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Abstract: Purpose: CRC (Colorectal cancer) is a lethal cancer for death worldwide and the underlying pathological
mechanisms for CRC progression remain unclear. We aimed to explore the regulatory mechanism of CRC and pro-
vide novel biomarkers for CRC screening. Methods: Downloading from GEO (Gene Expression Omnibus) database,
Microarray data GSE44861 were consisted of 111 colon tissues samples including 55 from adjacent noncancer-
ous tissues and 56 from tumors tissues. After data pre-processing, up- and down regulated DEGs (differentially
expressed genes) were identified using Bayes moderated t-test. Then DIVAD (Database for Annotation, Visualization
and Integrated Discovery) was recruited to perform functional analysis for DEGs. Thereafter, PPI (protein-protein
interaction) network was constructed by mapping DEGs into STRING (Search Tool for the Retrieval of Interacting
Genes) database. Further, PPl modules were constructed and the protein domains of DEGs in the modules were
analyzed. Moreover, miRNA regulatory network was established through GSEA (gene set enrichment analysis) meth-
od. Results: In summary, 96 up- and 212 down-regulated DEGs were identified. Totally, ten DEGs with high degrees
in the constructed PPl network were selected, in which COLL1A1, PTGS2 and ASPN were also identified as crucial
genes in PPl modules. Furthermore, COLL1A1 was predicted to be targeted by miR-29, while PTGS2 and ASPN were
both predicted to be regulated by miR-101 and miR-26. Conclusion: COL11A1 might involve in the progression of
CRC via being targeted by miR-29, whereas PTGS2 and ASPN were both regulated by miR-101 and miR-26. More-
over, ASPN may be supposed as a novel biomarker for CRC detection and prevention.
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Introduction

CRC (Colorectal cancer) is a lethal disease
which known as the second leading cause for
death worldwide [1] and the third frequent
malignancy in US and western countries [2, 3].
In 2013, nearly 142, 820 new cases were esti-
mated to be suffered from CRC and approxi-
mately 50, 830 people would die from this dis-
ease [4]. CRCarisesfromabenign adenomatous
polyp and evolves through multiple pathways
[5, 6], which makes its classification diversity.
According to the molecular features of the path-
ways CRC involved in, 5 molecular subtypes
with morphological correlations were outlined
[6].

Early detection of CRC facilitates to prevent its
progression [7], therefore contributes to reduce

mortality for that most cases in CRC was cur-
able during tumor-node-metastasis stages | to
Il [5]. The established conventional screening
tests for CRC are fecal occult blood testing, flex-
ible sigmoidoscopy and colonoscopy. Among
them, though inexpensive, noninvasive and rec-
ommended by the American Cancer Society,
only small fraction of adults in USA has annual
CRC screening by fecal occult blood test, due to
the lack of reducing CRC mortality to a large
extent [8]. By contrast, except detecting the
malignant tumors, colonoscopy could also
detect adenomas and other benign precursor
lesions, and then remove them, which contrib-
ute to reduce the mortality from CRC and
decrease the incidence of the disease.
Possessing this advantage, colonoscopy is cur-
rently used as “gold standard” of CRC screening
[9]. However, restrictive factors are inevitably
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existed such as patient discomfort, invasive-
ness and expensive cost, which limit the appli-
cation of this screening method [10]. Besides,
the 5-year survival rates were extremely low for
these tests are unavailable for patients with
advanced CRC due to the distant metastases
[11]. Therefore, considerable studies sought for
antitumor agents with genomic biomarkers for
CRC treatment, in order to provide more effec-
tive and accurate intervention for the disease
[12-14]. The accumulated genetic alterations
such as genetic mutations and epigenetic
changes were involved in CRC progression [11,
15]. Mutations of oncogene K-ras was consid-
ered as a biomarker for CRC and Doolittle et al.
provided a potential protocol for CRC screening
through detecting these mutations [2]. Re-
cently, a five-gene biomarker was identified as
a novel blood-based test for CRC detection
using quantitative real-time PCR (polymerase
chain reaction) [8]. Nevertheless, the evidence
is limited and the underlying pathological
mechanisms responsible for CRC progression
and metastases remain unclear and need to be
further elucidated.

