AT BRI R IB A A MTIUS 38AIE, DA P < 0.05 NZEREFGIM#E N, m&HEH
PRI

2.2.4. BIREEEMERRIRIEKE S

Fite 88 G % 45 11 % YR (TIMER) (http:/timer.comp-genomics.org/)EU 4 FE[S1# F T B Ar R R R IA 4
FE AT, [FIREIE GEPIA #¥s Fe ks 22 H A ik R 7E i 88 e xR AR (] 1) 722 ek o Uy o) A\ 28 8 1 o I %
(HPA) (https://www.proteinatlas.org/) 45 e[ 916 % H Fr & KILE 1E 8 N 45 14 2357 16 I HPA066883 HifA
R H AR B ATE 25 e R IR IA KR

22.5. BEREEREEBETHIERBAXER B FRELKESH

UALCAN {4 J% (http://ualcan.path.uab.edu/index.html) [10]/23E T TCGA ¥ 0¥ I AE L5 di 2, @
it UALCAN #¥ et — 20 04 1 H bR ZERIESS I I AR 23 5 IR O 2H AR e kR . A%
RYFNAN 5] Jo 2H 53 39 7 1 ) 222 S DA S el 5 10 AL 2R 3 1 FR B AL KPR 22 57

2.2.6. BREESEBHE SR AMRZIEKEHEXESH

TIMER #4s 22 w] LA ok 73 8 8% o [t 8 S8 7L 1) S e 4 IR e 12 B5His e 23 H A ik R 2 45 i e o
IRIE 575l e AR T KPR DG, DA P < 0.05 NZERHEA S ¥E X, Hdr> 0 RRIEAX,
<0 FRFARK.

22.7. BEREENERESHRINEEE T

LinkedOmics ¥4/ % (http://www.linkedomics.org) [ 1 11434 1 32 Ffi e 25 78 (14 22 20 2 H0 408 A lfe PR AL
M Ttz b R e 25 g iR Bk ], IR DUAEIRITE X il s 75 B bRk R 2 B A DS HT 50
AR, B 2 SR A e i KR SRR RE T . DU R 3 r > 0.6 H P <0.001 J92& X1 ik th 5 H Ax
FERAMHR MR E R, JEET R AER) “orgHs.eg.db” . “clusterProfiler” «  “ggplot2” # 4% H
HEAT FE R 4244 (Gene ontology, GO)HI 5t #B %= K 4H ¥ £ 4> 45 (Kyoto Encyclopedia of Genes and Genomes,
KEGG)& £ Hr[12].

3. 858

3.1. &%+ DEGs 5%

A 4E GSE21510 JL4 i 7 DEGs 1767 4>, b BiRZER 1011 4, FIAZERE 756(LE 1(A); %k
PE4E GSE21815 FL % T DEGs 1844 />, Hrp FifFER 8114, TNIAFZRE 1033 ALK 1(B)); 4
GSE37364 JL% 5% 1 T DEGs 1165 4™, A EEZER 528 4>, FIHIER 637 NOLE 1(0)). B4 BE I
P 199 M 3E[R DEGs, HoA 63 ANFIE LRELE 1(D), 136 MEE LA 1(E)).

3.2. PPI P4EA3E R 42O B F R FR L

Bimig i 63 4~ K DEGs %i A\ %] STRING ¥l FE /a8 i 61 AN 550 63 450040 i PPI M
%, B4R SN Cytoscape 20T #E, 833 Cytohubba 14 ) MCC ik ik H B A v B B A BT 10
MNEGFEEE, 258 MMP2, MMP3, MMP11, MMP7, THBS2, PLAU, COL11A1, INHBA, CCL20,
CXCL11 (JLFH 2).
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Figure 1. Screening of Differentially Expressed Genes (DEGs) in colon cancer
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Figure 2. Hub genes screened from the PPI network
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Figure 3. Screening results from GEPIA
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i3 TIMER2.0 #4231 8.7~ THBS2 7£ BRCA (F IR E). CHOL (B4 ). COAD (4%
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3.5. BRREEEERETRIEREX RS FREWKESH

i3 UALCAN K& IE H TCGA $ud e 1045 e 8 Im R SR i i, THBS2 {E4S e 559 55 1F
AP RREEA EEZREP <005, WE 5A), ERFREREETS, 41~60 ¥ B RAHFR
THBS2 MFREEFT 81~100 ¥ HEH(P < 0.05, WK 5(B)), EARMIGRS S, M HEEEHHF
THBS2 FIRIAEE ST TP < 0.05, WK 5(0)), {EHLFE MM, R iR i THBS2 RiAE &
EETHEP <001, WE 5(D); MEMELRERE T, THBS2 HRIATLHER I FZRP > 0.05, W
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Figure 4. Expression of THBS2 gene in tumors
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Figure 7. Co-Expression and enrichment analysis of THBS2
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