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Background: Colon cancer is one of the leading malignant neoplasms worldwide. Until now, the 

concrete mechanisms of colonic cancerogenesis are largely unknown; identification of driven genes 

and pathways is, therefore, of great importance for monitoring and conquering this disease. This 

study aims to explore the potential biomarkers and therapeutic targets for colon cancer treatment. 

Methods: The gene expression profile of GSE44076 from Gene Expression Omnibus database, 

including 98 primary colon cancers and 98 normal distant colon mucosa, was deeply analyzed. 

GEO2R tool was used to screen the differentially expressed genes (DEGs) between colon cancer 

tissues and normal samples. Gene Ontology analysis and Kyoto Encyclopedia of Genes and 

Genomes pathway analysis were performed for screening DEGs using Database for Annotation, 

Visualization and Integrated Discovery database and Panther database. Moreover, Search Tool 

for the Retrieval of Interacting Genes, Cytoscape software, and Molecular Complex Detection 

plug-in were used to visualize the protein–protein interaction of these DEGs. 

Results: A total of 497 DEGs were obtained, including 129 upregulated genes mainly enriched 

in Hippo signaling pathway, Wnt signaling pathway, and cytokine–cytokine receptor interaction 

and 368 downregulated genes enriched in retinol metabolism, steroid hormone biosynthesis, drug 

metabolism, and chemical carcinogenesis. Using Molecular Complex Detection software, three 

important modules were selected from the protein–protein interaction network. Moreover, 20 

hub genes with high degree of connectivity were selected, including COL1A1, CXCL5, GNG4, 

TIMP1, and so on. The Kaplan–Meier analysis for overall survival and correlation analysis were 

applied among the hub genes. 

Conclusion: Taken together, DEGs, especially the hub genes such as COL1A1, might be the 

driven genes in colon cancer progression. More importantly, they might be the novel biomarkers 

for diagnosis and guiding therapeutic strategies of colon cancer.

Keywords: colon cancer, protein–protein interaction, bioinformatics analysis, diagnosis, 

prognosis

Introduction
Colon cancer is one of the leading tumors of gastrointestinal tract worldwide.1 In 2017, 

there were an estimated 135,430 new cases with 50,260 deaths from this disease in 

USA.2 As one of the multifactorial diseases, risk factors such as drinking alcohol, red 

and processed meat consumption, older age, and family history are closely corrected 

with the incidence of colon cancer.2 Many therapeutic methods, including surgical 

resection, chemotherapy, as well as radiotherapy, are widely used for treating colon 

cancer.3 The prognosis of colon cancer is strongly associated with the stage of the 

disease at diagnosis. Also, due to the lack of effective methods for early detection, 
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patients are usually diagnosed at an advanced stage, thus 

leading to a particularly poor prognosis.4,5 Even worse, most 

of the patients with advanced colon cancer usually suffer 

tumor recurrence due to drug resistance.6 Also, these patients 

are not responsive to novel immune checkpoint therapy.7 

Therefore, it is of paramount importance to explore specific 

early diagnostic biomarkers and effective therapeutic targets.

Molecular biomarkers have potential values as diagnos-

tic and prognostic tools in colon cancer. Recently, several 

markers have been utilized for the screening and diagnosis 

of colon cancer. For example, the level of carcinoembryonic 

antigen is closely correlated to the lymph node metastasis 

and tumor stage in cancers and it can be used as a screening 

marker for colon cancer patients.8 The expression of epi-

dermal growth factor receptor, vascular endothelial growth 

factor, and proliferating cell nuclear antigen in colon cancer 

is significantly associated with the survival rate.9 In terms 

of miRNA biomarkers, the combination of miR-378, miR-

199a, and miR-92a in plasma is considered as an effective 

method to distinguish colon cancer cases from normal con-

trols.10 However, these indicators are not suitable for clinical 

practice owing to their low specificity, oversensitivity (can 

be elevated in many types of tumors), and lack of clinical 

evidence. Accordingly, it was necessary to investigate the 

molecular mechanisms in colon cancer and to detect novel 

and specific biomarkers and targets.

In recent years, high-throughput sequencing and gene 

profile have been widely used in life sciences.11,12 Gene 

expression analysis based on bioinformatics analysis can 

find many differentially expressed genes (DEGs) which 

play critical roles in tumor initiation and progression. Some 

of the DEGs are even considered as potential molecular 

targets and diagnostic biomarkers. However, most of these 

data were only left to molder or uploaded to public databases 

after the projects were finished. Reanalyzing the data for new 

researches, therefore, might be an economical and efficient 

method since some studies have been carried out on gastric 

cancer and breast cancer.13,14

In this study, we have downloaded GSE44076 from Gene 

Expression Omnibus (GEO) database and utilized GEO2R 

online tool to identify the DEGs between colon cancer and 

normal tissues. Additionally, other approaches including 

Gene Ontology (GO) and Kyoto Encyclopedia of Genes 

and Genomes (KEGG) pathway analysis, protein–protein 

interaction (PPI) network construction, sub-modules analysis, 

overall survival (OS) analysis, genes correlation analysis, and 

construction of non-coding RNA-related regulatory network 

were used for analyzing these data. The aims of our study 

were to identify novel biomarkers and potential therapeutic 

targets for colon cancer.

Materials and methods
Data collection
The gene expression profile (GSE44076) of paired nor-

mal adjacent mucosa and colon cancer samples from 98 

individuals based on platform of GPL13667 (Affymetrix 

Human Genome U219 Arrays) was downloaded from the 

GEO (http://www.ncbi.nlm.nih.gov/geo/)15 database, which 

was deposited by Sanz-Pamplona et al.16 In this study, colon 

cancer and paired adjacent (~5–10 cm) pathologically normal 

mucosa tissue samples were obtained from the patients with 

histologically confirmed diagnoses of colon adenocarcinoma. 

The adjacent mucosa tissue samples were taken from the 

proximal resection margin (~5–10 cm). All cases were from 

a homogenous series of early-stage (II) patients without 

receiving chemotherapy before surgery.