In this study, we performed microarray analysis
using bioinformatics methods, which involve
computer processes to solve biological prob-
lems and have predictive capability [16], to
explore the comprehensive regulatory mecha-
nism and thereby, to provide potentially more
effective biomarkers for CRC screening and
prevention.

Material and methods
Microarray data

The gene expression profile GSE44861 [17]
was downloaded from the public database,
GEO (Gene Expression Omnibus, http://www.
ncbi.nim.nih.gov/geo/), up to March 12, 2014,
which deposited the most comprehensive infor-
mation of Affimatrix microarray data, EST
(expression sequence tag), SAGE (Serial Ana-
lysis of Gene Expression) and the next genera-
tion sequencing data [18]. According to the
expression profile, the samples were consisted
of 55 colon tissues from adjacent noncancer-
ous tissues (control group) and 56 colon tis-
sues from tumors tissues (disease group). The
platform was GPL3921 ([HT_HG-U133A],
Affymetrix HT Human Genome U133A Array)
and the annotation file on it was also
downloaded.
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Data preprocessing and differentially ex-
pressed genes (DEGSs) screening

After the data was normalized by log, transfor-
mation, Limma (Linear Model for Microarray,
http://www.bioconductor.org/packages/relea-
se/bioc/html/limma.html) package in R [19]
was recruited for linearization and Bayes mod-
erated t-test [20] was used for the DEGs (dif-
ferentially expressed genes) identification. The
screening criterion for DEGs were |log FC (fold
change)| > 1 and P-value < 0.01.

Functional and pathway enrichment analysis
for DEGs

GO (gene ontology, http://www. geneontology.
org/) analysis has been widely used for the
functional annotation of genomic data. To
explore the functions of DEGs, DAVID (Database
for Annotation, Visualization and Integrated
Discovery, http://david.abcc.Ncifcrf.gov/) [21]
was employed to perform GO enrichment analy-
sis, based on the hypergeometric distribution
method. The count number > 2 and P-value <
0.05 were selected as the threshold.

To further identify the metabolic pathways that
DEGs involved in, KEGG (Kyoto Encyclopedia of
Genes and Genomes) pathway (http://www.
genome.jp/kegg/pathway.html) analysis [22]
was also performed. The thresholds for the
pathway enrichment analysis were with count
number > 3 and P-value < 0.05.

Construction of protein-protein interaction
(PPI) network

The selected DEGs were put into the STRING
(Search Tool for the Retrieval of Interacting
Genes) database [23] (http://string-db.org/) to
match the interactions of proteins. The interac-
tion with a score of 0.4 was eligible to construct
the PPI (protein-protein interaction) network,
using the Cytoscape software (http://cyto-
scape.org/) [24].

Construction of modules of the PPl network

To explore more specific regulatory relationship
of proteins, ClusterONE [25] plug-in in the
Cytoscape software was applied to dig the clus-
ter modules, under the criterion of P-value <
0.01. Then INTERPRO [26] protein domain
database (http://www.ebi.ac.uk/interpro/) was
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Table 1. Significantly enriched functions for DEGs in the samples of colorectal tumor tissues

