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Abstract: Increasing studies have reported that long noncoding RNAs (lncRNAs) play critical roles in the initiation 
and progression of carcinogenesis. However, the underlying regulatory mechanisms of lncRNA-related competing 
endogenous RNA (ceRNA) network in colorectal cancer (CRC) are not fully understood. In the present study, we 
systematically analyzed the expression levels and prognostic values of dysregulated microRNAs (miRNAs) in human 
CRC to identify novel survival-related lncRNA-miRNA-mRNA ceRNA regulatory network. As a result, 28 dysregulated 
miRNAs were obtained, and hsa-miR-195-5p was identified as a key oncogene in human CRC based on analyses 
of expression levels and prognostic values. By means of stepwise prediction and validation, two upstream lncRNAs 
(NEAT1, XIST) and eight downstream mRNAs (ACOX1, CYP26B1, IRF4, ITPR1, LITAF, PHLPP2, RECK, and TPM2) were 
identified as key genes that interact with hsa-miR-195-5p. A ceRNA regulatory network consisted of these key genes 
was constructed, and Gene Set Enrichment Analysis (GSEA) indicated the possible association of key mRNAs with 
CRC onset and progression. Importantly, immune infiltration analysis revealed that the ceRNA network was remark-
ably associated with infiltration abundance of multiple immune cells and expression levels of immune checkpoints. 
These findings indicate that NEAT1 and XIST are potential prognostic factors that affect CRC onset and progression 
by targeting miR-195-5p.
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Introduction

Malignant tumor, with more than 18.0 million 
newly diagnosed cases and 9.0 million deaths 
in 2018, has become the main threat to public 
health around the world [1]. Among them, 
colorectal cancer (CRC) is one of the most fre-
quently diagnosed digestive malignancies, 
which remains the third leading cause of can-
cer-related death worldwide [1, 2]. Early diagno-
sis and timely radical resection are critical for 
CRC. The 5-year survival rate is approximately 
90% when the localized disease was diagnosed 
at an early stage. However, the 5-year survival 
rate of patients with distant metastasis 
dropped sharply to only 12% [3]. Metastasis 
and recurrence are the major causes of death 
in CRC patients. It is estimated that more than 
50% of CRC patients will die from metastasis-

related complications, which might be due to 
the lack of specific and sensitive biomarkers 
[4]. To make matters worse, available epidemi-
ological data indicate that the incidence rates 
of human CRC have increased faster than any 
other types of cancer around the world [5]. 
Despite advances in surgical technology and 
targeted therapy, the prognosis of patients with 
CRC remains dismal because of recurrence and 
distant metastasis. Therefore, exploring the 
molecular mechanisms underlying colorectal 
carcinogenesis is imperative and meaningful to 
provide novel prognostic and therapeutic bio-
markers for clinical CRC treatment.

The occurrence of CRC is a complex multi-step 
process involving accumulation of various 
genetic and epigenetic alternations [6]. In 
recent years, increasing evidence has indicat-
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ed that long noncoding RNA (lncRNA) plays a 
significant role in the development of multiple 
types of malignant tumor, including CRC [7-10]. 
LncRNA is a class of non-coding transcripts 
with more than 200 nucleotides in length [11]. 
Salmena et al [12] first proposed the compet-
ing endogenous RNA (ceRNA) hypothesis that 
genes could achieve crosstalk among each 
other by forming a regulatory network. The 
ceRNA hypothesis postulates that lncRNAs 
could act as endogenous miRNA sponges and 
inhibit miRNA function, thereby modulating 
miRNA-mediated target inhibition. In other 
words, the expression level of miRNA could be 
negatively correlated with its upstream lncRNA 
and downstream mRNA simultaneously [13]. 
Therefore, ceRNA crosstalk is a vital mecha-
nism underlying the complex pathogenesis and 
multistage progression of human CRC, but our 
knowledge about the lncRNA related ceRNA 
network in human CRC remains limited, explor-
ing the ceRNA regulatory network might be a 

mately, the expression levels and prognostic 
values of the upstream lncRNAs and down-
stream mRNAs in the ceRNA regulatory net-
work were assessed, and a novel ceRNA net-
work in which each RNA was significantly 
correlated with the prognosis of patients with 
CRC was constructed successfully. Further- 
more, we used the Gene Set Enrichment 
Analysis (GSEA) software package to explore 
the pathway enrichment of this survival-related 
ceRNA regulatory network. Finally, Tumor 
Immune Estimation Resource (TIMER) data-
base was used to estimate the correlations 
between ceRNA network and immune infiltra-
tion level in CRC microenvironment (Figure 1). 
Through our efforts, it is hoped that the results 
of our research will contribute to enhancing our 
understanding of the regulatory mechanisms 
underlying the pathogenesis of human CRC and 
finding new therapeutics for clinical CRC 
treatment.

Figure 1. Flow chart of the construction of ceRNA network and regulatory 
axes in CRC.

potential pointcut for identifying 
novel early diagnostic and thera-
peutic targets of CRC and 
deserves further research.

