
© 2019 Yang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

OncoTargets and Therapy 2019:12 2737–2747

OncoTargets and Therapy

This article was published in the following Dove Medical Press journal: 
OncoTargets and Therapy

Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
2737

O r i g i n a l  r e s e a r c h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/OTT.s195235

Whole transcriptome sequencing identifies 
crucial genes associated with colon cancer and 
elucidation of their possible mechanisms of action

Yang Yang
Yanan Zhao
Wenlong Zhang
Yuansong Bai
Department of Oncology and 
hematology, china-Japan Union 
hospital of Jilin University, 
changchun, Jilin 130033, People’s 
republic of china

Purpose: This study aimed to investigate the key long non-coding RNAs (lncRNAs) associated 

with colon cancer and elucidate their possible mechanisms of action.

Patients and methods: Eight early-stage (ES) colon tumor tissues, eight late-stage (LS) 

colon tumor tissues, and eight normal tissues were collected, and they were subjected to high-

throughput RNA sequencing. Subsequently, comprehensive bioinformatics analyses, including 

the identification of differentially expressed mRNAs and lncRNAs, functional enrichment analy-

sis, and construction of a protein–protein interaction network and an miRNA–lncRNA–mRNA 

regulatory network were performed. Additionally, the expression of key lncRNAs was verified 

using real-time quantitative PCR (qPCR).

Results: In total, 549 common differentially expressed mRNAs and 30 common differen-

tially expressed lncRNAs were identified in both the ES and LS colon cancer samples upon 

comparison with the normal samples. Functional enrichment analysis showed that KIAA0125 

was significantly enriched in the PI3K-Akt signaling pathway and that MSTRG.35002.1 was 

markedly enriched in BMP signaling-related functions. Moreover, key miRNA–lncRNA–

mRNA relationships, such as hsa-miR-29b-3p-KIAA0125-BCL2 and hsa-miR-29b-3p-

MSTRG.35002.1-MMP2, were identified. Notably, the qPCR assay confirmed that KIAA0125 

and MSTRG.35002.1 were significantly downregulated in both ES and LS colon tumor tissues 

compared with normal colon tissues.

Conclusion: Our findings indicate that key lncRNAs, including KIAA0125 and 

MSTRG.35002.1, may be involved in colorectal cancer (CRC) development. Downregula-

tion of KIAA0125 may contribute to CRC development via sponging of hsa-miR-29b-3p to 

regulate BCL2 expression or regulating the PI3K-Akt signaling pathway. Downregulation of 

MSTRG.35002.1 may promote CRC development via sponging of hsa-miR-29b-3p to regulate 

MMP2 expression or regulating the BMP signaling pathway.

Keywords: colon cancer, differentially expressed mRNAs, differentially expressed lncRNAs, 

molecular mechanism, CeRNA network

Introduction
Colorectal cancer (CRC) is a common malignant tumor that ranks as the third leading 

cause of mortality worldwide.1 The 5-year survival rate of patients with CRC decreases 

from .90% in stage I to ~10% in stage IV.2 Because of its high prevalence and poor 

prognosis, it remains imperative to explore promising molecular biomarkers or targets 

to improve prognostic prediction and therapeutic outcomes for CRC.

Non-coding RNAs (ncRNAs) have been revealed to be major components of the 

human transcriptome, and they are mainly divided into miRNAs (,200  nucleotides) 
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and long ncRNAs (lncRNAs, .200 nucleotides) based on 