Identification of DEGs
GEO2R (https://www.ncbi.nlm.nih.gov/geo/geo2r/)17 is an 

online tool that allows researchers to compare samples from 

two or more groups in a GEO series. Moreover, GEO2R can 

analyze most GEO series with gene symbol. We, therefore, 

used it to screen out the DEGs between colon cancer samples 

and normal samples; the cutoff criteria were |logFC| ≥2 and 

adjusted P-value <0.05. Finally, 497 DEGs were picked out, 

including 129 upregulated genes and 368 downregulated 

genes, and the top 20 genes with high degree of connectivity 

were selected as the hub genes.

GO and KEGG analysis of DEGs
GO is commonly used to annotate genes from high-through-

put genome or transcriptome data.18 Additionally, KEGG 

databases is a knowledge base used to deal with biological 

pathways and diseases.19 The Database for Annotation, Visu-

alization and Integrated Discovery (DAVID, https://david.

ncifcrf.gov/)20 is a functional annotation tool for multiple 

genes or proteins.20 P<0.05 was considered statistically 

significant.

PPI network and sub-modules analysis
The Search Tool for the Retrieval of Interacting Genes 

(STRING) is an online software that contains comprehen-

sive information of multiple proteins and is mainly used 

to evaluate the PPI information.21 Cytoscape was used to 

visualize the PPI networks of DEGs. Confidence score ≥0.4 

and maximum number of interactors =0 were selected as 
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the cutoff criteria. The Molecular Complex Detection plug-

in of Cytoscape was utilized to illuminate the biological 

significance of gene modules in colon cancer with degree 

cutoff =2, node score cutoff =0.2, k-core =2, and max. depth 

=100.22 Functional enrichment analysis of each module was 

performed by DAVID. Besides, 20 hub genes were selected 

in STRING following confidence score ≥0.4 and maximum 

number of interactors ≤5.

Validation of hub genes
The Gene Expression Prof iling Interactive Analysis 

(GEPIA; http://gepia.cancer-pku.cn/index.html)23 is a web 

server for analyzing the gene expression profiles of 9,736 

tumors and 8,587 normal samples from the Cancer Genome 

Atlas and the Genotype-Tissue Expression projects.23 It also 

provides functions including prognosis analysis, tumor and 

normal differential expression analysis, genes correlation 

analysis, and so on. Thus, we could verify the expression 

levels of hub genes in colon cancer tissues and normal 

tissues. The genes’ correlation analysis is also performed 

using this tool.

Survival analysis of hub genes
PROGgeneV2 (www.compbio.iupui.edu/proggene)24 is a 

database that contains over 19,000 samples from 134 cohorts 

in 21 cancer types. PROGgeneV2 mainly provides survival 

analysis based on the expression of one gene or the ratio 

between two genes.24 The data of PROGgeneV2 are based 

on GEO, the Cancer Genome Atlas database, and published 

papers. The HR with 95% CIs and log-rank P-value are 

calculated and presented on the plot.

Prediction of related non-coding RNAs 
of hub genes
Gene-Cloud Biotechnology information (GCBI; http://

www.gcbi.com.cn/)25 is a newly developed tool which can 

be used for predicting the interactive regulations of genes 

and non-coding RNAs, genes, transcription factors, and so 

on. We could visualize the regulatory networks of hub genes 

using GCBI.

Results
Identification of DEGs and hub genes
The gene expression profile of GSE44076 between colon 

cancer and paired normal samples was evaluated using the 

GEO2R online analysis tool, following the cutoff criteria 

|logFC|≥2 and adjusted P-value <0.05. A total of 497 DEGs 

were screened, including 129 upregulated genes and 368 

downregulated genes (Table 1). In addition, 20 hub genes 

were picked out according to the degree of connectivity 

(Table 2; Figure 1).

GO function and KEGG pathway 
enrichment analysis
To get a better understanding of the candidate DEGs, GO 

function and KEGG pathway enrichment analysis were per-

formed using several online databases, including DAVID 

software, KEGG pathway (http://www.genome.jp/kegg),26 

and Panther (http://www.pantherdb.org).27

GO analysis performed by DAVID and Panther classi-

fied DEGs into three functional groups: biological process 

group, cellular component group, and molecular function 

group. As shown in Figure 2, upregulated DEGs were mainly 

enriched in the regulation of cell proliferation, cell cycle, 

cell cycle process, and biological adhesion in biological 

process, whereas downregulated DEGs referred to biological 

adhesion, cell adhesion, and chemical homeostasis (Figure 

2). As for the cellular component analysis, the upregulated 

DEGs were significantly enriched in the extracellular region, 

extracellular region part, and extracellular space and the 

downregulated DEGs were enriched in the extracellular 

region, extracellular region part, and cell fraction. In addition, 

the data of molecular function displayed that the upregulated 

DEGs were significantly enriched in endopeptidase activ-

ity, cytokine activity, and growth factor activity (Figure 2), 

while the downregulated DEGs were enriched in calcium ion 

binding, carboxylic acid binding, and monocarboxylic acid 

binding (Figure 2).

Table 3 and Figure 3 present the significantly enriched 

KEGG pathway terms of the upregulated and downregulated 

DEGs. The upregulated DEGs were significantly enriched 

in Hippo signaling pathway, Wnt signaling pathway, and 

cytokine–cytokine receptor interaction (Figure 3A), while 

the downregulated DEGs were enriched in retinol metabo-

lism, steroid hormone biosynthesis, drug metabolism, and 

chemical carcinogenesis (Figure 3B). These enriched terms 

and pathways might provide an insight toward further 

research directions about the role of DEGs in colon cancer 

progression.

PPI network analysis of hub genes and 
sub-modules
PPI is defined as the physical contacts of high specificity 

established between two or more protein molecules as a 

result of biochemical events and/or electrostatic forces.28 

According to the results from the STRING databases, we 
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constructed the PPI network of the top 20 hub genes with 

higher degree of connectivity (Figure 1). These hub genes 

involved COL1A1, CXCL5, GNG4, TIMP1, SPP1, and 

LPAR1, and they might play a crucial role in colon cancer 

progression. Based on the GO function, KEGG pathway 

analysis, and the survival analysis, we found that CXCL5 and 

GNG4 were found enriched in chemokine signaling pathway, 

while SPP1 and COL1A1 were enriched in extracellular 

matrix (ECM)–receptor interaction.