In the present study, dysregu- 
lated miRNAs in human CRC 
were identified by mining the 
gene expression profiles obta- 
ined from the Gene Expression 
Omnibus (GEO) and The Cancer 
Genome Atlas (TCGA) database. 
Subsequently, two miRNAs were 
identified as key miRNA for fur-
ther study through comprehen-
sive consideration of the expres-
sion levels and prognostic values 
of these miRNAs in human CRC. 
Then, the upstream lncRNAs and 
downstream mRNAs of the key 
miRNAs were predicted by using 
multiple bioinformatic tools, and 
a ceRNA regulatory network was 
constructed and visualized by 
using Cytoscape software. In 
addition, the Gene Ontology (GO) 
annotation and Kyoto Encyclo- 
pedia of Genes and Genomes 
(KEGG) pathway enrichment an- 
alyses of the ceRNA regulatory 
network were performed by 
using the DAVID database. Ulti- 
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Materials and methods

Data download and preprocessing

To screen out the dysregulated miRNAs in 
human CRC, human miRNA expression profile 
GSE108153 (including 21 cancer samples and 
21 adjacent normal samples) [14] was down-
loaded from the Gene Expression Omnibus 
database (GEO, http://www.ncbi.nlm.nih.gov/
geo) [15], which was based on the GPL197- 
30 platform (Agilent-046064 Unrestricted_Hu- 
man_miRNA_V19.0_Microarray). Meanwhile, to 
enhance the reliability of our results, miRNA 
expression profiles (including 9 normal sam-
ples and 539 cancer samples) and clinical 
information (including 547 cases) of patients 
with CRC were obtained from The Cancer 
Genome Atlas (TCGA, https://gdc-portal.nci.
nih.gov/) database.

Identification of dysregulated miRNAs

First, we converted the miRNA probe ID in the 
matrix files to mature miRNA name based on 
the annotation document of its platform files 
through the Perl language (https://www.perl.
org/). Subsequently, the “Limma” package in R 
software (V 3.6.2; http://www.r-project.org/) 
was used to identify differentially expressed 
miRNAs between CRC samples and normal 
samples both in miRNA expression profiles 
obtained from GEO and TCGA databases. 
Adjusted P-value of < 0.05 and absolute value 
of log2 fold change (log2 FC) ≥1 were consid-
ered as the cut-off criteria [16]. Finally, the dif-
ferentially expressed miRNAs dysregulated in 
both GEO and TCGA datasets were chosen for 
subsequent analysis by using the intersect 
function of the Venn Diagram (http://bioinfor-
matics.psb.ugent.be/webtools/Venn/).

Identification of key miRNAs

To identify the key miRNAs associated with the 
prognosis of CRC patients, the expression lev-
els and prognostic values of the dysregulated 
miRNAs were assessed by using clinical infor-
mation obtained from the TCGA database. The 
dysregulated miRNAs not only differentially 
expressed between the CRC cancer samples 
and normal samples, but also associated with 
the prognosis of CRC patients were identified 
as key miRNAs in human CRC and were chosen 
for subsequent research, according to the crite-
ria of a P-value < 0.05. In addition, we further 

validated the expression pattern of key miRNAs 
in multiple types of cancer by using the Gene 
Expression Display Server (GEDS, http://bioin-
fo.life.hust.edu.cn/web/GEDS/) database, a 
web-based tool for quantification, comparison, 
and visualization of gene expression data 
based on The Cancer Genome Atlas, Genotype-
Tissue Expression (GETx), Cancer Cell Line 
Encyclopedia (CCLE), and MD Anderson Cell 
Lines Project (MCLP) databases [17].

Construction of ceRNA regulatory network and 
functional enrichment analysis

The starBase database (http://starbase.sysu.
edu.cn/) is an online tool that allows research-
ers to perform Pan-Cancer analysis on RNA-
RNA and RBP-RNA interactions [18]. The Lnc- 
Base V2 database (http://carolina.imis.athena-
innovation.gr/) is a web-based tool which caters 
information regarding cell type specific miRNA-
lncRNA interaction and enables users to easily 
identify interactions in 66 different cell types, 
spanning 36 tissues for human and mouse 
[19]. The upstream lncRNAs which interacted 
with the key miRNAs were predicted by using 
these two databases. Only those lncRNAs pre-
dicted by both two databases and interacted 
with all key miRNAs simultaneously were identi-
fied as upstream lncRNAs. Subsequently, the 
downstream mRNAs which interacted with the 
key miRNAs were predicted by using miRTar-
Base (http://mirtarbase.mbc.nctu.edu.tw/) [20], 
targetScan (http://www.targetscan.org) [21], 
and miRDB (http://www.mirdb.org/) [22]. To 
enhance the reliability of the predicted interac-
tion relationships, only the predicted mRNAs 
presented in all three databases were identi-
fied as the downstream mRNAs. Ultimately, the 
lncRNA-miRNA-mRNA regulatory network was 
constructed and visualized by Cytoscape soft-
ware (v3.7.2, http://www.cytoscape.org/) [23]. 
Furthermore, the functional enrichment analy-
sis of this ceRNA regulatory was performed by 
using the Database for Annotation, Visua- 
lization, and Integrated Discovery (DAVID v6.8 
https://david.ncifcrf.gov/home.jsp) [24] bioin-
formatics database. Only the terms with a 
P-value < 0.05 were considered as statistically 
significant.