their length. In CRC pathogenesis, the crucial roles of several 

lncRNAs have been shown to be altered and to play criti-

cal roles in tumor biology, including oncogenic lncRNAs, 

91H, CCAT1, DANCR, FEZF1-AS1, HOTAIR, HOTTIP, and 

MALAT13–10 as well as tumor suppressive lncRNA, GAS5, 

MEG3, LINC01296, RP11-462C24.1, and TUSC7.11–15 For 

example, upregulation of the lncRNA PANDAR (promoter of 

CDKN1A antisense DNA damage-activated RNA) promotes 

the metastasis of CRC by epithelial–mesenchymal transition 

pathway,16 and silencing of lncRNA PANDAR switches 

curcumin-induced senescence to apoptosis.17

Furthermore, in 2011, lncRNAs were first revealed to 

regulate the encoding protein gene level by functioning as a 

competing endogenous RNA (ceRNA) to sponge miRNAs.18 

It has been reported that lncRNA SPRY4-IT1 can function 

as a ceRNA of miR-101-3p to regulate the proliferation and 

invasion of CRC cells,19 and lncRNA UICLM can act as a 

ceRNA of miR-215 to regulate ZEB2 expression, thus pro-

moting liver metastasis in CRC.20 These findings imply that 

lncRNA, miRNA, and mRNA have interactive roles in CRC 

development. However, the key lncRNAs associated with 

CRC are largely unknown, as is their regulatory mechanism. 

Further identification of the key lncRNAs involved in CRC 

progression is of great importance.

In this study, high-throughput RNA sequencing of colon 

tumor tissues and normal colon tissues and subsequent 

comprehensive bioinformatics analyses were performed to 

identify key lncRNAs associated with colon cancer, followed 

by the validation of dysregulated lncRNAs through real-time 

quantitative PCR (qPCR). Our findings may provide novel 

insights into the molecular mechanisms underlying colorectal 

carcinogenesis.

Patients and methods
Patient samples
Eight early-stage (ES) colon tumor tissues were collected 

from patients who were diagnosed with stage I or II colon 

cancer (seven men and one woman, age 56.75±11.66 years), 

and eight late-stage (LS) colon tumor tissues were obtained 

from patients with stage III or IV colon cancer (four men and 

four women, age 58.25±11.07 years). The diagnosis of colon 

cancer was confirmed by surgery, and patients who did not 

receive radiotherapy or chemotherapy and volunteered to par-

ticipate in the study and subsequent follow-up were enrolled. 

Patients with a medical history of diabetes mellitus, hyperten-

sion, hepatitis, and pulmonary tuberculosis were excluded. 

In addition, eight adjacent normal colon tissues, defined as 

a .5.0 cm distance from the tumor edge, were also obtained 

from four patients with ES and four patients with LS colon 

cancer (five men and three women, age 59.86±8.84 years) 

and used as normal controls (N). All collected clinical tissue 

samples were quickly frozen in liquid nitrogen and stored 

at -80°C. This study was conducted in accordance with the 

Declaration of Helsinki and approved by the ethics review 

board of China-Japan Union Hospital of Jilin University. 

Each patient provided signed informed written consent for 

inclusion in this study and for publication.

construction of the cDna library and 
high-throughput rna sequencing
Total RNA was extracted from clinical tissue samples using 

an RNAiso Plus Kit (TaKaRa, Shiga, Japan), followed by 

the detection of its purity and concentration using agarose 

gel electrophoresis and a Nanodrop spectrophotometer 

(Nanodrop Technologies, Wilmington, DE, USA). A poly 

(A) tail enrichment cDNA library was constructed following 

standard methods. RNA sequencing was carried out using 

the Illumina HiSeq 3000 platform. The generated sequenc-

ing data, with accession code SRP158734, were deposited 

in the NCBI database.

Quality control and read alignment
Quality control to obtain clean reads was performed using 

Trimmomatic (v3.6).21 Subsequently, the obtained clean 

reads were aligned with the human GRCh38 reference using 

Tophat 2 version 2.1.122 using the following parameters: 

read-mismatches, 2; read-edit-dist, 2; and library-type, 

fr-firststrand.

Transcriptome assembly and 
identification of differentially expressed 
mrnas and differentially expressed 
lncrnas
The read alignment results of 24 samples were then sub-

jected to transcriptome assembly using stringtie (v1.33b)23 

with the human genome annotation file (v28, GENCODE) 

as the reference. The gene expression levels in each sample 

were quantified using cuffquant and cuffnorm.24 After tran-

scriptome assembly, the transcripts with the class codes of 

types i, u, and x were considered unknown: type i indicated 

that the predicted transcripts were located in introns, type u 

indicated that the predicted transcripts were located in the 

gene area of the reference transcripts, and type x indicated 

that the exons of the predicted transcripts overlapped with 

reference transcripts but in the opposite direction. The 
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predicted novel_lncRNAs, named using tracking_id, were 

then identified by prediction of the coding ability of the 

transcriptome sequence using Coding Potential Calcula-

tor (CPC), Coding-Non-Coding-Index (CNCI), Coding 

Potential Assessment Tool (CPAT), and PFAM.