Moreover, the PPI network of DEGs with a total of 497 

nodes and 968 edges was analyzed using Molecular Com-

plex Detection plug-in. The top three significant modules 

Table 1 Four hundred ninety-seven DEGs were identified from GSE44076, including 129 upregulated genes and 368 downregulated 
genes in the colon cancer tissues compared to normal controls

DEGs Gene names

Upregulated DEGs  
 FOXQ1, MMP7, CLDN1, DPEP1, KIAA1199, KRT23, MMP3, IL8, TESC, COL11A1, LY6G6D, ASCL2, MMP1, CDH3, 

GDF15, TRIM29, TRIB3, TGFBI, ETV4, SLC6A6, REG1A, CTHRC1, INHBA, CXCL3, COL1A1, LGR5, CEL, MSX2, 
MMP11, PHLDA1, CHI3L1, CXCL1, C2CD4A, NKD1, SLCO4A1, CLDN2, NFE2L3, FABP6, SLC7A5, PDX1, PSAT1, 
ACSL6, MTHFD1L, TACSTD2, CXCL5, EPHX4, AZGP1, VSNL1, NEBL, CA9, COL10A1, SERPINB5, SPP1, DACH1, 
MACC1, C2, UBE2C, FAM3B, PPM1H, MMP12, JUB, ZAK, TNFRSF12A, SRPX2, AXIN2, KLK10, CGREF1, ATP11A, 
TPX2, KRT6B, SNTB1, ANLN, GZMB, NKD2, ESM1, CXCL2, GTF2IRD1, NEK2, ARID3A, RPS14, C7orf68, RNF43, 
AGT, SLC35D3, TEAD4, REG3A, HS6ST2, SLC22A3, AHCY, TGIF2, TCF7, GALNT6, CDKN2A, CELSR1, KLK6, BMP7, 
CDC25B, FAP, FAM176A, SHISA2, PMEPA1, DEFA6, FXYD5, LRP8, HOMER1, TIMP1, PTP4A3, SOX9, TRIP13, 
MAD2L1, LEF1, PLAU, COL1A2, SCD, MYC, GNG4, DUSP27, CD44, CEP55, EGFL6, LCN2, KIAA1549, SHROOM4, 
FAM92A1, APOC2, EREEREG, TOP1MT, TOMM34, BUB1

Downregulated DEGs  
 PPP2R3A, KLF9, HAPLN1, EGLN3, LIPH, CDA, RDH5, EIF4E3, PI16, NKX2-3, PID1, PPAP2A, PAG1, OLFM1, 

EFHC2, EFEMP1, TDP2, FRMD3, HSPB8, GSN, CMAH, ATP2A3, PTGIS, RETSAT, NPY, LMO3, SLC22A23, MFAP4, 
CASP5, ADIPOQ, RCAN2, ENTPD8, HBB, KIT, NR1H4, MXI1, CPA3, SYNC, PAPSS2, CCL19, FGL2, FAM129A, 
MXD1, DDX60, PRKACB, TMEM140, EYA2, IQGAP2, PROM2, AOC3, SPARCL1, GPM6A, GLIPR2, CHL1, GFRA2, 
FBLN1, CASQ2, PLA2G2A, BARX2, PBLD, LEPREL1, CRYAB, LRRC66, MAOB, FAM55B, SLITRK6, DEFB1, NRXN1, 
CFH, SAMD9, RHBDL2, AKR1C1, GLDN, MATN2, GAP43, FAM150B, HPGDS, MFSD4, MYLK, RBPMS2, RICH2, 
CTSG, SGK2, KIF16B, TRIM36, CCL8, UCHL1, MIER3, ASAP3, CPNE8, BEX1, EPB41L4A, GGT6, AMN, OASL, 
VIPR1, ST6GALNAC6, RGS13, KIAA1211, GPA33, MEP1A, ISX, GHR, CKB, MGP, TUBAL3, NAAA, RHOF, AKR1C2, 
KRT20, PLCD1, SLC22A18AS, ABCB1, AFF3, ITM2A, PLIN1, HSD3B2, SEMA3D, BMP2, F13A1, SHISA3, RNF152, 
P2RY14, IL6R, SLCO2A1, DSC2, MCOLN2, MUC12, C1orf115, MAOA, ACADS, ADRA2A, CDHR2, MEP1B, 
CCDC80, ABCC13, HAND2, ABHD3, MYO1A, TNFRSF17, PDE6A, PLCE1, CLIC5, C10orf99, HIGD1A, ACTG2, 
C14orf176, MT1E, GPT, ANGPTL1, IGFBP6, CCL28, LPAR1, MUSTN1, WISP2, CES2, AGR3, SLC1A1, KRT24, 
SLC23A1, SPON1, HRCT1, SCGB2A1, PTN, SDPR, RGMA, OSTalpha, PHLPP2, METTL7A, PTPRH, CNTN3, 
NR5A2, SULT1B1, DNASE1L3, SCG2, KCNMA1, CNN1, HSD11B2, PLA2G10, ADAMDEC1, FGFR2, TEX11, 
SELENBP1, SLITRK3, FXYD3, GCNT2, CDH19, SLC16A9, DHRS11, PDK4, ITM2C, CD36, PIGZ, USP2, CCDC68, 
CDHR5, PPARGC1A, GPX3, MALL, MT1F, CLU, TP53INP2, IL1R2, FAM55A, EMP1, TSPAN1, TMEM72, NPY1R, 
ATP1A2, WDR78, ENTPD5, THRB, SPINK5, PGM5, NAP1L2, SYNM, ZBTB7C, PIGR, PTPRR, SGK1, SMPDL3A, 
PCOLCE2, RUNDC3B, TMCC3, XDH, TMEM220, FABP1, SFRP2, MYOT, AGPAT9, TMEM37, FABP2, NR3C2, 
TMEM171, DPT, SLC9A2, FAM107A, AHCYL2, TSPAN7, ARL14, IFIT1, SECTM1, IGJ, KLF4, CILP, REP15, SRPX, 
ANK2, GDPD3, PLN, EPB41L3, BCAS1, CHRDL1, SEMA6A, SDCBP2, DES, LIFR, MMP28, B3GNT7, ZNF611, 
PRIMA1, MUC2, HMGCS2, CPM, CEACAM1, CA12, GCNT3, PDE9A, CLDN23, HHLA2, LRRC19, SEMA6D, FHL1, 
MT1G, BTNL8, STMN2, LDHD, RERGL, MMRN1, MYH11, MFAP5, BMP3, UGT2A3, SYNPO2, SCIN, C21orf88, 
AKR1B15, CDKN2B, ABI3BP, MAMDC2, GBA3, TMEM100, MUC4, LYVE1, SST, HEPACAM2, FAM23A, LGALS2, 
INSL5, EDN3, MT1H, SI, LAMA1, PCK1, BTNL3, SLC17A4, CWH43, BEST2, C11orf86, CXCL12, RSAD2, GREM2, 
UGT2B15, GCG, PLAC8, PYY, PLP1, HPGD, CFD, C6orf105, FAM55D, HRASLS2, CLEC3B, SCNN1B, FCGBP, 
FABP4, TRPM6, VSIG2, C7, SCARA5, BEST4, PADI2, ITLN1, ABCA8, C2orf40, CLCA1, HSD17B2, OSTBETA, VIP, 
SLC26A2, SLC26A3, C2orf88, ANPEP, UGT2B17, CA7, PKIB, CHGA, OGN, CLDN8, SFRP1, DHRS9, OTOP2, 
MT1M, CA2, CD177, CEACAM7, ABCG2, SLC4A4, ADH1B, GUCA2A, CA4, ZG16, GUCA2B, MS4A12, AQP8, 
TMIGD1, CLCA4, CA1

