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pression profile (GSE41655) were downloaded 
from Gene Expression Omnibus (GEO, http://
www.ncbi.nlm.nih.gov/geo/). The array date of 
GSE74602 contained 30 paired tumor and nor-
mal colorectal samples. GSE10950 included 
24 paired normal and tumor colorectal speci-
mens. GSE31279 consisted of 35 paired tu- 
mor and normal colorectal tissue specimens. 
The miRNA expression profile array datasets 
GSE41655 included 33 tumor and 15 normal 
colorectal mucosas.

Data processing

The different expressed genes (DEGs) and dif-
ferent expressed miRNAs (DEMs) between tu- 
mor and normal colorectal samples were calcu-
lated by GEO2R (http://www.ncbi.nlm.nih.gov/
geo/geo2r). The adjusted P (adj. P) values cor-
rected the occurrence of false positive results 
by Benjamini and Hochberg false discovery rate 
method. |logFC|>1 and adj. P<0.05 were con-
sidered to be the threshold values.

Functional and pathway enrichment analysis

Gene ontology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) enrichment of 
DEGs were analyzed by DAVID online tools 
(https://david.ncifcrf.gov/). P<0.05 was consid-
ered significantly.

Protein-protein interaction network construc-
tion and modules selection

The protein-protein interaction (PPI) between 
DEGs were calculated by STRING online tools 

using prognostic index (PI), the liner component 
of the Cox model. PI=β1x1+β2x2+……+βpxp (xi is 
the expression value and the βi is obtained 
from the Cox fitting). The classical Cox model 
(all genes were included in a unique model) was 
used to evaluate the prognostic role of hub 
genes. The high and low risk groups were split-
ed by median PI values (the higher PI values for 
higher risk).

Results

Identification of DEGs 

By GEO2R analysis, 1676, 323 and 4347 DEGs 
were screened out from GSE74604, GSE31279 
and GSE10950 respectively. There were 303 
common DEGs in total, 113 of which were up-
regulated genes while the other 189 were 
down-regulated genes (Figure 1).

Gene ontology and pathway enrichment analy-
sis

GO and KEGG pathway analysis of DEGs reve- 
aled that the up-regulated genes were enriched 
in chemokine activity, biosynthesis of amino 
acids and TNF signaling pathway while the 
down-regulated genes were enriched in muscle 
contraction and nitrogen metabolism (Table 1).

PPI network screening the hub genes in CRC

To identify the hub genes in all selected DEGs, 
PPI network analysis was performed using 
STRING with combined score≥0.7 and visual-
ized by Cytoscape (Figure 2A). Functional gene 

Figure 1. Identification of different expressed genes in GSE74604, GSE 10950 
and GSE31279. |logFC|>1 and adj. P<0.05 were considered to be the thresh-
old values.

(http://www.string-db.org/) 
and visualized by Cytosca- 
pe. The hub genes were fur-
ther calculated by MCODE 
with degree cutoff=2, node 
score cutoff=0.2, k-core=2 
and max. depth=100 [5].

Survival analysis of hub 
genes

The prognostic role of hub 
genes screened out by 
MCODE was evaluated by 
SurvExpress online tool 
(http://bioinformatica.mty.
itesm.mx/) [6]. All hub ge- 
nes were incorporated to 
define low and high risk by 
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modules were identified by MCODE and subse-
quently one significant gene module, including 
10 nodes and 45 edges, were screened out 
(Figure 2B). The 10 hub genes included IL8, 
CXCL1, CXCL10, CCL20, CCL21, GRM8 (seed), 
CXCL12, SST, PYY and LPAR1. The hub genes 
were enriched in chemokine signaling pathway. 
CXCL1, CXCL10, CCL20, IL8 and GRM8 were 
up-regulated genes, and the other five genes 
(CXCL12, CCL21, SST, PYY and LPAR1) were 
down-regulated genes in CRC patients. 