The differentially expressed mRNAs and differentially 

expressed lncRNAs in the ES vs N, LS vs N, and LS vs ES 

groups were, respectively, identified using the cuffdiff24 

tool with a threshold value of q_value ,0.05. Clustering 

heatmap analysis for differentially expressed mRNAs and 

differentially expressed lncRNAs was then conducted using 

the pheatmap version 1.0.8 in R3.4.1. Moreover, common 

differentially expressed mRNAs and common differentially 

expressed lncRNAs between the ES vs N and LS vs N groups 

were then identified using a Venn diagram.

Functional enrichment analysis of 
differentially expressed mrnas
To understand the biological functions of the differentially 

expressed mRNAs, Gene Ontology (GO) functions, includ-

ing biological process (BP), cellular component (CC), and 

molecular function (MF), as well as Kyoto Encyclopedia of 

Genes and Genomes (KEGG) pathway enrichment analyses 

were completed using clusterProfiler v3.2.1.25 A P value 

of ,0.05 calculated from the hypergeometric test was set 

as the threshold value.

construction of a protein–protein interaction (PPi) 
network
Based on the information in the Search Tool for the Retrieval 

of Interacting Genes26 database that provides both predicted 

and experimental interactions between proteins, the PPI 

pairs between common differentially expressed mRNAs 

were obtained with the required confidence .0.4. Then, the 

PPI network was constructed using Cytoscape software.27 

The network topology property indicators, including degree 

centrality, betweenness centrality, and closeness centrality, 

were analyzed using CytoNCA28 in Cytoscape software. 

A node with a higher score of network topology property 

indicators indicated a more important role in that node in the 

PPI network, which was considered as a hub node.

correlation analysis of lncrnas and 
mrnas
The correlation of gene expression levels between dif-

ferentially expressed mRNAs and differentially expressed 

lncRNAs was analyzed by calculating the Pearson correla-

tion coefficient. The Benjamini and Hochberg29 procedure 

was carried out for multiple-testing adjustment. The 

p.adjust ,0.01 and |cor| .0.5 indicated a significant corre-

lation between lncRNAs and mRNAs, suggesting that these 

mRNAs were potential targets of lncRNAs.

Prediction of lncrna function
To thoroughly understand the functions of the lncRNAs, GO 

BP, and KEGG function enrichment analyses for the target 

mRNAs of common differentially expressed lncRNAs were 

also conducted using clusterProfiler v3.2.1, with a cut-off 

value of P,0.05.

construction of an mirna–lncrna–mrna 
regulatory network
The miRNAs targeting differentially expressed mRNAs were 

predicted using the miRTarBase_2017 database in Enrichr 

tool30 with p.adjust ,0.05, and the miRNA–mRNA regula-

tory relationships were obtained. Moreover, the binding 

sites between the above-mentioned miRNAs and lncRNAs 

were predicated using miRanda31 with the parameters 

of -sc 140, -en −20, and –strict, and the miRNA–lncRNA 

regulatory relationships were obtained. By combining the 

miRNA–mRNA and miRNA–lncRNA regulatory relation-

ships, the miRNA–lncRNA–mRNA regulatory network was 

then established using Cytoscape software.