Gene expression validation and survival analy-
sis

To further enhance the reliability of the predict-
ed interaction relationships, the expression lev-
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els of upstream lncRNAs were assessed by 
using the Gene Expression Profiling Interactive 
Analysis (GEPIA; http://gepia.cancer-pku.cn/
detail.php), a web-based tool that provides fast 
and customizable functionalities including dif-
ferential expression analysis, profiling plotting, 
correlation analysis, and patient survival analy-
sis based on TCGA and Genotype-Tissue 
Expression data [25]. The expression levels of 
downstream mRNAs were assessed by using 
the gene expression profiles in human CRC 
obtained from the TCGA database. Subse- 
quently, the prognostic values of the upstream 
lncRNAs and downstream mRNAs were validat-
ed in human CRC by using the PrognoScan 
(http://dna00.bio.kyutech.ac.jp/PrognoScan/) 
database, a web-based tool for assessing the 
biological relationship between gene expres-
sion and prognosis of multiple types of cancer 
[26]. Only genes that complied with the ceRNA 
hypothesis and associated with the prognosis 
of patients with CRC were chosen for subse-
quent analysis.

Identification of survival related ceRNA regula-
tory network and functional annotation

Based on the prediction and evaluation above, 
a novel lncRNA-miRNA-mRNA regulatory net-
work associated with the prognosis of CRC 
patients was constructed and visualized by 
Cytoscape software. In addition, to further 
explore the underlying role of this survival-relat-
ed ceRNA regulatory network in the process of 
human CRC, functional annotation of genes in 
the ceRNA regulatory network was analyzed by 
the Gene Set Enrichment Analysis (GSEA, 
https://www.gsea-msigdb.org/) database, with 
an initial database of 1,325 biologically defined 
gene sets [27]. The enriched terms with P-value 
of < 0.05 were considered statistically signi- 
ficant.

Correlation of ceRNA network with immune 
infiltration level in human CRC

The Tumor Immune Estimation Resource 
(TIMER, https://cistrome.shinyapps.io/timer/) 
is an online database established for system-
atical analysis of immune infiltrates across  
multiple cancer types [28]. We applied the 
TIMER database to assess the correlations  
of gene expression in the ceRNA regulatory  
network with the level of immune infiltrates  
in human CRC. In addition, the correlations 

between the ceRNA regulatory network and 
abundance of T-cell infiltration in human CRC 
were confirmed by using the GEPIA database.

Statistical analysis

Most of the statistical analyses were carried 
out using the bioinformatic tools mentioned 
above, while the rest were carried out using R 
software (v 3.6.2). Identification of differentially 
expressed genes was assessed by Student’s 
t-test, and Benjamini-Hochberg False Dis- 
covery Rate (FDR) method was applied to adjust 
the P-value. Kaplan-Meier curve analysis with 
log-rank test was used to evaluate the prognos-
tic values of miRNAs in human CRC. Spearman 
correlation coefficients were used to evaluate 
the correlations. A P-value < 0.05 was consid-
ered statistically different.

Results

Identification of dysregulated miRNAs in hu-
man CRC

As shown in the volcano plot and heatmap, dif-
ferentially expressed miRNAs in GEO and TCGA 
datasets were identified separately according 
to the predefined threshold (Figure 2A-D). In 
the GSE108153 dataset, a total of 49 dysregu-
lated miRNAs were identified. Meanwhile, a 
total of 504 dysregulated miRNAs were also 
screened out in the TCGA dataset. A total of 28 
dysregulated miRNAs were selected for subse-
quent analyses by using the intersect function 
of the Venn Diagram (Figure 2E).

Identification of key miRNAs

To evaluate the prognostic values of dysregu-
lated miRNAs for overall survival in human CRC, 
clinical information, including survival status 
and survival time of 547 CRC patients, were 
obtained from the TCGA database. The results 
showed that five of the dysregulated miRNAs 
(miR-195-5p, miR-10b-5p, miR-21-3p, miR-
125b-5p, and miR-145-5p) were significantly 
associated with the prognosis of CRC patients 
(P < 0.05; Figure 3A-E). Meanwhile, we com-
pared the expression levels of these survival-
related miRNAs between cancer samples and 
normal samples in the TCGA dataset. After 
combining the prognostic value and expression 
level, we found that only two of them (miR- 
195-5p and miR-10b-5p) showed both high 
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expression and poor prognosis in human CRC 
(P < 0.05; Figure 3F-J). To further enhance the 
reliability of our screening results, we verified 
the two dysregulated miRNAs in the GEDS  
database. As shown in Figure 3K and 3L, miR-
195-5p and miR-10b-5p were dysregulated in 
multiple cancer types, including CRC. Thus, 
those two miRNAs were chosen for subsequent 
analyses.

Construction of ceRNA regulatory network

The upstream lncRNAs that could potentially 
bind to the key miRNAs were predicted through 
starBase and LncBase V2 databases, and a 
total of three upstream lncRNAs were predicted 
to regulate the two key miRNAs simultaneously 
(Figure 4A). Subsequently, to identify down-
stream mRNAs that could potentially be target-
ed by those two key miRNAs, we applied miR-

TarBase, targetScan, and miRDB to improve 
the credibility of the predicted results. As a 
result, a total of 287 downstream mRNAs were 
predicted to be targeted by miR-195-5p, while 
there were 22 downstream mRNAs could 
potentially be targeted by miR-10b-5p (Figure 
4B, 4C). Based on the prediction above, a 
ceRNA regulatory network comprised of six 
lncRNA-miRNA pairs and 310 miRNA-mRNA 
pairs was established and visualized by 
Cytoscape software (Figure 4D). 