Note: The upregulated genes are listed from the largest to the smallest of fold changes, and the downregulated genes are listed from the smallest to the largest of fold 
changes.
Abbreviation: DEGs, differentially expressed genes.
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were selected, and the functional annotations of the genes 

involved in the modules were analyzed (Figure 4). KEGG 

pathway enrichment analysis showed that these three modules 

were mainly associated with chemokine signaling pathway, 

cytokine–cytokine receptor interaction, cell cycle, miRNAs 

in cancer, mineral absorption, and so on.

Survival analysis and the expression levels 
of hub genes
PROGgeneV2 – Pan Cancer Prognostics Database (www.

compbio.iupui.edu/proggene)24 online software is freely avail-

able for analyzing the prognostic information of the 20 hub 

genes. It showed that higher mRNA expressions of COL1A1 

(HR: 1.62 [1.22–2.16], P<0.01), CXCL5 (HR: 1.25 [1.08–

1.43], P<0.01), GNG4 (HR: 1.25 [1.03–1.51], P=0.02), TIMP1 

(HR: 2.1 [1.32–3.36], P<0.01), and SPP1(HR: 1.44 [1.17–1.78], 

P<0.01) were related to poor OS in colon cancer patients, 

whereas higher expression of LPAR1 (HR: 0.58 [0.35–0.96], 

P=0.03) was associated with better OS (Figure 5). Then, the 

hub genes levels between cancer patients and healthy controls 

were detected using GEPIA (http://gepia.cancer-pku.cn/index.

html). Figure S1 shows that the expression levels of COL1A1, 

CXCL5, GNG4, TIMP1, and SPP1 were increased in cancer 

patients compared to normal controls, whereas LPAR1 was 

downregulated. Also, these data are in keeping with the results 

from the profile of GSE44076. The correlation analysis among 

the hub genes was also performed using GEPIA, and Figure S2 

shows that the mRNA levels of CXCL5 and COL1A1, SPP1 

Table 2 Top 20 hub genes with higher degree of connectivity

Genes Degree of connectivity Adjusted P-value
CXCL12 20 2.23e–39
CXCL1 17 1.74E–34
SST 16 1.89E–49
NPY 16 1.82E–45
PYY 15 2.17E–57
LPAR1 15 1.43E–60
CCL19 15 1.31E–16
GNG4 15 1.29e–19
CXCL5 14 3.44E–19
CXCL2 14 8.67E–24
CXCL3 14 5.04E–38
NPY1R 14 2.58E–39
CCL28 14 7.13E–30
TIMP1 10 6.56E–35
SPP1 10 3.90E–15
MMP3 8 1.65E–38
GCG 7 8.52E–45
KIT 7 1.46E–31
BMP2 6 2.38e–39
COL1A1 5 1.04E–39

Figure 1 The protein–protein interaction network of top 20 hub genes.
Notes: The proteins encoded by the selected hub genes form the complex network by biochemical events and/or electrostatic forces. They may serve a distinct biological 
function as a complex in colon cancer progression.
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GO:0048729~tissue morphogenesis
GO:0044236~multicellular organismal metabolic process

GO:0042127~regulation of cell proliferation
GO:0044243~multicellular organismal catabolic process

GO:0032963~collagen metabolic process
GO:0044259~multicellular organismal macromolecule metabolic process

GO:0030574~collagen catabolic process
GO:0001501~skeletal system development

GO:0008285~negative regulation of cell proliferation
GO:0022402~cell cycle process

GO:0007049~cell cycle
GO:0030155~regulation of cell adhesion

GO:0007346~regulation of mitotic cell cycle
GO:0010564~regulation of cell cycle process

GO:0051726~regulation of cell cycle
GO:0022403~cell cycle phase

GO:0007155~cell adhesion
GO:0022610~biological adhesion

GO:0001568~blood vessel development
GO:0001558~regulation of cell growth

GO:0001944~vasculature development
GO:0044421~extracellular region part

GO:0005576~extracellular region
GO:0005615~extracellular space
GO:0031012~extracellular matrix

GO:0005578~proteinaceous extracellular matrix
GO:0008083~growth factor activity

GO:0005125~cytokine activity
GO:0008009~chemokine activity

GO:0042379~chemokine receptor binding
GO:0004175~endopeptidase activity

GO:0007586~digestion
GO:0009991~response to extracellular stimulus

GO:0031667~response to nutrient levels
GO:0048878~chemical homeostasis

GO:0048545~response to steroid hormone stimulus
GO:0008217~regulation of blood pressure

GO:0008202~steroid metabolic process
GO:0031960~response to corticosteroid stimulus
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Table 3 KEGG pathway analysis of DEGs associated with colon cancer