real-time qPcr analysis
To further verify the key differentially expressed lncRNAs 

identified earlier, qPCR was performed to detect the expres-

sion levels in eight ES colon tumor tissues, eight LS colon 

tumor tissues, and eight normal colon tissues. Real-time 

qPCR was conducted to detect the expression of lncRNAs 

using Power SYBR Green PCR Master Mix (Thermo Fisher 

Scientific, Waltham, MA, USA). The primer sequences 

(forward and reverse) used for the amplification of targets 

were as follows: KIAA0125: 5′-TGGCAAAGGCAAGT 

GAC-3 ′  and  5 ′ -GGCAGAAGGATGAACCC-3 ′ ; 
MSTRG.35002.1: 5′-TTCATTATCCGAACAAC-3′ 
and 5′-TGATGCCACTAACCAG-3′; and GAPDH: 

5 ′-TGACAACTTTGGTATCGTGGAAGG-3 ′  and 

5′-AGGCAGGGATGATGTTCTGGAGAG-3′. By nor-

malization with the internal control GAPDH, the relative 

gene expression was calculated using the 2-ΔΔCT method.

statistical analysis
The obtained data are presented as the mean ± SD. Using 

GraphPad Prism 5 (Graphpad Software, San Diego, CA, 

USA), significant differences between groups were evaluated 
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with Student’s t-test or one-way ANOVA. A statistically 

significant result was obtained when P,0.05.

Results
Prediction of novel lncrnas
In total, 2,292, 2,269, 2,042, and 2,368 transcripts were, 

respectively, identified from the CPC, CNCI, CPAT, and 

PFAM analyses. An integrated analysis using CPC, CNCI, 

CPAT, and PFAM analyses identified a total of 1,993 

novel_lncRNAs, named using the tracking_id, from 2,368 

unknown transcripts.

Identification of differentially expressed 
mrnas and differentially expressed 
lncrnas
With the cut-off value of q_value ,0.05, a total of 805 dif-

ferentially expressed mRNAs (428 up- and 377 downregu-

lated) and 78 differentially expressed lncRNAs (55 up- and 

23 downregulated, Table S1) were identified in the ES vs N 

group, and 810 differentially expressed mRNAs (480 up- and 

330 downregulated) and 65 differentially expressed lncRNAs 

(41 up- and 24 downregulated, Table S1) were identified in 

the LS vs N group. However, differentially expressed mRNAs 

and differentially expressed lncRNAs were not screened out 

in the LS vs ES group with a q_value ,0.05. The cut-off value 

was then changed to P,0.05, and 235 differentially expressed 

mRNAs (143 up- and 92 downregulated) and 82 differen-

tially expressed lncRNAs (28 up- and 54 downregulated) 

were identified in the LS vs ES group. Moreover, heatmap 

analysis revealed that ES or LS samples could be significantly 

distinguished from normal (N) tissue samples according to 

the expression levels of differentially expressed mRNAs or 

differentially expressed lncRNAs (Figure S1). A subsequent 

Venn diagram analysis indicated that there were 549 com-

mon differentially expressed mRNAs (Figure S2A) and 30 

common differentially expressed lncRNAs (Figure S2B) 

between the ES vs N and LS vs N groups.

Functional enrichment analysis of 
differentially expressed mrnas
The results of GO and KEGG pathway enrichment analyses 

(top ten) are shown in Figure 1. The differentially expressed 

mRNAs in the ES vs N and LS vs N groups were all mark-

edly enriched in GO functions associated with extracel-

lular matrix organization (BP function), proteinaceous 

extracellular matrix (CC function), and extracellular matrix 

structural constituent (MF function). The differentially 

expressed mRNAs in the LS vs ES group were enriched in 

the prominent GO functions related to leukocyte migration 

(BP function), proteinaceous extracellular matrix (CC func-

tion), and endopeptidase activity (MF function). In addition, 

the differentially expressed mRNAs in the ES vs N and LS 

vs N groups were all significantly enriched in several KEGG 

pathways, such as the PI3K-Akt signaling pathway, focal 

adhesion, and extracellular matrix–receptor interaction; the 

differentially expressed mRNAs in the LS vs ES group were 

markedly enriched in several KEGG pathways, including the 

IL-17 signaling pathway, the chemokine signaling pathway, 

and cytokine–cytokine receptor interaction.