Functional analysis for the ceRNA regulatory 
network

We used the DAVID database to further explore 
the biological functions of the ceRNA regulatory 
network. A total of 222 GO terms and 45 KEGG 
pathways were enriched, and the top 10 
enriched GO terms of each group and the top 

Figure 2. Identification of differentially expressed miRNA 
in human CRC. A, C. The volcano of differentially expressed 
miRNA in GSE108153 and TCGA datasets. The green dots 
and red dots represent the significantly downregulated and 
upregulated miRNAs, respectively. The black dots represent 
miRNAs with no significant difference. B, D. The heat map of 
differentially expressed miRNA in GSE108153 and TCGA data-
sets. E. The intersection of differentially expressed miRNAs in 
GSE108153 and TCGA datasets, respectively.
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Figure 3. Identification of key miRNAs in CRC. A-E. The Kaplan-Meier curve of the key miRNAs. F-J. The expression box plot of the key miRNAs. K, L. The expression 
box plot of hsa-miR-9-5p and hsa-miR-10b-5p in multiple types of cancers.
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Figure 4. Identification of lncRNA-miRNA-mRNA regulatory network in CRC. A. The intersection of upstream lncRNAs 
targeted by hsa-miR-9-5p and hsa-miR-10b-5p in LncBase v2 and starBase databases. B, C. The intersection of 
downstream mRNAs targeted by hsa-miR-9-5p and hsa-miR-10b-5p in miRTarBase, Targetscan, and miRDB data-
bases. D. The lncRNA-miRNA-mRNA regulatory network constructed by Cytoscape software. The green round rect-
angle in the network represents miRNA. The pink ellipse in the network represents mRNA. The red diamond in the 
network represents lncRNA.

20 enriched KEGG pathways according to 
P-value were displayed (Tables 1, 2). In the  
biological processes (BP) group, the ceRNA 
regulatory network is mainly enriched in the 
process of regulation of transcription from RNA 
polymerase II promoter, regulation of cell migra-
tion, regulation of cell adhesion, and regulation 
of the apoptotic process. In the cellular compo-
nent (CC) group, the ceRNA regulatory network 
is mainly enriched in nucleoplasm, cytoplasm, 
and nucleus. In the molecular function (MF) 
group, the ceRNA regulatory network is mainly 
enriched in protein binding, beta-catenin bind-
ing, and ubiquitin-protein ligase activity. These 
results indicated that the ceRNA network was 
significantly enriched in terms correlated with 
cell proliferation, cell migration, and cell apop-

tosis. The KEGG enrichment analysis revealed 
that the ceRNA regulatory network was signifi-
cantly enriched in multiple cancer-related path-
ways such as PI3K-Akt signaling pathway, FoxO 
signaling pathway, signaling pathways regulat-
ing pluripotency of stem cells, and AMPK signal-
ing pathway.

Identification and validation of key lncRNA and 
mRNA

Based on the ceRNA hypothesis, the miRNA 
could be negatively correlated with its upstream 
lncRNA and downstream mRNA simultaneous-
ly. Therefore, we assessed the expression lev-
els and prognostic values of the predicted 
lncRNAs for overall survival in patients with 
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CRC by using GEPIA and PrognoScan databas-
es, respectively. Only two lncRNAs (NEAT1 and 
XIST) showed both low expression and improved 
prognosis in patients with CRC (Figure 5A, 5B). 
As for downstream mRNA, we collected gene 
expression profiles in human CRC from the 
TCGA database to assess the expression levels 
of the predicted mRNA. Meanwhile, the prog-
nostic values of those mRNAs for overall sur-
vival in patients with CRC were also evaluated 
using the PrognoScan database. A total of 
1964 downregulated genes were identified in 
human CRC from the TCGA database, and we 
then integrated the 1964 downregulated genes 
with the downstream mRNAs in the ceRNA reg-
ulatory network. As a result, no specific gene 
was identified to be targeted by miR-10b-5p, 
while there were 16 specific genes could poten-
tially be targeted by miR-195-5p (Figure 5C, 
5D). 

Subsequently, survival analysis found that eight 
of the 16 specific genes (ACOX1, CYP26B1, 

IRF4, ITPR1, LITAF, PHLPP2, RECK, and TPM2) 
were significantly associated with the progno-
sis of patients with CRC. The expression box-
plot and survival curve of those mRNAs are  
displayed in Figure 5E-L. Those two lncRNAs 
and eight mRNAs were chosen for further 
analysis.

