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[ Abstract] Objective: Colorectal cancer is a digestive system malignancy with high morbidity and mortality, but the mo-
lecular pathogenesis of colorectal canceris still unclear. This study aims to better understand the molecular pathogenesis of
colorectal cancer, and provide valuable molecular markers for the diagnosis, prognosis assessment and treatment of colorectal
cancer, based on key genes, signaling pathways and prognosis-related genes of colorectal cancer identified by bioinformatics
analysis. Methods: The colorectal cancer gene chip dataset was downloaded from the GEO database. Differentially expressed
genes (DEGs) were analyzed. Functional annotation and pathway analysis of DEGs were analyzed by GO and KEGG analy-
ses. Protein-protein interaction (PPI) network wasestablished to identify hub genes of colorectal cancer. Survival and prog-

nosis analyses were performed on those genes to locate

prognostic genes and verify their expressions. Meanwhile,
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promoter methylation level of prognostic genes was detected.

Results; Among 256 DEGs selected, 73 cases showed up-reg-
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ulated expression, and 183 showed down-regulated. DEGs were mainly concentrated in biological processes such as extracel-

lular matrix degradation and molecular adhesion, cell components such as collagen extracellular matrix and basal cell mem-

brane, and molecular functions such as receptor ligand interaction and chemokine activity, as well as signaling pathways such

as PPAR and nitrogen metabolism. One core module with the closest connection, which contained 13 key hub genes, was se-

lected fromPPI network. Further survival and prognosis analyses showed that CXCL2 and GNG4 expressions were significantly

correlated to the overall survival time of colorectal cancer patients. It was verified that CXCL2 and GNG4 expressions in color-

ectal cancer was consistent with those in the GEO dataset. The levels of CXCL2 and GNG4 promoter methylation in colorectal

cancer tissues were significantly lower than those in normal tissues. Conclusion: CXCL2 and GNG4 are core genes in color-

ectal cancer, and are significantly correlated to the prognosis of colorectal cancer. Their expressions may be regulated by pro-

moter methylation, and are expected to be used as potential molecular markers for early diagnosis, prognosis assessment and

treatment of colorectal cancer, providing a new direction for future studies.
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Figure 1. Flow of the Research

GEPIA, Oncomine and UALCAN are web resources.

GEO: Gene Expression Omnibus; DEGs: Differentially ex-
pressed genes; GO: Gene Ontology; KEGG: Kyoto Encyclope-
dia of Genes and Genomes; PPl. Protein-protein interaction;

GEPIA; Gene Expression Profiling Interactive Analysis.
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Figure 2. DEGs in Colorectal Cancer

A. Clustering heatmap of the top 50 most significant DEGs in GSE44076 dataset; B. Volcano plot of GSE44076 dataset; C. Clustering
heatmap of the top 50 most significant DEGs in GSE87211 dataset; D. Volcano plot of GSE87211 dataset; E. The Venn diagram of
overlapping DEGs from an intersection of the two datasets.

Abbreviations as indicated in figure 1.
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Figure 3. GO and KEGG Enrichment of DEGs
A. Biological process; B. Molecular function; C. Celluar component; D. KEGG signaling pathway.
Abbreviations as indicated in figure 1.
%1 _Lif DEGs By GO #1 KEGG E&
Table 1. GO and KEGG Enrichment of Up-Regulated DEGs
Category ID Description Count P
BP G0:0030198 Extracellular matrix organization 14 <0.001
G0:0043062 Extracellular structure organization 14 <0.001
G0:0032963 Collagen metabolic process 8 <0.001
G0:0030574 Collagen catabolic process 6 <0.001
G0:0022617 Extracellular matrix disassembly 7 <0.001
G0.0061844 Antimicrobial humoral immune response 6 <0.001
G0 ;0043588 Skin development 10 <0.001
G0 0042908 Xenobiotic transport 4 <0.001
G0.:0019730 Antimicrobial humoral response 6 <0.001
G0 ;1990868 Response to chemokine 5 <0.001
CC G0:0031528 Microvillus membrane 4 <0.001
G0:0062023 Collagen-containing extracellular matrix 10 <0.001
G0:0016323 Basolateral plasma membrane 7 <0.001
G0:0045178 Basal part of cell 4 <0.001

('Table 1 continues on next page)
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( Continued from previous page)

Category ID Description Count P
G0:0031253 Cell projection membrane 7 <0.001
G0 0005581 Collagen trimer 4 <0.001
G0:0005902 Microvillus 4 <0.001
G0:0005583 Fibrillar collagen trimer 2 <0.001
G0:0098643 Banded collagen fibril 2 <0.001
G0:0005788 Endoplasmic reticulum lumen 6 <0.001

MF G0:0045236 CXCR chemokine receptor binding 4 <0.001
G0:0005125 Cytokine activity 8 <0.001
G0:0005201 Extracellular matrix structural constituent 7 <0.001
G0:0048018 Receptor ligand activity 10 <0.001
G0:0030546 Signaling receptor activator activity 10 <0.001
G0 :0008009 Chemokine activity 4 <0.001
G0:0004222 Metalloendopeptidase activity 5 <0.001
G0:0008237 Metallopeptidase activity 6 <0.001
G0:0042910 Xenobiotic transmembrane transporter activity 3 <0.001
G0:0042379 Chemokine receptor binding 4 <0.001