PPi network analyses
The PPI network constructed using the common differen-

tially expressed mRNAs between the ES vs N and LS vs N 

groups consisted of 377 nodes and 1,324 interaction pairs 

(Figure S3). After analysis of network topology properties, 

the top 15 nodes with the highest scores of degree centrality, 

betweenness centrality, and closeness centrality were, respec-

tively, identified (Table 1), among which MMP2, MMP9, 

BCL2, SPP1, BMP2, and CCND1 belonged to the top 15 

calculated from the three network topological properties.

correlation analysis of lncrnas and 
mrnas
Using Pearson’s correlation analysis, the top ten lncRNAs 

were MSTRG.9732.1 (number = 402), CTB-28J9.3 

(number = 390), MSTRG.25642.1 (number = 372), MAFG-

AS1 (number = 312), MSTRG.225.1 (number = 306), 

MSTRG.35002.1 (number = 302), MSTRG.1647.1 (number = 

284), MSTRG.29201.1 (number = 278), MSTRG.25557.1 

(number = 275), and RP11-400N13.3 (number = 233) accord-

ing to the number of their target mRNAs.

Functional analysis of lncrnas
To better understand the functions of the lncRNAs, GO 

BP and KEGG pathway enrichment analyses for the target 

mRNAs of the differentially expressed lncRNAs were con-

ducted (Figure 2). Notably, functional enrichment analysis 

showed that KIAA0125 was significantly enriched in neutro-

phil activation (GO BP) and the PI3K-Akt signaling pathway 

(KEGG). MSTRG.35002.1 (RP1-290B4.1) was markedly 

enriched in BMP signaling-related functions (GO BP) and 

steroid hormone biosynthesis (KEGG).

construction of an mirna–lncrna–
mrna cerna regulatory network
The miRNAs targeting common differentially expressed 

mRNAs were predicted using the miRTarBase_2017 data-

base in Enrichr tool, and the top five miRNAs with the 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.dovepress.com/get_supplementary_file.php?f=195235.xlsx
https://www.dovepress.com/get_supplementary_file.php?f=195235.xlsx
https://www.dovepress.com/get_supplementary_file.php?f=195235.doc
https://www.dovepress.com/get_supplementary_file.php?f=195235.doc
https://www.dovepress.com/get_supplementary_file.php?f=195235.doc
https://www.dovepress.com/get_supplementary_file.php?f=195235.doc


OncoTargets and Therapy 2019:12 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2741

Yang et al

highest number of target mRNAs were identified, including 

hsa-miR-124-3p, hsa-miR-29a-3p, hsa-miR-29b-3p, hsa-

miR-29c-3p, and hsa-miR-4533 (Table 2). By integrating the 

miRNA–mRNA and miRNA–lncRNA regulatory relation-

ships, the miRNA–lncRNA–mRNA network was then con-

structed. The miRNA–lncRNA–mRNA regulatory network 

is shown in Figure 3, in which several ceRNA relationships 

were revealed. For example, the ceRNA relationships hsa-

miR-29b-3p-H19-FSCN1, hsa-miR-29b-3p-KIAA0125-

BCL2, and hsa-miR-29b-3p-MSTRG.35002.1-MMP2 were 

identified. The downregulated lncRNAs MSTRG.35002.1, 

MSTRG.9732.1, MSTRG.225.1, and KIAA0125 and the 

upregulated lncRNAs MSTRG.5015.1, MSTRG.25168.1, 

and MAFG-AS1 were the central nodes in this network, 

indicating their important roles in this network.

Validation of the differential expression of 
Kiaa0125 and MsTrg.35002.1 by qPcr
To further verify the differential expression of the key dif-

ferentially expressed lncRNAs identified earlier, qPCR was 

Figure 1 Functional enrichment analyses of differentially expressed mRNAs identified from the ES vs n, ls vs n, and ls vs es groups. (A) gene Ontology (gO) biological 
process (BP); (B) gO cellular component (cc); (C) gO molecular function (MF); (D) Kyoto encyclopedia of genes and genomes (Kegg). node size: gene ratio; node 
color: P-value.
Abbreviations: es, early stage; ls, late stage; n, normal samples.
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conducted to determine their expression levels in ES and LS 

colon tumor tissues. As shown in Figure 4, KIAA0125 and 

MSTRG.35002.1 were significantly downregulated in both 

ES and LS colon tumor tissues compared with normal colon 

tissues, which was in line with the results of the aforemen-

tioned differential expression analysis.