Term Count Genes P-value FDR

Upregulated DEGs     

Hsa04390: Hippo signaling 
pathway

8 AJUBA, AXIN2, BMP7, LEF1, MYC, NKD1, TCF7, TEAD4 1.01E–06 0.00117

Hsa04310: Wnt signaling 
pathway

7 AXIN2, LEF1, MMP7, MYC, NKD1, NKD2, TCF7 6.29E–07 0.00343

Hsa04060: cytokine–cytokine 
receptor interaction

8 BMP7, CXCL1, CXCL2, CXCL3, CXCL5, IL8, INHBA, 
TNFRSF12A

3.24E–06 0.0106

Hsa05206: microRNAs in 
cancer

6 CD44, CDC25B, CDKN2A, MYC, PLAU, SERPINB5 0.0004926 0.0106

Hsa04512: ECM–receptor 
interaction

5 CD44, COL11A1, COL1A1, COL1A2, SPP1 0.0001806 0.0106

Hsa05323: rheumatoid arthritis 5 CXCL1, CXCL5, IL8, MMP1, MMP3 0.0002647 0.0106
Hsa05202: transcriptional 
misregulation in cancer

6 ETV4, GZMB, IL8, MMP3, MYC, PLAU 0.0003515 0.0131

Hsa04668: TNF signaling 
pathway

5 CXCL1, CXCL2, CXCL3, CXCL5, MMP3 0.0000378 0.0131

Hsa05146: amoebiasis 5 COL11A1, COL1A1, COL1A2, CXCL1, IL8 0.0046173 0.0131
Hsa04062: chemokine signaling 
pathway

6 CXCL1, CXCL2, CXCL3, CXCL5, GNG4, IL8 0.0004165 0.0168

Downregulated DEGs     
Hsa00830: retinol metabolism 18 ADH1C, DHRS9, ADH1B, ADH1A, UGT1A1, RDH5, 

UGT1A7, UGT1A6, UGT1A10, UGT1A9, UGT2B17, 
UGT1A8, UGT1A3, UGT1A5, UGT1A4, UGT2A3, 
UGT2B15, RETSAT

1.21e–13 1.50E–10

Hsa00140: steroid hormone 
biosynthesis

17 HSD3B2, HSD17B2, UGT1A1, UGT1A7, UGT1A10, 
AKR1C2, UGT1A6, UGT1A9, UGT2B17, UGT1A8, 
UGT1A3, UGT1A5, UGT1A4, HSD11B2, UGT2A3, 
UGT2B15, AKR1C1

2.64E–13 3.27E–10

Hsa00983: drug metabolism – 
other enzymes

15 XDH, UGT1A7, UGT1A10, UGT1A6, UGT1A9, CES2, 
UGT2B17, UGT1A8, UGT1A3, UGT1A5, UGT1A4, CDA, 
UGT2A3, UGT2B15, UGT1A1

1.94E–12 2.41E–09

Hsa00982: drug metabolism – 
cytochrome P450

17 MAOA, MAOB, ADH1C, ADH1B, ADH1A, UGT1A1, 
UGT1A7, UGT1A6, UGT1A10, UGT1A9, UGT2B17, 
UGT1A8, UGT1A3, UGT1A5, UGT1A4, UGT2A3, 
UGT2B15

3.92e–12 4.86E–09

Hsa00053: ascorbate and 
aldarate metabolism

12 UGT1A7, UGT1A10, UGT1A6, UGT1A9, UGT2B17, 
UGT1A8, UGT1A3, UGT1A5, UGT1A4, UGT2A3, 
UGT2B15, UGT1A1

1.26E–11 1.56E–08

Hsa00980: metabolism of 
xenobiotics by cytochrome 
P450

17 ADH1C, ADH1B, ADH1A, UGT1A1, UGT1A7, AKR1C2, 
UGT1A6, UGT1A10, UGT1A9, UGT2B17, UGT1A8, 
UGT1A3, UGT1A5, UGT1A4, UGT2A3, UGT2B15, 
AKR1C1

1.58E–11 1.96E–08

Hsa00040: pentose and 
glucuronate interconversions

13 UGT1A7, UGT1A10, UGT1A6, UGT1A9, UGT2B17, 
UGT1A8, UGT1A3, UGT1A5, AKR1B10, UGT1A4, 
UGT2A3, UGT2B15, UGT1A1

2.33e–11 2.89e–08

Hsa00860: porphyrin and 
chlorophyll metabolism

12 UGT1A7, UGT1A10, UGT1A6, UGT1A9, UGT2B17, 
UGT1A8, UGT1A3, UGT1A5, UGT1A4, UGT2A3, 
UGT2B15, UGT1A1

3.00e–09 3.72E–06

Hsa05204: chemical 
carcinogenesis

15 UGT1A7, UGT1A10, UGT1A6, UGT1A9, UGT2B17, 
UGT1A8, UGT1A3, UGT1A5, UGT1A4, ADH1C, ADH1B, 
ADH1A, UGT2A3, UGT2B15, UGT1A1

5.93E–09 7.35E–06

Hsa04972: pancreatic secretion 11 KCNMA1, SLC26A3, CLCA1, CLCA4, PLA2G10, ATP2A3, 
PLA2G2A, CPA3, ATP1A2, CA2, SLC4A4

8.23E–05 0.101949

Abbreviations: DEGs, differentially expressed genes; ECM, extracellular matrix; FDR, false discovery rate; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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and COL1A1, SPP1 and TIMP1, and TIMP1 and COL1A1 

were obviously positively correlated, respectively.

Construction of the regulatory networks 
of hub genes
In the present study, we noticed the above-mentioned six 

genes were mainly involved in several pathways, including 

ECM–receptor interaction, chemokine signaling pathway, 

and cell cycle. Given that non-coding RNAs and genes 

could comprise regulatory networks to participate in many 

cellular pathways, we then predicted the targeted miRNAs 

and related lncRNAs of COL1A1, CXCL5, GNG4, TIMP1, 

SPP1, and LPAR1 using GCBI (http://www.gcbi.com.cn/). 

Thus, we constructed the interaction networks so as to achieve 
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The enriched pathways of module 1A B

C

E F

D

The enriched pathways of module 2

The enriched pathways of module 3

Terms Gene count FDR Genes

Chemokine signaling pathway 9 3.04E–12 CCL19, CCL28, CXCL1, CXCL12, CXCL2, CXCL3,
CXCL5, GNG4, IL8
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Terms Gene count FDR Genes

Gene count FDR Genes
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a better understanding of the regulatory relationships. Fig-

ure 6 displays the regulatory networks of these key genes. 