Integration of survival-related ceRNA regula-
tory network and GSEA enrichment analysis

Based on the validation above, a survival-relat-
ed ceRNA regulatory network including two 
lncRNA-miRNA pairs (NEATI-miR-195-5p and 
XIST-miR-195-5p) and eight miRNA-mRNA pairs 
(miR-195-5p-ACOX1/CYP26B1/IRF4/ITPR1/
LITAF/PHLPP2/RECK/TPM2) was established 
(Figure 6A). Each component in the ceRNA reg-
ulatory network had significant prognostic val-
ues in human CRC, and fully complied with the 
rule of the ceRNA hypothesis. After that, we 
used the GSEA software package to further 
explore the biological function of the survival-

Table 1. Gene Ontology analysis of the ceRNA regulatory network
Category Term Count P Value
GOTERM_BP_DIRECT GO: 0045944~positive regulation of transcription from RNA polymerase II promoter 40 1.07E-06

GOTERM_BP_DIRECT GO: 0006468~protein phosphorylation 24 4.97E-06

GOTERM_BP_DIRECT GO: 0016055~Wnt signaling pathway 14 2.35E-05

GOTERM_BP_DIRECT GO: 0000122~negative regulation of transcription from RNA polymerase II promoter 28 1.43E-04

GOTERM_BP_DIRECT GO: 0030336~negative regulation of cell migration 9 2.44E-04

GOTERM_BP_DIRECT GO: 0035264~multicellular organism growth 8 4.71E-04

GOTERM_BP_DIRECT GO: 0001657~ureteric bud development 6 4.74E-04

GOTERM_BP_DIRECT GO: 0030512~negative regulation of transforming growth factor beta receptor signaling pathway 7 8.30E-04

GOTERM_BP_DIRECT GO: 0045785~positive regulation of cell adhesion 6 8.48E-04

GOTERM_BP_DIRECT GO: 0043066~negative regulation of apoptotic process 19 0.001023

GOTERM_CC_DIRECT GO: 0005654~nucleoplasm 91 2.72E-11

GOTERM_CC_DIRECT GO: 0005737~cytoplasm 134 1.46E-09

GOTERM_CC_DIRECT GO: 0005829~cytosol 91 1.90E-07

GOTERM_CC_DIRECT GO: 0005634~nucleus 128 8.32E-07

GOTERM_CC_DIRECT GO: 0016604~nuclear body 5 0.001925

GOTERM_CC_DIRECT GO: 0035068~micro-ribonucleoprotein complex 3 0.003777

GOTERM_CC_DIRECT GO: 0005770~late endosome 8 0.0038

GOTERM_CC_DIRECT GO: 0070578~RISC-loading complex 3 0.005232

GOTERM_CC_DIRECT GO: 0005913~cell-cell adherens junction 13 0.006775

GOTERM_CC_DIRECT GO: 0000421~autophagosome membrane 4 0.007488

GOTERM_MF_DIRECT GO: 0005515~protein binding 215 2.47E-15

GOTERM_MF_DIRECT GO: 0008013~beta-catenin binding 11 1.25E-06

GOTERM_MF_DIRECT GO: 0061630~ubiquitin protein ligase activity 14 1.93E-05

GOTERM_MF_DIRECT GO: 0048185~activin binding 5 3.64E-05

GOTERM_MF_DIRECT GO: 0003682~chromatin binding 20 4.27E-05

GOTERM_MF_DIRECT GO: 0004672~protein kinase activity 17 4.50E-04

GOTERM_MF_DIRECT GO: 0030165~PDZ domain binding 8 6.52E-04

GOTERM_MF_DIRECT GO: 0004674~protein serine/threonine kinase activity 17 7.43E-04

GOTERM_MF_DIRECT GO: 0019901~protein kinase binding 17 7.43E-04

GOTERM_MF_DIRECT GO: 0043565~sequence-specific DNA binding 20 0.001444
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related ceRNA regulatory network. As shown in 
Figure 6B, GSEA enrichment analysis indicated 
that the survival-related ceRNA regulatory net-
work was significantly enriched in multiple can-
cer-related pathways, such as the JAK-STAT sig-
naling pathway, mTOR signaling pathway, TGF-β 
signaling pathway, Wnt signaling pathway, 
ERBB signaling pathway, and VEGF signaling 
pathway.

Correlation of ceRNA network with immune 
infiltration level in human CRC

The correlation between the survival-related 
ceRNA regulatory network and tumor-infiltrating 
immune cells in the CRC microenvironment was 
assessed by using TIMER. As shown in Figure 
7A-H, we found that gene expression in the 
ceRNA regulatory network was significantly 
associated with infiltrating immune cells, 
including B cells, CD4+/CD8+ T cells, macro-
phages, meutrophils, and dendritic cells, in the 
human CRC microenvironment. Subsequently, 
the correlations between the ceRNA regulatory 
network and the abundance of T cells infiltra-
tion in human CRC were further evaluated by 
using the GEPIA database, and the results indi-
cated that the survival-related ceRNA regulato-

ry network was closely associated with the 
abundance of central memory T cells (r = 0.75, 
P = 0), effector T cells (r = 0.73, P = 0), effector 
Treg T-cells (r = 0.74, P = 0), exhausted T cells (r 
= 0.68, P = 0), naïve T cells (r = 0.72, P = 0), 
resident memory T cells (r = 0.69, P = 0), rest-
ing Treg T-cells (r = 0.76, P = 3.9e-69), and Th1-
like cells (r = 0.72, P = 0) (Figure 8A-H). We also 
found that the ceRNA regulatory network was 
closely associated with the expression of mul-
tiple well-known immune checkpoints, such as 
PDL1 (r = 0.48, P = 1.6 e-16), CTLA-4 (r = 0.60, P 
= 1.3 e-37), TIM-3 (r = 0.71, P = 1.1 e-56), and 
LAG-3 (r = 0.46, P = 2 e-20), suggesting that the 
ceRNA regulatory network participates in the 
process of immune checkpoint mediated T cell 
failure (Figure 8I-L). Therefore, these findings 
further support that this survival-related ceRNA 
regulatory network was closely correlated with 
immune infiltration level in human CRC, sug-
gesting that the ceRNA regulatory network 
might be an important participant in immune 
escape in the CRC microenvironment.