Although the survival time of primary CRC 
patients could be prolonged by regional resec-
tion, the survival rate of CRC patients decreased 
once metastasis occurred. Therefore, underly-
ing the mechanism of CRC metastasis would be 
of great importance for new therapy developing 
of metastasis CRC. In this study, 10 hub genes 
(CXCL1, IL8, CXCL10, CXCL12, CCL20, CCL21, 
GRM8, SST, PYY and LPAR1) were screened 
out, six of which were chemokines (CXCL1, IL8, 
CXCL10, CXCL12, CCL20 and CCL21). Chemok- 

Table 1. Top 10 gene ontology and pathway enrichment of DEGs 
by DAVID
Term Function P Value
Up-regulated genes
    GO:0004252 Serine-type endopeptidase activity 2.59E-05
    GO:0005615 Extracellular space 3.81E-06
    GO:0005576 Extracellular region 1.15E-03
    GO:0005578 Proteinaceous extracellular matrix 1.59E-03
    GO:0031528 Microvillus membrane 2.73E-03
    GO:0008009 Chemokine activity 3.32E-03
    GO:0070062 Extracellular exosome 3.40E-03
    GO:0030574 Collagen catabolic process 4.66E-03
    GO:0006508 Proteolysis 7.21E-03
    GO:0051301 Cell division 8.10E-03
    hsa01230 Biosynthesis of amino acids 1.79E-02
    hsa04668 TNF signaling pathway 4.51E-02
    hsa04114 Oocyte meiosis 4.83E-02
Down-regulated genes
    GO:0006936 Muscle contraction 1.31E-07
    GO:0015701 Bicarbonate transport 2.69E-07
    GO:0030018 Z disc 3.44E-07
    GO:0008307 Structural constituent of muscle 3.58E-06
    GO:0008201 Heparin binding 2.10E-04
    GO:0006730 One-carbon metabolic process 2.26E-04
    GO:0070062 Extracellular exosome 2.80E-04
    GO:0004089 Carbonate dehydratase activity 3.31E-04
    GO:0003779 Actin binding 5.01E-04
    GO:0008285 Negative regulation of cell proliferation 7.22E-04
    hsa00910 Nitrogen metabolism 8.71E-04
    hsa04976 Bile secretion 1.09E-03
    hsa04964 Proximal tubule bicarbonate reclamation 2.16E-03
    hsa04972 Pancreatic secretion 4.08E-03
    hsa00830 Retinol metabolism 6.32E-03
    hsa04971 Gastric acid secretion 9.49E-03
    hsa04960 Aldosterone-regulated sodium reabsorption 9.78E-03
    hsa04270 Vascular smooth muscle contraction 1.14E-02
    hsa04530 Tight junction 1.99E-02
    hsa00982 Drug metabolism-cytochrome P450 4.24E-02

miRNA-DEGs pairs

According to GEO2R analysis, 
113 DEMs, including 56 up-regu-
lated miRNA and 57 down regu-
lated miRNA, were screened out 
from miRNA expression profile 
(GSE41655). The potential tar-
gets of DEMs were predicted by 
miRecords (http://c1.accurasci-
ence.com/miRecords/). In com-
pared with DEGs, up regulated 
expressed gene SERPINB5 was  
a target of has-miR-1 and has-
miR-21. The down-regulated DEG 
MEF2D was a target of has-miR- 
17 and has-miR-20a [7] while 
EPB41L3 was a target of has-
miR-223 [8]. Moreover, As pre-
dicted by miRDB (http://mirdb.
org/miRDB/), one of the hub ge- 
nes CXCL12 was a potential tar-
get of a down-regulated miRNA 
has-miR-765.

Virtual validation of hub genes 

All hub genes were incorporated 
to differentiate low- and high- risk 
CRC patients in multi databases 
by SurvExpress online tool. The 
results showed that CRC patients 
were able to be classified into 
low- and high-risk groups signifi-
cantly in four database by hub 
genes (GSE41258, 244 samples, 
P=4.227e-07, Figure 3A; SurvExp- 
ress 808 samples, P=5.341e-09, 
Figure 3B; GSE14333, 260 sam-
ples, P=3.054e-03, Figure 3C; 
TCGA, 467 samples, P=0.01458, 
Figure 3D). 

Discussion
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Figure 2. Protein-protein interaction network of DEGs analyzed by STRING. Combined score≥0.7 was considered threshold (A); A significant module in PPI network 
analyzed by MCODE (B). The blue boxes represent down regulated genes, and the red boxes represent up regulated genes.
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Figure 3. Kaplan-Meier curves for different risk CRC groups divided by hub genes in four databases. A. GSE41258, 244 samples; B. SurvExpress 808 samples; C. 
GSE14333, 260 samples; D. TCGA, 467 samples. 
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