Category Term Count P-value
Up-regulated DEGs
Cluster 1 Enrichment Score: 10.769284583391107
cC G0:0044421~extracellular region part 31 2.25E-15
cC G0:0005578~proteinaceous extracellular matrix 17 2.97E-11
cC GO:0005576~extracellular region 37 3.17E-11
cC G0:0031012~extracellular matrix 17 9.12E-11
CcC G0:0005615~extracellular space 20 7.38E-09
Cluster 2 Enrichment Score: 4.866243173643159
cC G0:0005578~proteinaceous extracellular matrix 17 2.97E-11
cC G0:0031012~extracellular matrix 17 9.12E-11
MF G0:0005201~ext matrix structural constituent 8 7.89E-07
cC G0:0005581~collagen 6 1.61E-06
CcC G0:0044420~extracellular matrix part 7 5.77E-05
BP G0:0030199~collagen fibril organization 4 6.75E-04
CcC G0:0005583~fibrillar collagen 3 2.10E-03
BP G0:0030198~extracellular matrix organization 5 3.49E-03
Cluster 3 Enrichment Score: 2.543911806644643
BP G0:0001501 ~skeletal system development 11 1.97E-05
Cluster 4 Enrichment Score: 2.391819902010825
BP G0:0007155~cell adhesion 13 8.88E-04
BP G0:0022610~biological adhesion 13 8.99E-04
Cluster 5 Enrichment Score: 2.171321263363379
BP G0:0032963~collagen metabolic process 4 6.08E-04
BP G0:0044259~multicellular org mac metabolic process 4 8.24E-04
BP G0:0044236~multicellular org metabolic process 4 1.39E-03
MF G0:0004175~endopeptidase activity 9 1.81E-03
MF G0:0008233~peptidase activity 11 2.21E-03
MF G0:0004222~metalloendopeptidase activity 5 3.52E-03
MF G0:0008237~metallopeptidase activity 6 4.85E-03
MF G0:0070011~peptidase activity, act on L- acid pep 10 5.50E-03
BP G0:0030574~collagen catabolic process 3 6.27E-03
Cluster 6 Enrichment Score: 2.124875246229077
MF G0:0004857~enzyme inhibitor activity 8 1.17E-03
Cluster 7 Enrichment Score: 2.121422115415992
BP G0:0009611~response to wounding 12 3.04E-04
MF G0:0005125~cytokine activity 7 1.11E-03
MF G0:0008009~chemokine activity 4 2.63E-03
BP G0:0042330~taxis 6 2.70E-03
BP G0:0006935~chemotaxis 6 2.70E-03
MF G0:0042379~chemokine receptor binding 4 3.15E-03
BP G0:0006954~inflammatory response 8 3.29E-03
BP G0:0006952~defense response 11 3.59E-03
Down-regulated DEGs
Cluster 1 Enrichment Score: 3.3026715504296
cC G0:0000267~cell fraction 29 7.71E-05
cc G0:0005626~insoluble fraction 22 1.02E-03
CcC G0:0005624~membrane fraction 21 1.57E-03

519 Int J Clin Exp Pathol 2015:8(1):517-529



Regulatory mechanisms in colorectal cancer

Cluster 2 Enrichment Score: 2.958218737815963
MF G0:0004089~carbonate dehydratase activity 5 2.72E-05
MF G0:0016836~hydro-lyase activity 5 1.58E-03

Cluster 3 Enrichment Score: 2.3681708741683325
BP G0:0009725~response to hormone stimulus 14 1.39E-04
BP G0:0031667~response to nutrient levels 10 2.44E-04
BP G0:0009719~response to endogenous stimulus 14 3.62E-04
BP G0:0009991 ~response to extracellular stimulus 10 5.48E-04
BP G0:0048545~response to steroid hormone stimulus 9 9.89E-04
BP G0:0007584~response to nutrient 7 3.70E-03
BP G0:0051384~response to glucocorticoid stimulus 5 9.33E-03
BP G0:0033189~response to vitamin A 4 9.83E-03
BP G0:0042594~response to starvation 4 9.83E-03

DEGs, differentially expressed genes; Cluster, the classification based on different functions; Count, number of DEGs; BP,
biological process; CC, cellular compartment; MF, molecular function.

Table 2. Significantly enriched pathways for DEGs in the samples

of colorectal tumor tissues

default parameter with FDR
(false discovery rate) less than

Term

Count P-value

25% in GSEA method were the

Up-regulated DEGs
Hsa04512: ECM-receptor interaction
Hsa04510: Focal adhesion

Down-regulated DEGs
Hsa00150: Androgen and estrogen metabolism
Hsa00910: Nitrogen metabolism
Hsa00140: Steroid hormone biosynthesis
Hsa00053: Ascorbate and aldarate metabolism

Hsa00040: Pentose and glucuronate interconversions

Hsa00500: Starch and sucrose metabolism
Hsa00983: Drug metabolism
Hsa00830: Retinol metabolism

o o a0~ b O 0O

criterion to identify the enriched
sets of DEGs, which were signifi-

2.62E05  cantly targeted by miRNA.
2.95E-03

Results
1.52E-04
2 67E-04 QEGS selectic?n and the func-
4.39E.04 tional analysis
1.61E-03 Based on the statistical analysis
1.91E-03  for the microarray data between
2.76E-03 control and disease groups, a
3.01E-03 total of 308 DEGs related to CRC
6.85E-03  Wwere screened, in which 96 were

DEGs, differentially expressed genes; Count, number of DEGs.

used for functional annotation of DEGs in clus-
ter modules. The screening criterion was also
with P-value < 0.05.