Discussion

Accumulating studies have reported that 
lncRNA acts as a post-transcriptional regulator 

Table 2. Kyoto Encyclopedia of Genes and Genomes pathway analysis of the ceRNA regulatory net-
work
Category Term Count P Value
KEGG_PATHWAY hsa05221: Acute myeloid leukemia 8 9.08E-05
KEGG_PATHWAY hsa05212: Pancreatic cancer 8 2.36E-04
KEGG_PATHWAY hsa05211: Renal cell carcinoma 8 2.60E-04
KEGG_PATHWAY hsa05205: Proteoglycans in cancer 13 4.60E-04
KEGG_PATHWAY hsa05200: Pathways in cancer 19 5.18E-04
KEGG_PATHWAY hsa04151: PI3K-Akt signaling pathway 17 9.45E-04
KEGG_PATHWAY hsa05222: Small cell lung cancer 8 0.0012152
KEGG_PATHWAY hsa04114: Oocyte meiosis 9 0.0013139
KEGG_PATHWAY hsa04910: Insulin signaling pathway 10 0.001344
KEGG_PATHWAY hsa04914: Progesterone-mediated oocyte maturation 8 0.0013934
KEGG_PATHWAY hsa04110: Cell cycle 9 0.0026574
KEGG_PATHWAY hsa04068: FoxO signaling pathway 9 0.0042832
KEGG_PATHWAY hsa04550: Signaling pathways regulating pluripotency of stem cells 9 0.0055743
KEGG_PATHWAY hsa05210: Colorectal cancer 6 0.0067139
KEGG_PATHWAY hsa04722: Neurotrophin signaling pathway 8 0.0083948
KEGG_PATHWAY hsa04152: AMPK signaling pathway 8 0.0095582
KEGG_PATHWAY hsa05220: Chronic myeloid leukemia 6 0.012461
KEGG_PATHWAY hsa05203: Viral carcinogenesis 10 0.0175239
KEGG_PATHWAY hsa05213: Endometrial cancer 5 0.0176717
KEGG_PATHWAY hsa04931: Insulin resistance 7 0.0179023
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Figure 5. Identification of survival-related lncRNA-miRNA-mRNA regulatory network in CRC. A, B. The expression levels and prognostic values of upstream lncRNA 
NEAT1 and XIST. C, D. The intersection of downstream mRNAs and down-regulated mRNAs in TCGA datasets, respectively. E-L. The expression levels and prognostic 
values of downstream mRNAs.
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Figure 6. Construction of survival-related lncRNA-miRNA-mRNA 
regulatory network in human CRC. A. The ceRNA regulatory net-
work associated with the prognosis of patients with CRC. The red 
diamond represents key lncRNA. The green round rectangle repre-
sents key miRNA. The pink ellipse represents key mRNA. B. GSEA 
enrichment analysis of mRNAs in the ceRNA regulatory network.
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Figure 7. Association of ceRNA network expression with immune infiltration level in CRC. A-H. Association of mRNA expression in the survival-related ceRNA regula-
tory network with immune infiltration level in CRC.
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that regulates downstream mRNA expression 
by sponging miRNA, and participates in multi-
ple processes of tumorigenesis, including  
CRC. For instance, lncRNA CRNDE has been 
reported to function as a sponge for miR-181a-
5p, thereby promoting the progression and  
chemoresistance of CRC cells through modu-
lating the expression levels of TCF4 and the 
activity of Wnt/β-catenin signaling [29]. Pre- 
vious research reported that lncRNA SNHG1 
promotes CRC cell growth by sponging miR-
154-5p to regulate the expression level of 
CCND2, which plays a critical role in cell cycle 
progression [30]. LncRNA MIR17HG was report-
ed to increase the expression level of NF-κB/
RELA through competitively sponging miR-375, 
thereby promoting tumorigenesis and metasta-
sis in CRC cells. In addition, MIR17HG was 
reported to upregulate the expression of PD-L1, 
suggesting that it may participant in immune 
escape in the CRC microenvironment [31]. 
Nevertheless, the clinical utility of lncRNA-relat-
ed ceRNA regulatory network is limited at pres-
ent. Exploring the lncRNA related ceRNA re- 
gulatory network will help to provide a compre-
hensive perspective of the molecular mecha-
nisms of gene interaction and regulation in 
human CRC.

In the present study, dysregulated miRNAs with 
prognostic significance in human CRC were 
identified in cancer samples compared with 
adjacent non-cancer samples from TCGA and 
GEO databases. Then, a novel lncRNA-miRNA-
mRNA regulatory network involved in CRC was 
constructed through stepwise prediction and 
validation. Functional enrichment analysis 
revealed that this novel ceRNA regulatory net-
work was significantly enriched in some cancer-
related pathways, such as PI3K-Akt signaling 
pathway [32], FoxO signaling pathway [33], Wnt 
signaling pathway [34], and AMPK signaling 
pathway [35]. To enhance the reliability of our 
study, we further assessed the expression lev-
els and prognostic values of genes in the ceRNA 
regulatory network and constructed a survival-
related ceRNA regulatory network; each con-
stituent in the network has prognostic signifi-
cance in human CRC, which might provide novel 

diagnostic and therapeutic targets for clinical 
treatment of CRC.