KEGG hsa05323 Rheumatoid arthritis 6 <0.001
hsa04657 IL-17 signaling pathway 6 <0.001
hsa05146 Amoebiasis 6 <0.001
hsa05134 Legionellosis 4 <0.001
hsa05120 Epithelial cell signaling in Helicobacter pylori infection 4 <0.001
hsa04061 Viral protein interaction with cytokine 4 <0.001
hsa04933 AGE-RAGE signaling pathway in diabetic complications 4 <0.001
hsa04064 NF-kappa B signaling pathway 4 <0.001
hsa04062 Chemokine signaling pathway 5 0.001
hsa05167 Kaposi sarcoma-associated herpesvirus infection 5 0.001

BP: Biological process; CC: Cellular component; MF; Molecular function; KEGG: Kyoto Encyclopedia of Genes and Genomes.

%2 T DEGs iy GO #n KEGG B&
Table 2. GO and KEGG Enrichment of Down-Regulated DEGs

Category ID Description Count P

BP G0:0015701 Bicarbonate transport 8 <0.001
G0 :0006730 One-carbon metabolic process 6 <0.001
G0:0006821 Chloride transport 8 <0.001
G0:0010273 Detoxification of copper ion 4 <0.001
G0:1990169 Stress response to copper ion 4 <0.001
G0:0061687 Detoxification of inorganic compound 4 <0.001
G0:0097501 Stress response to metal ion 4 <0.001
G0:0015698 Inorganic anion transport 4 <0.001
G0:0034754 Cellular hormone metabolic process 9 <0.001
GO0 .0042445 Hormone metabolic process 8 <0.001

(Table 2 continues on next page)
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( Continued from previous page)

Category ID Description Count P

cC G0:0005903 Brush border 7 <0.001
G0:0098992 Neuronal dense core vesicle 3 <0.001
G0:0031526 Brush border membrane 5 <0.001
G0:0045177 Apical part of cell 13 <0.001
G0:0016324 Apical plasma membrane 11 <0.001
G0:0062023 Collagen-containing extracellular matrix 12 <0.001
G0:0098862 Cluster of actin-based cell projections 7 <0.001
G0:0031045 Dense core granule 3 0.003

MF G0:0016616 Oxidoreductase activity, acting on the CH-OH group of 10 <0.001

donors, NAD or NADP as acceptor
G0:0004089 Carbonate dehydratase activity 5 <0.001
G0:0016614 Oxidoreductase activity, acting on CH-OH group of donors 10 <0.001
G0:0048018 Receptor ligand activity 17 <0.001
G0:0030546 Signaling receptor activator activity 17 <0.001
G0:0033764 Steroid dehydrogenase activity, acting on the CH-OH group 5 <0.001
of donors, NAD or NADP as acceptor

G0:0016229 Steroid dehydrogenase activity 5 <0.001
G0:0018455 Alcohol dehydrogenase [ NAD(P) + ] activity 3 <0.001
G0:0004303 Estradiol 17-beta-dehydrogenase activity 3 <0.001
G0:0016836 Hydro-lyase activity 5 <0.001

KEGG hsa00910 Nitrogen metabolism 5 <0.001
hsa04972 Pancreatic secretion 9 <0.001
hsa04978 Mineral absorption 7 <0.001
hsa04964 Proximal tubule bicarbonate reclamation 5 <0.001
hsa04976 Bile secretion 7 <0.001
hsa00140 Steroid hormone biosynthesis 5 <0.001
hsa04960 Aldosterone-regulated sodium reabsorption 4 <0.001
hsa00830 Retinol metabolism 5 <0.001
hsa00982 Drug metabolism-cytochrome P450 5 0.001
hsa00620 Pyruvate metabolism 4 0.002

Abbreviations as indicated in Table 2.
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Figure 4. PPI Network of DEGs (Panel A) and the Hub Genes of Its Core Module (Panel B)

Abbreviations as indicated in figure 1.

%3 ETF GEPIA Fn Kaplan-Meier plotter i 13 4~ Hub EF A FERE S
Table 3. Overall Survival Analysis of 13 Hub Genes Based on GEPIA and Kaplan-Meier Plotter

Kr123 KRT20 /@
&
unxz(/e/ FABP2

KRT68.

ANLN

FABPA

FABPS

Gene symbol

Overall survival by GEPIA (P)

Overall survival by Kaplan-Meier plotter ( P)

SST 0. 750 0. 100
CXCL3 0.047 " 0.110
INSL5 NA 0. 140
CXCL8 0. 050 0.330
CCLI9 0.610 0.070
CCL28 0.370 0.073
NPYRIR 0.710 0.310
CXCL2 0.042" 0.037"
CXCLI 0. 130 0.110
GNG4 0.027" 0.008 *
CXCLI2 0. 680 0.220
NPY 0.310 0.110
AGT 0.073 0.024 "
*P<0.05

Abbreviations as indicated in figure 1.
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Figure 5. Survival Curves of Core Genes Related to Prognosis Based on GEPIA (Panel A) and Kaplan-Meier Plotter
(Panel B)

Abbreviations as indicated in figure 1.
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TCGA and GTEx are databases; GEPIA, Oncomine and UALCAN are web resources.

Abbreviations as indicated in figure 1.
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