MiRNA enrichment analysis

We predicted the miRNAs that have potential
to target the selected DEGs using GSEA (gene
set enrichment analysis) method, which could
statistically determine whether the predefined
sets of genes are differentially expressed in
different phenotypes [27]. In the present stu-
dy, we randomized the distribution of the two
categories of samples for 1,000 times to esti-
mate the statistical P-value. If a set of genes
targeted by one miRNA has significantly differ-
ently expressions in control and disease
groups, the miRNA was likely associated with
the pathological process of the disease. The
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up-regulated and 212 were
down-regulated.

As shown in Table 1, GO enrichment analysis
indicated that the functions of up-regulated
genes were mainly relevant to cellular compart-
ment such as extracellular region part, extra-
celluar matrix, extracelluar space and protein-
aceous extracelluar matrix, while the functions
of down-regulated genes were primarily
enriched in cell fraction, insoluble fraction and
membrane fraction.

According to the results of KEGG pathway anal-
ysis (Table 2), the up-regulated DEGs were
enriched in focal adhesion pathway, and most
significantly enriched in pathway of ECM-
receptor interaction, whereas the down-regu-
lated DEGs were mainly involved in Steroid hor-
mone biosynthesis, and Androgen and estrogen
metabolism pathways.

Int J Clin Exp Pathol 2015;8(1):517-529
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Figure 1. PPI (protein-protein interaction) network constructed for DEGs (differentially expressed genes) in colorectal tumor tissue samples. A. PPI network for up-
regulated DEGs; B. PPI network for down-regulated DEGs. The nodes represent DEGs in colorectal tumor tissue samples and the lines represent the degree between
DEGs, in which the thicker line refers to the higher degree.
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Table 3. Top ten DEGs with high degrees identified in
PPI network

Up-regulated DEGs Degree Down-regulated DEGs Degree

COL1A2 21 GCG 10
TGFBI 13 MUC2 10
COL5A2 13 UGT1A6 8
MMP1 12 SST 8
TIMP1 12 UGT1A4 7
MMP7 12 PYY 6
PTGS2 11 CLDN7 6
COL11A1 11 CHGA 6
ASPN 10 HSD3B2 6
PLAU 10 VIP 6

primarily enriched in UDP-glucuronosyl/
UDP-glucosyltransferase (IPR002213), NAD
(P)-binding domain (IPR016040), metallo-
thionein, vertebrate, metal binding site
(IPRO18064), metallothionein, vertebrate
(IPROO0006) and metallothionein super-
family, eukaryotic (IPRO03019) protein
domains (Table 4).

Construction of regulatory network of miR-
NAs and targeted DEGs

The network which revealed the regulatory
relationship of miRNAs and the targeted

DEGs, differentially expressed genes; PPI, protein-protein interac-
tion.

Construction of PPl network and functional
analysis of DEGSs in the network

By separately mapping the identified up- or
down-regulated DEGs into STRING database,
the PPl networks of up- or down-regulated
DEGs were constructed respectively, with
the confidence score larger than 0.4. There
were 156 edges involving 60 nodes in the
PPl network for up-regulated DEGs, in which
COL1A2, TGFBI, COL5A2, MMP1, TIMP1,
MMP7, PTGS2, COL11A1, ASPN and PLAU
were located in the top 10 nodes with high
degrees (> 10) (Figure 1A; Table 3). On the
other hand, the network for down-regulated
DEGs was composed of 151 edges and 110
nodes, among which, GCG and MUC2 with high
degrees (> 10) were recognized (Figure 1B;
Table 3).