LncRNAs are defined as transcripts that are > 
200 nucleotides in length and have no ability to 
code protein [36]. Previous studies have report-
ed that lncRNA participates in multiple biologi-
cal processes and tumorigenesis by sponging 
miRNA [37]. In the present study, we found that 
lncRNA NEAT1 and XIST were not only dysregu-
lated in CRC, but also significantly associated 
with poor prognosis, and these two lncRNAs 
were identified as key lncRNA in CRC. Studies 
have shown that expression of lncRNA XIST was 
dysregulated in CRC cell lines and tissues. XIST 
knockdown inhibited the cell migration and 
invasion of CRC cells in vitro and in vivo by regu-
lating the processes of epithelial-mesenchymal 
transition (EMT), an important step in tumor 
progression and metastasis [38, 39]. In addi-
tion, dysregulated XIST has been found to be 
involved in chemoresistance of CRC to 
Doxorubicin, with the silencing of XIST signifi-
cantly enhancing the anti-tumor effect of 
Doxorubicin in CRC [40]. There is also increas-
ing evidence that lncRNA NEAT1 was dysregu-
lated in human CRC tissues and was signifi-
cantly correlated with worse overall survival in 
CRC patients. NEAT1 regulates the Wnt/β-
catenin signaling pathway by targeting DDX5, 
thereby facilitating CRC cell migration and inva-
sion in vitro and in vivo [41]. Furthermore, 
NEAT1 also has been found to participate in 
chemoresistance of CRC, and NEAT1 knock-
down increased the sensitivity of 5-fluorouracil 
and promoted apoptosis in CRC cells [42]. 
These studies above improved the reliability of 
our research finding that dysregulation of 
lncRNA XIST and NEAT1 was closely correlated 
with the pathogenesis of CRC, which is valuable 
for further study.

MiRNAs are defined as endogenous non-coding 
RNAs that are 21-25 nucleotides in length and 
suppress protein-coding gene expression by 
binding to the 3’-untranslated regions (UTRs)  
of mRNAs [43]. Dysregulation of miRNA has 
been reported to be associated with the onset 
and progression of human CRC. For instance, 

Figure 8. Associations of ceRNA network expression with T cell immune infiltration abundance and immune check-
point expression level in CRC. A-H. Expression of mRNAs in the survival-related ceRNA network was significantly 
correlated with immune infiltration abundance of T cells. I-L. Expression of mRNAs in the survival-related ceRNA 
network was significantly correlated with the expression level of the immune checkpoint.
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expression of miR-330 was downregulated in 
CRC samples compared with normal control, 
and CRC patients with low miR-330 expression 
showed poorer overall survival than those with 
high miR-330 expression. As of mechanism, 
miR-330 suppresses cell proliferation, migra-
tion, invasion, and angiogenesis by reducing 
the phosphorylation of AKT and STAT3 via tar-
geting HMGA2 in vitro [44]. Moreover, expres-
sion of miR-128-3p in tumor samples was 
closely associated with oxaliplatin sensitivity in 
human CRC, and forced-expression of miR-
128-3p significantly improved the sensitivity of 
CRC cells to oxaliplatin [45]. In the present 
study, we found that miR-195-5p was sponged 
by XIST and NEAT1, it was significantly associ-
ated with the prognosis of patients with CRC, 
and miR-195-5p was identified as a potential 
biomarker in CRC. Studies have shown that 
expression of miR-195-5p was dysregulated in 
CRC, and miR-195-5p acts as an independent 
risk factor for overall survival in CRC [46]. 
Importantly, miR-195-5p has been proved to 
regulate the stemness and chemoresistance of 
CRC cells through inhibiting Notch signaling 
pathway, and forced-expression of miR-195-5p 
significantly improved the sensitivity of CRC 
cells to 5-fluorouracil [47]. Intriguingly, we also 
found that the role of NEAT1/XIST-miR-195-5p 
regulatory axes in human cancer has been 
proved by previous studies, which partially 
enhanced the reliability of our results [48, 49]. 
However, studies focused on the significance of 
NEAT1/XIST-miR-195-5p regulatory axes in 
CRC remains largely limited, and they are wor-
thy of further exploration.