For example, Figure 6A shows that COL1A1 might be a 

direct target of miR-29b-3p. Moreover, lncRNA H19, one 

of inflammation-related lncRNAs,29 may also regulate the 

function/level of COL1A1. A previous study has demon-

strated that lncRNA H19 could target miR-29b-3p to inhibit 

its expression.30 Thus, we hypothesized that there might be a 

ceRNA network (lncRNA H19/miR-29b-3p/COL1A1) in the 

development of colon cancer. Moreover, lncRNA CCDC26 

might simultaneously regulate CXCL5 (Figure 6B), GNG4 

(Figure 6C), and SPP1 (Figure 6E) according to the networks. 

We also found that lncRNA IGF2-AS was presented in the 

networks of COL1A1 (Figure 6A), TIMP1 (Figure 6D), SPP1 

(Figure 6E), and LPAR1 (Figure 6F). Taken together, these 

regulatory networks/pathways might provide new insights 

into the mechanisms of colonic carcinogenesis and targeted 

therapy.

Discussion
In recent years, although the morbidity of colon cancer 

has declined, it is still one of the leading malignant tumors 

worldwide. Specific biomarkers and effective targets are still 

needed to be identified.

In this study, a total of 497 DEGs were picked out from the 

profile of GSE44076, including 129 upregulated genes and 

368 downregulated genes. Upregulated DEGs were mainly 

involved in several functional terms such as cell proliferation, 

cell cycle, extracellular region, and endopeptidase activity, 

while downregulated DEGs were enriched in biological 

adhesion, cell adhesion, extracellular region, and calcium ion 

binding. The KEGG pathways of upregulated DEGs involved 

Hippo signaling pathway, Wnt signaling pathway, and cyto-

kine–cytokine receptor interaction, while the downregulated 

DEGs were enriched in retinol metabolism, steroid hormone 

biosynthesis, drug metabolism, and chemical carcinogenesis. 

Among the DEGs, 20 hub genes had higher degree of con-

nectivity in the PPI network. Survival analysis showed that 

six of the hub genes, including COL1A1, CXCL5, TIMP1, 

GNG4, SPP1, and LPAR1, were associated with the OS of 

colon cancer patients. Higher mRNA expression levels of 

COL1A1, CXCL5, GNG4, TIMP1, and SPP1 were related to 

poor OS for colon cancer patients, whereas higher expression 

of LPAR1 might predict better OS.

LPAR1 is one of the G protein-coupled transmembrane 

lysophosphatidic acid receptors which may negatively regu-

late the activities of cell motility and colon formation.31,32 

Besides, according to the KEGG pathways analysis, CXCL5 

and GNG4 were enriched in chemokine signaling pathway, 

while SPP1 and COL1A1 were enriched in ECM–receptor 

interaction. Recent studies have shown that chemokine signal-

ing pathway and ECM–receptor interaction might play crucial 

roles in the metastasis and growth of colon cancer,33–35 suggest-

ing that these five genes might be potential therapeutic targets.

COL1A1 is an important structural component of the 

ECM which belongs to collagen family.36 COL1A1 par-

ticipates in the process of focal adhesion and may influence 

the metastatic ability of cells.37 Studies have reported the 

abnormal expression of COL1A1 in several cancers.37–39 

However, the clinical value of COL1A1 in colon cancer 

is rarely mentioned. It was reported that COL1A1 was 

high expressed in inflamed mucosa in inflammatory bowel 

disease,40 and inflammatory bowel disease was commonly 

considered as an important risk factor for developing colon 

cancer. In azoxymethane-induced colon cancer, COL1A1 

also presented a higher expression level,41 and it might be the 

predictor of relapse in high-risk stage II and stage III colon 

cancer patients.42 Immunohistochemistry result showed that 

COL1A1 protein expression was increased in colon cancer 

tissues as compared with the matched normal controls, and 

that overexpression of the nine genes signature (including 

COL1A1) might predict poor outcome in colon cancer.43 

These findings strongly support the potential of COL1A1 as 

a biomarker for colon cancer. Figure S2 presents the positive 

correlation between COL1A1 and other hub genes. Since 

SPP1 and COL1A1 are enriched in ECM–receptor interac-

tion, and TIMP1 regulates the ECM remodeling during cancer 

development, these three molecules may be the therapeutic 

targets for inhibiting the invasion of colon cancer.

CXCL5 is one of the secreted signaling proteins which 

belongs to the chemokine family.44 As one of the proin-

flammatory and pro-oncogenic molecules, high level of 

CXCL5 is associated with rapid tumor formation and pre-

dicts a poor prognosis.45 Kawamura et al have found that 

preoperative serum CXCL5 might be a novel biomarker for 

prognosis analysis of colorectal cancer patients,46 and the 

data are consistent with our findings that higher expression 

of CXCL5 was associated with poor OS. Similarly, high 

expression level of GNG4 is a prognostic factor for monitor-

ing the treatment response in locally advanced rectal cancer 

patients.47 To date, the roles and mechanisms of GNG4 

and CXCL5 in colonic carcinogenesis are still unclear. 

Here, CXCL5 and GNG4 were found to be significantly 

enriched in chemokine signaling pathway, indicating that 

chemokine signaling pathway might be an effective way to 

inhibit colon cancer.
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In summary, a total of 497 DEGs and 20 hub genes were 

picked out, and COL1A1, CXCL5, GNG4, TIMP1, SPP1, 

and LPAR1 might be the novel biomarkers in colon cancer. 

Besides, the related gene regulatory networks under the 

regulations of non-coding RNAs are constructed. Our results 

indicate that data mining and integration is a useful approach 

to screen the core genes and to understand the mechanisms of 

carcinogenesis. This study provides powerful clues for colon 

A B

C D

E F

Figure 6 Regulatory networks of six DEGs under the regulations of non-coding RNAs.
Notes: The related lncRNAs and targeted miRNAs of six DEGs were predicted by the GCBI (http://www.gcbi.com.cn/). (A) Regulatory network of COL1A1; (B) regulatory 
network of CXCL5; (C) regulatory network of GNG4; (D) regulatory network of TIMP1; (E) regulatory network of SPP1; (F) regulatory network of LPAR1.
Abbreviations: DEGs, differentially expressed genes; GCBI, Gene-Cloud Biotechnology information.
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cancer research, and further experimental studies are required 

to verify the findings of the present analysis.