Applying ClusterONE plug-in in the Cytoscape
software, we performed the cluster module
analysis for PPl networks of up- and down-regu-
lated DEGs respectively, to predict the protein
complex. As a result, 4 modules for up-regulat-
ed DEGs and 2 modules for down-regulated
DEGs were identified with P-values < 0.01
(Figure 2). INTERPRO Protein Domain enrich-
ment analysis for these modules revealed that
genes in Module 2 and Module 3 of up-regulat-
ed DEGs were predominantly enriched in pro-
tein functional domains containing peptidogly-
can binding-like (IPRO02477), peptidase,
metallopeptidases (IPRO06026) and Peptidase
M10A and M12B, matrixin and adamalysin
(IPRO01818). Referred to down-regulated
DEGs, genes in Module 1 and Module 2 were

522

DEGs were constructed through GSEA

method. Following the default setting with

FDR < 25%, the miRNAs were differently

expressed in the two sample groups. Under
the criterion of P < 0.05, a total of 16 signifi-
cantly enriched miRNAs were found in disease
group, by contrast, none were enriched in con-
trol group (Table 5), suggesting that these miR-
NAs have great potential to participate in CRC
progression. As presented in Figure 3, 9 DEGs
targeted by miRNAs were selected including
ASPN, CDH11, COL10A1, COL15A1, PLS3,
PTGS2, SULF1, VSNL1 and COL11A1.

Discussion

CRC development involves multiple genetic
alterations and progressive changes in signal-
ing pathways [11]. In the present study, the
microarray data that downloaded from GEO
database were utilized to identify DGEs
between control and disease samples. As a
result, 96 up- and 212 down-regulated DEGs
were identified. Further analysis of the
constructed PPl network revealed that
COL11A1, PTGS2, and ASPN were listed in the
top-ten nodes with high degrees (> 10), imply-
ing they may play important roles in CRC
development.

Comprised of trimeric extracellular matrix pro-
teins with structurally similarity, collagens are
used for cell structural integrity and involved in
cell-matrix interaction and tumor progression
as major components of basement membrane
[28]. The primary structure of collagens are
characterized by three o chains normally con-
sisting of glycine-X-Y repeats [29, 30]. There are
28 different types of collagens and the struc-
tural characteristics of them have been

Int J Clin Exp Pathol 2015:8(1):517-529
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Figure 2. Module clusters identified from the PPI (protein-protein interaction) network in colorectal tumor tissue
samples. (A-D) Module clusters for up-regulated DEGs (differentially expressed genes) (A, Module 1; B, Module 2;
C, Module 3; D, Module 4); (E, F) Module clusters for down-regulated DEGs (E, Module 1; F, Module 2). The nodes
represent DEGs in colorectal tumor tissue samples and the lines represent the degree between DEGs, in which the

thicker line refers to the higher degree.

researched [30]. The gene COL11A1 which
encodes the type Xl collagen a-1 chain protein,
an important factor for connective tissue struc-
ture and resistance, is found to be lower
expressed in different adult human tissues
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including lung, parotid gland and colorectal
cells [31]. Additionally, overexpressed COL11A1
was suggested as a candidate marker of vari-
ous cancers such as NSCLC (non-small cell
lung), ovarian, oral cavity and CRC [32-34].

Int J Clin Exp Pathol 2015:8(1):517-529
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Table 4. Protein domains that DEGs in the modules of PPl network enriched in

Term Count P-value
Up-regulated DEGs
Module 2
IPRO02477: Peptidoglycan binding-like 4 4.20E-07
IPRO06026: Peptidase, metallopeptidases 4 1.34E-06
IPRO01818: Peptidase M10A and M12B, matrixin and adamalysin 4 4.50E-06
IPRO06025: Peptidase M, neutral zinc metallopeptidases, zinc-binding site 4 5.09E-05
IPRO16293: Peptidase M10A, matrix metallopeotidase 3 8.54E-05
IPRO18486: Hemopexin/matrixin, conserved site 3 1.41E-04
IPRO00585: Hemopexin/matrixin 3 1.41E-04
IPRO18487: Hemopexin/matrixin, repeat 3 1.41E-04
IPRO00742: EGF-like, type 3 4 4.08E-04
IPRO06210: EGF-like 4 4.53E-04
IPRO13032: EGF-like region, conserved site 4 1.35E-03
IPRO06209: EGF 3 4.26E-03
Module 3
IPRO02477: Peptidoglycan binding-like 4 4.20E-07
IPRO06026: Peptidase, metallopeptidases 4 1.34E-06
IPRO01818: Peptidase M10A and M12B, matrixin and adamalysin 4 4.50E-06
IPRO06025: Peptidase M, neutral zinc metallopeptidases, zinc-binding site 4 5.09E-05
IPRO16293: Peptidase M10A, matrix metallopeotidase 3 8.54E-05
IPRO18486: Hemopexin/matrixin, conserved site 3 1.41E-04
IPRO18487: Hemopexin/matrixin, repeat 3 1.41E-04
IPRO00585: Hemopexin/matrixin 3 1.41E-04
IPROO0O742: EGF-like, type 3 4 4.08E-04
IPRO06210: EGF-like 4 4.53E-04
IPRO13032: EGF-like region, conserved site 4 1.35E-03
IPRO06209: EGF 3 4.26E-03
Down-regulated DEGs
Module 1
IPR002213: UDP-glucuronosyl/UDP-glucosyltransferase 3 8.42E-06
IPRO16040: NAD(P)-binding domain 3 1.18E-03
Module 2
IPRO18064: Metallothionein, vertebrate, metal binding site 5 1.03E-13
IPROO0O006: Metallothionein, vertebrate 5 1.54E-13
IPRO03019: Metallothionein superfamily, eukaryotic 5 1.54E-13