We further analyzed and proved the down-
stream mRNAs that were targeted by the key 
miRNA, and eight survival-related mRNAs were 
identified as key mRNAs in CRC that were regu-
lated by miR-195-5p. In agreement with our 
results, previous studies have reported that 
these key mRNAs participate in the initiation 
and progression of multiple types of cancers, 
including CRC. IRF4, as a member of the inter-
feron regulating factor family, is downregulated 
by PIP5K1A in human CRC [50]. PHLPP2 
belongs to the phosphokinase family that has 
been found to be down-regulated in CRC, and 
CRC patients with high PHLPP2 expression 
showed a better prognosis than those with low 
PHLPP2 expression [51]. TPM2 has been found 
to be down-regulated in CRC cell lines and tis-

sues, and reduction of TPM2 was associated 
with increased migration and proliferation of 
CRC cells in vitro [52]. RECK is a unique matrix 
metalloproteinase (MMP) regulator that has 
been found to be lowly expressed in CRC tis-
sues and cell lines. RECK knockdown enhanced 
the migratory and invasive rates of CRC cells 
[53]. ITPR1 is an isoform of inositol 1,4,5-tri-
sphosphate receptor (ITPR), and there is 
increasing evidence that ITPR expression was 
associated with aggressiveness of CRC cells 
[54]. CYP26B1 belongs to the CYP26 enzyme 
hydroxylate retinoic acid family that has been 
reported to be dysregulated in CRC, and 
CYP26B1 expression was significantly correlat-
ed with the clinical outcome of patients with 
CRC [55]. ACOX1, which catalyzes the initial 
step for peroxisomal β-oxidation, has been 
reported to associate with peroxisomal disor-
ders and carcinogenesis in liver cancer [56]. 
LITAF has been reported to function as a tumor 
suppressor and is frequently down-regulated in 
multiple cancer types because its expression is 
regulated by the tumor suppressor protein, p53 
[57]. However, there is currently no research 
that focused on the significance of ACOX1 and 
LITAF in human CRC, so they are worthy of  
further study. Furthermore, GSEA analysis 
revealed that all of these key mRNAs were sig-
nificantly enriched in well-known tumorigene-
sis-related pathways, such as the JAK-STAT sig-
naling pathway [58], TGF-β signaling pathway 
[59], ERBB signaling pathway [60], and VEGF 
signaling pathway [61]. These reports partially 
improved the credibility of our research, and 
further research on the significance of the 
novel ceRNA network in CRC is valuable.

Tumor microenvironment (TME), a complex sys-
tem composed of tumor cells, stromal cells, 
immune cells, fibroblasts, blood vessels, and 
cytokines, has been reported to regulate some 
well-known oncogenic process including apop-
tosis, angiogenesis, hypoxia, and immune 
escape [62]. Immune cells are important com-
ponents of TME, which induced the host 
immune response by secreting cytokines, 
thereby inhibiting or promoting the progression 
of tumor cells [63]. For example, the regulatory 
T cells (Tregs) secrete immunosuppressive 
cytokines TGF-β and interleukin-10 (IL-10) to 
protect cancer cells from cytotoxic T cell 
response and induce immune tolerance, while 
CD8+ T cells secrete interleukin-2 (IL-2), tumor 
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necrosis factor α (TNF-α) and interferon-γ  
(IFN-γ) to kill cancer cells in the TME [64]. 
Immunotherapy has shown encouraging results 
as an emerging therapy for some cancers. 
However, existing evidence suggested that 
most CRC patients were insensitive to immuno-
therapy compared with esophageal cancer and 
lung cancer. Therefore, exploring the infiltration 
abundance and function of immune cells is 
important to enhance the efficacy of immuno-
therapy in CRC. In the present study, we found 
that the ceRNA regulatory network is signifi-
cantly associated with the infiltration of immune 
cells, including CD4+/CD8+ T cells and macro-
phages. Importantly, we found that the ceRNA 
regulatory network is significantly correlated 
with the expression of some well-known 
immune checkpoints. Accumulating studies 
have reported that tumor-infiltrating lympho-
cytes, including CD4+ and CD8+ T cells, are 
important components of immune cells with 
anti-tumor functions. Furthermore, immune 
cells are highly heterogeneous in TME com-
pared with noncancerous areas, and infiltration 
of tumor-infiltrating lymphocytes was associat-
ed with improved survival in some cases [63]. 
Studies also have indicated that ligands of 
immune checkpoints are highly expressed in 
cancer cells and TME, leading to T cells’ func-
tional exhaustion and T cell failure, thereby 
inducing immune escape of CRC cells in the 
TME [65]. Based on previous studies and our 
results above, we speculate that the survival-
related ceRNA regulatory network identified by 
our study may play an important role in immune 
escape of cancer cells in CRC TME. Further 
study on this survival-related ceRNA network 
will help to improve the efficacy of immunother-
apy in CRC.

Some limitations inevitably existed in the pres-
ent study. First and foremost, all conclusions of 
our study were based on online databases such 
as TCGA and GEO. Further studies will be need-
ed to validate our findings, and to elucidate 
whether and how the survival-related ceRNA 
regulatory network regulates CRC. Second, we 
did not evaluate the subtype of CRC, such as 
mismatch repair (MMR) and microsatellite 
instability (MSI) status, which may affect the 
expression profiles and prognosis of CRC 
patients. Third, we cannot obtain all the clinico-
pathologic data of each patient, and the sur-
vival analysis was performed by online data-
base automatically, which may lead to bias.

In conclusion, we successfully constructed a 
survival-related ceRNA regulatory network in 
CRC by means of stepwise prediction and vali-
dation, and each component of the ceRNA reg-
ulatory network was significantly correlated 
with the prognosis of patients with CRC. More 
importantly, immune infiltration analysis 
revealed that the survival-related ceRNA regu-
latory network was remarkably associated  
with infiltration abundance of multiple immune 
cells and expression levels of immune check-
points. Our findings provide valuable clues into 
improving the efficacy of targeted therapy and 
immunotherapy for human CRC.
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