Discussion
In this study, we investigated the mechanism underlying 

CRC by high-throughput RNA sequencing of colon cancer 

samples and normal samples and subsequent bioinformatics 

analysis. A total of 549 common differentially expressed 

mRNAs and 30 common differentially expressed lncRNAs 

were identified in both ES and LS colon cancer samples 

after comparison with normal samples. MMP2 and 

BCL2 were identified as hub nodes in the PPI network. 

In addition, functional analysis of lncRNAs revealed that 

KIAA0125 was significantly enriched in the PI3K-Akt 

signaling pathway and that MSTRG.35002.1 was markedly 

enriched in BMP signaling-related functions. Moreover, key 

miRNA–lncRNA–mRNA relationships, such as hsa-miR-

29b-3p-H19-FSCN1, hsa-miR-29b-3p-KIAA0125-BCL2, 

and hsa-miR-29b-3p-MSTRG.35002.1-MMP2, were 

identified in the ceRNA network. Notably, the qPCR assay 

Table 1 The hub nodes in the protein–protein interaction network according to three network topology properties

Node Degree Node Betweenness Node Closeness

MMP2 48 Bcl2 14,942.401 MMP2 0.040973

cOl1a1 45 MMP2 10,227.01 MMP9 0.040968

cOl1a2 43 caD 10,035.065 Bcl2 0.040892

MMP9 42 ccnD1 9,702.812 ccnD1 0.040803

sParc 36 MMP9 9,237.617 sPP1 0.040794

cOl3a1 34 enO1 8,657.382 MeT 0.040723

Bcl2 33 sPP1 6,702.617 TiMP1 0.04071

sPP1 31 BMP2 5,797.612 cOl1a1 0.040688

BMP2 31 irF4 5,720.823 PDgFrB 0.04067

TiMP1 31 MeT 4,783.378 sParc 0.040639

ccnD1 30 PlaU 4,663.709 Bgn 0.04063

cOl18a1 29 KaT2B 4,658.821 cOl1a2 0.040612

Bgn 27 ehhaDh 4,515.3716 MMP1 0.040608

cOl4a2 27 ViP 4,326.0713 lUM 0.04056

cOl4a1 27 PrKacB 4,290.722 BMP2 0.04052

Figure 2 (Continued)
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Table 2 The target mrnas for the top5 mirnas

Term Number 
of target 
mRNAs

Adjusted 
P-value

Genes

hsa-mir-29a-3p 26 1.53667e-05 sParc; laMc2; clDn1; FsTl1; ccnD1; serPinh1; PDgFrB; MMP2; cBX2; KlF4; ereg; 
PTP4a1; cOl3a1; cOl1a2; saPcD2; cOl4a2; cOl4a1; PXDn; aDaM12; cOl5a2; iTga11; 
Fscn1; Bcl2; sgK1; Dsc2; FBn1

hsa-mir-29b-3p 26 1.53667e-05 cOl15a1; sParc; laMc2; ThBs2; clDn1; serPinh1; PDgFrB; MMP2; cBX2; MMP9; ereg; 
cOl1a1; PTP4a1; cOl3a1; cOl4a2; cOl5a1; cOl4a1; cOl5a3; aDaM12; cOl5a2; calU; 
Fscn1; Bcl2; sgK1; Dsc2; FBn1

hsa-mir-29c-3p 24 8.27919e-05 PDgFrB; cOl15a1; sParc; FZD5; MMP2; cBX2; laMc2; KlF4; ereg; cOl1a1; PTP4a1; 
cOl3a1; cOl1a2; cOl4a2; cOl4a1; cOl6a2; aDaM12; cOl5a2; serPinh1; Fscn1; Bcl2; 
sgK1; Dsc2; FBn1