DEGs, differentially expressed genes; PPI, protein-protein interaction; Count, number of DEGs.

Particularly, several studies verified that
COL11A1 was up-regulated in CRC [35, 36],
indicating the important role of this gene in
tumorigenic response in epithelial cells. Further
confirmed by a recent research, COL11A1 was
suggested as a biomarker targeted in stool
samples for early detection of CRC at risk
patients [31].

The regulatory relationship between COL11A1
and miRNA was also concerned and COL11A1
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was predicted to be targeted by miR-29 [37,
38], down-regulation of which could induce the
expression of collagens [39]. Revealed as our
constructed PPl network, COL11A1 was identi-
fied as a crucial gene related to CRC with a high
degree, giving another evidence for the roles of
COL11A1 in the regulation of CRC (Figure 1A;
Table 3). Besides, the miRNA regulatory net-
work also predicted that COL11A1 could be tar-
geted by miR-29 (miR-29A, miR-29B, miR-29C)
(Figure 3). Taken together, these results pro-

Int J Clin Exp Pathol 2015;8(1):517-529
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Table 5. MiRNAs that predicted to target DEGs based on GSEA method

NAME SIZE ES NES NOM P-value
GTATTAT, MIR-369-3P 143  -0.42481536 -1.5778576 0

CAGTATT, MIR-200B, MIR-200C, MIR-429 341  -0.34288508  -1.4310081 0

ACTACCT, MIR-196A, MIR-196B 96 -0.4422097 -1.5706176 0.002232143
TGCACTT, MIR-519C, MIR-519B, MIR-519A 310 -0.3275328 -1.339217 0.006993007
ATTCTTT, MIR-186 192  -0.35181046 -1.3669945 0.013452915
TAGCTTT, MIR-9 167 -0.3572543 -1.3752931 0.014736842
TGTTTAC, MIR-30A-5P, MIR-30C, MIR-30D, MIR-30B, MIR-30E-5P 412  -0.30206627 -1.2713937 0.01814059
GTACTGT, MIR-101 195 -0.3322817 -1.3145992 0.025423728
GGGACCA, MIR-133A, MIR-133B 137 -0.359421 -1.3479977 0.026373627
CTTTGTA, MIR-524 319 -0.3010239 -1.23321 0.026966292
TGGTGCT, MIR-29A, MIR-29B, MIR-29C 358  -0.29058316 -1.2047044 0.03189066
ATACCTC, MIR-202 124 -0.3649094 -1.3451693  0.036480688
ATGTACA, MIR-493 234 -0.3109604 -1.2353733  0.042105265
AAAGACA, MIR-511 150  -0.33384982  -1.2600027  0.045045044
TACTTGA, MIR-26A, MIR-26B 220  -0.31613997 -1.2490146 0.04835165
ATAACCT, MIR-154 43 -0.4706566 -1.4422263  0.048523206

DEGs, differentially expressed genes; PPI, protein-protein interaction; GSEA, gene set enrichment analysis; Size, the number of the enriched
DEGs; ES, enrichment score; NES, normalized enrichment score; NOM P-value, P-values based on hypergeometric distribution method.

vide a clue that COL11A1 might involve in the
progression of CRC via being targeted by
miR-29.