Acknowledgments
This study was supported in part by grant from the National 

Natural Scientif ic Foundation of China (81171923), 

grant from the State Key Laboratory of Cancer Biology 

(CBSKL2014Z13), and grant from the National Clinical 

Research Center for Digestive Diseases (2015BAI13B07). 

It was not supported by any private or public company or 

organization.

Disclosure
The authors report no conflicts of interest in this work.

References
 1. Labianca R, Beretta GD, Kildani B, et al. Colon cancer. Crit Rev Oncol 

Hematol. 2010;74(2):106–133.
 2. Siegel RL, Miller KD, Fedewa SA, Ahnen DJ, Meester RGS, Barzi 

A, Jemal A. Colorectal cancer statistics, 2017. CA Cancer J Clin. 
2017;67(3):177–193.

 3. Aoyagi T, Terracina KP, Raza A, Takabe K. Current treatment options 
for colon cancer peritoneal carcinomatosis. World J Gastroenterol. 
2014;20(35):12493–12500.

 4. Brenner H, Altenhofen L, Stock C, Hoffmeister M. Prevention, early 
detection, and overdiagnosis of colorectal cancer within 10 years 
of screening colonoscopy in Germany. Clin Gastroenterol Hepatol. 
2015;13(4):717–723.

 5. Favoriti P, Carbone G, Greco M, Pirozzi F, Pirozzi RE, Corcione 
F. Worldwide burden of colorectal cancer: a review. Updates Surg. 
2016;68(1):7–11.

 6. Dallas NA, Xia L, Fan F, et al. Chemoresistant colorectal cancer cells, 
the cancer stem cell phenotype, and increased sensitivity to insulin-like 
growth factor-I receptor inhibition. Cancer Res. 2009;69(5):1951–1957.

 7. Zou W, Wolchok JD, Chen L. PD-L1 (B7-H1) and PD-1 pathway 
blockade for cancer therapy: mechanisms, response biomarkers, and 
combinations. Sci Transl Med. 2016;8(328):328rv4.

 8. Herzig DO, Tsikitis VL. Molecular markers for colon diagnosis, prog-
nosis and targeted therapy. J Surg Oncol. 2015;111(1):96–102.

 9. Grady WM, Pritchard CC. Molecular alterations and biomarkers in 
colorectal cancer. Toxicol Pathol. 2014;42(1):124–139.

 10. Weng W, Feng J, Qin H, Ma Y, Goel A. An update on miRNAs as biologi-
cal and clinical determinants in colorectal cancer: a bench-to-bedside 
approach. Future Oncol. 2015;11(12):1791–1808.

 11. Kulasingam V, Diamandis EP. Strategies for discovering novel cancer 
biomarkers through utilization of emerging technologies. Nat Clin Pract 
Oncol. 2008;5(10):588–599.

 12. Vogelstein B, Papadopoulos N, Velculescu VE, Zhou S, Diaz LA Jr, Kinzler 
KW. Cancer genome landscapes. Science. 2013;339(6127):1546–1558.

 13. Sun C, Yuan Q, Wu D, Meng X, Wang B. Identification of core genes 
and outcome in gastric cancer using bioinformatics analysis. Oncotarget. 
2017;8(41):70271–70280.

 14. Fang E, Zhang X. Identification of breast cancer hub genes and analysis 
of prognostic values using integrated bioinformatics analysis. Cancer 
Biomark. 2017;21(1):169–177.

15. Barrett T, Wilhite SE, Ledoux P, et al. NCBI GEO: archive for functional 
genomics data sets–update. Nucleic Acids Res. 2013; 41: D991–5.

 16. Sanz-Pamplona R, Berenguer A, Cordero D, et al. Aberrant gene expres-
sion in mucosa adjacent to tumor reveals a molecular crosstalk in colon 
cancer. Mol Cancer. 2014;13:46.

17. Davis S, Meltzer PS. GEOquery: a bridge between the Gene Expression 
Omnibus (GEO) and BioConductor. Bioinformatics. 2007;23:1846–7.

 18. Ashburner M, Ball CA, Blake JA, et al. Gene ontology: tool for the 
unification of biology. The Gene Ontology Consortium. Nat Genet. 
2000;25(1):25–29.

 19. Altermann E, Klaenhammer TR. PathwayVoyager: pathway mapping 
using the Kyoto Encyclopedia of Genes and Genomes (KEGG) database. 
BMC Genomics. 2005;6:60.

 20. Huang W, Sherman BT, Lempicki RA. Systematic and integrative 
analysis of large gene lists using DAVID bioinformatics resources. Nat 
Protoc. 2009;4:44–57.

 21. Szklarczyk D, Franceschini A, Wyder S, et al. STRING v10: protein–
protein interaction networks, integrated over the tree of life. Nucleic 
Acids Res. 2015;43(Database issue):D447–D452.

 22. Bader GD, Hogue CW. An automated method for finding molecular 
complexes in large protein interaction networks. BMC Bioinformatics. 
2003;4:2.

 23. Tang Z, Li C, Kang B, Gao G, Li C, Zhang Z. GEPIA: a web server for 
cancer and normal gene expression profiling and interactive analyses. 
Nucleic Acids Res. 2017;45:W98–W102.

 24. Goswami CP, Nakshatri H. PROGgeneV2: enhancements on the existing 
database. BMC Cancer. 2014;14:970.

 25. Feng A, Tu Z, Yin B. The effect of HMGB1 on the clinicopathological 
and prognostic features of non-small cell lung cancer. Oncotarget. 
2016;7:20507–20519.

 26. Kanehisa M, Furumichi M, Tanabe M, Sato Y, Morishima K. KEGG: 
new perspectives on genomes, pathways, diseases and drugs. Nucleic 
Acids Res. 2017;45:D353-d61.

 27. Mi H, Poudel S, Muruganujan A, Casagrande JT, Thomas PD. PAN-
THER version 10: expanded protein families and functions, and analysis 
tools. Nucleic Acids Res. 2016;44:D336-42.