hsa-mir-124-3p 71 0.000270569 PleKhB1; cOl12a1; PcsK9; cXcl1; PlOD1; lOXl1; nr3c2; MDK; Pea15; TiMP3; sOX9; 
Tns4; il6r; DacT1; ccT3; elOVl5; igFBP3; anO6; ereg; FrMD3; greM1; PTP4a1; raB31; 
DKc1; cOl4a1; cOl6a2; hKDc1; Mall; cDh11; cOl8a2; PKP1; sUclg2; TriB3; sgK1; 
sMPDl3a; PTges; lrrc15; slc22a3; slc26a2; shMT2; nXn; hTra3; c1OrF198; enDOD1; 
slc7a1; FsTl1; FsTl3; ZFP36l1; FaM83h; DraM1; sTc2; hsD17B2; serPinh1; TheM6; 
MeTTl7a; FaM83D; cThrc1; ca12; gsn; PrrX1; gFPT2; cBX2; ahnaK2; hMga1; sUlF1; 
KlF4; cOl1a1; sUlT1B1; TMeM54; PTK7; calU

hsa-mir-4533 20 0.002122487 gsn; TnFsF15; shMT2; nXn; cOl12a1; Bgn; FOXK1; cOl1a1; FaM83h; TMeM37; cOl1a2; 
c1OrF115; PKM; ccnD1; Fscn1; TriB3; hMcn1; sgK1; DBn1; iTM2c

Figure 2 Functional enrichment analyses of common differentially expressed lncRNAs identified from the ES vs n and ls vs n groups. (A) gO BP for common differentially 
expressed lncrnas; (B) gO BP for common novel differentially expressed lncrnas; (C) Kegg for common differentially expressed lncrnas; (D) Kegg for common novel 
differentially expressed lncrnas. node size: gene ratio; node color: P-value.
Abbreviations: es, early stage; ls, late stage; n, normal samples; lncrnas, long non-coding rnas; gO, gene Ontology; BP, biological process; Kegg, Kyoto encyclopedia 
of genes and genomes.

confirmed the differential expression of KIAA0125 and 

MSTRG.35002.1.

LncRNA H19, located at chromosome 11p15.5 locus, 

is expressed in the cell nucleus and cytoplasm.32 It has 

been shown to act as an oncogene in various cancers, 

including CRC.33–35 In addition, several lncRNA H19 

and miR-29b associated ceRNA relationships have been 

reported to play important roles in carcinogenesis. For 

example, LncRNA H19/miR-29b-3p/PGRN axis promoted 

epithelial–mesenchymal transition of CRC cells by acting 

on Wnt Signaling.36 LncRNA H19 regulates E2F1 expres-

sion by competitively sponging endogenous miR-29a-3p in 

clear-cell renal cell carcinoma.37 In this study, we found that 

lncRNA H19 was significantly upregulated in CRC tissues 

compared with adjacent normal control. Upregulation of 

H19 might regulate FSCN1 expression by competitively 

sponging miR-29b-3p. FSCN1 is an actin-binding  protein 

required for the formation of cytoplasmic bundles of 
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Figure 3 The mirna–lncrna–mrna cerna network. The blue triangle node represents mirna, the diamond node represents lncrna, and the circular node represents 
mrna. red indicates upregulation, and green indicates downregulation.
Abbreviations: lncrnas, long non-coding rnas; cerna, competing endogenous rna.

microfilaments.38 FSCN1 was reported to be an oncogene 

in several cancers.39–42 These results indicated our results 

are reliable.