PTGS2 (also called COX-2) that encodes an
inducible isozyme of prostaglandin-endoperox-
ide synthase (prostaglandin-endoperoxide syn-
thase 2), is triggered by the inflammatory
response and responsible for the synthesis of
prostaglandins [40]. The expression of PTGS2
is found to be elevated in CRC development
[41], whereas the inhibition of PTGS2 could pre-
vent tumor growth and improve overall survival
[15]. Additionally, the polymorphisms in PTGS2
is convinced to be associated with increased
risk of CRC and it is hypothesized that the
genetic polymorphisms in PTGS2 results in
alteration of the expression and/or the activity
of the protein, which may modulate the inflam-
matory response, thus modifying the risk of
colorectal cancer [40]. All these elucidate that
PTGS2 plays a vital role in promoting CRC
growth and metastasis [11] and implicate that
inflammation might be an important mediator
in the carcinogenesis of colorectal tumors [40].
The plausible explanation for the mechanism of
PTGS2 in CRC is that PTGS2 enzyme could con-
vert arachidonic acid into an unstable interme-
diate, PGH2, which could remarkably enhance
the AOM (azoxymethane)-induced colon tumor
incidence and play predominant role in carcino-
genesis [11, 42].
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The expression of PTGS2 is modulated in both
transcriptional and post-transcriptional levels.
Several transcription factors such as NFKB1,
C/EBP, CREB, NFAT and AP-1, have been veri-
fied to regulate the expression of PTGS2 [43,
44]. As a class of short, endogenously-initiated
non-coding RNAs, miRNAs could mediate gene
expression in post-transcriptional level via
either translational repression or mRNA degra-
dation [45]. Larger amounts of miRNAs have
been established to regulate the expression of
PTGS2. It is demonstrated that the PTGS2
MRNA translation was down-regulated by miR-
101 in colon cancer cells [46]. Besides, PTGS2
is identified as the target gene of miR-146,
which negtively regulates the expression of
PTGS2 via mRNA degragation in gastric epithe-
lial cells and macrophages [47, 48]. Except
that, PTGS2 was also found to be regulated by
hsa-miR-143 in amnion mesenchymal cells
[49], as well as hsa-miR-137 which acts as a
tumor suppressor in human glioma [50]. Our
results indicated that PTGS2 was also a vital
gene relevant to CRC development and was
predicted to be regulated by miR-101 (Figures
1A, 3), which was consisted with previous stud-
ies [46]. Notably, according to our result of
miRNA network, miR-26 was another candidate
miRNA to mediate PTGS2 (Figure 3), however,
miR-26 was only reported to influence PTGS2 in
the regulation of GSK-3 for cholangiocarcinoma
growth [51], implying a novel regulatory path-
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way that PTGS2 might play pivotal roles in CRC
development via being regulated by miR-26.
What's important, based on the protein domain
enrichment analysis in modules for up-regulat-
ed DEGs (Table 4), PTGS2 was mainly enriched
in protein domains relevant to peptidoglycan
binding-like, peptidase and metallopeptidases,
suggesting that PTGS2 may play a role in pro-
tein degradation in CRC progression.

ASPN was another crucial gene selected in the
integrated networks of PPl and miRNA in the
present study (Figure 1A; Table 3). Belonging to
the small secreted leucine-rich proteoglycans
(SLRP) family, ASPN encodes a cartilage extra-
cellular protein which may regulate chondro-
genesis and induce collagen mineralization
[52]. In aggressive endometrial cancer cells,
ASPN is predicted to be targeted by miR-101,
[53], consisting with our results of the miRNA
regulatory network. Moreover, miR-26 was also
predicted to modulate ASPN in the current
study (Figure 3). To our knowledge, there wasn’t
any illustration about the relationship between
ASPN and CRC, as well as the regulation of
ASPN in CRC progression, therefore ASPN
might be supposed as a novel biomarker for
CRC screening and prevention.

In conclusion, we infer that COL11A1 might
involve in the progression of CRC via being tar-
geted by miR-29, whereas PTGS2 and ASPN
may play crucial roles in CRC development both
through the regulation of miR-101 and miR-26.
Moreover, ASPN may play its roles through pro-
tein degradation and be supposed as a novel
biomarker for CRC detection and prevention.
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