 28. De Las Rivas J, Fontanillo C. Protein–protein interactions essentials: 
key concepts to building and analyzing interactome networks. PLoS 
Comput Biol. 2010;6(6):e1000807.

 29. Geng H, Bu HF, Liu F, et al. In inflamed intestinal tissues and epithelial 
cells, interleukin 22 signaling increases expression of H19 long noncod-
ing RNA, which promotes mucosal regeneration. Gastroenterology. 
2018;155(1):144–155.

 30. Ding D, Li C, Zhao T, Li D, Yang L, Zhang B. lncRNA H19/miR-29b-3p/
PGRN axis promoted epithelial–mesenchymal transition of colorectal 
cancer cells by acting on Wnt signaling. Mol Cells. 2018;41(5):423–435.

 31. Takahashi K, Fukushima K, Onishi Y, et al. Lysophosphatidic acid (LPA) 
signaling via LPA

4
 and LPA

6
 negatively regulates cell motile activities of 

colon cancer cells. Biochem Biophys Res Commun. 2017;483(1):652–657.
 32. Takahashi K, Fukushima K, Otagaki S, et al. Effects of LPA

1
 and LPA

6
 on 

the regulation of colony formation activity in colon cancer cells treated 
with anticancer drugs. J Recept Signal Transduct Res. 2018;38(1):71–75.

 33. Desurmont T, Skrypek N, Duhamel A, et al. Overexpression of che-
mokine receptor CXCR2 and ligand CXCL7 in liver metastases from 
colon cancer is correlated to shorter disease-free and overall survival. 
Cancer Sci. 2015;106(3):262–269.

 34. Zhu Z, Zhang X, Guo H, Fu L, Pan G, Sun Y. CXCL13–CXCR5 axis 
promotes the growth and invasion of colon cancer cells via PI3K/AKT 
pathway. Mol Cell Biochem. 2015;400(1–2):287–295.

 35. Naba A, Clauser KR, Whittaker CA, Carr SA, Tanabe KK, Hynes RO. 
Extracellular matrix signatures of human primary metastatic colon 
cancers and their metastases to liver. BMC Cancer. 2014;14:518.

 36. Exposito JY, Valcourt U, Cluzel C, Lethias C. The fibrillar collagen 
family. Int J Mol Sci. 2010;11(2):407–426.

 37. Tian ZQ, Li ZH, Wen SW, Zhang YF, Li Y, Cheng JG, Wang GY. Identi-
fication of commonly dysregulated genes in non-small-cell lung cancer 
by integrated analysis of microarray data and qRT-PCR validation. Lung. 
2015;193(4):583–592.

 38. Hayashi M, Nomoto S, Hishida M, et al. Identification of the collagen 
type 1 alpha 1 gene (COL1A1) as a candidate survival-related factor 
associated with hepatocellular carcinoma. BMC Cancer. 2014;14:108.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Cancer Management and Research 2019:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

336

Yang et al

 39. Ibanez de Caceres I, Dulaimi E, Hoffman AM, Al-Saleem T, Uzzo RG, 
Cairns P. Identification of novel target genes by an epigenetic reactiva-
tion screen of renal cancer. Cancer Res. 2006;66(10):5021–5028.

 40. You J, Nguyen AV, Albers CG, Lin F, Holcombe RF. Wnt pathway-
related gene expression in inflammatory bowel disease. Dig Dis Sci. 
2008;53(4):1013–1019.

 41. Rondini EA, Bennink MR. Microarray analyses of genes differentially 
expressed by diet (black beans and soy flour) during azoxymethane-
induced colon carcinogenesis in rats. J Nutr Metab. 2012;2012:351796.

 42. Giampieri R, Scartozzi M, Loretelli C, et al. Cancer stem cell gene 
profile as predictor of relapse in high risk stage II and stage III, radically 
resected colon cancer patients. PLoS One. 2013;8(9):e72843.

 43. Yuzhalin AE, Urbonas T, Silva MA, Muschel RJ, Gordon-Weeks AN. A 
core matrisome gene signature predicts cancer outcome. Br J Cancer. 
2018;118(3):435–440.

 44. Gorbachev AV, Fairchild RL. Regulation of chemokine expression in 
the tumor microenvironment. Crit Rev Immunol. 2014;34(2):103–120.

 45. Speetjens FM, Kuppen PJ, Sandel MH, et al. Disrupted expres-
sion of CXCL5 in colorectal cancer is associated with rapid tumor 
formation in rats and poor prognosis in patients. Clin Cancer Res. 
2008;14(8):2276–2284.

 46. Kawamura M, Toiyama Y, Tanaka K, et al. CXCL5, a promoter of cell 
proliferation, migration and invasion, is a novel serum prognostic marker 
in patients with colorectal cancer. Eur J Cancer. 2012;48(14):2244–2251.

 47. Palma P, Cano C, Conde-Muiño R, Comino A, Bueno P, Ferrón JA, 
Cuadros M. Expression profiling of rectal tumors defines response to 
neoadjuvant treatment related genes. PLoS One. 2014;9(11):e112189.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Cancer Management and Research 2019:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

337

Hub genes and their prognostic roles in colon cancer

Supplementary materials

14
A B C

D E F

8
6

4

2

0

6

4

2

0

* * *COL1A1

TIMP1 SPP1 LPAR1

Colon cancer
n=275

Normal tissue
n=349

CXCL5 GNG4

12

12

10

8

6

4

2

0

12

6

5

4

3

2

1

0

10

8

6

4

2

0

10

8

6

4

***

Figure S1 Expression levels of six DEGs in colon cancer tissues and normal tissues.
Notes: gePia (http://gepia.cancer-pku.cn/index.html) was used to verify the expression levels of six genes, (A) COl1a1, (B) CXCL5, (C) GNG4, (D) TiMP1, (E) sPP1, (F) 
LPAR1, in colon cancer tissues and normal tissues. The components are colored as the key at the lower left. *P<0.05.
Abbreviations: DEGs, differentially expressed genes; GEPIA, Gene Expression Profiling Interactive Analysis.
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Figure S2 The correlation analysis among the hub genes.
Notes: (A)CXCL5 and COL1A1, (B) sPP1 and COl1a1, (C) sPP1 and TiMP1, and (D) TIMP1 and COL1A1 were obviously positively correlated, respectively.
Abbreviation: TPM, transcripts per million.
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