Increasing evidence has revealed that the aberrant expres-

sion of BCL2 is involved in several malignancies, including 

CRC.43 Given the role of BCL2 in CRC, we believe that the 

aberrant expression of BCL2 contributes to the development 

of CRC. In addition, several studies have confirmed that hsa-

miR-29b-3p is involved in several human cancers.44 Basal 

levels of circulating hsa-miR-29b-3p have been shown to 

be associated with overall survival in patients with meta-

static CRC.45 Moreover, hsa-miR-29b-3p is considered to 

be a promising miRNA-based therapy against CRC, and an 

miR-29b byproduct sequence has been shown to affect tumor 

suppressive activities in KRAS mutant colon cancer cells.46 

These findings imply that hsa-miR-29b-3p plays a key role 

in CRC development. Moreover, lncRNA KIAA0125 was 

first identified to play a role in neurogenesis.47 However, 

the role of KIAA0125 in CRC has not been determined. In 

this study, hsa-miR-29b-3p-KIAA0125-BCL2 was a key 

miRNA–lncRNA–mRNA relationship detected in the ceRNA 

regulation network, and KIAA0125 was experimentally 

verified to be downregulated in colon cancer samples. We 

hypothesize that the downregulation of KIAA0125 may 

contribute to CRC development via the regulation of BCL2 

expression by sponging hsa-miR-29b-3p.
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Figure 4 qPCR confirmed the differential expression of (A) Kiaa0125 and (B) MsTrg.35002.1 in es and ls colon tumor tissues compared with that in normal tissues. 
Data are presented as the mean ± sD. **P,0.01 compared with normal tissues.
Abbreviations: qPcr, quantitative Pcr; es, early stage; ls, late stage.

Furthermore, KIAA0125 was found to be significantly 

enriched in the PI3K-Akt signaling pathway in this study. 

The PI3K-Akt signaling pathway is involved in regulating 

cell growth and survival under pathological conditions, 

including cancer. Accumulating evidence has highlighted 

the critical role of PI3K-Akt signaling in CRC development 

and progression.48 Moreover, targeting the PI3K/AKT/mTOR 

pathway has been suggested to be a promising therapeutic 

strategy for CRC therapy.49 Given the key role of the PI3K-

Akt signaling pathway in CRC, we speculate that KIAA0125 

might have significant roles in CRC development.

On the other hand, the hsa-miR-29b-3p-MSTRG.35002.1-

MMP2 regulatory relationship was identified in the ceRNA 

network. Plasma MMP-2 expression was found to be 

increased in patients with lymph node-positive CRC, and 

it may be used as a potential predictor in this malignancy.50 

Considering the crucial role of hsa-miR-29b-3p and MMP2, 

we suggest that MSTRG.35002.1, a novel lncRNA, may con-

tribute to CRC development by regulating hsa-miR-29b-3p 

and MMP2. Furthermore, MSTRG.35002.1 was markedly 

enriched in BMP signaling-related functions. BMPs and their 

receptors are widely involved in the pathogenesis of some 

solid tumors. BMP signaling has been shown to promote 

cell invasion and bone metastasis in breast cancer via the 

SMAD pathway.51 Moreover, loss of SMAD4 can regulate 

BMP signaling to enhance the metastasis of CRC.52 Based on 

our results, we speculate that MSTRG.35002.1 may regulate 

CRC development via the BMP signaling pathway.

There are some limitations of this study that should be 

noted. First, the sample size is relatively small in our study. 

Only 24 samples were sequenced in this study, and the 

average age of the included patients was relatively young. 

Second, because of difficulty in collecting qualified samples, 

sex distribution was unbalanced in samples of ES group. 

Third, we only performed qPCR to detect the expression of 

KIAA0125 and MSTRG.35002.1. The ceRNA relationships, 

including hsa-miR-29b-3p-KIAA0125-BCL2 and hsa-miR-

29b-3p-MSTRG.35002.1-MMP2, and their role in CRC 

development should be further verified through in vitro and 

in vivo experiments.

Conclusion
In summary, our findings indicate that key lncRNAs, includ-

ing KIAA0125 and MSTRG.35002.1, may be involved in 

CRC development. Downregulation of KIAA0125 may 

contribute to CRC development by sponging hsa-miR-29b-3p 

to regulate BCL2 expression or by regulating the PI3K-Akt 

signaling pathway. Downregulation of MSTRG.35002.1 may 

promote CRC development by sponging hsa-miR-29b-3p to 

regulate MMP2 expression or by affecting the BMP signal-

ing pathway. Further functional experiments are needed to 

verify these observations.
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